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Abstract

In countries with a long tradition of laboratory based teaching, practical work is seen by many
teachers as an essential aspect of their practice. It is widely accepted that practical work not only
enables shiis acquisition but also leads to greater conceptual understanding. However, whilst there
has been much research into the factors that affect teaching and learning of practical science across
the economically developed countries, there has been little aedle into the existing conditions and

the factors which affect teaching and learning of practical physics in African schools. This study
provide the description of the present position and an analysis of possible beneficial interventions to
the teaching ad learning of practical physics in African secondary schools. The issues are relevant to

all educational sectors.

Quialitative and quantitative data were collected from four countries in Africa. Surveys were carried
out with 550 final year secondary schatlidents and 44 secondary school physics teachers.
Qualitative data were gathered from focus group discussions with the students anesseantured
interviews with; physics teachers, heads of science departments, school principals and ministry
officials.Other key stakeholders including physics curriculum planners, physics educationalists from
the tertiary institutions and voluntary Institute of Physics coordinators were also interviewed. The
survey data were analysed numerically to produce descriptivitstita while qualitative data were

transcribed and coded to provide easy retrieval of the themes that emerged.

The findings from the study reveal that there is a wide gap between practice in developed countries
and the countries studied. This gamttributable to many factors, some of which are predictable,

e.g. various resource constraints. Other factors include ambivalent or negative teacher and pupil
FGdGAGdzZRSAa GAGK LINAR2NRGAAFGAZ2Y 2F WiKS2NBQ YR
inquiry. These factors underlie the lack of practical physics assessment in some countries in Africa

which is a further disincentive to practical physics engagement.

Based on the findings of this study, nine recommendations were made. Countriesgatizhin

improve practice should undertake a broadly based audit of existing practice taking into account the
full range of barriers and drivers. The physics curriculum should be reviewed to explore reduction of
content to allow teachers spend time on practieativities. Initial training and continuous

professional development of physics teachers should prioritise teaching of practical physics.
Assessment of practical skills should be required for qualification and used formatively. Government
funding shoulde allocated to build, equip and maintain adequate school laboratories. Physics

teachers should be encourage to adopt the use of learning technologies and open source software in



the teaching and learning of practical physics. Physics teachers acroasshAfndd be encouraged
to use social media to develop a closer association that will spread effective practice. Teacher
motivation should be enhanced by recognition of success in the delivery of practical physics.
Students should be encouraged and motivhte learn practical physics by placing employability

and relevant inquiry in the foreground.

This single study could only provide limited data on teaching across the continent. Further

investigation is required before the conclusions could be generafisgdcomplete confidence.
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Glossaryof Terms

9 Laboratoryactivities- activities which students are required to perform during laboratory

sessions.

9 Practical work practical activities that include fieldwork, demonstrations, simulations,
exercises, and observations or manipulations of real objects and mateyiatsitbents. The
students, typically working in pairs or small groups of three or four, are guided by their
teachers and the teaching materials to observe and interpret events or phenomena. It
includes physics experiments or demonstrations selected fostience students to do or
observe at laboratory sessions. It also includes the hamdactivities used to teach and

learn the concepts and theories of physics.

9 Laboratory facilities they are the materials, services and instruments needed when carrying

out an experiment.

9 Effective teaching of (practical) physichis means the guidance of the students through

(practical) physics activities in order for themn@ximizelearning.

1 Learning acquiring new knowledgdaehavior, skills, values or preference nitay involve
processing different types of information. It could also be seen as a relative permanent

change in behavior that results from practice.

1 Studentcenteredapproach methods of teaching that shift the focus of instruction from the

teacher to thelearners. Learners are required to actively think about or process information.

1 Teachercenteredapproach teaching approaches where most of the class time is spent on
teaching or lecturing while the students are watching and listening. The students work

individually on assignments but collaboration is not generally encouraged.
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CHAPTER 1

INTRODUCTION

1.1 Personal Background and Motivation for the Study

My personal interest in practical physics was developed duringmdgrgraduate studies.
Throughout most of my secondary schooling, my school was without a physics teacher. Hawever
few months before our final year examination, we were lucky to gain a physics teacher.
Unfortunately, we were only exposed to practicalyplts experiments two days before our final year
practical physics examination. Interestingly, we were introduced to the likely questions the
examination bodies might ask during the practical physics examination. Vi@r sa¢ exam and

passed even thougive had a shallow knowledge in practical physics.

| was admitted into the university to study physics education in the year 2001. As is the usual
practice, we were expected to carry gutacticalat least once in a week, even though in small
groups becausef the limited resources. | discovered that most of the students in the group were
just like myself with limited exposure in practical physics. So, we relied on others in the group who
had more practical exposure than we did. Gradually, | learned howrforpe physics experiments

from more experienced colleagues in my group.

Having developed an interest in practical physics in my first and second year at the university, | was
posted out to a secondary school as a practicing physics teacher for three (3) months. This was part

of the initial teacher education program. Ilwasprif SISR G2 (S OK (GKS {SyA2NJ
students (students who had been taught physics for two years). | started teaching the theoretical

part of physics as usual and after the lessons | decided to introduce the students to practical work. |
started by asking the students to list five items of physics apparatus that they knew. Interestingly,

none of the 60 students in my class could list five (5) items of physics apparatus.

Immediately, | was alarmeahd approached my mentoring physics teacher who Ibeeh teaching
physics in the school for more than 8 years to report my findings. He laughed and said that they are
not exposed to practical yet, not until they get to the final year. | realized that these students were
passing through a similar scenar@mryself during my secondary school days and | asked their
physics teacher why the students should wait till their final year before they begin to identify physics
equipment. He responded that the physics laboratory is not well equipped as most of theafem

apparatus are not readily available and that, when the students are in their final year, the schools
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have to go out to neighboring schools to beg for equipment to be used during the exams. | heaved a

sigh of relief because | had already observed thatphysics laboratory was always locked.

In the last week of my practice as a physics teacher in the school, | noticed that the laboratory was
opened as the final year students were already preparing for their practical physics examination. |
went into the lab and discovered that there was equipment, though limited, which could have been
used to teach the students. Perhaps, engaging the students with the available equipment would
have motivated them and made them believe that physics is not such an abstitgect. But, it was

too late for me to develop the interest of the students in physics through a series of experiments,

and it seemed to me as an opportunity missed

Because of my experience during the teaching practice, | decided to write my undeatgdldesis

onW! GAtATAY3I 1 LAt o0fS [F02NIG2NE CFOAfAGASE F2NJ
{ SO2 Yy RI N2thoughtkt v@uld Beydod to use the school where | served gmeticing

physics teacher as a case study. | soughtleA 8 8 A2y FTNRY (KS &a0Kz22f Qa KSI
teacher and they allowed me to gain access to their students. | decided to engage the Senior High
{OK22f Wig2Q aGdzRSydGa F2NJ AAE 6c0 6S5S14& odzi (KASZ
consisted 6sixty (60) students which were divided into experimental and control groups. The

experimental group was taught physics concepts accompanied by practical activities with the

available resources, while the students in the control group were taught the ghymcs concepts

without practical exposure. My findings revealed that students in the experimental group performed

better than students in the control group in physics achievement tests. | was able to establish the

fact that students can be engaged iraptical physics even with the limited resources, and in some

cases teachers can improvise instead of waiting for already made equipment.

After my first degree in 2006, | proceeded to a Master Degree in Education with specialization in

physics educationln 2008, | got a teaching job as a physics teacher in a disadvantaged rural school

in a SouthiWestern state in Nigerian. Prior to my appointment, the school was without a physics

teacher for more than 10 years and the students were performing poorly ereitexaminations.

The school had been using an inexperienced school librarian to teach the students physics over the

years. My first two years in the school were very successful. The school withessed a tremendous

pass rate (100%) in both internal andexxal examinations. In one of the staff meetings, my
LINAYOALIf &aid22R dzLJ G2 FLIINBOAIFIGS Y& STFTF2NI Ay AY
G2 aKINB (KS aSONBG gAGK 20KSNJ YSYOSNR 2F adl ¥F¥d
only thing that makes the difference is introducing the students to practical activities at the
0SIAYYAYT 2F GKS adkKz22f GSNY IyR y2i 6KSy GKS ¥
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principal later urged other science teachers to always embrace pradbogside the theory

sessions. Other school principals in tleghbouringschools kept calling for my help, even though

their schools had physics teachers. Their schools had been having poor results and it seems as if

their physics teachers were not caeént in handling the practical aspect of physics. | kept asking
YeasStT GKS ljdSatArz2ya a2Keé NP aGdzZRSyida LISNF2NYAYy
coming from the teaching, from school leadership, from government requirements or from the

students themselves? Is the teaching approach used in most schools in Nigeria different from other

' FNAOLY O2dzy iNASaKé ¢KS&AS 6SNB (KS ljdzSaldArzya (KL
| became delighted when the opportunity to answer these questions camelid. Zhhe Institute of

Physics (IoP) in UK, in its bid to promote a practical approach to teaching physics in Africa, initiated a
a0dzZRSYGaKALI 2y a! ROIyOAy3 t NIOGAOLHE tKeaAaxda Ay !
University in UK. | applied foreélstudentship and, after thorough screening and interviews, | was

selected to carry out the research project which was set up to investigate the approach being taking

by a number of African countries to the teaching of practical physics. This was thatmotifor the

study.
1.2 Background to the Study

This thesis is concerned with practical physics education in African schools. Before focusing on the
narrower topic, it may be helpful to outline the arguments for the importance of such activities and

the need for a review. Why does practical physics teaching matter? How well is it being carried out?

Physics matters to society. Over the last three hundred years, the physical sciences, especially
physics and chemistry, have contributed immensely in revatiging the industrial and social

activities of mankind. Physics has underpinned technological advancement across the globe and is an
essential ingredient in the ongoing and future technological development in the African continent
(Omosewo, 1993). Becauséthe pivotal role of physics in technological change, development of

any society requires physics knowledge and skills. In turn, this implies a high priority being given to
physics education. Students are the future of a nation and scientifically Btetatients will be

acents of development (Abdullahi, 198Ztte (2001) has asserted the importance of physics by

saying that the technological potential of a country is more accurately gauged by the quality of its

physics education than any other singteex.

Physics is an important subject in its own right but it also supports other subjects. Students who

want to acquire higher education qualifications in the fields of engineering or medical sciences must
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have a strong background knowledge of physicsp8uviding secondary students with clear and

standard basic physics knowledge which they can utilize in their future studies has broad value.

Science is hierarchical and scientific literacy is built progressively through secondary into tertiary
levels. This literacy concerns not only scientific knowledge but also the scientific method and ways

of thinking. Science depends on evidence. The value of evidence based knowledge achieved through
science education is influential in society because of its palajeplication. For these several

reasons, priority is given to science education all over the world (Malaque, Begum, Islam and Riad,
2007cited in Banu (201

Ette (2001) has argued that every science subject in secondary schools may be divided into two
major aspectg practice and theory. They support each other, enabling progress in both conceptual
knowledge and skills development. Neglect of either makes the subject difficult to learn. To this
might now be added the computational aspect which has wgdee an enormous expansion since
2001. Computers are used in a variety of ways to acquire and analyze data but one of their most
important roles in the modern classroom is to carry out simulations that allow students to learn
from a viewpoint that standsomewhere between the practical and the theoretical. However, this is
a developing topic that will be ignored for the moment but returned to later for separate

consideration.

Practical physics constitutes an important aspect of physics teaching. Ran88g 28 suggested

that the goal of providing science students with clear and standard physics content knowledge can

be successfully achieved if the conceptual knowledge is supported by the inclusion of practical work.
Omosewo (2006) has argued that a deepaderstanding of the nature and processes of physics can

be achieved through laboratory activities which encourage active participation and serve to develop
critical thinking. She has argued further that physics is an inquiry oriented subject in whiticalr

g2N)] A& SaaSyidalt o0SOIFdaAaS A4 Ay@2ftoSa aiddRSyiaqQ
observing carefully, classifying and interpreting predicted events, designing experiments, organizing

information, reporting completely and accurageland generalizing.

Although the importance gbhysics and practical physics is accepted, there have been many

problems in achieving higiuality physics educatioim Africa. There are many reasons for this.

According to Okebukola (1998), the conduct bygics practicals in secondary schools in Nigeria has
been hamstrung by several factors that include; defective teaching of science from junior secondary
school level, poorly equipped science laboratories, dearth of qualified physics teachers, lack of

stardard laboratories, limited availability of practical textbooks or laboratory manuals, overcrowding
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of classes and a general lack of technical laboratory skills. In addition students tend to have little

interest in physics but are in attendance in obediene the wishes of their parents or guardian.

These observations support the views of Okeke (1990). He stated that physics practical work, which
is supposed to be of great assistance and a motivating factor for students, has been a major source
of problemsfor students. There is a mass failure in practical physics because of ignorance and

neglect of some basic principles in the teaching of physics practical work.

Some studies (Asikainen and Hirvonen, 2010; Ishak and Mohamed, 2008; Kasanda, 2008; and Taylor
FYR 5FylFX Hwnnot KIF@S adzA3SaiSR GKFG GKS YFAY NBI
content knowledge of science teachers. Kasanda (2008) has suggested thdesighled teacher

education programmes can help teachers to develop both subjectemiabowledge and

pedagogical knowledge so that they can effectively teach their students.

Asikainen and Hirvonen (2010) have broadened this analysis beyond practical physics. They believe
OKIFG GSIFOKSNEQ &adzo2SOd YI G04S Mk pretenditioES | yR LISRI
effectively teaching physics. Such comments echo the work of Van Drie(22@il). In a review

study of science teaching, they argue that teachers are key to bringing about change in educational

LIN? OGAOS F yR 2 dzittios dviedye dosistOH e &f Beliefdiddd knowledge

which have a direct impact on their actual teaching, in particular the way they explain to students

the role of practical work in learning physics at secondary level. Lingbiao and Watkins (2661) co

to similar conclusions in relation to education in China. They observe that the educational beliefs of
teachers have significant influences on both what is taught and how teaching and learning occurs. In

turn, these influence learning outcomes.

The teabing of practical physics in many secondary schools across Africa has not been prioritized
adequately. Many students only do practical physics briefly and at the tail end of their course. Okeke
(1999) has observed that, even at the end of the course, stisdack skills in basic experimental
techniques. Okeke argues that skitlsn only be acquired through regular exercise from the

beginning. Many students are incapable of using measurement and graphical analysis in the solution
of practical problems in physics. They do not give due attention to the relationship between theory
and practice. As a result, they are unable to interpret numerical and graphical results in terms of the

theory underlying the experiments.

Adeloye (1998) has argued that the teaching and learning of physics in African schools has been
affected greatly by kek of both competent teachers and the opportunity for practical work. He

reported that secondary school students found some topics in physics very difficult to understand
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because such topics were not accompanied by practical work. He saw a link betwéearttieg of

content and skills.

It has been reported that interest in high school physics is decreasing, that learning motivation is
declining, and that examination results are getting worse (Garwin and Ramsier, 2003; Manogue and
Krane, 2003). In manyIswol settings, little tine is allotted for physicand its place as an element of

0KS WO2NBQ OdzZNNA Odzft dzvYz |t 2y3&AARS I y3da 3Sa I yR
2012; UNESCO, 2010). Sadiq (2003), in a review of science teaching in Ragistsrthat teaching

is geared around memarization of basic concepts and their reproduction in the examinations, with

students who enroll for the subject resorting to cramming definitions and formulae.

Semela (2010) has asserted that physics educatiomées undergoing a crisis. Enrolment in

physics courses at all levels is low in many African countries. He suggests that the reasons for this
include; inadequate lowelevel preparation, weak mathematics background, lack of job
opportunities in physics ogtde the teaching profession, inadequate teacher qualifications as well as

teachers having poor pedagogical content knowledge.

Of course the wider international context may have contributed to this crisis. Many students
consider physics as difficult, abastt and theoretical (House of Lords, 2006). The subject is
considered devoid of applications in day to day life, and many stsdamd the subject boring and
not enjoyable (Hirschfeld, 2012).

These brief arguments suggest that many African schools dreffesing adequate opportunities to
learn practical physics, a subject that is critical to the economic and social development of the

continent. The next section amplifies this conclusion and introduces the study reported in this thesis
1.3 Purpose and é&search Questios

The purpose of this research is to investigate the present status of practical physics teaching and
learning in secondary schools in Ssdharan Africa. More specifically, the study will address the

following research questions:

1. Whatare the current aim®f the practical physicsurriculum in African countries?

2. What is the present status of practical physics education in African schools?

3. What are the critical factors determining success or failure in delivery of the intended curriculum?
4. How can the teaching of practical physics in African schools be improved in the short and long

run?
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This study is part of an attempt to improé & G S OKAy 3 2F LN} OGAOIf LIK&aA
make the learning of physics more attractive to students. It will provide physics educators, physics
curriculum planners and governments with detailed information about current practice in physics

tel OKAY3 FYyR tSENYAY3 Ay ! TNROIQa a0K22tas FyR 6A

that this will help in planning and formulating policies for physics education in Africa.

For practical reasons, including language familiarity, safetiyeducational traditions, the focus of

the study is Sub Saharan Africa.

It is also hoped that the study will help in broadening the pedagogic knowledge of physics teachers
and encouraging the use of practical activities in the classroom. It may alstoleifighten school

principals about the type of teachers who will teach physics effectively.

Finally, the results of the study should give the necessary insights to governments and other
stakeholders that will encourage them to provide necessary armdaate laboratory facilities to

secondary schools in Africa.
1.4 Rationale for the Study

Current research in physics teaching has indicated that current school physics teaching is not

producing the kind of science literacy desired in relation to futurerdific needs. There is strong

evidence to suggest that many physics teachers do not always feel that the practical physics

curriculum is a high priority. And when it is addressed in the classroom, it is not taught in a way that
enhances and encouragesisBRSy (1 Q& LISNF2NX I yOS 6hail YLl FyR { OKdz

There is a great deal of anecdotal evidence that conditions in secondary schools in Africa are not
satisfactory for doing practical work. Schools that have been provided with equipment do not make
use of it.During the visits described in the thesis, some expensive apparatus and equipment items
were found unused and deteriorating in storerooms and boxes in several of the schools. At schools
where there is equipment, the school system does not allow enoughttnde practical work. This

is because teachers spend a lot of time doing administrative work and spend little or no time on
practical work. Many of the teachers prefer to do demonstrations, which are very teaeméered.

The focus of many schools is fimishing the content syllabus rather than on effective teaching and
learning. Many learners do practical work for the first time at university level without having had the
proper training and background on how to do such work. Practical work, whichpssegbto be of

great assistance and a motivating factor for students, has been a major source of problems for

students. There is a mass failure in practical physics because of ignorance and neglect of some basic
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principles in the teaching of physics praaliwork (Okeke, 1999; Motlhabane, 2013; Institute of
Physics (IoP), 2012).

There is a substantial gap between the current physics curriculum being taught in schools in Africa
YR GKS aO0ASYGATAO | yR SicedtOnKsddety ZTBeAajOrityfof sgcbnfalRya 2 T
school teachers are not well qualified to teach physics, especially when asked to use the much
preferred practical approach. Hence the classroom situation is inadequate; and both the intended

and attained practical physics curriculwontent is very poor in Africa.

Teachers need to be competent in practical skills in order to manage the operation of laboratory
sessions and the process of learning in their classrooms, and knowledgeably lead the discussions
that follow-dzLJ & (i dzR &vgfiésQrbesdrdualit®s may be lacking in many African physics teachers

who have been trained and mentored using textbook and lecture methods.

All of the above observations and assertions need to be tested, refined and, if necessary changed.

This is the prpose of this study.
1.5Overview of the thesis

Chapter 1 has discussed the motivation and rationale for this study.

Chapter ds a review of relevant existing literature on practical work in physics education specifically
and science education general. It describes the meaning of practical work and also states the
various roles of practical work in science education. It then offers a general overview of the types of

practical work and the various factors that inhibit effective delivery of pcattivork.

Demographic information and data on policies and previous pragiitgdics interventions are

provided in Chapter 3, with a focus on the countries in which-sasdies have been pursued.

Chapter 4 discusses the research methodology, whichdesiuthe design of the research
instruments, an account of the pilot study, a summary of the visit protocols and a discussion of

ethical issues.

Chapters 5 and 6 provide the research data. Chapter 5 sets out quantitative data for all countries
visited. Chater 6 focusses on the qualitative results which are organized using thematic and

linguistic analysis approaches.

Chapter 7 uses a thematic approach for the discussion and offers a systems led description of the
factors influencing the delivery of practioaork. It also provides a reflection on the reasons behind

the success or failure of previous interventions.
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Finally, the summary, conclusions and evidence led suggestions for future intervention strategies are

presented in Chapter 8.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter aims to provide some insight into the potential role of practical work in the physics

curriculum. It includes discussion of several issues:
1 the meaning of practical work
1 the aims of practical work the science and physics curricula
9 the various types of practical work
1 the factors influencing current practices in practical work

1 the potential impact of ICT in practical physics

2.2 Definition of Practical Work

I OO2NRAY3 (2 (K$2NJ QENIWE dz88 NI YRNBO@R AN QX WSE LISND
to similar activities but have overlapping distinct meanings (Hodson, 1998). Often they are used

f22aSte& YR AYUGSNOKIy3aSFofted ! LI NBy(tté&rdfured KS G SN
2a20AF0SR ¢6A0K GKS ! YAGSR YAY3IR2Y3Z 1 dzGNIf AL |y
2Nl Q Aad FNBIdSyidte dzaSR Ay b2NIK ! YSNAOIY € AGSNH

experiments are used virtually as synonyms (Hodson, 19983)

In the context of science education, Millar, Lemarechel and Tiberghien (1999) define practical work

as those teaching and learning activities in science that involve students at some point in handling or
observing the real objects or materials thase studying. In this definition, there is no restriction on

where the work is carried out. Practical work may be performed in a laboratory or outside in the

FTASER 2NJAY Ly 2NRAYEFENE OflF 8aNR2Y® ! 6N} KFYa | yR
G2N] Q NI GKSNJ GKFYy fFro02NFG2NE ¢g2N] 0SOlFdzaS (GKSe
by the location but by the activities of students when doing school science. Millar further asserted

that science teaching naturally involves more thasemng facts. It includes showing learners how

things happen and putting them into situations where they can observe for themselves.

Practical work can be regarded as any learning activity in science that encompass learning by

experience (Hodson, 1998Jjhis is most easily understood when students haveliiastd experience
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in seeing, feeling and handling objects and organisms for themselves. For example, Hodson mentions
0KS &idzRSyaQ SELISNARSyOSa 27F &aSSAythfdcesoNA IKG £ A=
magnetic repulsion and attraction; seeing the bending of light through a glass prism; seeing

microscopic organisms using microscopes and connecting simple electric circuits. He claimed that

most of the phenomena that are addressed in sctsmiénce do not usually occur in everyday life.

Hence, providing an opportunity for students to directly experience these phenomena and events

helps them to have a background framework to understand the scientific concepts associated with

their experiences.

Bell (2004) stated that practical work is not just about experiencing phenomena but also about
thinkingt a cognitive activity. According to Bell, practical work should be considered as a thinking
activity in which each participant constructs understamgdifirom experiences rather than being

solely the domain of manipulative work with the hands (Bell, 2004, p 169). Hence, practical work is

seen as including both the handling of science equipment and the linked thinking processes.

Hodson (1998) saw learnity experience as a process that encompasses students both
experiencing the procedural understanding of making meaning and constructing conceptual
understanding. Conceptual understanding deals with the factual knowledge, concepts, laws and
theories of sciace while procedural understanding has been used to describe the understanding of
ideals about evidence. Such ideals underpin an awareness of how to proceed effectively (Gluesser,
D200 w20SNIa FYR /22LNE HAandZI LD pSBHIHSNR EEASFQ ¢
direct physical engagement. He suggested that practical work should utilize a wide range of other
active learning experiences such as the use of historical case studies, simulations and dramatic
reconstructions, role playing and debaginrcomputer based activities and thought experiments
(p.149). Such activities provide opportunities for students to experience and to rationalize the
messiness of science processes, as well as to understand the social events behind the phenomena
and the castruction of scientific knowledge. This general view was also expressed by Gott and
Duggan (2007).

In 2009, the UK based Science Community Representing Education SCORE ( a collaboration of
leading science organizations) defined practical work to besaignce teaching and learning
activities that involve students, working individually or in small groups, manipulating or observing

real objects and materials as opposed to the virtual world.

Woodley (2009) defined practical work as a handdearning expgence that stimulates thinking

about the natural world. He further identified possible practical work as being of two kinds.
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1. Core activities, investigations, laboratory procedures and techniques, and fieldwork, all of which
support the development ofJNI OG A OF f aiAftfta yR KSfLI G2 akl LS a

concepts and phenomenon.

2. Directly related activities, i.e. teacher demonstrations, the experiencing of phenomena, designing
and planning investigations, analyzing results and agagrgut data analysis using ICT. Such activities
are closely related to the core activities and are either a key component of an investigation or

provide valuable first hand experiences for students.

The Handbook on Research in Science Education (Abdleaiedman, 2007) provides what they call

I QOflaaAlltf RSTFAYAGA2YQ 2F 1 02NIG2NB | OGADAGAS
experiences in which students interact with materials or with secondary sources of data to observe

and understand theatural world. Examples include: aerial photographs to examine lunar and earth
geographic features; spectra to examine the nature of stars and atmospheres; and sonar images to
SEFYAYS tAQAYy3 adaeadSvyaod o6[ dzy SaaH a%i O ff X HI/KATASE RLSd

allows for the indirect observations that are an increasing part of contemporary science.

Meester and Kirscher (1995) cited in Vilaythong (2011) have provided an interesting analysis of the
interrelationships between the variousggs of practical activities. Laboratory work contrives

learning experiences in which students interact with materials to check and observe phenomena in a
laboratory classroom. They define a practical activity as a didactic method for learning and macticin

Fff FOGADGAGASEAE Ay@2t SR Ay OFNNEBAY3I 2dzi LINIF OGAOF
with the acquisition of professional skills is useful. It implies that the scope of practical activities

should change with evolving professiostdllls. According to Meester and Kirscher the

interrelationship between practical activities, laboratory work, and student experimentation is that

they represent a series of subsets that start with the physics education curriculum and work down to

studentexperiments. These relationships are shown in Figure 1.
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Figure 2.1Interrelationship between experiment, laboratory work, and practical activity in the
physics curriculum. Adapted from Vilaythong (2011)

The concefual scope of practical work investigated in this thesis is essentially the same as
suggested by Millar, Le Marechal and Tiberghien (1999). Practical work is any teaching and learning
activity that involves at some point the students in observing or mdatmg real objects and

materials. Their concept, as quoted earlier in this chapter, embraces laboratory activities done by
students and teacher demonstrations. Such understanding reflects the traditional interpretation of
practical work in physics educati in Africa. It includes students handling equipment and materials

by themselves or students watching the teacher handle equipment and materials.

In summary “practical work™ is an overarching term which encompasses activities that provide
students with thke opportunity to learn by experience. Practical work in secondary school physics
usually takes the form of laboratory experiences, demonstrations, fieldwork, investigations and
excursions. Teacher innovativeness and creativity could also introduce noslesmbpractical

works. However, terms such as “laboratory work’, “experiments’, and “investigations™ are used at
times to emphasize particular meanings and contexts. Whatever term is used, the underlying
recognition in this study is that such activitie®yide opportunities for students to have a learning

experience relevant to the practice of physics.
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2.3 Aims of Practical Work

Science is a complex technical and social activity with many facets. Its nature and purposes may be
debated at length. Fahis thesis the simple and essentially neutral understanding of the aim of
science provided recently by Millar (2010) is adequate. Millar says that the aim of science is to
increase our understanding of the natural world, what it is made of, and how ksvéfillar asserts
further that science teaching involves showing learners certain things (objects, processes,
phenomena), or putting them into situations where they can see such things for themselves. The
YySSR F2NJ SELR adz2NB 7T 2 f focasdi theyphysdiciMbrid. SinplyRielliagy 4 OA Sy OF
students about the world without linking such telling to experiences is unlikely to feel appropriate or

to be effective. In countries with a long tradition of laboratdrgsed science teaching at school

level, gactical work is seen by many teachers as an essential aspect of their everyday practice. It is

often claimed that practical work leads to better learning in that we are more likely to understand

and remember things we have done than things we have méedy told. It is also considered by

many teachers, and by other with an interest in science education (House of Lords Science and

¢ SOKy2t238 /2YYAGGSSET wnncT {/hw9% HnannyoOX G2 068

in science and encouragitigem to pursue the subject further.
aAfflFNRa aaSNIA2Yy | 062dzi GKS ySSR G2 AyOf dzRS LINT
the work of many educational researchers who have attempted to break down the rationale for

practical work. Sharpe (2@) has reviewed a range of early contributions.
2.3.1 Large Scale UK Based Studies

Over fifty years ago, Kerr (1963) investigated the reasons offered within schools for carrying out
practical work in science. The study examined 151 schools in Engldvdaes. All the schools
GSNBE aStSOGADBS O63INIYYIND alOKz22fta 2F KAOK pc: 6

N>

co-educational. There were 701 science teachers in the study (218 chemistry, 258 physics and 225
biology). An opemnded survey wassed to explore the nature, purpose, and assessment of
practical work according to teachers. The responses were summarised in ten aims which teachers

were invited to rank in importance for different schools levels (Table 1, column 2).
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Table2.1Theo® NI f f NI y{1Ay3a 2F YSNNRa GSy FAYa Ay GKS 3
(adapted from Kerr (1963, p.27)).

YSNNDa dGSy FAYa 27F LINI § TeacherSanking for 8" Forms

Physics| Chemistry| Biology

1 | To encourag@ccurate observation and careful | 1 1 1
recording
2 | To promote simple, commasense, scientific 4 4 4
methods of thought.
3 | To develop manipulative skills 6 5 5
4 | To gain training in problem solving 8 7 9
5 | To fit the requirements of practicakaminations | 10 8 8
6 | To elucidate the theoretical work so as to aid | 2 2 2
comprehension
To verify facts and principles already taught 5 6 7
To be an integral part of the process of finding | 3
facts by investigation and arriving at principles
9 | To arouse and maintain interest in the subject | 9 10 10
10 | To make biological, chemical and physical 7 9 6

phenomena more real through actual experieng

In physics, the overall ranking of the ten aims of practical work shows the highest rank given to

improving investigative skills, with the process of meeting the needs of practical examinations

O2YAy3a 1 adT a2YSGKAY3 GKIFIG aK2dzZ R y2d AYyRSSR Wi
(Kerr, 1963, p.30)

The ten aims were widely recognised by teeis across levels but there was some divergence in the

details. For the lower school years, AgQ i 2 | N2 dzAS FyR YI Ayighatitie A y (i SNB
highest overall ranking. In contrast, for Year 12 and 13, Aj1i 2 Sy O2 dzNJ 3 Stioh OOdzNI G S
YR OF NB T dzvas Mikédiniast y 3 Q

In his study Kerr commented on the discrepancy between the stated views of teachers and their

practice. Not surprisingly, the practice implied the ranking of the aims was subject to the usual
constraints oLINR FSa aA2y Il f fAFSd LYy YSNNRA g2NRAZ WiINFRA
YSGK2RAQ®

A follow up study by Thompson (1975) demonstrated limited agreement between teachers of
different subjects at sixth form level (Yea113). Thompson used a nan-wide survey similar to
the Kerr study, with responses from 221 physics, 220 chemistry and 214 biology sixth form teachers.

Thompson used twenty aims but, for the purposes of comparison, these have been collapsed into
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Y SNNDRa 2 NA 3A Y keportadl Sufstantial ¢hidriges Bincg tReAKg¢raréport in 1963 with
regards to the purposes of practical work in the sixth form. The Thompson study found that the aims
relating to teaching skills of observation and description remained of primary importancine

other rankings were changed. Most notably, the sixth form teachers saw the use of practical to aid

comprehension as being more important and gave less value to motivation and tangibility.

The most noticeable increases in the ranking of the aimsae@l practice problems, arousing and
maintaining interest, promoting logical thinking and making phenomena tangible. Thompson
O2YYSYyGSR GKIF G LINF O Arduch more ashdistiget agtivity, 8d\lghger 4 SSy | a
concerned predominantly with theainsmission of specific syllabus content, as illustrated by the

considerable drop in position of AIM0 6 ¢ K2 Y LJA2Y MPTpI LIPTHUL D

In addition to the teacher data, Kerr (1963) analysed 624 student questionnaires and found major
discrepancies from the views 6fK SA NJ G S| OK S NA @ CS¢ aiddzRSyita aKIF NE
GKS NRtS YR @lItdzS 2F GKS LINYOGAOFE 62N} X Soad A
report suggested that teachers should try to be more explicit with students abotnhtarded

learning outcomes and the expectations of practical work. Several authors have commented on or
FFFANNYSR (GKS O2yliAydAay3d @lFfARAGE 2F YSNNRa FAYRA
Wellington, 2005)

Research of teacher opinions on the aiof science practical work was continued by Beatty and
222fy2dAK O6mMpyHO K2 dzZaSR YSNNRa GSy FAYa |yR (K
(1975). They were concerned with lower secondary schools in the UK (Y&ar3 e methodology

used was auestionnaire with 238 items in four sections covering: background information; the

science teaching system at the school; the type and frequency of practical work conducted; and the

ranking of the twenty aims. The respondents were 56% comprehensive sctiféb secondary

moderns, 6% grammar schools, 10% middle schools, and 8% independent schools (Beatty and
Woolnough, 1982). This reflects the composition of the school system at that time. The overall

ranking of aims results in the Beatty and Woolnough gtcain be seen in Table 2.2.
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Table 2.20verall rank order of the twenty aims (Beatty and Woolnough, 1982)

Aim Aim (in abbreviated form) Ranking
1 *To encourage accurate observation and description 7
2 *To arouse and maintain interest 12
3 *To promote a logical, reasoning methods of thought 6
4 *To make phenomena more real through experience 2
5 To be able to comprehend and carry out instructions 9
6 *To develop specific manipulative skills 16
7 To develop certain disciplined attitudes 15
8 To develop an ability to communicate 13
9 *To practice seeing problems and seeking ways to solve th| 4
10 To help remember facts and principles 3
11 *For finding facts and arriving at new principles 8
12 To develop a critical attitude 18
13 To develop an ability to eoperate 14
14 To develop selfeliance 11
15 To give experience in standard techniques 19
16 As a creative activity 1
17 *To elucidate theoretical work as an aid to comprehension| 10
18 *To verify facts and principles already taught 17
19 To indicate the industrial aspects of science 5
20 *To prepare the student for practical examinations 20
*Aims used by Kerr ih963

LY RA&AOdza&AAY3A GKSANI RFGFZ . S| (Pérbapdthe Rost siikizig y 2 dz3 K

and surprising overall result was the similarity of response given by different 'types' of teachers
j dzA G S R AQneé RiflBhAve exipekted3hiat, sAyF a paysidistizl G A 2 y & d
KIS KIR RAFFSNBY(OG FAYa FNRY | o0A2f23rad:z

G(SFOKAY3 Ay

YAIKI{

O28RdOF GA2yFE a0K22tas G(SFOKSNE Ay AYyRSLISYRSY

such differenceS€rhey also concluded that there was no evidence that teacher opinions had
OKIFIy3ISR RNIYIFGAOIfte aayOS YSNNDRa aiddzRe

taken place in the intervening period. However, they did offer the tentative viety thathis age
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group (Years 8 and 9), teachers had increased their concentration on skills development and reduced

their focus on the use of practical as an aid to the understanding of theory.

The proportion of class time that teachers devoted to pradtigork was somewhat variable but the
median was in the 40% to 60% band. This is a surprisingly high figure and it does show that teachers
regard practical activities as valuable, though it should be borne in mind that teacher led

demonstrations are inclugtl within this figure.

Beatty and Woolnough (1982) expressed the same caution as Kerr (1963) about the validity of their
FAYRAYyIad ¢KSe O2 yhay nieR&essarilykréfléct whdt iS taking plaRehin/tiiea W
laboratory and the questionwhichded i 6 S LI2&ASR Aa WFENB (KS& R2Ay3 A
the work in schools can the nature of actual practice be deterrfirted ¢ KSe& &dz33Sad SR GKI
investigation requiring the researcher to encounter the reality of the laboratory directly woakk

Al L2 aSBE®BS YR GZ2NIJUINB Tdzi S G KS fpsgased®.ia NBEGSEHE SR Ay
There are obvious problems with direct comparisons of the three large scale studies reported above

(Kerr, 1963; Thompson, 1975; Beatty and Woolnough, 1982). They different types of schools

and use overlapping but different lists of possible aims. Nevertheless, the various findings indicate

that the rhetoric, views and ranking regarding practical work did not differ significantly across the

studies. Indeed, theesults showed conformity of opinion regarding the ranking of aims in order of

importance for practical work (Beatty and Woolnough, 1982).

In addition to the problem of direct comparison, there are other methodological issues with the

three studies. As edady acknowledged by the authors, the studies were questionnaire based and

did not investigate or observe the implementation of practical work within the sch{@dlsahams

and Millar, 2008). According to Yung (2006) and Sharpe (2012), the method u$edThyompson

FYR YSNNJ a0dzZRAS& dziAf AadSR | NBRAzOGAZ2YA&rmo | LILINE | C
attention was given to individuality and variation due to differences in local céd@xt ¢ KA & Y S| y i
the study might not reflect whatthete OK SNE | Ol dzr t £t 8 RAR 2NJ NB@SIf @S
practical work. A similar objection was made by Justi and Gilbert (2005). They argued that

guestionnaire based studies alone are limited in vajuileey are not likely to highlight areas outside

the parameters of the questionnaire. Instead they argued that the use of a variety of methods,

including operended instruments, is required to gain a better understanding of the reality of

science education. Others have supported this position and argueddthodologies involving at

least three data collection techniques (see for example, Briggs and Coleman, 2007; Cohen, Manion

and Morrison, 2000). Of course, practical constraints may limit the scope of any study but the issue

of balancing closed convemee with operended flexibility is important.

36



I y20KSNI O2yOSNY 6+ & oz2dz2i GKS GAYAY3 2F (KS addzF
study was carried out at a time when there was shared concern in the UK educational establishment

that practical wok was recipe based and was too focused on verifying theory and illustrating

02y OSLiiao LG 61 & WNRAzGAYS YR NBLISGIAGAGSQd LG A
of the study and may have affected the respondents. Once again, the refglitaatice may not

have been seen (Abrahams and Saglem 2010; Bennett, 2005). However, the Thompson study was

very influential in that it helped to provoke the development of a radically different discdedry

curriculumg the Nuffield approactiAdey, 200}

Similar issues of timing may have affected the Beatty and Woolnough (1982) data. By that time,

there was a degree of disillusion with the Nuffield approach and increasing interest in-tadied
WLINRPOS&aasSa yR alAffaQqQ .disiidnNRhe Ggabildids bf Odoterfparahdza SR Ay
scientists (Gott and Duggan 1995; Screen, 1988).

A fairly recent UK Government commissioned report has shown that science teacher views on the

roles of practical work have evolved but not changed radically (ECZIRS8). In a balanced survey of

1100 science teachers (24% physicists), the teachers were asked to identify the three most

important of nine possible aims. The secondary school teachers ranked them as follows (1 is

highest);

1. to teach skills (64% of respdents)

2. to encourage scientific enquiry e.g. asking questions

3. to develop an understanding of investigative processes
to motivate pupils

to provide enjoyment and satisfaction for pupils

to teach concepts

to provide familiar and useful contexts for science

to simulate how scientists work

© © N o g &

to encourage group/team work (15% of respondents).
It can be seen that teachers support multiple aims. Skills are regarded as important but so too are
the encouragement of pupils, conceptual support and the development of professional attitudes and

capabilities.

In spite of the many objections to the largcale empirical studies described above, they still provide

a useful underpinning to any analysis of the aims of practical science.

37



2.3.2 Other Research on the Aims of Practical Work

Any discussion of the aims of practical science is a fraught process. The nuance of words and phrases

may not be shared by the deviser of a list and the respondent, or even by two different respondents.

Such issues may be magnified when the social andiitig contexts differ markedly, e.g. between

the UK and Sub Saharan Africa. In addition, the respondent may find it difficult to distinguish

between items on a long and elaborate list of options. For example, it might be argued that there is
anoverlapbd 4SSy (GKS ITAY WiG2 St dzOARIFIGS (GKS2NBGOGAOFE 42
Wi2 OGSNATEe FLOGa yR LINAYOALX Sa | fNBFRe (I daAKiQs

Several authors have constructed shorter synoptic lists of the purposes of practicalnvaneview
that covered the research basis for educational practice, Shulman and Tamir (1973) suggested the

following aims (edited for brevity):

1. to arouse and maintain interest, attitude, satisfaction, opamdedness and curiosity in
science

2. to develm creative thinking and problersolving ability

3. to promote aspects of scientific method (e.g. formulating hypotheses and making
assumptions)

4. to develop conceptual understanding and intellectual ability

5. to develop practical abilities (e.g. designing ardauting investigations, observations,
recording data, and interpreting results).

Shulman and Tamir (1973) expressed scepticism about the empirical evidence that such aims were

being met. Anderson (1976) constructed a list with similar elements:

1. to fosterknowledge of human enterprise of science so as to enhance student intellectual
and aesthetic understanding
2. to foster science inquiry skills that can transfer to other spheres of proisieliving
3. to help the student appreciate and in part emulate the roldhef scientist
4. to help the student grow both in appreciation of the orderliness of scientific knowledge and
also in understanding the tentative nature of scientific theories and models.
These typologies are not the same but have common themes, such anstadtivation,
improvement of scientific skills and the promotion of the scientific culture. However, by 1982,
Hofstein and Lunetta suggested that the purposes, as stated above were rather similar to the
purposes of science as a whole and that distinasoms for practical work were needed, especially
at a time when there had been a shift away from studitt work. This change, which provided less

time and experience in the science laboratory, was driven by examination requirements (Gott and
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Duggan, 1996 Hofstein and Lunetta (1982) suggested that suitable laboratory activities could have
wider purposes, including the effective development and promotion of logic, inquiry and skills for
problemsolving. However, the extent to which such skills and inqronyd be learnt just as

effectively through other pedagogic methods has been raised (Clackson and Wright, 1992).

In 1990, Hodson reported that the views of teachers were consistent with five possible aims and

justifications of practical work. These were:

1. to motivate by stimulating interest and enjoyment

2. to teach laboratory skills

3. to enhance the learning of scientific knowledge

to give insight into scientific method and develop expertise in using it

02 RS@St2L) OSNIF AY Wa OnirseddessFobjextivityiand Avilirpies&sa Q> &

o &

to suspend judgement.
In a further exploration of practical work, Hodson (1998) points out that the teachers often see
practical work as a means of obtaining factual information and data from which conclusionteare la
RN} gy ® 1S I2Sa 7T dirkiskshaly beedh asauinedithatyhase dakalaré pure and
Wdzy | FFSOGSRQ o6& &aGdRSyiaQ SEAalGAy3I ARSIFA |yRZI (F
design and planning of experimental investigafid. 146). This kind of teaching approach does not
contribute to students learning how to construct their personal meaning of the scientific knowledge
in a meaningful way in that it fails to engage them in the thinking that precedes an experimental

invedigation.

However Hodson was unconvinced about teacher success in meeting these aims. In his 1990 paper

KS 02 YYS yilie&dicaliafglimentsiand research evidence have reinforced the view that

practical work in school science as presently organidadgisly unproductive and patently unable to
2dzaAGATe (KS 27F0GSy S EHKehhs@eEpeatedttiese @iéws ik Widre racenRS T2 NJ A (
publications (Hodson, 1996; Hodson 2009).

LYy KA& 0221 WLYLNROGAY3I aASO2yRIFINE A0ASyOS (SI OKAy
reports in the period 1947 to 2004. He included:

to encoulge observation and description

to make phenomena more real

to arouse and maintain interest

to promotelogical and reasoning method of thought

a ~ N RE

to motivate and promote interest to do science
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6. to teach the skills to make accurate observations
7. to teach manipulative skills
8. to promote logical thinking
9. to understand or accept theory
10. to develop communication skills
11. to learn through group discussion
12.to work as a team.
Watson (2000) was more synoptic. He contended that, despite changes in the kinds of practical work

done over time, four main aims can be identified, namely the first four of the list above, i.e.

1. to encaurage observation and description

2. to make phenomena more real

3. to arouse and maintain interest

4. to promote logical and reasoning method of thought.
A somewhat different way of examining the role of practical work is to focus on the affective level. It
has ben argued that practical work creates motivation and interest for learning physics when tacit
knowledge of scientific phenomena can be gained (Collins, 2001). Millar (1998) has argued that
practical work should be viewed as an important means of allowiagphysics learner to reconcile
and link the physical world with its physics description. Millar stated further that properly designed
practical work has a broader valuérom the early secondary school period it can help in the
development of critical timking skills. If students are allowed to participate and be put at the centre

of learning, they will be motivated to know more about what the subject can offer.

However, the reality of practice is that most school experiments are dull and uninformarigehat
Y2ad fSFENYSNE R2y Qi NBO23IyAaS GKSANI Llz2N1IR2 &Sa
practical work practised in many schools and countries®iiteived confused, and unproductive

and has not yet been successful in achieving thesgo# purported to achieved. Millar and

Abraham (2009) have stated that although students find practical work enjoyable, they learn little
from it. They also say that a few weeks after carrying out a practical task, most students recall only
superficialdetails and are unable to say what they learned from it. Osborne (1998) also argued that

practical work plays a very limited role in learning science and that it has little educational value.

The many contributions that are summarised above identify bipadthilar aims. However, there is
little clarity on how they are reflected in practice. According to the Science Community Representing
Education (SCORE, 2008), the true purpose of practical work is still unclear. This confusion may lead

to different appraaches to practical work and to different learning outcomes (Millar, 1998). Several
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educational researchers have argued that the lack of clarity of aims led to a lack of confidence in
developing effective pedagogies with effects on learning (e.g. Clacksbweght, 1992; Hodson,
1990).

2.3.3 Non UK Studies into the Aims of Practical Work

The main though not exclusive emphasis in the preceding discussion was on studies from and about
the UK. This is not unreasonable as the UK tradition of practical s/eréli developed and the

approaches have influenced science teaching in much ofSablran Africa

In a 1998 study, Woolnough (1998) asserted that the United Kingdom has a stronger emphasis on
practical work than the large majority of other countries.sTiew was supported by Woodley

(2009) who found that teachers in England adopt a hamtlapproach to teaching and that their

students are spending more lesson time on practical work than their international counterparts.
According to a UK House of Commaaport (2002a), Hong Kong and Thailand were the only

countries at that time where students spent more time undertaking practical work than England.

The most exhaustive analyses of classroom practice in science are the Trends in International
Mathematicsand Science Studies (TIMSS) published by the National Foundation for Educational
wSaSkNOK 6bCOwod {GdaNXMIyYy SiG tfQa O02YYSYyidl NE 2y
science pupils are more likely to spend their lesson time doing practieakscactivities than many

of their international counterparts (Sturman et al, 2008). The report shows that 58% of science
teachers in England believed that their students spent half or more of classroom time carrying out
experiments or investigations. Tla@erage figure across the 36 participating countries in the study

was 36%. Countries with a higher emphasis on practical work were Armenia, Taiwan, Iran and Japan.
There were no SuBaharan African countries in the study. Unfortunately the equivalent THlES

in 2011 did not provide directly comparable data and it is not possible to assess recent trends in the

allocation of UK classroom time.

In a comparative study Swagtal.o Mmdppp0 SEF YAYSR (S OKSNBRQ F 4GAGdR.
education in Egypt, Korea and the UK. Teachers were asked to list the most important five aims from

the twenty aims used in Beatty and Woolnough (1982). The results revealed that the thrges @f

science teachers regarded the importance of the aims of practical work to teach science differently

0 dzi 0 K| ( exprés$ a canndmlzttitude  the aims of practical work that reflect an

acknowledgement of the methods by which scientistsenaw knowledg@ ® h@dSNIXrftsx 020K
Korean and Egyptian teachers show a strong tendency towards a more positivistic approach to

science compared with their counterpart UK teachers, who appear to be offering a view that is more

investigation oriented. ThKorean teachers were content focused whilst the Egyptian teachers gave
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f26SNI N GAy3IEa G2 FAYA adzOK Fa WYF(1Ay3a LKSyYy2YSyl
According to Swain et.afl999), the value of such aims might only become clear pritictice.
{o6FAYy SG ftQa 3IASYSNIf O2yOfdzaizy ol a GKFIG t20I¢

the opinions of teachers.

Hofstein and Lunetta (2003) pointed out that, among several aims of practical work mentioned in
the literature, thee is a lack of teacher awareness of how laboratory activities can be the main
vehicle in enabling students to achieve science knowledge. Many teachers do not know how
students can be engaged in laboratory activities in such a way that the developmergrafesc
concepts is promoted. In addition, the same authors point out that many teachers do not
understand that helping students understand how scientific knowledge is developed and used in a

scientific community is an especially important goal of laborasmtyvities.

In this discussion of the aims of practical work, two studies conducted in the African context should
be mentioned. These are from Ghebremariam (2000) in physics and Fessef2@€idhin

chemistry. Both studies were conducted in Eritrea with secondary school teachers. In the
Ghebremariam (2000) study, the physics teachers from five selected secondary schools rated the

aims of practical work in order of importance as follows:

1. to verify facts and principles already taught or to determine cause and effect
2. to make physical phenomenon more real through actual experience
3. to encourage accurate observation and careful recording
4. to arouse and maintain interest in the subject
5. to promote the understanding of scientific methods or techniques.
Ly CS&aaSKFKGaAazyQa o6Hnnod adGdzReés GKS OKSYAAGNER
to verify facts and principles already taught
to make biological, chemical and physical phenomena maaktheough actual experience
to arouse and maintain interest in the subject

to give training in problersolving

a o w N RE

to develop manipulative skills.
However, most aims listed in the studies of Ghebremariam (2000}-assehatsio2003) above

which were usedor physics and chemistry look very similar to the general aims of practical science

as mentioned in the studies of Beatty and Woolnough (1982) and may not be suitable for practical
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physics as it deals with precision of measurement and development afiskitie design of

instruments.
Manijit Sidhu et al (2003), suggested the following aims for practical work in physics:

1. developing familiarity with apparatus, instruments and equipment
2. acquiring manipulative skills by the learners

3. developing student expere for reading all manner of scales.

They stressed further that the observations made and results obtained are used to gain
understanding of physics concepts, and that science process skills necessary for the world of work
are systematically developed. @& comments were made in the context of the application of IT and

may have been influenced by this background.

Ly Fy AyadSNBadAy3EosBifkissdtherdeyatviakiity of effiédtive pratie

in disadvantaged rural schools in the South African context. He asserts the connection between

WK yRa 2yQ FYR WYAYRA 2yQ | yR adz3asSaida GKS SELX |
the Kolb experiential learning cycle (McMahon, 2006; Knowles, Holton and Swanson, 2005)(p. 198)

Concrete

/ experience [1] \

Testing in new Observation and

situations [4] reflection [2]

AN Forming abstract d

concept [3]

Figure2.2Y2f 6 Q4 SELISNASYGALf £ SIENYyAYy3a TN
Source: Knowles, Holton and Swanson (2005: 198)
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Similar observations are made by Muhasia et al. (2011) following an empirical study of girls studying
physics in Kenya. The authors argued that learner led practical work increased interest and improved

outcomes in both skills and wider outcomes.

Having eamined the literature on the aims of practical science, and noting that there are few
papers that are specific to physics as opposed to science in general, this study will propose five aims
for practical work in physics. These aims are drafted so as tgnése that physics has an emphasis

on metrological precision and mathematical analysis. The aims are as follows:

to develop skills in the design of experiments and investigation
to encourage skills of working together in a scientific context

1
1
9 to provide acontext for the development of mathematical skills
I to make new observations about the natural world

1

to encourage the development of skills in the design of instruments.

The first and last of these are related but distinct. For cladigégigning experinmgs and
investigationaneans the devising of systematic methods for planning, conducting, analysing and
interpreting experiments. On the other handesigning instrumentis the process of fabricating, and

assembling scientific equipment.

As explained inl@pter 4, teachers will be asked to rank these aims in order of importance and they

will also have the opportunity to add any important dihat is not in the list above.
2.4 Types of Practical Work

The previous section summarised work on the purposgsadtical work in science. In this section,

the focus is on the types of practical work that are used to achieve those purposes.

Wellington (1994) considers that different types of practical activities are appropriate for different

aims of practical workThis view is not controversial. Wellington points out that there are at least six

ways of organizing and carrying out practical work in the usual school situ@jidemonstrations

(used to illustrate events or phenomena); (ii) class experiments (smalb @gctivities in which the

groups perform similar tasks); (iii) circus of experiments (small groups on different activities in a

YOI NP dza St Qx 2FGSy &aLINBIR 2@0SNJ OKdzyla 2F -1 fSaazy
play (activities basedroreal events); (v) investigations; and (vi) problsoiving. It may be noted

that this list includes both teacher and learner centric approaches.
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Parkinson (1994) asserted that the type of practical task varies from classroom to classroom. He set

out fourtypes of practical work;
# |earning basic skillspupils will develop these skills as they carry out practical activities

* jllustrating a theory or conceptpupils will have a better understanding of a scientific idea if

they have observed an experimentitlustrate that idea

¢ providing atheoryLJdzLJA £ & | NB NBI|jdzZANBR (2 3ISYySNI 4GS GKS

carrying out experiments

® Investigative work pupils are required to plan their own experiments, carry them out, and

draw their own conclusionsdm the experiments.

Woolnough (1991) claimed that practical science consists of three types of activity; namely
investigation, exercise and experiences. This typology builds on previous work (Woolnough and
Allsop, 1985). According to Woolnough (1991) itigesion constitutes the heart of the scientific
FOGA@GAGEed | S 32 S A thdpeddskoSpMhnkg/ petfoiining, Mierprgtig addk | § W
communicating, with its continual modification through feedback, is fundamental to the way
scientists worKp. 186). The second type of activity, exercise, is important when the scientific activity
requires the development of a particular skill. The third type, experience, is designed specifically to
give the students a feel for the phenomena under investigatiExperience allows the student to

build up personal experiences and the tacit knowledge important to form the basis for the
subsequent action and to develop understanding as links are formed during investigations. However
Woolnough and Allsop (1985) inetin discussion about the varieties and aims of practical work

pointed out that practical work is abused when laboratory activities do not match the intended aims.

Tomlinson (1991), in discussing the methods used to achieve the aims of practical workpadded

type of practical work to the four major types set out by Parkinson. His formulation is slightly

different, i.e. the list includes: (i) standard exercises; (ii) discovery experiments; (iii) demonstrations;
(VLINR 2SOG&T | yR 0 gi$addition]. thaddingste fisd tyde YTBmlitsén makés the

following argumen® Yl y& SELISNAYSy(ia Olyy2i 0S5 LISNF2N¥YSR |
demonstrations for a variety of reasons such as the lack of time, the excessive cost of apparatus,
possibledf¢ ISNB 2F GKS SELISNAYSY(d 2N @.RSHesawyhs kindi 41 1 S
of practical work as being an important technique as it can encourage critical thinking and provide

students with an opportunity to be exposed to scientific papérghis way, their analytical skills in

considering the results of experiments and observations during investigations can be improved.
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Gott and Dugan (1995) emphasize that several attempts have been made to classify the kinds of
practical in order to defie their respective roles. Gott et al. (1998) summarize the types of practical

work into five broad categories (Table 2.3).

Table 2.3summary of the diferent types of practical workuggested by Gott et al. (1998)

Types of practical work Aims of practical work

Skills To acquire a particular skill

Observation To provide opportunities for pupils to use their conceptual
framework in relating real object and events to scientific ide

Enquiry To discover or acquire a concept, law or principle

lllustration To prove or verify a particular concept, lawpsinciple

Investigation To provide opportunities for pupils to use concepts, cognitiy
processes and skills to solve problems

The types of practical work developed by Gattal. (1998) and described by Gott and Dugan (1995)
were elaborated by Bekaklnd Welford (1999). In their survey of the secondary-g¢evice teacher

education in Ethiopia they identified:

® Basic skillsmeasurement, selecting and use of appropriate instruments following

instructions, and the constructions of tables, charts angbsafrom data generated from

AGdRSYyGaQ SELISNAYSY(Ga 2NI RNI gy FNRY 20KSNJ 52

* Observation:observing similarities or differences and changes between objects and/or

events, generating classifications of patterns

¢ lllustration: showing (often throughteach&rQ RSY2y a i NI GA2y a0 3IA GBSy

laws or principles in action

e EnquiryWRA A O02FSNEQ> | O2yOSLJi Ay | &ASNASa 2F Y2N

designed for students to carry out investigations following instructions to find out, confirm
2NJ WaSSQ | O02yOSLIi Ay FOlAzy
* [nvestigation:designing and carrying out an emimvestigation, which includes examining

the data of the investigation and drawing conclusions from them.

However, Gott and Dugan (1995) cautioned that, in order for the various types of practical work
listed by several authors to be implemented professilly, it is important that teachers are precise
about the required learning outcomes of the lesson and decide whether practical work is the best

way of achieving those goals.
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2.5 Barriers to Practical Work

Having examined the various types of practigark, this section will look at some of the obstacles
to progress in the teaching and learning of practical work according to researchers in the field of

science education.

Current practice in practical work has been influenced by many factors, for iestdec
interrelationship between practical work and the wider curriculum, resources availability,
assessment, classroom environment, teacher preparedness, laboratory instruction and teaching

effectiveness (Calloids et al, 1997 cited in Cossa, 2007).

Accordd yad (2 /NI gF2NR ouHnnnos GSIFIOKSNEQ FGGAGdzRSExX
affect the attainment of the laboratory objectives. Teaching in the laboratory requires a high level of
pedagogic skill, technical proficiency and subject mattewledge, as well as specific personal

attitudes and a readiness for risk taking. Although there are many factors that influence student

learning during practical work, the teacher is regarded as being the single factor that makes the

greatest impact. &veral studies that have attempted to illustrate the way practical work is currently
conducted in schools have unearthed various weakness and inadequacies. A description by

Lazarowitz and Tamir, (1994) summarised the general findings as follows:

Wlthoughteachers appeared to value laboratory activities, they did not implement them in the

YFEYYSNI GKIG FFHOAfAGIGSR GKS GeLilSa 2F €t SENYAy3I (K
investigation is intended to confirm something that has already been ddalinvan expository type

lesson. Students are usually required to follow a recipe in order to arrive at a predetermined

O2yOf dzaA2y® !'a | O2yaSljdzSy0S GKS O023yAGAdS RSYIly
Lyons (2006) states that science teachdwanot have time to do practical activities due to the

overloaded curriculum. He states further that the overloaded science curriculum compels teachers

to focus more on completing the syllabus than on the pedagogy of science teaching. Osborne and
Collins(2001) believe that this is the reason why teachers use transmissive pedagogy. Although

Ranade (2008) does not mention overload of the science curriculum as a reason that compels

teachers to use transmissive pedagogy, she does mention this as a burdeimomh science

students. Thair and Treagust (1999) and Halai (2008) also mention the overloaded science

curriculum as one of the commonly reported constraints in science education.

Although the required science curricula of developing countries recommendda of practical
activities, a number of constraints prevent the effective implementation of these in classrooms

(Thair and Treagust, 1999). Among the existing constraints, those that are commonly suggested to
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be important include: (1) limited facilitiend low maintenance standards, (2) lack of laboratory

assistants requiring teachers to spend lengthy periods preparing experiments, and (3) the lack of
GSIFOKSNEQ (y2¢fSRASs: a{iAattaz IyR O2yFARSYOS 6¢KI
barriers restrict the amount of practical work that can be performed. Although science curricula

may be welldesigned, science teachers have to depend on lecture methods in their teaching. In

effect, students follow rote learning (Ranade, 2008). The firdogfghe study conducted by

Nivalainen et al. (2010) also show that practical work in physics is challenged by the limitations of

GKS f1Fro02NIG2NE FLFEOAEtAGASEAET (S OKSNEQ AyadzFFAOASy

instructional approaches, ageneral lack of organisation of practical work.

Process skills not being examined in national examinations is another weakness of science education
in many developing countries (Cook and Taylor, 1994). Some have argued that this is the most
crucial facto to be addressed by the education system of some developing countries (Thair and

Treagust, 1999).

Halai (2008) states that there is a significant shortage of science teachers in schools and that the
situation is much worse in rural areas. She also mestibat there are teachers who never studied
science in school yet teach science subjects because of the shortage of science teachers. Kasanda
(2008) notes that there is a lack of science teachers, even in some highly developed countries, such
as CanaddJSA, the UK, and Sweden. Halai (2008) states that the shortage of science teachers
creates extra workload for the teachers which compels them to teach a large number of classes with
a large number of students, and that is why they tend to focus on covdrengyllabi for the
examinations. Ranade (2008) mentions that large class size is a hindrance for the teachers trying to
use activity methods and it leads them to the teaching of science through the over use of lecture

methods.

Researchers have propossdme strategies to overcome the existing limitations and promote the
implementation of meaningful practical activities in physics. Thair and Treagust (1999) state that the
expected benefits of practical work will remain uncertain if science achievemestrieglect to

measure the skills developed during practical activities. They propose that physics curricula in
developing countries should be modified to; remove obvious colonial distortions; increase emphasis
on teaching using practical activities; andluee emphasis on factual recall. Nivalainen et al. (2010)
suggest that teacher education programmes should provide physics teachers withesigihed

courses in practical work, which aim to familiarise the teachers with practical work and to help them

understand its purpose. This is especially important in education systems where the teacher trainees

48



have not experienced much practical work themselves and, therefore, may not have experienced

the benefits of practical work.

Thair and Treagust (1999) recorand that teacher education programmes should support teachers
so that they can effectively implement laboratory activities into their teaching in school, and should
also encourage them to use a range of interactive methods including group discussion, group
activities, and practical activities, which will help students to increase their level of understanding
and, consequently, their level of achievement in physics. Cook and Taylor (1994) advise that the
provision of laboratory assistants may lessen somdierms regarding the availability and

maintenance of laboratory equipment in secondary schools
2.6 The Potential Impact of ICT in Practical Physics Teaching

If we look at the obstacles to progress in practical physics teaching, it seems possible taat ICT
contribute to progress. This section will look at some research evidence which supports the use of

information and communication technology (ICT) in enhancing learning through practical work.

aAfft I NIAY hao2NyYyS YR S5A0X329S 0SIMAKAY 2 WDR2ENRI
interactive computetbased simulations in which students experiment with virtual manipulatives
rather than physical manipulatives is one approach for enhancing the effectiveness of practical work.

He points out somexamples of studies in support of this assertion.

Johnstone and Wham (1982) highlight an issue in support of the use of information and
communication technologies in practical work. They assert that practical activities have a high level
2T Wy 2 AcardBtraét studéhis from their central purpose. In a typical practical activity,
students have to deal simultaneously with the ideas and concepts that give the activity meaning, the
practical manipulation of apparatus and materials, perhaps involvingesguite fine motor skills,

the planning and sequencing of actions to carry out procedures and record outcome, and the social
interactions involved in group work. ICT offers a way of reducing this noise and helping students to

focus on the central questiotine activity is addressing.

In research conducted by Zachaaiad Anderson (2003), they investigated the use of simulations
LINBaAaSYyiSR 0ST2NB 1 02NFXi2Ne FOGAGAGASE RSaAdaySR
mechanics, waves and optics, and introductory thermal physics. The subjects in their studyBwere
postgraduates (irservice and trainee teachers) students without physics qualifications who were

randomly assigned to the simulation or neimulation condition for different subopics within the

overall teaching intervention. Diagnostic written testere used to assess understanding. The
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predictions and explanations and led to significant conceptual changes in the area tested.

A similar study was conducted Bijnkelstein et al. (2005) with a larger sample of undergraduate
students = 231) at a larger research university in the USA to investigate the effectiveness of an
interactive computer simulation for teaching basic electric circuit theory. The experahgr@up (

= 99) used the computer simulation, while the control group (n=132) used real laboratory
equipment. Assignment to these groups appears to have been on convenience grounds rather than
random. The researchers reported that students who used tmellgition achieved higher scores,

both on an assessment of conceptual knowledge and on a task involving assembling a real circuit

and explaining how it worked.

In a study with much younger learners, Klahr et al. (2007) varied several conditions, intthediisg

of physical or virtual manipulatives, in a task involving the design and testing of toy cars. The
participants were 56 school students (20 girls and 36 boys) with a mean age of 13.1 years from two
middle schools in the USA. In this case, the ragess found no significant difference in learning
outcomes between the conditions they tested but note that virtual manipulatives have pragmatic
advantages in terms of class management and organization, and possibly cost, and might therefore

be preferred br enabling active student involvement and engagement in learning.

In another study of learning of electric circuit theory, Zacharia (2007) used a sample of
undergraduate students following a peervice course for elementary school teachers in Cyprus.
Students were assigned randomly to an experimental graup 45) or a control groum(E= 43). The
control group used real experimentation throughout, while the experimental group achieved higher
gains on conceptual tests taken before, during and after therinention. A similarly designed study

of 68 students from the same pigervice teaching programme explored learning of heat and
temperature (Zacharia and Constantinou, 2008). The experimental group used virtual manipulatives
and the control group physicadanipulatives. Unlike previous studies, the curriculum and the
instructional approach were explicitly controlled. The groups made similar conceptual gains on
written tests. In a subsequent investigation, involving 62 students of similar background (Zasthar

al., 2008), the experimental group used physical manipulatives followed by virtual manipulatives,
and the control group physical manipulatives only. Here the experimental group made larger
conceptual gains than the control group. In another similddgigned study of 66 101 year old

students in Finland, Jaakola and Nurmi (2008) found that a combination of simulation and laboratory
experimentation on electric circuits led to better learning outcomes than either approach used on its

own.
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In a recentstudy in Ghana, Antwi et al. (2014) investigated the effect of computer assisted
AYaiuNdzOdAz2y 2y {SYyA2NJ I A3IK {OKz22f o6{1 {0 &ailddzRSyi3:
concepts of electricity and magnetism. The study involved a whole classnoPH@rade 11) Home

Economics students in a Ghanaian Senior High School, selected through purposive sampling

techniques and totalling 48 students (46 girls and 2 boys). The students were taken through a series
Interactive Web quest Packages (IWebP) dewaddpy the researchers with the help of software

FNRY {a!wt¢ ¢SOKy2f23ASad 5FGF gl a 02ttt SOGSR {KNZ
6{h/ 0 FTYR I ljdzSatdAz2yylIANBE 2y adGddzRSydaQ FddGdAGdRS
magnetism¢ KS FAYRAYy3Ia FTNBY (GKS {h/ YR (KS ljdSadArzyy
highlydeveloped and that they showeaabsitive attitude towards the teaching and learning of

physics with computer assisted instruction.

Yang et al. (2007) also invegtted and compared the impact of Internet Virtual Physics Laboratory
(IVPL) instruction with traditional laboratory instruction on physics academic achievement,
performance of science process skills, and computer attitudes of tenth grade studenthuBdred

and fifty students from four classes at one private senior high school in Taoyuan County which is a
special municipality in Taiwan, were sampled. All four classes contained 75 students who were
equally divided into an experimental group and a controlugp. The preest results indicated that

the students' entrylevel physics academic achievement, science process skills, and computer
attitudes were equal for both groups. On the pdsst, the experimental group achieved

significantly higher mean scoregsphysics academic achievement and science process skills. There
was no significant difference in computer attitudes between the groups. They concluded that the
Internet Virtual Physics Laboratory (IVPL) had potential to help tenth graders improvettigicg

academic achievement and science process skills.

This thesis is led by data on current practice in African schools. There is very little use being made of

ICT in this context and therefore there will be little to report. However, the potential ibgfd€CT

cannot be ignored. Many informed commentators have identified the likely benefits. According to

Hubert (2006), the United Kingdom education system formally integrated information technology

into the school curriculum when the national curriculurasndevised and it was quickly realized that

the work covered was useful in all subjects. Others have asserted that ICTs have the potential to
accelerate, enrich, and deepen skills, to motivate and engage students, to help relate school

experience towork Nl OG A OS&ax ONBIGS SO2y2YAO GAlLoAfAGE F2N
strengthening teaching and helping schools to change (Davis and Tearle, 1999; Lemke and Coughlin,

1998- cited by Yusuf, 2005)
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This thesis will revisit the potential of ICTs in lookinthe future strategies in the discussion

chapter.
2.7 Summary

This literature review was conducted with the purpose of investigating the present status and the
potential role of practical work in the science/physics education curriculum. The literature focuses
on the definition of practical work in science/physicadhing, aims of practical work, types of
practical work and barriers to practical work. In addition, the potential role of ICT in pragtizsits

wasalso reviewed.

Several authors cited in the literature review (Lemarechel and Tilemgh999; Abraham and

Millar, 2008; Hodson, 1998) agree that practical work is an activity that can be performed in a
laboratory or outside in the field or in an ordinary classroom. Practical work is any science teaching
and learning activity that involve ¢hstudents, working individually or in small groups, manipulating

or observing real objects and materials as opposed to the virtual world (SCORE, 2009). Practical work

is seen as an integral part of the teaching learning process in science/physics aducatio

There are numerous studies on the aims of teaching practical work both within and outside the
United Kingdom. Overall, there is a consensus that practical work helps in promoting manipulative
skills, encouraging observation and description, verifyiegsfand principles already taught, creating
motivation and interest for learning physics, developing creative thinking and predxéring

ability, developing critical attitude as well as developing conceptual understanding and intellectual
ability (Hodsa, 1990; Watson, 2000; Ghebremariam, 2000; Collins, 2001; Parkinson, 2004).

However, some authors highlighted the obstacles to progress in the teaching and learning of

practical wok. Existing constraints includehortage of science/physics teachers ihaals, lack of
GSFOKAY3 GAYSET tAYAGSR fF02NF 2N FlLOAEAGASAT (€
assistants, overloaded curriculum, large class sa@slack of assessment of practical skills

(Lazarowitz and Tamir, 1994; Caoild Taylor1994; Halai, 2008; Kansade, 2008).

Some strategies were proposed by researchers (Thair and Treagust, 1999) to overcome the existing
limitations and promote the implementation of meaningful practical activities in physics. Thair and
Treagust state that theenefit of practical work will remain uncertain if science /physics

achievement tests neglect to measure skills developed during practical activities, modification of the
physics curriculum in developing countries, and provision of laboratory assidtaatddition, they
suggested that the teacher education programs should provide physics teachers witltesigihed

courses in practical work.
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Finally, the literature review also covered papers which examined the potential impact of ICT on

practical physicteaching.Several authors (Zacharia and Anderson, 2003; Klahr et al., 2007; Millar,

2010) have asserted that the use of ICT in practical physics is one approach for enhancing the
effectiveness of practical work. They claimed that the use of ICT in dgaligsics has the potential

G2 FOOStSNIXiS IyR AYLINRGS aidzRSyiaqQ FFOKASGSYSyi
The next chapter will look at the social and educational context of the countries involved in the

study.
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CHAPTER 3

SUBSAHARAN AFRIGATHE CONTEXT

3.1Introduction

This chapter provides relevant contextual information about the region ofS&ltaran Africa and

the five countries visited to gather data. The chapter includes general data on the characteristics of
the population, economic status, etc. Alscluded are statistics on engagement with education and
relevant expenditure with some international comparisons. In some cases, data is included on the
evolution of indicators over time. The first section considers the region as a whole. Later sections
provide additional insights into the individual countries visited. Unfortunately, the availability of data
from the region is limited. Therefore, there is some inconsistency in the detail offered of individual
countries. To some extent this can be mitigatey extrapolating from similar data but the tables and

graphs still have some omissions. This should not affect the overall picture.
3.2SubSaharan Africa General Data

SubSaharan Africa is the part of the African continent that lies south of the Sahaontains all
countries in Africa except the northern African countries of Algeria, Egypt, Libya, Morocco, Tunisia
and Western Sahara. This section provides general background data on what is a profoundly

inhomogeneous region in geographical, humawmiljtical, educational, religious and economic terms.
3.2.1 Population

According to the Population Reference Bureau (2013);Saltaran Africa has a population of 926
YAfEA2YS ADdSd GKS I NHS VYI 22 NISaharan®riea populbtbrdd Qa m
expected to increase to 1.3 billion by 2025 with countries like Nigeria, Ethiopia, South Africa,

Tanzania and Ghana responsible for a large percentage of the increase (Figure 3.1).

The high birth rate is reflected in the age profilésie populations (Figure 3.2). Although the

overall figure of 63% of the population within the age bracketot1s & S NA O0GKS Wg2 NJ A
LJ2 LJdzt F A2y Q0 A& AAYATIFINI G2 GKFG F2NJGKS 'Yz (KS
example 44% of Nigeh I y& | NB Ay (GKAA WRSLISYRSydQ F3IS o6NIF O}

The rate of population increase in the region is greater than in any othecautinental region. It
poses great problems but could, if managed successfully, provide a significant opportunity as the

most economially productive youngadult population swells. However, the geometric increase in
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population has led to the high unemployment rates which are quite evident in Nigeria, South Africa

and Ghana
Population Projection

500
[2]
c 400
g
-2 300
e
§=
= 200
o)
o | | I

Nigeria Ethiopia South Africa Tanzania Ghana
Country

m 2013 m 2025 m 2050

Figure 3.1Projected population increases for the countries visited in this study.
(Population Reference Bureau, 2013)
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Figure 3.2 The age profiles of the populations of selected countries irSatmran Africa
(Population Census Bureau, 2013)
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3.2.2 RuralUrban Population Balance

About 63% of the SuBaharan Africa population lives in areas that are lacking in social amenities.
Within that overall regional figure, there is diversity that reflects the level of economic development
(Figure 3.3). More than 70% thfe Ethiopian and Tanzanian populations are based in rural settings.
At the other extreme the proportion living in rural settings in South Africa and Ghana are both less
than 50%. However, even these lower values are very different from a developedegsoch as

the UK where more than 80% of the population live in urban areas.

Rural- Urban population balance
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Figure 3.3The percentages of the populations living in rural and urban settings
in selected countries. (Population Reference Bureau, 2013)

3.2.3 Economic Development

In 2014, a report from the World Bank indicated that the economic growth rate inSadiaran

Africa had risen to 4.7% in 2013, with a rate of 5.2% forecast for 2014 (World Bank, 2014). In the
same report it was noted that the continued rise in the economy @sesto increasing investment

in infrastructure and resources (World Bank, 2014). According to the Population Reference Bureau
(2013), the Gross Domestic Product (GDP) growth ifSaihlaran Africa was 6.3% over the four year
period (20072011). Within thioverall figure the countries studied in this thesis all had broadly
similar growth rates during a period when the UK, along with other more developed economies

experienced negative growth (Table 3.1).

In spite of the growth in GDP, the gross national meat purchasing power parity (GRPP) per

capita in 2012 for SuBaharan Africa remained very low compared with developed economy
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countries such as the UK (Table 3.1). Within the regiorsRBRI varied substantially with the figures

for Tanzania and Etbpia, one order of magnitude lessan the value for South Africa.

Table 3.1 Gross domestic product growth in (%) (Population Reference Bureau, 2013).

Countries GDP Growth (%) (2002011) | GNIPPP Per Capita ($US) 20
SubSaharan Africgoverall) 6.3 2,240

Ghana 7.7 1940

Nigeria 6.4 2420

Tanzania 5.8 1590

South Africa 5.9 11,190

Ethiopia 7.6 1140

UK 2.4 35,800

Many commentators have pointed to the link between economic growth and extractive industries in
SubSaharan Afric@Morris et al, 2014). Africa contributes heavily to production and known reserves
of many minerals, for example cobalt, platinum, diamonds, bauxite etc., and increasingly
petrochemicals (British Geological Survey, 2014). The very impressive growth digoies above

were heavily reliant on a boom in commodities prices and inward investment aimed at increasing
extractive industry capacity. This can lead to economic instability and the recent economic downturn
has affected many African economies heavilgwever, the catalyst provided by an expansion of
extractive industry can stimulate longer term and broader growth. It can stimulate the need for local

engineers and other professionals.
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Figure 3.4 The sectoral contributions to the GDPs of selected coesitwith the UK
as a basis afomparison (World Bank, 2014).
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In spite of the expansion of extractive industries, many-Sabaran economies are still heavily
reliant on agriculture and on service occupations (Figure 3.4). The latter tend to be idded a
value roles rather than the banking and ICT services which underpin many developed economy
countries. It should not be assumed that all countries will move to the UK model of a very small
economic contribution from agriculture. Several African co@stare now exploiting their
agricultural capacity, e.g. Kenyan and Ethiopian horticultural industries are major suppliers for
European cut flower and vegetable markets. This has been proposed as an alternative driver of

development (Brooks et al., 2013).

Percentage of GDP spent on education
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Figure 3.5The percentage of GDP spent on education (all levels) in selected countries
(Source: World Bank, 2013. The data is not available for Nigeria.)

In spite of the many budget pressures, the region has invested significantly in educationwasisho
Figure 3.5. Much of this investment has gone into expanding access to primary education, one of the
Millennium Goals. The proportion of GDP spent on education is of the same order as in economically

developed countries sudds the UK.
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Access to Grid Power

=
N
o
o

100.0

80.0

60.0
20.
n B

Ghana South  Tanzania Nigeria Ethiopia UK
Africa

Percentage of the population
o

o
o

Country

Figure 3.6 The percentage of population with home access to grid power
(Source: World Bank, 2013).
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Figure 3.7 The annual per capita use of energy (Source: World Bank, 2013).

Access to grid energy and the amount of energy used are indicators of economic devei@pe

are relevant to educational opportunity. It is not possible to deploy technology fully in education
without reliable grid power. Even basic homework is compromised by lack of light. Similarly,
students without access to enerdpeavy transport systesimay not be able to attend remote
secondary schools. Figures 3.6 and 3.7 provide relevant data. It is quite clear that many educational

reforms cannot be achieved without increasing access to energy.
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Cell phone subscriptions per person
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Figure 3.8Cell phone subscriptions per person itested countries (Source: World Bank, 2014).

In some countries, multiple subscriptions provide flexibility to deal with patchy network coverage.
However, the communication systems are well developed in manySabharan African countries.

The use of cellak phones is widespread (Figure 3.8) and has proved a stimulus to small scale
business. The cell phone may be influential in reducing corruption as it allows easy bank payment

and tracing of transactions.
3.2.4 Enrolment in Education

Several measures atesed to quantify educational enrolment. The most often quoted is the gross
enrolment ratio (GER) which is defined as the ratio of total enrolment at a particular level, regardless
of age, to the population of the age group that officially corresponds ¢ostime level of education.

The GER may be greater than 100% because of the presence of older students, e.g. mature students

at tertiary level.

Enrolments at primary, secondary and tertiary levels in-Sabaran Africa have increased
dramatically irrecentyears. Figure 3.8hows that universal primary education is becoming closer to

a reality for the visited countries in S\8aharan Africa.

Despite the increase in enrolment, there were reports from UNESCO in 2011 that more than 20

million children of lowesecondary school age in S8laharan Africa were not gaining the benefit of

a secondary education as a result of unaffordable costs and lack of teaching space (UNESCO Institute
of Statistics, 2011). At secondary level, the GER data hide a major problemmétion. In many

countries, a minority of students complete lower secondary education and there are profound

differences in gender enrolment and completion (World Bank Development Indicators, 2015). The
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data for the Gender Parity Index GPI, defined asrttio of the GER values for females to males,

indicate that progress is uneven and that females remain disadvantaged (Figure 3.8).

According to Mohamedbh#P011), access to tertiary education has been limited to a small and
privileged minority. This remains true. According to the World Bank (2014), the tertiary gross
enrolment rate in Susaharan Africa is still very low, typically between 5% and 15%e Tijases

are inflated by the prevalence of part time courses which count towards enrolment but do not
contribute fully to completion. The enrolment for countries visited in this study range from South
Africa (19.7%) to Ethiopia (2.8%), in comparison &UlK which has a gross enrolment ratio of
59.8% at tertiary level. There are major gender differences in tertiary engagement througheut Sub

Saharan Africa.

Gross enrolment ratio by educational level
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Figure 3.9The 2013 gross enrolment ratios (expressed as percentages) for each
educational levein selected countries (Source: World Bank, 2014).
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Figure 3.10Gender Parity Index for secondary and tertiary levels in selected countries.
No data has been found for Ghana at tertiary level.
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3.3 Commentaries oindividual Countries

In this section there are brief discussions of background issues relevant to the study for each of the
countries where research data was acquired, i.e. Nigeria, Ghana, South Africa and Tanzania.

Although a visit was also made to Ethmmo formal data gathering was possible in that country.
3.3.1 Ghana Commentary

A 2013 report from the World Bank shows that Ghana has a population of 25.9 million with a
female/male balance of 50.5% to 49.5% (World Bank, 2013). The population irtieahitgions

with varying ethnic, linguistic and religious groups. About 70% of the population live in the southern
half of the country (CIA World Fact Book, 2016). A wide variety of languages are spoken with about
30% having English as their first languayeproximately 70% of the Ghanaian population are

Christian and 17% are Muslim. About 53% live in urban settings while the remaining 47% are rural
dwellers as shown in Figure 3.2. The present rate of urbanization is about 3.4% per year, a high value

that reflects rapid population growth and the need to find employment.
Economy

The drivers of the economy for Ghana are the service sectors which constitute 49.9% of the

economy followed by industry and agriculture at 27.7% and 22.4% respectively (Figure 3.3)

According to a report by the Africa Development Bank published in Africa Economic Outlook

(AEO,2015), the economy of Ghana is likely to be bolstered by an increase in oil and gas production,
private sector investment, improved public infrastructures an& S O2 dzy G NE Q& L2t AGA Ol
and cocoa production and individual remittances are major source of foreign exchange (African

Economic Outlook, 2015). The emerging oil and gas extraction industries have been affected by

recent reductions in the pee of associated products.
Education System

The Ghanaian education system comprises three phases: basic education, secondary education and
tertiary education. The Ministry of Education has overall responsibility for education, but the

National Council foHigher Education is responsible for the administration of tertiary education.

The country has a Strategic Plan for Education covering the period 2010 to 2020 (Ghana MoE, 2010).
Although the plan has a focus on basic education, one of its 10 Policy Go&ls isW9 ELJ YR { OA Sy

¢ SOKy 2t 238 9RdzOl G A2y Q dsettdA BENITRF A& A &F N F{f GAOF SRS A y

Mathematics education that includes the following:
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9 Strengthen science education in all aspects of the educational system at ticeaBesSenior

Secondary levels

9 Introduce Science and Technical and Vocational Education and Training (TVET) innovations

within the system

1 Ensure that, by 2020, 60% of all students in the universities and 80% in the polytechnics and

vocational institutionsare registered in science and technolqmslated disciplines

91 Provide special incentives for students and graduates of Science and Technology.

In addition the ICT in Education strategy includes;

1 Modernise the educational system through ICTs to improve traity of education and

training at all levels thereby expanding access to education, training (in particular teacher

professional development) and research resources and facilities.
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learning of all subjects, including science and technology.
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graduates are in humanities subjects and there is a significant graduate unemplogroblem.
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Table 3.2Data on enrolment and the number of institutions providing educational opportunity in
Ghana (Ghana MoE, 2013). The targets were published as part of th @0MOE Education
Strategic Plan (Ghana MoE, 2010).

Pre-school Primary Junior Senior Tertiary incl.
Secondary | Secondary | Vocational

Enrolment 1,604,505 4,105,913 1,452,585 842,587 61,496
Gross Enrolment | 113.8 (100) | 105.0 (107) | 82.2 (90) 36.8 (36) 2.7 (not set)
Ratio (GER) in %
(target for 2015)
Public 13,305 14,112 8,818 535 107
institutions
Private 5,972 5,742 3,618 293 74
institutions
Total institutions | 19,277 19,854 12,436 828 181
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Mandatory Basic Education

t NAYFNE |yR 2dzyA2N) aSO2yRINE fS@Sta I NB AyOf dzRSF
Students beginheir 6-years primary education at age six and pass into a junior secondary school

system for 3 years of academic, technical and vocational education. The primary curriculum includes
General Science. The lower secondary or junior high school ends wilase Education Certificate
Examination (BECE). The curriculum includes Integrated Science. Ghana has invested heavily in
education and has achieved significant increases in primary and secondary engagement (Table 3.2).

A UNICEF report in 2012 indicaté torimary pupHeacher ratio was 31 and the adult literacy and

youth literacy rates stood at 67% and 81% respectively at that time. The gender parity index for

Ghana is approaching 1 at secondary level (Figure 3.9). The private sector makes a major

contribution to basic education and to higher level education (Table 3.2).
Senior Secondary Education

Senior High School lasts for 3 years. The curriculum is composed of 4 core subjects, and either 3 or 4
elective subjects. The core subjects BmglisHanguage, mathematics, integrated science (science,

ICT and environmental studies) and social studies (economics, geography, history and government).
The students then choose elective subjects from 5 available programmes: agriculture, general
(divided into twooptions: arts or science), business, vocational, and technical. University admission

is based on student performance in the West Africa Senior School Certificate Examination WASSCE
which is an examination used by the Anglophone West African countries §@Kayeria, Gambia,

Sierra Leone and Liberia) to facilitate university entrance across their borders.

The Curriculum Research and Development Division (CRDD) (a division of the Ministry of Education
responsible for curriculum design) highlighted the airhthe Senior High School Physics programme

for Ghana as:

1 to provide, through well designed studies of experiment and practical physics, a worthwhile

handson educational experience to become well informed and productive citizens;

i to enable the Ghanaian siety to function effectively in a scientific and technological era,
where many utilities require basic physics knowledge, skills and appropriate attitudes for

operations;

1 to recognise the usefulness, utilization and limitations of the scientific methal gpheres

of life;
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9 to raise the awareness of inteéelationships between physics and industry, Information, and

Communication Technology (ICT), Agriculture, Health and other daily experiences;

1 to develop in students, skills and attitudes that will enatblem to practise science in the

most efficient and cost effective way;

9 to develop in students desirable attitudes and values such as precision, honesty, objectivity,

accuracy, perseverance, flexibility, curiosity and creativity;

f To stimulate and sustainisdzZRSy i aQ Ay iSNBad Ay LKearAda Fa |
of society. (MoE, 2008)

Tertiary Education

The National Council for Tertiary Education (NCTE) is responsible for tertiary education. Atuahene
and Ansah (2013) stated that tertiary eduicet in Ghana has witnessed tremendous growth in the
last twenty years in terms of both enrolment and infrastructures. They stated that there were 55
universities (6 public and 49 private institutions) which offered an academic education from
Bachelor degre to PhD. There has been rapid expansion in the sector and, in April 2016, the
National Accreditation Board for Ghana lists 10 Public universities and 69 degree awarding
institutions (National Accreditation Board, 2016). Almost all of the latter offereegthat are

accredited by public or overseas universities and the majority have religious affiliations.

There are also 10 polytechnics that offer vocational education and many colleges of education (37
public and 8 private). These colleges offer a thyear curriculum that leads to the Diploma in Basic
Education (DBE). The holders of the DBE are allowed to teach at every level of basic education. There
are also two universities (Cape Coast and Winneba) who train teachers for a four year Bachelor
degree wlich qualifies graduates to teach in any fegtiary education instiitions (Kwane and Setti,

2014).

The tertiary education system had 262000 students in 2011/2012 with 202,000 in the public sector
and 60,000 in the private sector (MoE, 2013).

Funding

DKI yI Q& SELISYRAGAINBE 2y SRdzZOlI A2y KIF&a AyONBF&ASR
0KS aAyAaidaNeE 2F 9Rd2OlF A2y NBYSItSR GKIFG GKS 0dzR:
G2 DI pdy OAfEtA2Y AY HmwmmD®D DIKAdc @NBYRE KA AY D2 NB 1A
percent of the national budget, was allocated to the education sector (Ghana MoE, 2015). About

8.1% of the gross domestic product (Figure 3.4) was devoted to education at all levels.
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3.3.2 South Africa Commentary

In mid-2013, the South African population was estimated to be 53 million and is expected to

increase to 56.9 million by 2025 (Population Reference Bureau, 2013). About 64 percent of the South
African population lives in urban areas with 36 percent living ialregttlements (Figure 3.2). South
Africa has five listed racial groups which includes 79.2% Black African, 8.9% WhitgoR.&%

2.5% Indian/Asian and 0.5% other (NBS, 2011). The country has 11 official languages which include:

Afrikaans, English, Ndebele, Xhosa, Zulu, Sepedi, Sesotho, Tswana, Swati, Venda and Tsonga.
Economy

The World Bank indicates that South Africa is the sddargest economy in St®aharan Africa
0SKAYR DbAISNAF YR A& 2yS 2F GKS $g2NIRQA I NBSaAl
(World Bank, 2012). The country also exports other metals, minerals, machinery and equipment. The

majority contribution tothe economy is services (Figure 3.3).

More than 80% of the South African population has access to grid power. This has helped the
development of industries in South Africa compared to Nigeria where most of the industries are
powered by generator. South #da is also prominent in the use of cell phones as it has the highest

subscription rate in SuBaharan Africa.
Education system

The education system in South Africa is governed by the Department of Basic Education (DBE), which
is responsible for primarynal secondary schools, and the Department of Higher Education and

Training (DHET), which is responsible for tertiary education and vocational training. The nine
provinces in South Africa also have their own education departments that are responsible for
implementing the policies of the national department, as well as dealing with local issues

(Department of Basic Education, 2015). In the South Africa National Qualification Framework NQF
there are 3 bands of education: General Education and Training GETindhicles Grade 0 plus

Grades 1 to 9, Further Education and Training FET which includes both Grddearidnonrhigher
education vocational training, and Higher Education and Training HET (DBE, 2015).

The Department of Basic Education is operating wh@NJ G S3& aSid 2dzi- Ay Ww! O0A
Towards theRealizatior2 ¥ { OK22f Ay3 HAHpQ O65SLI NLGYSyd 2F . F aa
goals, only one of which refers explicitly to science, i.e. increase the number of Grade 12 learners

who pass phsical science. However, the fuller text includes several other relevant aspirations;

improved gender parity in exam results, provision of science textbooks, a science laboratory for each
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primary school, and enhanced access4@sources. In addition thel&h advocates improvement in

Yhe professionalism, teaching skills, subject knowledge and computer literacy of teachers throughout
GKSANI SYGHANBE OF NESNREQ

Given its large number of official languages, South Africa has a language of instruction policg that t

Hght to choose the language of learning and teaching is vested in the individual. This right has,

however, to be exercised within the overall framework of the obligation on the education system to

promote multilingualisr®
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grades and for English to be more prevalent at higher school grades. At tertiary level English

dominates usagwith Afrikaans as the main alternative.

The Department of Education and Training included an explicit reference to science as a priority area

as one of five desired outcomes in the Strategic Plan for 201 2014/15, i.e. increase access to

high leveloccupationallydirected programmes in needed areas such as engineering, health sciences,

natural and physical sciences, as well as increasing the graduate output of teachers (Department for

Higher Education and Training, 2010). The new Strategic Planlidanss its predecessor and sets

numerical targets for graduates.

Table 3.3Enrolment and gender parity data for primary, secondary and tertiary education in South
Africa (Department of Basic Education, 2015: Department for Higher Education and Tr201di5y

Pre Basic Education FET HEIs
school College
Foundation | Intermediate Senior G9to G12
G1to G3 G4 to G6 G7to G9
Gross Enrolment 99% 89%
Ratio
Gender Parity 0.96 1.14 1.38 1.37
Index
Public enrolment 25k 3,976k 2,694k 2,813k 640k 984k
Number of public 24,136 50 23
institutions
Private enrolment | 19k ‘ 168k ‘ 104k ‘ 104k 155k 120k
Number of private 1,584 627 113
institutions
Total enrolment 44k \ 4,144k \ 2,797k \ 2,918k 795k 1,104k
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Enrolments at all educational levels in Soutfrica are dominated by public institutions. However,

there is a difference in outcomes with the least privileged not achieving the exam results sought in
national planning and the most privileged (often attending private schools) achieving high standards
(Department of Basic Education, 2015). The gender parity index for South Africa indicates that
females are achieving better outcomes than the males, a situation that reflects the present position

in many economically developed countries.

Mandatory Basideducation

The foundation (Grade 1 to 3), intermediate (Grades 4 to 6) and the senior (Grades 7 to 9) phases of

basic education are officially called General Education and Training (GET) and are compulsory for
children aged 7 to 15. Further Education andifiing (FET) includes Grades1®as well as non

higher education vocational training facilities.

The 2013 Statistical report from the Department of Basic Education shows the stigdeher ratio
to be in region of 3@ 1. The report also indicatatiat the ratio of students per teacher in all the

provinces isiearly the same.

Data emanating from the Curriculum and Assessment Policy Statement, @DARBSndicated the

purposes of teaching practical physics as follows.

1 To make learners aware of thhdir environment and to equip learners with investigative skills
relating to physical phenomena e.g. classifying, formulating models, hypothesising, identifying
and controlling variables , inferring, observing and comparing, interpreting, predictingeprobl

solving and reflective skills.

1 To promote knowledge and skills in scientific inquiry and problem solving; the construction and
application of scientific and technological knowledge; and understanding of the nature of

science and its relationships to tewlogy, society and the environment.

1 To prepare learners for future learning, specialist learning, employment, citizenship, holistic
development, socioeconomic development and environmental management. It plays an

increasing role in the lives of all Sowfricans owing to their influence on scientific and

(SOKy2f23A0Hf RSOSE2LIVSYd 6KAOK FNB yS8O8aat N

social wellbeing of its people (CAPS, 2011)
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Tertiary Education

Tertiary education in South Africa is supervisgdte Ministry of Higher Education and Training.
There are 23 statgdunded tertiary irstitution: 11 universities, @niversities of technology and 6
comprehensive institutions. The private sector has a large number of small institutions and very
limited errolment (Table 3.3). University entrance requires success in matriculation exams, with a
minimum of three subjects passed at the higher rather than standard level. Some universities set
additional academic requirements. Despite being supervised by theregiat of Higher Education

and Training, most universities have substantial autonomy.

5dzS (2 AGa GAONYyld KAIKSNI SRdzOF A2y &dassiSYXS

QX

academic institutions at the cutting edge of research in specific gghdihis high standing has

attracted many foreign students, especially from West Africa.
Funding

South Africa spends a very large share of its government budget on education. In 2013, South Africa
spent 21% of the national budget on education with 10%haf £ducation budget allocated for

higher education. An online report about Education in South Africa (EIS) stated that government
spending on basic education during 2015/2016 is estimated at R203 billion (R represents Rand which
is the unit of South Afcan currency). Over the next three years, roughly R640 billion will go towards

basic education (EIS, 2015).
3.3.3 Nigeria Commentary

Nigeria is the most populous country in Africa with a population of 170 million in 2013 which is
expected to increase to4 million by 2050 (Population Reference Bureau, 2013). Nigeria is
dominated by three major tribes which are the Yoruba having their base in the southwest, the 1bo in
the eastern part of the country and Hausa in the northern region. The various tribegsh&rewn

local languages but English is the official language and is used as the official medium of instruction in

schools and universities
Economy

As shown above, the Nigerian economy is based on substantial engagement in (subsistence)
agriculture andow value services. However, in the last two decades, Government revenue has been
increasingly dominated by oil revenues. In 2015, the proportion was 70% though this is being
threatened by the collapse in oil prices. The oil industry has spawned subbktadtiatrial

investment but this is largely confined to the south of the country.
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In spite of its oil wealth, almost half of Nigerians do not have access to a power grid supply (Figure
3.5).Even for those who do have access, interruptions in supply anenomand the use of standby

generators is widespread.
Education System

Nigeria operates under a system of Universal Basic Education (UBE). Students attend six years of
primary school and three years of junior secondary, thus there are nine years of conypansl
uninterrupted schooling. This is followed by three optional years of senior secondary schooling and
four to six years of tertiary education depending on the course of study. The federal Ministry of
Education plays the dominant role in regulating tichool education sector, engaging in policy
formation and ensuring quality control. However, operational matters are largely the responsibility
of State (secondary) schools and Local (primary) schools. The Federal Government is more directly
involved wih tertiary education than it is with school education, largely through the National

Universities Commission.

Stressing the importance of science education, the National Policy on Education 2004 stated that the

goals of science education were to:

() Cultivateinquiring, knowing and rational minds for the conduct of a good life and

democracy;
(D) Produce scientists for national development;
(1 Service studies in technology and the cause of technological development; and

(IV)  Provide knowledge and understanding of t@mplexity of the physical world, the forms
and the conduct of life. (NPE, 2004).

The National Policy on Education further stated thdd 2 S NY YSy & a Kl £ £ LJ2 Lddzf | NR
sciences and the production of an adequate number of scientists to iaggliupport national
RS @St 2 (NPE 20049 Dhe National Policy on Education for 2013 is not as specific on science

but emphasizes the need for the curriculum to serve the practical needs of the nation.
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Table 3.4Enrolment and gender parity datarfprimary, secondary and tertiary education in Nigeria

(Basic Education Data, 2012: UIS, 2012)

Pre-school Primary Junior Senior Tertiary
Secondary Secondary Institution
Gross Enrolment 13.%% 84. 76 46.3% 41.1% 10.0%
Ratio (GER)
Enrolment 2,297k 23,477k 4 47K 4,047k 1,70k
No. of Teachers 78,540 550,238 176,729
Total Institutions 28,565 59,382 11,561 140

¢KS bAISNRIY bl A2yl f

literacy rate in the English language V86 (male 65%, female 50%) and the youth rate was 76%
(male 81%, female 71%) (National Bureau of Statistics, 2010). There are a large numbef-of out
school children and young adults with limited literacy and numeracy skills who have little hope of
everjoining the formal workforce. In 2010, 20% of the rural population had never attended any
school. Education indicators are poor nationwide, and the greatest need for assistance is in the

predominantly Muslim North which has beeavaged by the activitied the Boko Haram insurgency

since 2003.

Mandatory Basic Education

The first nine years of basic education is mandatory but less thasthimakof children proceed to
Senior Secondary School (SSS)-dttwwol attendance is highest among states in the Northeast and

Northwest zones. 72% of primary age children do not attecfibol in Borno state. This compares

. dzNBIl dz 2 F
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with less than 3% in most southern zones. The primary school curriculum is geared toward providing

permanent literacy, laying a sound basis for scientific, critical and reflective thinking, and equipping

children withthe core life skills to function effectively in society. Figure 3.10 shows the various

reasons given for droput from primary schools (Nigeria Education Fact Sheet, 2012). It is clear that,

for many families, education is limited by cost, access and doatbut the relevance and quality of

what is offered. These data also reflect the lack of employment opportunities, particularly in the

North of the country.
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Factors Influencing Primary school
Drop-Out

H Monetary Cost
m Insufficient Interest
Labor Needed
Unlikely/Unable to Join JS<
m Unfavorable Distance
m Had Enough Schooling
® Poor School Quality

Figure 3.11The factors influencing dreput from primary schools in Nigeria
(Source: Nigerigducation Fact Sheet, 2012).

Senior Secondary Education

Students spend three years in senior secondary school (SSS) after which they are required to take
the Senior School Leaving Certificate SSCE which qualifies students to proceed to tertiary
institutions. The common core curriculum at the senior secondary level consists of: English, one
Nigerian Language, mathematics, one science subject, one social science subject, and agricultural
science or a vocational subject. In addition students must take thiestiee subjects, one of which
may be dropped in the third year. However, science students take English, Mathematics, Physics and
Biology as compulsory subjects. It must be noted that most students at the senior secondary level
tend to choose subjects irumanities and social sciences rather than in sciences because of the
perceived difficulty of the science subjects especially Physics. In 2010, 80% of students failed the
SSCE because they did not have credit passes in all of English, Mathematics aathéhreebjects.
Students who achieve five credits including English and Mathematic can enroll for the Unified
Tertiary Matriculation Examination which is the major means of gaining admission into Nigeria

Universities.

The Nigeria Educational Research and Development Council (a body responsible for designing the
curriculum for secondary schools in Nigeria) stated the general objectives of the practical physics

curriculum:
9 To provide basic literacy in physics for functional liuintdpe society;

9 To acquire basics concepts and principles of physics as a preparation for further studies;
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1 To acquire essential scientific skills and attitude as a preparation for technological

application of physics; and
9 To stimulate and enhance creatiwfiNERDC,2009)

Tertiary education
At the time of writing there are 140 universities in Nigeria. In 2015, these had the capacity to admit
approximately 500,000 of the 1,700,000 students who were successful in the Unified Tertiary

Matriculation Examination

The National Universities Commission (NUC) is the government umbrella organization that oversees
the administration of higher education in Nigeria. It approves and accredits all university programs.
The NUC website lists 41 federal universities, 40 stateersities and 59 private universities

(National Universities Commission, 2016). Over the last few years it has overseescklrge

expansion in the number of universities while attempting to maintain and enhance quality.

In addition to universities here are 59 federal state polytechnic colleges, several privately owned
polytechnics, monotechnics and colleges of education across the country. They were established to
train technical, midevel manpower and teachers. There are plans to upgrade soithesé

colleges to allow them to award degrees.

For some time, the Nigerian government has sought to place greater emphasis on science and
technology education at tertiary level but this has had limited impact. The policy was restated
following the nationaklections in 2015 with plans for six new universities of science and technology
(ICEF, 2015). However, there are academic staff shortages in all areas, particularly in the critical

areas of science and technology.
Funding for Education

There is an absena# internationally validated data on the funding of education in Nigeria. In 2016,
Nigeria budgeted about 370 billion Naira of its 6 trillion Naira budget on education. This represents
about 6.2% of the total budget. However, the relationship of the matidoudget to the GDP is not
known. For many countries in S8aharan Africa, it is less than 10% which may imply that the
proportion of GDP allocated to education is low in Nigeria. It is certain, however, that the allocation

is not able to meet all needgiven the exceptional birth rate.

A 2014 study by UNESCO asserted that the world needed four million additional teachers by 2015
and 12 million by 2020 (UIS, 2014). This lack of qualified teachers is particularly acut&Sah&ran

Africa and Nigeriasione of the worst hit countries. The study indicates that the country needs to
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spend an additional $1.8bn to shore up the teaching force particularly in the field of science. The

paper further suggestedthabo 2 2 G Ay 3 A OASYy OS ¢ Auhdue pkivilegdRof @ K I LILIS Y
science over the arts or humanities because the pedagogical approach is rigid and oriented towards
cultivation of existing knowledge rather than critically advancing it. As a result, Nigeria currently lags

far behind on indices that meare national educational progress, ranking behind countries like

DKI Yyl | YR {TRedzpdtt sugFedtdtitat Niyeria should promote independent thinking and

stimulate creativity.
3.3.4 Tanzania Commentary

Tanzania is an East African country wittoaudation of 45 million. Its political capital is Dodoma,

while its main commercial city is Dar es Salaam. Both Swahili and English are official languages but
the majority of dialogue within local communities take place in the mother tongue, of which there
are about 140. The country is diverse in geography, climate, ethnicity and religion but is centralized
in its politics and governance structures. The population is about one third Christian and one third

Muslim with the remaindepracticingtraditional Afican beliefs
Economy

Tanzania is one of the least developed countries in Africa. The GDP per capita is below average for
SubSaharan African countries$1813 per year (World Bank, 2014). In the last few years, the
economy has grown quickly througtxpansion of extractive industries, particularly gold mining
which accounts for the vast majority (nearly 90%) of its exports. However, agriculture is also

developing rapidly.

The recent growth has not been felt across all regions and parts of the pdpyfatit Y R G KS 02 dzy (
Global Health Index is ranked last but one in the East African Community. Malaria is a major
problem. In 2008 there were 11.5 million cases reported, approximately one quarter of the

population (Rollback malaria partnership, 2012).

Tarzania has had limited external economic links and has not been as deeply affected as many other
countries by the world recession of the last 8 years. The use of cell phones increases at a fast pace in
SubSaharan Africa with about 70% annual increasesifasvn in Figure 3.8) and Tanzania is not left

out.
Education system

The education system in Tanzania is also organized in stages just like the Nigeria education system.

The documented education policy for Tanzania describeg-4-2-3 structure. There arewvo years
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of pre-primary education for children below 5 years though attendance at this stage is not
compulsory. The second and compulsory stage is the primary education which lasts for 7 years
(Standard & VII) after which the child may either enter vkoor proceed for 4 years of secondary
ordinary level education during the ages-14 (Form 14). Students who pass the National Standard

IV Exams can proceed for a further 2 years of advanced level to complete the secondary education
cycle for ages X89 (Form 5 and 6).The last stage is the tertiary level stage where students spend 3

or more years depending on their choice of courses (Minister of Education and Culture, 2011).

Very recently the President of Tanzania has announced plans for considerabie ehaaucation

policy (see, for example, Department for International Development, 2015). The changes include the
extension of mandatory and free education for 4 more years and the increased use of Kiswabhili (a
native language in Tanzania) as the languzfgastruction at all levels. Among other changes, he

also reaffirmed and extended the drive to build laboratories for secondary schools. These changes

may affect the teaching of science subjects.
Mandatory Basic Education

At present, the first seven years of primary education is mandatory in Tanzania for every child who
has reached the age of seven years. At this stage of education, teaching and learning activities are
done in Kiswahili in government primary schools. Thmary school curriculum includes basic

science and has the goals of developing: critical and creative thinking, communication, numeracy,

technology literacy, personal and social life skills and independent learning (UNESCO, 2010).

Poneral et al. (2011)aiimed that the elimination of primary school tuition fees in public schools in
Tanzania led to massive enrolment of pupils in 2002. This claim was supported by a report from
UNESCO which shows that the ending of primary tuition fees has led to a maseasé in the
number of children enrolled in primary schools from 4.8 million in 2001 to 8.4 million in 2008 (UIS,
2010). Enrolment of girls is very close to parity with boys at all primary levgls€r.10. However,

many children who enroll in schodiop-out before completing primary education
Secondary Education

As already mentioned, Tanzanian Secondary education has two levels. Ordinary level runs from Form
1 through to Form 4 after which a certificate is issued to all passing the Certificatearfdaey

Education Examinations. Students that pass well may progress to Advanced Level education (Forms 5
and 6) or study for an ordinary diploma in a technical college. During the course of the research visit,

it was noted that there are only twi@) A lewel schoolut of forty-nine(49) schools the whole of

Morogoro Municipal Region, which has population of 1200 students This is an anecdotal indicator of
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the fact that not all schools offer A Level classes. All students at this level are boarding stuant
because of the potential social problems associated with boarding both male and female students,

A-Level schools restrict enrolment to one sex.

The language of instruction in all secondary schools is a mixture of English and Kiswabhili. The core
subgcts in Forms 1 to 4 offered by all schools includes physics with time allocations increasing from
8% to 10% of class time with level. The minimum number of subjects required for the Certificate of
Secondary Education Examinations is seven and all caedideg tested in mathematics, English,
Kiswahili, biology and civics. (UNESCO, 2010). Physics need not be included.

Most students study physics in Forms 1 and Form 2 but later drop the subject as it is perceived to be

difficult ¢ learners see the subjecsdoo abstract.

The physics syllabus for Tanzania Certificate of Secondary Education (TCSE) stated the general aims

of physics teaching to be;
i to understand the language of physics
1 to explain theories, laws and principles of physics
9 to understand the scigtific method in solving problems

9 to promote scientific and technological knowledge and skills in management, conservation

and sustainable use of the environment
1 to promote manipulative skills to manage various technological appliances
9 to promote selfstudy for selfadvancement in new frontiers of physics
1 to appreciate the role of IGM the process of learning (TC2H09).

At Advanced Secondary level, physics may be studied as one of a package of three subjects
comprising associated sciences or otkabjects. Practical tests are a formal part of assessment

(Ministry of Education and Vocational Training, 2013).

The official studenteacher ratio in Tanzania is 40 but there are shortages in maths and science

(most especially in physics) as was evidamirdy the research visit. Typically, there is one physics

teacher who teaches the subject from Form 1 to Form 4 across the school. A report from the Prime
aAyAaidSNRa hFFAOS Ay uwnmn LINRPJPARSA SOARSWES 27F L
Office, 2014). Secondary enrolment increased from 1.22 M in 2008 to 1.80 M in 2013 and, over the

same period, the pupil teacher ratios for primary and secondary schools fell from 53 and 37

respectively to 43 and 25.
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Table 3.5Enrolment and gender payitdata for primary, secondary and tertiary education in

CLYyTFYALF o60¢kyTFYyAlF tNAYS aAyAadadSNRaE hFTFAOSIT wnawmn

Pre School Education HEIs
school
Primary Ordinary Advanced
Secondary Secondary
Gross Enrolment 32% 87% 32% 4%
Ratio
Gender Parity 1.01 0.78 1.00
Index
Public enrolment 970k 8,034k 1,451k 580k 144k
(no. of institutions) (5,600 (3,500 12
Private enrolment 57k 198k 278k 17k 75k
(no. of institutions) (800 (12000 (22)
Total enrolment 1,026k 8,231k 1,729k 76k 219k
(no of institutions) (33

Table 3.5 provides key education data for 2013. The most obvious issue is the very low enrolment at
secondary levels and above. This is accompanied by a weakening of the gender parity index. The

public sector dominates overall provision.
Tertiary Education

Students who make the required gradeghe Advanced Certificate of Secondary Education
Examination ACSEE and receive a diploma after completing Form 6 may be selected to enrol in a

University. There is no separate entrance examination in aiwggain admission.

Presently, there are 33 universities which includes 12 public and 21 private institutions. In addition
to this, Tanzania has 4 public and 11 private University colleges which provide programmes leading
to degrees from other universitieggulated by the Tanzania Commission for Universities (TCU,
2014)

Apart from the Universities in Tanzania, the Ministry of Education and Culture MOEC is currently
overseeing a network of 34 Government Teacher Colleges and 14 registered privately owned ones
The Teacher Education Department of the Ministry is responsible for the provision of Teacher
9RdzOF GA2Yy YR Al RSIt&ad 6AGK LINBLINIGAZ2Y 2F 3N
for pre-school, primary and secondary education. (MOEC, 2014)
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Funding

Funding of education in Tanzania has been the sole responsibility of government. There were
indicationsfrom the Education Sector Budget 2011/2012 that Tanzania had been spending between
17-20% of its total budget on education which is higtiem the 57 % devoted to education in

Nigeria. However, it was reported that there was a wide gap between the budgeted and spent fund
as the Ministry spent only 76.8 billion shillings out of the 139.7 billion budgeted in the fiscal year
2010/2011 (Hakigtiu, 2012). In the 2014/2015 budget, about 3,465 billion shillings which is around
17% of the total national budget of 19,853 billion shillings was spent on education (HakiElimu, 2014).

However, the reason for the discrepancy between the budgeted and $peds was not given.
3.4Summary

This chapter examines the social and educational context of countries visited in the study. The
chapter revealed a rapid increasing population across countries ira38gult ofthe high birth rate
across the continent. There were large differences in access to social amenities between rural and

dzND Iy | NBI &

SaLAGS GKS FIFOG GKFG YI 8qumi3je 27F §F

Most of the SSA countries lva hadrapid growing econombut with limited science related
employment except in South Africa. Despite the growing economy in SSA, the percentage of
government budget on education had not been able to meet the 26% educational tadgetated

by UNESCOh@&re haalso leen high rate of unemployment acrod® continent

There have been dramatic increase enrolment at all levels of education with a resultant effect of
large class sizes at the primary, secondary and tertiarydeMekpite the increasen enrolment,

there has been heavgirop out among studerst mainly at the primary level in some SSA countries.

Physics is part of the teachiegrriculumin most secondary schools in SSA with governsient

publishingspecific objectives for teaching thelgact but with limitedallocatedresources.
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CHAPTER 4

METHODOLOGY AND PROTOCOL

4.1 Introduction

This chapter describes the research method and procedures that were used to investigate and
describe the status of practical physics in African schitatemprises eight sections not counting

this introduction. The first section deals with the research design which underpins the study and the
rationales for adopting both quantitative and qualitative research methods. Sections two and three
focus on the esearch instruments and the trustworthiness of those instruments. Sections four and
five deals with ethical issues in the study and visit protocols. Sections six and seven outline the data
collection and data analysis procedures. Finally, a summary ahtigter is presented in section

eight
4.2 Research Design

The research aims that were set out in Chapter 2 suggest a research design that includes both
gualitative and quantitative approaches. In this section the benefits of each approach are introduced

and the overall mixed mode design is then described
4.2.1 Qualitative Methods

' O0O2NRAY3I (G2 . SNAEB | YR [ li® provideanswers tt giabsfioAsiby 0 A @S Y §
examining various social settings and the views of individuals who inhabit thegs@tte { A YA £ | NJ @A
have been set out by many others. According to Willis (2008), qualitative research enables the
NBaSIFNOKSNI (2 SYGSNIAyG2 2GKSNJ LIS2L) SQa 62NI Ra
peoples and their worlds. Qualitative reselaran capture the perspectives of the participants, how

they interpret their experiences and how they structure their social world (Bogdan and Biklen, 2007;

Willis, 2008). These authors describe qualitative research as a methodology where a small number of
places, situations, or people are studied over a protracted period during which the researchers

collect data through observation, participation, and interview. The consensus view is that this

process allows researchers to share in the understandings araptions of others which

themselves determine how people structure and give meaning to their daily lives.

.23aARIY FTYR . A1tSy O6Hnnt0 RA&AOdzaE (KS ify0GYSRAL Q& 2
want to understand the way people think about thewrld and how those definitions are formed,

you need to get close to them, to hear them talk and observe them in thetodiay live§) ®
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Qualitative methodology explores the understanding of people from their own view point. Well
conducted, it allows thie voices to be heard and their reasons for particular activities and actions to

be explored.

A common suggestion is that qualitative research emphasizes quality rather than quantity because

data are collected in the field, rather than in more controll&dations (Bogdan and Biklen, 2007).

Ogunmade (2005) quotes Miles and Huberman (1984) in arguing that qualitative methods have a

quality of undeniability, because they help to create concrete, vivid and meaningful descriptions of

incidents and events. Dicetestimony from stakeholders may be of particular value in encouraging

action to follow from the very diverse study contained in this thesis. Of course, the process of

gathering data from individuals can be protracted and time consuming and there d@mmsor

gathering personal views more efficiently. Thomas and Nelson (1996) suggest that focus group
YSGK2R& Fff2¢ aSOSNIf LIS2L) SQa GASsa> LISNOSLIIAZ2Y
They argue too that the group dialogue can help infthering of extreme views and in the

development of a better balanced view of the consensus opinion of the community.

Quialitative methods have formative value within the research. They can generate alternative
explanations and enable the constructionaoharrative history (Campbell, 1994). They help the
researchers to reflect on the research in progress and provide opportunity for alteration in the

research approach as the research proceeds (Bouma, 2000).

Quialitative method have some disadvantages. Thepnd to produce large amounts of information

that can only be focused after data collection. If a fully ethnographic approach is adopted (the
systemic study of people and culture to explore cultural phenomena where the researcher observes
society from thepoint of view of the subject of the study), there are no prior assumptions about

which variables are relevant. The inquiry is oerled and sensitive to the intentions, explanations

and judgments of the participants (Bouma, 2000). It follows that systiere&ploration of the data

is a long process and a balanced understanding may be difficult to achieve. Conversely, if the agenda

is defined too precisely, the data may not reflect divergent opinions.

The qualitative approach is used widely by educatioeséachers in journal publicationpf

example in 2008, in the Journal of Research in Science Teaching, 35.7% of its publications (63.9% in
ScienceEducation and 44% in the International Journal of Science Education) used a qualitative
methodfor datacollection (Devetak et al., 2016ited in Vilaythong, 2011 ualitative methods

reliesless on numbers and statistics but more on interviews, observations and small numbers of
guestionnaires, focus groups, subjective report and case studies. Thesenjattasize the

interpretation and meaning attached to experience (Searle, 18@&d in Vilathong, 2011)
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4.2.2 Quantitative Methods

Quantitative research is very differeqit tends to be more statistically based and make much more
use of numerical dataDenscombe, 2007, p.248). Quantitative data collection involves defining and
measuring secalled variables and, usually, determining the relationships between them. These
variables may be associated with demographics or with opinions. Bouma (2002) had fleme

value of quantitative methods in terms of helping to identify and assess the knowledge of

respondents and assess their attitudes, values, beliefs or opinions.

A crucial feature of quantitative methods is that they involve prior structuring of theiimgHouse
(1994) indicates that questionnaires in quantitative research give more precise, explicit and
predetermined measure and identification of variables that have beerdpfed. Hollingsworth

and Hackling (in press), make the claim that questomres are economical and very simple to
administer, and ensure efficient gathering of large quantities of baseline data. The responses
gathered can usually be transformed easily by coding into data files that are amenable to statistical
analysis. Howeveuyseful and insightful questionnaires are difficult and complex to construct and
their success depends on the honesty of the respondents (Bouma, 2000). A key issue is how
respondents understand the questions and options they are faced with and the expestétiat

are involved in responding. Comparisons across cultural boundaries are particularly problematic.

Berg (1998) has suggested that, despite the complexity of quantitative methods, they are more
quickly accomplished, produce more reliable conclusamd help provide reportable findings,

involving percentages of variable occurrences. Patton (1990) concludes that quantitative methods
are essential in educational research because it makes it possible to measure the reactions of great

many people to atiited set of questions.

Leaving aside the academic research arguments for quantitative approaches, there is a pragmatic
reason why they are essential to this study. It is hoped that the thesis will be of interest to a
scientific community that is accustoréo seeking answers to research questions using
measurement and quantitative analysis. The community is more likely to be influenced by data with
which they are comfortable and that means that quantitative approaches must be part of the design

portfolio.
4.2.3 Overall Mixed Mode Design

Research has shown that if a study uses different research methods, for example qualitative and
guantitative, it has the advantages of helping the researcher to gain a deeper understanding of

certain issues pertaining to theoblem under investigation (Taylor, 2004; Ogunmade, 2005; Cohen
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et al., 2007). While qualitative and quantitative methods can each gather valuable information on

their own, findings from the two approaches are distinct and complementary (Berg, 1998).

Acording to Neumann (2003) the combination of qualitative and qualitative data gathering
G§SOKYAIldzSa Aa |R@lIyidl3S2dzAa FyR 322R NBaSI NOK LINI
SIOKé¢ SylFofAaya I O2yFANXIF GA2Y BogNatich2WeMNdR keg NI GA2Yy 2
features of the qualitative methods can be seen when contrasted with quantitative methods (Cossa,

2007)

The use of multiple data sources and cross comparisons to gain understanding of a phenomenon
ensures trustworthiness and credibyl of interpretation of data collected (Creswell, 2007; Buabeng,
2015). Basically, no single approach, qualitative or quantitative, can be perfectly effective and so
each method can be improved significantly through triangulation of data from variousagipes

and sources (Yin, 2003; Ogunmade, 2005). A mixed approach is relevant to this study which will
triangulate and corroborate findings from teachers, students and other stakeholders. It will enable
the researcher to get a more holistic picture of thesavers to the research questions as well as gain

deeper insight into the teaching and learning of practical physics in secondary schools in SSA.

RESEARCH
METHODS
QUALITATIVE QUANTITATIVE
| |
INTERVIEWS FOCUS GROUP QUESTIONNAIRES

Figure 4.1 Research Design.

Figure 4.1 summarizes the mixed mode approach used in this thesis. It shoelddmabered that
the research questions are concerned with practical physics teaching irSgha#san) Africa.
Obviously, data gathering from across a diverse continent is not possible and, therefore, a case study

approach has been used involving data gaithg during short visits to a small but diverse set of
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countries. Background data on S8hharan Africa has been gathered using desk research. The
diversity of opinion has been tested through qualitative approaches. For pragmatic reasons these
have been suctured while allowing a degree of more open input. Comparative data on a limited set
of issues suggested by previous research has been gathered using quantitative methods. The mixed

method approach allows corroboration of the findings.

The qualitativesvidence gathering took the form of structured interviews and focus groups involving
a range of stakeholders; physics teachers and students, school principals and officials including
lecturers, inspectors and examiners. There was also a structured d@tugsh Institute of Physics
volunteer coordinators who are heavily involved in the development of the practical physics
curriculum across Africa. The interviews were done to investigate qualitatively, and delve deeper
into issues that were not completehgsolved by the questionnaires (Fraenkel et al, 2012; Buabeng,
2015). Thel (i I | S Kigtdrvie\BsNuBra intended to provide a national perspective and to elicit
direct information about their experiences, knowledge and opinions concerning the teaching and

learning of practical physics in secondary schools

The guantitative data gathering involved two short surveys. A teacher survey helped to identify; the
delivery of the practical physics curriculum, the teaching and assessment methods in secondary
physicsand the factors limiting and acting as a barrier to change. A student survey helped further in
gathering student views about their interest in physics, their perception of the aims of practical

work, their own competency and attitudes to practical physics.

Securing permissions to visit countries and schools and interview or survey stakeholders was difficult

and the research was carried out opportunistically.

In the next section the research instruments are discussed.
4.3 Research Instruments

The main reseah instruments used for data collection in this study were; teacher and student
guestionnaires, focus group meetings and interview protocols. In this section we examine each class

of instrument in turn.
4.3.1 Survey Questionnaires

Two forms of survey wernased for data collection; a teacher survey and a student survey. In the
development of the questionnaires, particular attention was given to ensure that questions were as

suggested by May (2001), i.e. unambiguous, unbiased, unloaded, relevant, suctinctptualized
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and avoiding vagueness (May, 2001). In particular, care was taken to ensure questions were

appropriate for the culture and context of Africa.
Teacher Survey (AppendiX) A

The teacher questionnaire comprised seven sections. The first setibited information on

RSY23ANI LIKAO RFGF NB3II NRA Y Jeard of aching expekeddélaseadf 3S>  |j d
teaching specialization, class size and school location. The second section focused on the availability

of resources and facilitiéa the school. Section three examined the level of assessment the teacher

used in the teaching and learning of physics. Section four looked at current practice. Section five

examined the approaches used by teachers in teaching of practical physics. Sictamused on

aims and the final section examined both the obstacles that affect the teaching and learning of

practical physics and how the teaching could be improved. The two final sections provided

opportunities for the teachers to add free responses.
Student Survey (Appendix)B

¢KS LizN1J2aS 2F GKS aGdzRSyid adz2NBSe gl a G2 AyodSaia
teaching and learning in secondary schools in Africa. The questionnaire comprised three sections.

The first section asked for dexgraphic data, including the type of school (boys/giriséctucation)

YR AdGa t20FGA2ys GKS &SHNktS@St 2F (KS &addzRSy (3
views about teaching and learning activities in their physics classroom and tielatif the

student to the teaching and learning of practical physics in their school. The questionnaire included
openended questions in which students were asked to write answers describing what they most

enjoy and least enjoy about practical activitirgheir physics lesson and what might be done to

help them learn more about practical physics in their school.
4.3.2 Focus Groups

The purpose of the focus groups was to gather relevant data from the learning stakeholders
(students) in physics educatiaio, understand the current practice in practical physics teaching and
to investigate their perceptions on the quality of practical physics teaching and learning in their

school.

This study involved sixteen (16) focus group meetings with students between1Byears. Five of
the focus groups were conducted in Nigeria, three in Ghana, four in South Africa and four in
Tanzania. Each took place in a school setting. There were 5 to 8 participants in each of the focus

group meetings as indicated in Table 4'he meetings addressed the following questions.
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1. What do you do in your practical physics classes?

2. What sort of things are you trying to learn?

3. Do you like studying practical physics?

4. How well are you and your lab partner doing?

5. What is thebest practical physics session you have had?
6. What would your ideal practical physics session look like?

To achieve rich and constructive discussions during the focus group meetings, the students were
provided with focus questions to afford them the opportunity to discuss them with their colleagues
and to bring with them well constructed and broadly repressivie views before the

commencement of the meetings. The leaders of each group were brought together to discuss each
of the six questions together with issues that arouse during the discussion. The whole group
discussions were audio recorded by the resbarc Each focus group meeting and discussion lasted

for about two hours.
4.3.3 Interview ProtocolgAppendix C)

To gain a broader national and international perspective, interviews were also conducted with other
key stakeholders in physics education in@s. These included physics curriculum officers in

ministries of education, physics lecturers from both teacher training colleges and universities,
practical physics examiners, science/physics teachers, school principals/school heads and policy
makers fran the ministries of education. The sestructured interview protocols were designed to
IFGKSNIRFGF Ay GKS LINOAOALIY(G&aQ 26y ¢2NRa a2 Gck
teaching and learning process (Fraenkel et al., 2012). Thessemiuredinterview is suitable for
probing views and opinions and permits respondents to develop and expand on their own
responses. Further questions which were not expected at the commencement of the interview could
also be asked as new issues arose. (Gray, 2008)participants responded to sestructured

interviews which were centred on the main research question formulated to guide the study. The
issue of validity for both structured and sestructured interviews is addressed by ensuring that
guestions aregelated to the research objectives (Cohen et al., 2007; Gray, 2009).Thetsaeatured
interview protocols for the teachers, students and other staldbcs are provided in Appendix C

The interviewees were provided with focus questions to afford themogyortunity to think about
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their responses before the commencement of the interviews, this created room for rich and

constructive discussion.
4.4 Rigorand Trustworthiness of the Instruments

According to Punch (1996ited in Ogunmade (200B)an instrument is considered valid when there
is confidence that it measures what it is intended to measure in a given situation rifjtinand
trustworthiness of a study are not ensured, then the validity and reliability of the study will be
guestiorable and the aim of the study will not be met. Hence, there is a need for the researcher to
ensure the rigour and trustworthiness of the methods used in the study (Banu, 2011). Meriwether
(2001) has commented on the value of pilot testing of instrumentettuce the ambiguity of item

and enhance reliability.

Bearing this in mind, the survey questionnaires and interviews were pilot tested with physics
teachers and students from two secondary schools in a local education district in Ekiti State, Nigeria.
These schools were not associated with the study in any way. AlthNiggria wasot originaly

intended to be one of the countries involved in the study, it was a convenient location in which to
test the qualitative instruments developed. The objectivethes pilot study were to determine the
clarity, relevance and effectiveness of the questions in eliciting information from the two groups of
participants.In addition, piloting provided an opportunity to practice interviewing skills and identify

any pratical issues that might arise in the main study.

The interview guidefor the pilot studywere gradually developed through informal discussion and

validated by simulated interviews with my supervisors and some colleagues.

Thepilot studyinterviews were caducted with five types of key stakeholder in physics education
including a school inspector, chief examiner in practical physics and a team leader in practical
physics, school principals, physics teachers and the students. Face to face interviews djere hel
notes taken and the conversatismecorded Before the interviews, all the interviewees were asked
to give permission for recording. Therview questiongor the physics teachers and other staff
were focused on the objectives of teaching practicalgibs in schools. The interview questions for
0KS ad0dzRSy (a ¢S NBeashrss@euid@rg prysits anditdeRi®bleing aifecting
their studies. The durations of the interviews were on average about twenty minutes for the
stakeholders and ten mutes for each student. All informants were aware of the anonymous

treatment of their answers.

Following the pilot study, mor changes in wording were made to the surveys. The most significant

changes were tthe questiorson aims and qualification requirements where physics teachers were
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asked to tick which of five listed aims/qualification requirements were most important. Most
eventually put a tick to all the listetems. The survey instrument was modified to ask teadhers

to rank theitemsin order of importanceallowing enhanced information on teacher priorities.

In addition, the interview scripts were modified to identify follow up questions that could be used to

prompt or elaborate responses from stakeholders.

4.5 Ethical Issues in the Study

In research, ethical matters are the principles of right and wrong, acceptable by a particular group at

a particular time (Bogdan and Biklen, 2007). According to Glense and Peshkin (1993), ethical codes
representdesiresan8 T F2 NIia (G2 aK2g NBaLISOG (2 20KSNEQ NR I
harm, and supplement benefits to the subjects. Glesne and Peshkin asserted further that ethical

codes deal with individual rights to dignity, privacy, confidentiality anddarmie of harm. In this

study, two main ethical guidelines were paramount:

a. Participants should enter the study voluntarily, knowing the nature of the study and

possible dangers and obligation involved in the study, and

b. Participants should not be expostmany risk, which is greater than the gain they might

derive from participation (Bogdan and Biklen, 2007).

If the ethical issues are neglected while doing a study, the study will be questionable and the

subjects of the study may face risks or their righisy be dishonored. Since ethical issues are the
NBaLR2YaAoAfAGeE 2F (GKS NBaSI NODKSNB (2 (KS Lzt AOs
government and the host governmergienseand Peshkin, 1993), researchers need to take care to

follow ethical guielines.

Ethical approval for the research in this thesis was sought and obtained from the Human Research
Ethics Committee (HREC) of the Open University, Walton Hall Milton Keynes, United Kingdom
(AppendixD). As the participants in the study were from diént countries in Africa, ethical

approval was also sought from the Ministry of Education in each country. In addition, written
informed consent was sought from the head teachers of each school and the science/physics
teachers who were¢o be participantsan the study All participants were reassured that there was no
personal risk associated with participation in the study, and that they would be free to withdraw

from the study at any time without penalty.
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Confidentiality was a key ethical issue as, iresahof the societies explored, there is a culture of
deference to authority. Challenge may have been problematic for some participants. Confidentiality
was adhered to throughout the studyeachers and students were asked not to write any form of
identification on the questionnaire. Before the interviews and focus groups the researcher assured
them that their names would not be used without their permission. Where necessary, pseudonyms
would be used in any publication. In addition, care would be takemsmee that indirect

identification would not be possible from settings or other ancillary information.

Focus group meetings and interviews were conducted at times suitable for the participants. Care
was taken to be respectful of local culture, includihg hormal modes of conversation and

discourse in that country. The researcher and the accompanying supervisor on the research visits
were Nigerians and this may have helped in minimizing the sense of shared experience and in

creating empathy during convesitions.
4.6 Research Visits Location and Participants

The study was conducted in four countries in Africa: Ghana, South Africa, Nigeria and Tanzania with
an estimated total population of about 340 million people. Permission to conduct the research in
Ethiopia was withdrawn immediately prior to an intended visit. This visit still took place but without
any research output other than that available from participant inquiry. The visits to the four

countries took place between July 2014 and July 2015t of the four visits scheduled to

coincide with practical physics workshops being organised by Institute of Physics (lIoP) volunteer
coordinators. The Nigerian visit was organised by the researcher without such sygppert

researcher is a Nigerian arglfamiliar with the geopolitical and social issues in the country.

A critical issue in pursuing this study was the choice of schools to visit and participants to
interview/survey. The countries to visit were chosen from those in which the loP wagddvol
through an existing Practical Physics initiative. In these countries there was a core of committed
contacts who might be expected to facilitate the research. The countries chosen spanred Sub

Saharan Africa and included countries with different levélsconomic development.

Summary information on the schoolswed is provided in Table 4.Each school was identified by a

code letter. More detail about the schools and their selection is provided below and in Chapter 5.
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Table 4.1 Summary of schools selection and settings

School Location Total Total Type of | Number of | Boys Girls
Code School Physics School Physics Participants | Participants
Enrolment | Enrolment Teachers
School A | SubUrban | 1300 299 Mixed 2 25 22
School B | Urban 1000 300 Boys 2 31 T
School C | Rural 2000 290 Mixed 3 15 7
School D | SubUrban | 531 60 Mixed T 7 11
School E | Rural 700 136 Mixed 2 7 17
School F | Urban 1000 75 Mixed 1 13 11
School G | SubUrban 1000 1000 Mixed 3 33 36
School H | Urban 560 560 Mixed 2 15 26
School | Rural 1200 340 Mixed 3 11 13
SchoolJ | SubUrban | 635 115 Mixed 1 11 17
School K | Rural 403 79 Mixed 1 4 11
School L | Urban 450 70 Boys 1 22 T
School M | Urban 250 95 Girls 1 T 18
School N | Rural 350 60 Mixed 1 11 6
School O | Rural 281 80 Mixed 1 11 15
School P | Urban 700 33 Mixed 1 4 4
School Q | Urban 567 303 Girls 5 T 84
School R | Urban 546 104 Mixed 1 11 21

Purposive and opportunistic sampling was used to choose the schools and participants in the study.
The aim was to identify people who would be highly motivated to participate in the study and would
provide insights from valuable and differing perspectiv®liminary conversations with local

contacts helped to identify possible participants and, in some cases, those same contacts were able

to facilitate cooperation.

A major issue in arranging school visits related to access and the ever growing seithirity w

schools. However, by allowing opportunistic sampling, schools could be chosen through
acquaintance between contacts and school head teachers. This led to a relatively open selection of
schools across the four different countries. The schools thaéwesited were broadly

representative of high schools in the four countries in terms of size and geographical setting and
O2dz R 6S NBII NRSRI dzNil- f O2aY(BANDL 983)2/S dihdoB W= approached

by telephone and permission/acse confirmed via email. Eighteen (18) schools allowed access and
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agreed to participate in the main studyshana (Schools A to C); South Africa (Schools D to I), Nigeria
(Schools J to N), and Tanzania (Schools O to R).

Approximately 550 Students from tH& schools in four countries participated in the study (Table
4.2). The school types were 71%-educational, 9% boys only, 20% girls only. Eight (40%) of the
schools were situated in urban locations, 37% in suburban locations and 19% in rural loGétens.
students who participated were approximately representative of the population of students in the

eighteen secondary schools across the four countries.

Table 42: The sample frame for thé  dzR SuyveéyQ &

School Location
School type Urban (44%) Suburban (37%) Rural (19%) Total
male female male female male female

Coeducational 43 62 85 100 49 53 392 (71%)
Boys only 31 0 18 0 0 0 49 (9%)
Girls only

0 109 0 0 0 0 109 (20%)
Total

74 171 103 100 49 53 550
Total 245 203 102 550

The study ao surveyed and interviewet# physics teachers. Also interviewed in the study were a
number of science teachers, school principals, curriculum officers, Heads of Science departments,
practical physics examiners, senior officials from Ministries of Education, IoP volunteer coasjinato

a Director of a National Science Resource Centre (NSRC) and physics lecturers, from universities and
Teacher Training Colleges (TTC). The breakdown of participants from the four countries is shown in
Table 43.
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Table 43: Sample frame for the participants interviewed

Ghana South Africa Nigeria Tanzania

Stakeholder

Science Teachers _ _ _ 3
Physics Teachers 7 10 5 6
Physics students 20 18 16 26
Heads of SciencBepartments 3 5 3 1
School Heads 3 4 3 2
Curriculum officers 3 1 _ _
Directors from Ministry of 3 1 _ 1
Education

School Inspectors _ _ 1 _
Practical Physics Examiners _ _ 2 _
Physics Lecturers 2 5 2 3
Laboratory Technicians _ _ _ 2
loPvolunteer coordinators 1 1 _ 2
Total 42 45 32 46

It is worth nothing that the contribution of the key stakeholders is crucial to this study because of
their roles in physics education in S8hahara Africa. This study involves the curriculum definition

stakeholders, curriculum delivery stakeholders and the learner stakeholders. Their functions include:

I.  The curriculuredefinition stakeholders define or influence strongly the national and state
definition of the practical physics curriculum. They as@ine what is formally required for

success and project models of acceptable good practices.

.  ThecurricuurlRSt A @SNE aidl 1 SK2f RSNE KSfLJ G2 AyidSNLINB
NEBIljdZA NSBYSy G Fft20FGS NBaz2 dzmieysdaliverteR Ay T dzSy O!

curriculum and set expectations for teachers with respect to their professional roles.

lll.  Learner stakeholders respond to the approaches offered and influence what is believed to

be pedagogically achievable.

Stakeholders and individuals mague influence in more than one of the above categories. The

allocation is chosen to reflect core influence. In addition to the above there are NGOs who have
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influence, notably the Institute of Physics (IoP), the United Nations Educational Scientific and
Cdtural Organization (UNESCO), major charities etc. These work with stakeholders at each of the

above levels.

In the following suksections greater detail will be provided about the schools and participants in

each of the countries.
4.6.1 Practical Arrangeentst Ghana

Email exchanges between the researcher and the Director of Secondary Education at the Ministry of
Education as well as the Director of the National Science Resource Centre, both in Accra, led to
permission to access their schools. The researcher lateedlavith the 1oP National Coordinator

(Ghana) in locating three schools in rural, suburban and urban environments (Schools A to C). These
were in Accra, the capital city, Cape Coast (a coastal suburban area) and Ada which is rural though
not remote. All these sites are in the South of the country. It was not possible to visit the more

remote North. Information lettes, and consent forms (AppendidésF and Bwere sent to Head

teachers and relevant teachers. The letter included information about the aimdsignificance of

the study and solicited necessary permissions. After gaining the consents, the visit to Ghana was
scheduled and took place between"4duly 2014 and 19th July 2014.

School A is a suburban high school located within university prendifesschool has around 1300
students on roll from age eleven to seventeen all of mixed ability with about 23 percent taking
physics as a separate subject. The school has two physics teachers to cater for the approximately

299 students taking physics froimrm one to form three.

{OK22f . Aa Ay GKS OFLWAGIE OAGEe 6AGK | &addzRSyld
school and has 3Dstudents taking physics from Form one tork three with a physics teacher who

teaches the 300 students.

School Gs a rural high school which accommodates students from nearly all the districts in the
Ghana. It has around 2000 students on roll from age eleven to seventeen, all of mixed ability, with
about 290 students taking physics as a separate subject. The $&wthiree young physics

teachers. The science departments in the three schools follow the Ghana National Physics
Curriculum and the students are studying for the West Africa Examination Council Certificate whose
exam is normally held between May and Jufiewery year. About 71 male students and 29 female
students participated in the study from the three schools. 29 of these students took part in focus

group discussions.
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About 22 norstudent stakeholders participated in the study in Ghana. These includedns

physics teacher from the three schools involved ingbevey (two from School A, two from Sché&ol
andthree from schoolC). The school principals of the three schools and the heads of science
departments were interviewed. The researcher also intaméd the Director in charge of Secondary
Education in the Ministry of Education, two Directors from the National Science Resource Centre,
which is based in Accra, and the three curriculum officers for mathematics, chemistry and physics.

Two teacher traines from the Ada Teacher Training Colleges and the loP national coordinator also

participated in the study.

Photo 4.1 Unused physics equipment in one of the schools in Ghana

During the visit to Ghana, there was an opportunity to record a clear examfie ahused
practical physics resourc#isat are commented otater in this thesi{Photo 4.1) These equipment
were meant to be usd during thedayto-dayteaching and learnip activities in physics but were

kept unused in the storeoom and only brought oufor examination purposes.
4.6.2 Practical Arrangements South Africa

The practical arrangements followed the pattern for Ghana though, in this case, the locations visited
were well separated and an internal flight was necessary. Following extensive discussion, visits were
arranged to schools in Soweto (School D which is a mixed school located at the city centre and
school G, a science school located within a university canagich is a short distance away from

school D), Pretoria (School E is located in a remote area which is about 2 hours from Pretoria),
Johannesburg (School F which is a very big school located at the centre of the city) and Cape Town
(School H located witn the city and School | located in the most remote area of Cape Town). Both

Schools D and G are located within the Gauteng Province while Schools H and | are located within
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the Western Cape Province. For this visit, permission (Appendix H) was sougiitaingd from
the Western Cape Ministry of Education for collecting the data for the study in the Western Cape
Province. The visit took place between Jafi 2015 and Jan 292015.

School D is a suburban secondary school located at the centre ofia Giuteng provinces. The
school has around 531 students on roll from age eleven to seventeen all of mixed ability with 11
percent (60) offering physical science as a separate subject. Unfortunately, the principal of the
school doubled as the physics teacllue to lack of a physics tdar to teach the students from
Grade 9 to Gade 12. About 18 students (7 boys and 11 girls) in Grade 12 participated in the study

from school D.

School E is situated in the rural area of the administrative capital of thetigorhis is a school that

has been battling with theft of science equipment and poor matriculation results for a decade. It has
around 700 students on roll from age eleven to seventeen all of mixed ability and about 136
students take physics as a sepa&ratbject. The schools has two (2) physics teachers. About 24

students (7 boys and 17 girls) in grade 12 participated in the study.

School F is at the centre of another big city in Gauteng province. The school has around 1000
students on roll from age elew to seventeen all of mixed ability and about 75 students take physics
as a separate subject from Grade 10 to Grade 12. The school has one teacher who teaches physics
alongside health education in all the grades. About 24 students (13 boys and 1hd@iajle 12
participated in the study.

School G is a special school located within a university campus, basically for science students from
Grade 10 to Grade 12. It has around 1000 students on roll from ages fourteen to seventeen all of
mixed ability and &the students take physics as a separate subject. The school has three physics

teachers. A total of 69 studen{86 females and 33 male) fronmr&éle 12 participated in the study.

School H is an urban secondary school from the Western Cape Provincesdh@bestablished for

the purpose of improving the quality of science and mathematics within the province. It has around
560 students on roll from age eleven to seventeen all of mixed ability and all of the students take
physics as a separaselbject fran Grade 8 to Grad&2. The school has two physics specialist

teachers. About 41 students (15 boys and 26 girls) participated in the study.

School I is a rural high school in the Western Cape Province. It has around 1200 students on roll from
age eleven tseventeen all of mixed ability and about 340 students take physics as a separate
subject. There are three physics teachers in the school. About 24 students (11 boys and 13 girls)

from Grade 12 participated in the study.
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The science departments of the soheols follow the South Africa National Secondary School
Physics Curriculum as the students are studying for the National Certificate Examination, also known
Fa GKS Wal iNAOQ SEIFYAYI(GAZ2Yy®

The South Africa research visit engaged about 24 stakeholders fitnthe Gauteng and Western

Cape provinces. There were 10 physical science teachers. The school principal and the heads of the
science departments of the six schools also participated, as did the director of the science centre in
Soweto, who is a physicsgiessor from the University of Johannesburg, and his counterpart from

the South Africa Institute of Physics, wlaliso lectures in the same university. Three physics

lecturers, a female professor of physics from the University of Pretoria, a readetteom

Department of Physics of from the University of Johannesburg and a professor from the University of
Cape Town who is also the director of the school development unit all participated in the study. Also
involved in the study is the director in chargecarriculum improvement from the Western Cape

Ministry of Education.

The student survey involved 200 students from 6 schools and 25 students who participated in the

focus group discussions were interviewed.
4.6.3 Practical Arrangements Nigeria

Findingparticipants for the research activities in Nigeria was quite an easy task for the researcher
due to the fact that he is based in Nigeria and has easy access to schools. Participants were invited
from two states in the SouthVestern part of Nigeria wheredecation is seen as a priority. Emails

were also sent to two other schools, one in the Selktistern part and the other in the Norh

Central part of Nigeria. Attempts to include schools in the N&distern part of Nigeria were

frustrated by the activitie®f insurgents which have led to the closure of some schools in the area to
safeguard the students from Bokdaram attack. Consents were sought via email and telephone
conversations with the school principals and other stakeholders, having informed theut tie

details of the research work. The schedules for the visits were arranged after they had all agreed to

take part in the study. The visits took place betweeft @@March 2015 and 26of March 2015.

Participants in Nigeria were drawn from the thnein geopolitical zones. Participants were from

two states in the South West, a state in the East and another state in the North. Five schools were
invited to participate in the study. Two of the schools were in Ekiti state, one in Ondo state all in the
South West, one from a state in the East and a school from Taraba state in the northern part of the

country.
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School J is a suburban government college in a state in the -8éegkern part of the country. The
school has around 635 students on roll from atgven to seventeen, all of mixed ability with 18
percent (115) taking phics as a separate subject froma@e 10 to 12. The school has one physics
teacher. About 28 students (11 boys and 17 girls) of Grade 12 participated in this study.

School K is to thBorth of school J and is situated in the rural area of the state. The school has
around 403 students on roll from age eleven to seventeen, all of mixed ability with about 79
students taking physics as a separate subject. The school has one physics aadch®istudents (4

boys and 11 girls) from Grade 12 participated in the study.

School L is an urban secondary school in another state in the -8¢esgtern part of the country. The
school has around 450 students on rolls from age eleven to seventeeryallTitere were 70
students from Grade 10 tor&de 12 taking physics as a separate subject. The school has one physics

teacher and about 22 boys participated in the school.

School M is located in a business city in the Eastern part of the countrgchibel has around 250
students on roll from age eleven to seventeen all girls with 20 percent (95) taking physics as a
separate subject. The school has one physics teacher, and 18 girls in Grade 12 participated in the

study.

School N is a rural secondaghsol located in the Northern part of the country. The school has
around 350 students on roll from age eleven to seventeen all of mixed ability with 17 percent (60)
students taking physics as a separate subject. The school has one physics teacher taehts s

(11 boys and 6 girls) participated in this study. All the schools follow the Nigeria National Physics
Curriculum as the students are studying for the West Africa Examination Council Certificate which is

normally held between May and June each year.

Five (5) physics teachers and three (3) heads of science departments from the schools involved
participated in the study. Also three school principals and two practical physics examiners were
interviewed. A director from the school inspectorate unit of ttministry of education who is also an
expert in physics education consented to participate. Two physics lecturers, one from Obafemi
Awolowo University, lle Ife and the other from the College of Education in-Ed@tewere part of

the study. About 100 sdents participated in the study while 20 who participated in the focus group

discussions were interviewed.
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Photo 4.2 A typical physics laboratory

L ‘ @[ N

Photo 4.3 A typical store room

Photos 4.2 and 4.3 show a typical physics lab and store rdawth in Nigeria but typical across all
countries visited. It is clear that there is a lack of maintenance and orderly management of
resourcesThis might be as a result thfe lack of laboratory asgisnt support whichis commented

on later in the thesis.
4.6.4 Practical Arrangemertt Tanzania

Inviting participation in the research study was facilitated by the loP volunteer coordinator and the
national coordinator for Tanzania. Permission was souglenhgil from the Director of Secondary

Education at the Morogoro municipality for the conduct of the study. Information letters were also
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sent to the school heads in the region seeking access to their students and to their physics teachers
with detailed inbrmation on the aim and significance of the study. After gaining consent to carry out
the study in the region, the schedule of the visit was arranged to coincide with the IoP Practical
Physics workshop for physics teachers taking place at the Teachernsd @ollege in Morogoro and
Mvomero region. The visits took place between"If July 2015 and 19of July 2015.

Participants for this study in Tanzamvare drawn from two main locationsthe Mvomeroand
Morogoro regions. Four schools agreed to pdpade in the study. One of the schools is from
Mvomeroregion which is a rural part of Tanzania and the other three schools were from Morogoro

region which is an urban area.

School O is a rural secondary school locatddviomeroregion of the country. Ténschool has
around 281 students on roll, aged from eleven to seventeen, all of mixed ability. There are 80
students taking physics as a separate subject, and the school has one physics teacher. About 26

students (11 boys and 15 girls) from form IV pguttéd in the study.

School P is located in the urban area of Morogormicipal. It is a school within a university
campus. The school has around 700 students on the roll, from age eleven to seventeen, all of mixed
ability with only 5% (33) students taking physics as a separate subject. The school has one physics

teacher. Aout 8 students (4 boys and 4 girls) from form IV participated in the study.

{OK22f v A& I 3JANI Qa aOKz22ft gAIGKAY GKS a2NR3I2NP
There are 303 students taking physics as a separate subject, and five spglejaist teachers. A

total of 84 students, all girls in form VI, participated in the study.

School R which is the last school is located to the South of school Q. The school has around 546
students on roll, aged eleven to seventeen, all of mixed gbilitere are 104 students from Form |

to Form IVtaking physics as a separate subject. The school has one physics teacher while about 32
students (2 girls and 11 boys) fronoFm IV participated in the study. The science department in

the four schools followthe Tanzania National Physics Curriculum and the students are studying for

the Advanced Certificate of Secondary Education (ACSE).

There were six (6) physics teachers, 2 chemistry teachers and one biology teachers who participated.
There were also two hea#achers and one head of a science department who were involved. The
director in charge of secondary education from the Ministry of Education in Morogoro gave his
consent to participate in the study. Three physics lecturers; two from Morogoro Teacheingrai

College and one from the University of Dar es Salaam were part of the study, and the laboratory

technicians from botlinstitutions also participated in the studyhelnstitute of Physics volunteer
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coordinator and the National Conductor who is algwational trainerwere part of the studyAbout

150 students were surveyed in the four schools while 25 of them were interviewed from the focus

groups.

Photo 4.5 A laboratory for physics, chemistaynd biology in a school in Tanzania.

Photos 4.4 and4.5were taken inone of theTanzaniarschoos visited in this studyThelaboratoryis
usedfor all the science subjestAs with earlier photos, there is evidence of limited oversight and

organisationof resources.
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4.7 Procedure for Data Collection

Data collection for this research study was divided into four phases. These have been discussed

above but the process is drawn together here for convenience.

Phase 1 Pilot testing of the research instments as described above. The main aim of the pilot

study was to trial the method for use in the main study. The findings from the pilot study highlighted
the areas where the questionnaires could be improved and modified to further benefit the main
study. Based on the responses in the survey questionnaires and comments from the interviews,
corrections and improvements were made to the research instruments. The maodification to the
instruments was done in consultation with my supervisors after which they wensidered

appropriate for themainresearch study.

Phase 2Distribution and administration of questionnaires. Teacher survey questionnaires were
distributed to physics teachers in the senior high schools in each of the countries that were involved
in the study. Also, the student survey questionnaires were distributed to teachers of the sample
schools. To ensure a high return rate of the questionnaires, the researcher personally supervised the
distribution and collection from teachers and students.ohlihe teachers completed the

guestionnaires within the visit period and returned the questionnaires for analysis. The return rate
was 100% for the teacher survey. A 100% return rate was also achieved for the student survey, since
the students were askedtrespond to the questionnaires during class time. The administration of

the student questionnaires was personally supervised by the researcher.

Phase 3 Focus group meetings. Seventeen focus groups meetings were conducted by the

researcher with the students in the four countries visited.

Phase 4 Interviews. The final phase of the field based research data collection involved interviews
with the various stakeholders which includgahysics teachers, school heads, curriculum officers,
heads of science departments, officials from Ministries of Education, physics educators from the

universities and colleges of education, and Institute of PhysiB3 (olunteer coordinators.

A letter of invitation stating the purpose of the study was sent to key stakeholders via email in the
countries involved in the study to seek their consent to participate in the interviews. Interviews were
conducted face to faeduring the research visits with participants who had indicated their
willingness to participate. Interviews were audio recorded by the researcher and lasted for about 30

minutes with each stakeholder.
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Also, a small focus group discussion was held alribttute of Physics (loP) with stakeholders who
are volunteer coordinators for the 0P in Africa. This focus group discussion was based around the

identification of influences on the present status of practical physics teaching in Africa.
4.8 Proceduredr Data Analysis

Data Analysis

The research data collected were extensive and as such were analysed using both quantitative and
jdzt £t AGF GAGS YSi K2 Rhieanalysis df the gmpidcal datpaaitms ty realieSénge ol
massive amounts of data, dace the volume of information, identify significant patterns, and

construct a framework for communicating the essence of what the data @veal 6-272).0 T ™
Questionnaires

Data from the teacher and student questionnaires were analysed using descriftiistical

methods involving percentages, means and standard deviations where appropriate. Responses to
openSYRSR ljdzSadAiz2ya 6SNBE O2RSR Ayid2 OFGSaA2NRSE |y
responses in each category were determined. Responselseniteim scale were also coded in
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Focus groups and Interw
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interviews were listened to several times by the researcher and transcribed verbatim. Aeidd

version for windows (QSR International Pty Ltd) was used to organise the materials by coding them

into nodes which provided easy retrieval of the themes that emerged. Where quotes are used within

the body of the thesis, they were chosen because/tivere representative of the statements of

most of the respondents. The production of accurate and verbatim transcripts was integral to

establishing the credibility and trustworthiness of the data.

4.9 Summary

The study was designed with the aim of investigating the present practice in the teaching and
learning of practical physics in African schools with a view to improvements. The summary of the
research design used in this study is outlined in Figure 4Hisrchapter. A mixed method approach

of both qualitative and quantitative methods were employed to achieve the aims of this study.
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These methods included the survey of both the physics teachers and their students, focus group
discussions with the studengnd interviews with physics teachers and other relevant stakeholders
in physics education. The sample of this study consist of 550 secondary school students with an
average age of 17 yesy 44 physics teachers abd@ relevant stakeholders. The study todkge in

four countries in Africa between July 2014 and July 2015.

This chapter described also the development of the research instruments including piloting the
instruments,rigor and trustworthiness, ethical issues, data collection procedure and methiods o
data analysis. In the Tabde4 below, a summary of data sources which address each of the research

guestion for the studyis presented.

Table 4.4 Data source relanshipsto the research questions.

Data sources Research Question

1 2 3 4
Teacher questionnaires \% \% \% \%
Student questionnaires \% \%
Focus groups V \% \% \
Interviews Y, Vv Vv Vv
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CHAPTER 5

QUANTITATIVE RESULTS

5.1 Introduction

This chapter provides the results of the surveys carried out on teachers and students in the four Sub
Saharan African countries where data gathering took place. As already discuss&ahaumn Africa

is very diverse, and the four countries visited spéfetent levels of economic development and

varied social attitudes. The data gathered can help to identify issues and views that can be
correlated with qualitative data. It can inform later discussion of present practice and may guide

future interventions

The overall structure is similar to that of Chapter 3 which describes the four countries at an overall

level and then highlights specific issues for each country.

In the next section, there is a brief account of the participartémachers and studentssurveyed.

There is then a substantial section which presents the responses of the teachers at an aggregate
level, i.e. spanning the four countries. Section 4 provides the complementary aggregate data from
the surveys of students. In the final sectioneté are comments made on the ways in which the

data from each country fits (or not) with the overall picture. This section will provide strong evidence

of diversity at all levels with views influenced strongly by local environment.

It should be noted thathe surveys were confined to teaching staff and students. Heads of
Department were included but not Headachers. Other stakeholders were interviewed, as
described in the Methods Chapter, but their views are only reported in the later Qualitative Data

Chapter.
5.2 Participants

The participants were drawn from the 18 schools that were visited. The schools themselves are
described in Chapter 4. In this section further details are provided of the participants in the two

surveys.

A total of 44 teachers werausveyed. Table 5.1 shows their distribution by country and type of
school. As might be expected, the large majority were teaching-edacational schools. The
geographical distribution is uneven as the opportunities to recruit teachers varied from gaontr

country.
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Table 5.1 The distribution of the 44 teachers surveyed by country and type of schothe total

column the number of male teachers is shown in brackets.

Country
South
Type of School Ghana | Africa Nigeria | Tanzanial Total
.2eQa hytigz2 0 1 0 3
Girls Only 0 0 1 5 6
Coeducational 5 12 3 15 35
Total 7(6) 12(10) 5 (4) 20(16) | 44(36)

There was a broad span of age of teachers (Table 5.2). The large majority of those surveyed were
established teachers with consideral@gperience. It is reasonable to assume that their views
include the existing consensus though there is likely to be some weighting towards those more

interested in innovation.

Table 5.2 The ages of the teachers surveyed.

Age of teacher Number inBand
30 years and below 9

30-39 years 18

40-49 years 10

50-59 years 7

60 and above 0

The teachers were asked about their tertiary educational and professional qualifications (Table 5.3).
Almost half did not have degrees, even though they were teaching physics at advanced secondary
level. A minority had science/physics degrees and a smallesrity had postgraduate

qualifications, with just four of these in science subjects.
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Table 5.3The declared qualifications of the teachers surveyed.

Quialification Number of teachers
Predegree Certificate in Education 20

First degreen Education 11

First degree in Other Subject 13

PG.Dip.Ed. 5

M.Ed. 1

M.Sc. 4

Ph.D. 0

Figure 5.1 shows the subject specialisms of the teachers. The large majority consider themselves to
be qualified to teach physics but that still leaves nearlg-third who do not consider themselves
gualified to teach a subject that they are teaching. Many of the teachers took the view that they

were qualified to teach a number of science subjects.

Percentage of teachers who identify themselves
as qualified in named subject areas
80
70
60
50
40
30

20
P I = I
: -

Physics Chemistry Biology Mathematics Others

Figure 5.1The declared areas of qualificatiohthe teachers surveyed.
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Student were not asked for personal information. The surveys were completed in scheduled class
times for students at senior secondary level, i.e. the students werg3l¢ears old. The response

rate from the 550 students wak)0%. There were 226 boys and 324 girls participants. Table 5.4
provides data on the type of school attended by the students and their location. It can be seen that
the large majority of participants came from-educational schools. Views were obtainedrfr

rural, urban and suburban schools.

Table 5.4The type of school and school location for the students who completed the survey.

Schoollocation | Urban Suburban Rural Total
Gender| Male Female| Male Female| Male Female

SchoolType

Coeducational | 43 62 85 100 49 53 392

Boys only 31 0 18 0 0 0 49

Girls only 0 109 0 0 0 0 109

Totals 74 171 103 100 49 53 550

5.3 Teacher Survey Data

Teachers were asked to respond to a series of statements about the resources avaithble

schools. The overall view is that resources are not adequate. Although the majority assert that they
have a dedicated physics laboratory, there are major concerns about the adequacy and state of
repair of the laboratory facilities. A clear majgrof the teachers state that they do not have

laboratory assistant support.
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Practical physics resources

We have laboratory assistant suppor{

The state of repair of laboratory facilities i _
satisfactory. _

We have sufficient laboratory facilities fo— _

practical work.
We have relevant modern equipment an_ _
instrument.
We have a dedicated physics laborator |  IIIININENEL

0% 20% 40% 60% 80% 100%

m Strongly Agree m Agree Uncertain m Disagree M Strongly disagree

Figure 5.2Teacher views on school resources.

In Chapter 2, there was a discussion of the aims of practical physics teaching. Many lists afvaims h
been suggested (Kerr, 1963; Betty and Woolnough, 1982). For this thesis, five aims were proposed.
Teachers were invited to rank the five aims in order of importance. The results are in Figure 5.3. The
mean ranking varies from 2.2 to 3.5. The error harhe figure are the standard deviations. These
should be treated with caution as the data are not normally distributed but they indicate diversity of
view within a broad consensus that the development of skills in the design of experiments is the
most important aim. However, the physics teachers rated the five aims of practical work in order of
importance as follows: (tp develop skills in the design of experiments and investigations (mean

2.2); (ii) to encourage skills of working together in a sdientontext (mean 2.9); (iii) to make new
observation about the natural world (mean 3.1); (iv) to provide a context for the development of
mathematical skills (mean 3.4); and (v)to encourage the development of skills in the design of

instruments (mean 3.5)
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Teacher ranking of five aims of practical physics teaching

To encourage the development of skills in the desi_
of instruments.
To provide a context for the development OE
mathematical skills
£ To encourage skills of working together in a scienti_
< context.
To make new observations about the natural wor| (i
To develop skills in the design of experiments a_
investigation.

10 15 20 25 30 35 40 45 50
Ranking ( 1 high to 5 low)

Figure 5.3Teacher views on the aims of practical physics teaching.

Data in Figur&.4 reveals the ranking of the qualification requiremenitse highest ranking by the
physics teachers wasderstanding of physics contenith mean @.1) followed bygood knowledge
of physics contenwith mean (2.2)The third ranked requirement was tlaoplication of the
knowledge of physiasith mean (2.6while skills in practical physiegith mean(3.1)was the least

ranked requiremenfor qualification by the physics teachers.

Ranking of requirements for success in achieving
gualification

Skills in practical physics_—<
Application of the knowledge of physic_—<
Understanding of physics content_—<
Good knowledge of physics conten_—<

1.0 2.0 3.0 4.0
Ranking (1 high to 4 low)

Figure 5.4Teacher ranking of the requirements for student success in gaining qualification.
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Teachers were asked to indicate the assessment methods used for the award of qualifications and
also for monitoringd 1 dZRSY 184 Q LINPINBaad ¢KS NBalLRyasSa aK2gSF
traditional forms of assessment: examination is seen as the main method both summatively and

formatively (Figures 5.4 and 5.5). There is an absolute absenckeafréng methods

Assessment formats used by teachers
100

80
60
40
0
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CH R
Q\

B Summative assessment m Progress monitoring

Figure 5.5:Teacher views on the forms of assessment that are used summatively and formatively.

Teachers were asked whether they agreed with statements that described aspects of practice that

the pilot study had suggested might be relevant. Following uswaitice, the response was

LINE OARSR GKNRdzZAK F p LRAY:G aodOkfsS &aLIyyAy3ad FTNRY \
guestionnaire used both positively and negatively framed statements, i.e. where common

perceptions of good practice might be expected toymke agreement or disagreement. Figure 5.6

shows the responses. The agreement with the first two statements may be regarded as matters for

concern.
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Views of 44 teachers on existing practice

There is insufficient time to explain topics to th_
required depth.
Many teachers have limited knowledge and skills _—

teaching practical work.

Most teachers of physics have a good knowledge_

physics content.

The curriculum is focused on preparing students f—_

higher education.

Few students gain the skills of independent thinkin i RV
Students existing knowledge is assessed to gu_

lesson planning.

Students are encouraged to ask questior G
Discussion between students does not help learni- N IR
e e e " —

administration.
Teachers have sufficient opportunity to attend
seminars and workshop to improve their teachin_
0 5 10 15 20 25 30 35 40 45 50

H Strongly agree or Agree mUncertain B Disagree or Strongly Disagree

Figure 5.6:The views of the 44 teachers on various statements about present teaching practice.

Teaders were asked to put a tick against five approaches (from a list of eight) that they thought
were important and to indicate how often they believe this approach should be adopted. Many of
the teachers believed that students should follow a sequence @fipfined steps in carrying out
experiment as students should be focused on the importance of getting the accepted answer from
their measurement. The assumption, from the views of the teachers on the teaching approaches, is

that practical work is carefullgontrolled and leads to accepted answers.
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Teacher views on styles of teaching practical physics

Students should be focused on the importance of

measurements.

Students should be directed to collect informatio—
about real things or processes in the natural world.
All students should be exposed to the same curriculum

individualized instruction.

Practical work should be carried out by studen (i | | | N q| IR

before the theory is introduced i.e. discovery learning.

Practical work should be used to illustrate th
concepts that have been introduced previously.

Whole-class discussion should occur at the conclus_

of practical activities to summarize the main ideas.

Students should investigate their own questions a_

plan their own experiments.

Students should follow a sequence of pre-defindi  EGTEEREGEGTE T R

steps in carrying out experiments.

Teaching style

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%
Views on use of each style

m All or most of the time  m Sometimes ® Infrequently or never

Figure 5.7The views of teachers on the extent to which particular teaching styles should be used in
their classes.

The teachers who were surveyed were asked to identify the five most significant obstaclésethat
faced in teaching practical physics. They were provided with a list of 10 possible choices but invited
to add other factors if appropriate. None of the 44 teachers added a new item. Figure 5.8 shows the
percentage of teachers who chose each of thepa6sible obstacles. Time and material resource
issues dominate. However, it is also apparent that there are issues of motivation, possibly linked to

pay and the level of demands on the teachers.
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Percentage of teachers citing obstacles to effective
teaching of practical physics
Too few qualified & dedicated teachersillilllEE
Lack of support by school administrator<5uGll
Poor teacher remuneration. I
Lack of professional development for teacher Sl
Lack of laboratory assistant suppor il

Inadequate teacher motivation. I
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Percentage of teachers citing obstacle

Figure 5.8The views of teachers on the obstacles to effective teaching of practical physics.

Teachers were asked to suggest ways in which practical physics teaching might be improved. A total
of 118 responses from 44 teachers were suggested in a free format &mnylar suggestions have

been gathered together under a single row with an inclusive wording. Suggestions range from local
to national actions. The suggestions from the teachers reflect their own experiences as the large
majority of the teachers want; thprovision of modern equipment, modification of the physics
curriculum in terms of content reduction, and more time for practical. Most of the teachers also
suggested improved motivation and regularsiervice training, particularly in practical physics

teaching. However, there is little said aboultearning or discovery learning.
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Teachers views on ways of improving practical physics teaching
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Improve motivation of teachers I
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more practical)

Provide modern equipment I
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Figure 5.9 Teacher views on the ways in which practical physics teaching might be improved.

5.4 Student Survey Data

As already noted, a total of 550 studentgtizpated in the student survey. The student
j dzSaGA2YyYyYIFANB 61 a FFHANI @ aK2NI FyR ¢l a ol asSR

number of free format responses.

Students wereasked to estimate the percentagé the time spent on six types ofassroom activity.
Figure 5.10 shows their overall respessn percentageThe figures reveal that a large majority

(75%) of the total time devoted to the teaching and learning of physics lessons is allotted to working
from textbooks, teacher explanationdemonstrations and note copying by the students. About 14%
of the time is used in engaging in whole class discussion with the teacher and other students while

only a little (11%) of the lesson is devoted to students taking part in group practicaliestiltican
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be seen that the learning experience tends to be passive and there are less frequent independent

student lessons.

The estimates of the students are broadly similar across the four countries with the time spent on
practical activities varyingdm 10.2% to 11.5%However, the students in Tunisiasserted that the
largest percentage of their teaching time isdevotedt 6 2 N] Ay 3 2y (G KSA.NBis2 ¢y
time is switched fromeachercentredexplanation and is probably explained by the Tanzanian

initiative to provide every student with gextbook.

Student estimate of allocation of class time

Tunisia [INEEISEENISEEOT 31.6 Gees 138
Nigeria [IIEECOSI 13 S e—
South Africa | IO S A I S —
Ghana IEEECON 22NN 145 I —
0%  10% 20% 30% 40% 50% 60%  70%  80%  90%  100%

H Listening to the teacher explaining
m Engage in whole class discussion with teacher and other students
u Copying the teacher's note
Working on your own from textbook
m Doing practical and activity work individually or in a small group

H Listening to teacher demonstrating to the whole class

Figure 5.10Students estimates of the ways irhigh class time is allocated.

Students were asked about their attitude to practical work ingiby by indicating their level of
agreement with thirteen statements. The responses are presented in Figure 5.11. The positive
statements relating to the affective domain, such as enjoyment, preference and freedom were

strongly agreed or agreed by the largajority of the students across the four countries surveyed.

They reported that they enjoyed doing practical work, it is their favourite part of physics lessons and

they prefer it over nomractical lessons. They also preferred the freedom they had gymiactical
work compared to the theory. On the cognitive aspect, students claim they were able to learn and
understand by actually doing the practical work. A large majority of the students agreed with

statements relating to the value of practical workyl@d school physics
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Student attitudes to physics practicals

We do physics practical work regular! S
My school has the resources needed for n_
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P P iessssssss— =m

to do practical work
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What | learn from physics practicals will b
PIySIES P s

useful when | leave school

I find practical work in physics har(iEEEEEG— T .
Practical work helps me to understand physi(SIIIEIEIGgGgETE

Doing practical work is my favorite part of__

physics lessons

| prefer practical work to non-practical work ir_

physics

| am able to learn well from practical work il’_

physics lesson

I enjoy doing practical work in physic I

Statement

0% 20% 40% 60% 80% 100%
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m Strongly agree or agree m Uncertain  ®m Disagree or strongly disagree

Figure 5.11Student attitudes to physics practical.

Students were asked to write down what they enjoy most about physics practical. The 550 students
provided 928 items which were gathered togetherder phrases of very similar meaning. The

precise wording of each item in Figure 5.12 is drawn from student responses. There were
differences in the ways that students approached this task. The students from South Africa and
Tanzania provided one respansach. Those from Ghana and Nigeria provided typicadly 1

responses. All responses reflect student views and are therefore included. The data suggest that
students enjoy working with apparatus while recognising that practical work can help in the

underganding of theory.
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What students enjoy most about physics practicals

Understanding what | learnt in the theory Cla s s ——
It makes learning physics intere Stin Cummmmm——
Seeing and working with apparatu S ——————
Seeing real physical experiment S ——————————
The freedom of practical lesson S ————————————————
Working on my own. m——
Getting accurate results. e —————————
Plotting graphs and making calculatio e
Collecting data. —
Working in groups. m——
Learning about physics and applying it to my daily || ise—
Making new discoveries in physicm—
Cooperation with the teacher. m——
Not had any practical yet. m——

Student response

0 20 40 60 80 100 120 140 160
Number of students providing response

Figure 5.12The aspects of practical work in physics that students enjoy most.

Students were asked to write down what they least ergbyput physics practicalhe 550 students
provided 697 items which were gaghed together under phrases of very similar meaning. The
wording of each item in Figure 5.13 is drawn from student responses. Once again, there were
differences in the ways that students approached this task. The students from South Africa and
Tanzania pvided one response each just as they did in Figure 5.12, probably because of their
limited exposure to practical activities. Those from Ghana and Nigeria provided typi2ally 1
responses. All responses reflect student views and are therefore includedlata suggest that
students were not satisfied by the limited time for practical activities in their physics lessons and by
the sharing of equipment in large groups. It may also be noted that many of the students did not
enjoy tackling the analytical tks required. It may be hypothesised that they lack the relevant skills

required and therefore are anxious about such activities.
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The aspects of physics practicals enjoyed least

Limited time for practical |€:SS 0 N < mm———————————————————————————
Analysis - calculations, graphs, e O I i
Large number of students sharing equipm e i ———
Lack of adequate resource s ——————————
Teacher doing the experiment alon e —————————————
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Not getting the right result m———————
Setting up the experiment s
Not knowing the purpose of the experimen wm
Following prescribed experimentSmm
Large number of students in groupsm

Response

0 20 40 60 80 100 120 140 160 180
Number of students expressing response

Figure 5.13The aspects of practical work in physics that students enjoy least.

Students were asked to suggest ways in which the teaching and learning of practical physics might

be improved in their schools (Figure 5.14). A total of 873 responses were suggested in a free format
entry. Similar suggestions have been gathered togetheeua single row. The suggestions from the
students reflect their own views on an ideal practical physics sessions. The majority of the students
want modern practical physics equipment, access to a good physics laboratory, more time for

practical lessonand dedicated and committed physics teachers. A few students in South Africa
3dzZ33S4 068 BXSY PSI LILINRF OKQ (2 LINF OGAOFE LIKe&araoda

their counterpart in Nigeria, Ghana and Tanzana.

Unfortunately, it was not possie to pursue a meaningful exploration of gender differences in the
survey responses. Although the total number of respondents was large, i.e. 550, the proportion of
the two sexes was very different for different locations and thus a major confoundiray faes
present. In addition there was inadequate statistical power to isolate gender effects given the
variability in response. Similar arguments undermined efforts to look at gender effects in the

teacher survey data.
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Student views on how to improve physics practicals

Adequate practical phySiCS €0 Ui e I
A good physics laboratory————
More time for practical l[esson s ——————
Employing dedicated and qualified teacher s ————
Introduction of project work and field tripsmm
Attending science programs and field trips
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Doing experiment individuallym
Providing physics practical manuals
Having a lab technicianm
A more practical oriented syllabuga
Separate teacher for physics practical
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Number of students making response

Response

Figure 5.14Studentviews on the how physics practical could be improved.

5.5 Individual Country Comments

This section will look briefly at the data that is specifically related to each of the countries visited in
this study. It will seek to identify areas of consensustantighlight diversity in the teaching and

learning of practical physics in schools.
5.5.1 Ghanaian Opinions

In 2015, Ghana had 526 public senior high schools. The survey participants were drawn from three
schools from three different education districtene each from urban, suburban and rural areas.
The research visit took place between 7th July and 14th July 2014. The schools were as shown in

Table 5.5

Table 5.5The schools in Ghana from which the survey participants were drawn

Locations Enrolment Studying physics as a

separate subject

Suburban (school A) | 1300 23%
Urban (school B) 1000 30%
Rural (school C) 2000 15%
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Seven (6 male and 1 female) physics teachers were surveyed and completed the questionnaires. Itis
interesting to note that all the seven (7) physics teachers surveyed had a degree. However, none of

them had been able to go further and achieve higher degrin science or education

The majority of the teachers say that they have a dedicated physics laboratory but there is a shortfall

of laboratory assistant support. There is a general consensus on the aims of practical physics. The
Ghanaian physics teactserated theQRS @St 2 LIYSy i 2F &1 Af fQa Ay oY IR 23
most importance. This view was shared by their Nigerian counterparts, possibly because practical

physics is an examined part of the West Africa Senior School Certificate Exam{#éASSCE).

The Ghanaians physics teachers approach to the teaching of practical physics is quite closed. They
believe that students should be focused on the importance of getting the accepted answer and also
follow a sequence of prdefined steps in caying out experiments. This teaching approach has a

long traditiong there is little interest in inquiry/discovery learning.

Commenting on the most important obstacles to progress in practical physics teaching, the teachers
YSYGA2Yy SR -ByQippeROY | DR NG Sif2fNA Sa yR 1 NBS Of aa aal.
observation of about 50 science students in a single class during the research visit. The teachers
suggested improvement could be achieved by allowing enough time for practical astavitie

providing regular INSET for physics teachers.

100 physics students completed the student questionnaire. They were Senior High School year 2

physics students of age 17 yrs. Table 5.6 gives a breakdown of the students.

Tabke 5.6:A breakdown of the students surveyed in Ghana

Gender Boys (71%) Girls (29%)
Type of School Coeducational (69%) | Boys only (31%)
Location of school Urban (37%) Suburban (47%) Rural (22%)

Despite the emphasis placed on practical physics in the school curriculum, the students surveyed in

this study indicated that the bulk of their timeisspent@ri A aG Sy Ay3 (2 GKS GSI OKS
O2LRBAY3I (KSQd& S!I YOKESRIAE levigiisthatiség§aNtSthegelisdittle emphasis on

practical work. The researcher saw a lot of unused physics equipment in the physics laboratory

during the visit.
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The students shared consistent views in response to the statements relating to their attttud
practical work but suggested that their schools should be-egliipped with physics apparatus and

there should be more time for practical lessons in the school timetable.
5.5.2 South African Opinions

South Africa has nearly 700 Further Education Braining (FET) schools with a total enrolment of
about 775,000 students across the nine provinces (Department of Basic Education, 2015). The
present study was carried out in six schools within two provinces (Gauteng and Western Cape). The
research visitaok place between January 19th and January 29th 2015. Their characteristics are
described in Table 5.7

Table 5.7: The schools in South Africa from which the survey participants were drawn.

Location Enrolment Studying physical science as a separate
subject

Suburban (school D) | 531 11%

Rural (school E) 700 19%

Urban (school F) 1000 7.5%

Suburban (school G) | 1000 100%

Urban (school H) 560 100%

Rural (school I) 1200 28%

The average number of students per class in the schools visited stood at 46ofi\festschools
visited had at least one physical science teacher. Twelve physical science teachers (10 male and 2

female) were surveyed during the visit. Their average teaching experience was 14 years.

Nine of the physical science teachers surveyed haesast a Bachelor degree whilst three had a
lower certificate. This may be contrasted with the fully graduate sample surveyed in Ghana and
Nigeria. A further difference is that three of the graduates also had Masters Degrees in a science

subject. Only fivéeachers of the twelve had a physics qualification as shown in Table 5.8.
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Table 5.8: Declared subject area of South African teachers surveyed

Subject Number
Physics 5
Chemistry 4
Biology 2
Mathematics 1
Others 0

Total 12

As in Ghana, the large majority of the teachers said there was a dedicated physics laboratory in their
school but with no laboratory assistant to support them. According to the teachers, practical work

forms an important part of assessing student progrhesshas little relevance summatively as the

SElIYa NS (KS2NE olaSReo LG A& NBlLazyloft$S G2 | &aao
importance to practical activities in their teaching of physics and, in turn, this may be reflected in the

poor stateof repair of the laboratories seen.

A s, s

¢CKS {2dziK ! TNAOFYAY Sl RBNRE 6 HIS UBR i W gsihe masi2 dzi
AYLERNIFYG FAY 2F LINI OG A Glevelopmentd skills i thedtesigh afO & |
S E LIS N rst&lyasiha @dlt important aim according to teachers in the other three countries.

N
R
w

QX
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One of the most favoured approaches to practical physics teaching as stated by South African
G S OK S Ndiudehts shauld follow a¥sequence of predefined steps in carryif§ ButJS NA YSy G &4 Q¢
It appears that students are not allowed to investigate their own questions and plan their own

experiments. Similar views were expressed by Ghanaian and Nigerian physics teachers.

The physical science teachers were clear on the obstaclg®gvess in their teaching of practical
LIKegaAroad az2aild 2 FackiinvBRegquippsd ldb@aibss Rnd lakotaibry Agsistant

adzLILRNB Q@KS YIFAY o0 NNASNAE (@S |LANRILIEANSYEH LIKKAE ASO a1 KiSl-e
provision of labdr (i 2 NB  { Svid Kelp sighikidanyQ Q

A total of 200 students (84 boys and 116 girls) waneeyed. They were drawn fronr&ale 12

studentsand were usually 18 years old.
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Table 5.9 A breakdwn of the students surveyed in South Africa.

Gender Boys (42%) Girls (58%)
Type of School Coeducational (100%) Boy only (0)
Location of school Urban (33%) Suburban (55%) Rural (12%)

They expressed the clear view that the bulk of the time in thRirsics lessons was devoted to
teacher explanations and demonstrations to the whole class. Group practical work is carried out
rarely. However, the students were very positingheir attitude to practicalas they claimed to
have enjoyed such work and sidbelieve that they learn well from the few practical activities they
have carried out. It appears that the analysis aspects of practical physics are enjoyed least and
students would like more modern practical physics equipment and more time for praessains.

Such views are common in the other countries.
5.5.3 Nigerian Opinions

In 2010 there were approximately 4 million students enrolled for senior secondary school. Recent
statistics are not available for the number of schools. For this researcpattieipants were drawn

from five schools. The schools sampled allow the Researcher to hear from both the North and the
South of the country. As indicated earlier, purposive sampling was employed to draw on a spectrum

of opinions. The schools were as shoiw Table 5.10.

Table 5.10:The schools in Nigeria from which the survey participants were drawn.

Location Enrolment Studying physics as a separate subjg
Suburban (school J) | 635 18%
Rural (school k) 403 20%
Urban (school L) 450 16%
Urban (schooM) 250 20%
Rural (School N) 350 17%

Five schools from different education districts were used in the study, one from urban, two from
suburban and two from rural areas. In these schools, the average number of students per physics
class stood at 26here were five (4 male and 1 female) physics teachers surveyed during the visit
that took place between March #0and March 2% 2015. There was one physics teacher for each

school with an average teaching experience of 12 years. All five teachers eléesshof first
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degrees in physics education and four also had a higher qualification (Postgraduate Diploma in

Education (2), Masters in Education (1) and MSc (1)).

Table 5.11: A breakdown of the students surveyed in Nigeria

Gender Boys (45%) Girls (55%)
Type of School Coeducational (57%) | Boys only (18%) Girls only (25%)
Location of school Urban (25%) Suburban (45%) Rural (30%)

There were about one hundred students who completed the survey. Table 5.11 provides basic
baclground information on these students. They were final year senior high school studéhta
median age of 17 year§he response rates to the questionnaire were about 25% of the students

from urban schools, 45% from suburban schools and 30% from rinadlsc

According to the teachers, most of the schools in Nigeria as a whole do not have a dedicated physics
laboratory. This assertion is consistent with the anecdotal evidence from the research visit, where

most schools had a single laboratory sharetila®n the three science subjects (Physics, Chemistry

FYR . A2ft2380d ¢KS GSIFIOKSNARAQ NBaLkRyasSa Ay GKS adz

support but are not satisfied with the state of repair of laboratory facilities.

The Nigerian teachersdicate that practical activities form an important part of formal

gualifications: students have to take a separate practical physics paper in the West Africa Senior

School Certificate Examination (WASSCE). They were also unanimous on the most impostant ai

practical work in physics. Nigeria teachers vieNe#® RS @St 2 LIYSy 4 2F alAfta Ay
S E LIS NJaytBe/iripst ihportant aim of practical work in physics, a view they share with their

Ghanaian counterparts. The teachers believed that the bpgt@ach is for studentst? T2t ft 26 |
4S1jdz2Sy 0SS 2F LINBRSTAYSR aaviewkharedypy th@ir deedgideyid 2 dzi SEL
Tanzania, South Africa and Ghana. This shows a neglect of inquiry and discovery learning

approaches.

The major obstaclestoJNE ANBK &a Ay LINF OGAOIf LIKe&aAOlackaf§ OKAy 3
welkS lj dzA LILIS R dndUeh2yNal deF2FNBOR Sy 0 Q (4 KBt § anspfdddssinieidy § 4
be made with a state of the art laboratory for practical activities eggllar INSET for physics

teachers.

Despite the fact that practical work plays an important role in formal qualification, Nigerian students
stated that most of their learning time is devoted4f A 8 G Sy Ay 3 (2 GKS GSIF OKSNJ
engaginginwholefc 34 RA&a0dzaaA2y ¢ A (K ThisShowskHatNgachéry R 2 i K S NJ
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centered or teacher directed activities dominate physics lessons and there is less frequent

independent practical work by students.

Nigerian students also have a positive attitudevards practical physics lessons (Figure 5.11), they
believe it enables them to understand what is being taught in the theory class. However, some of
the students find it difficult to analyse practical activities, most especially in the areas of caltsilatio
and plotting graphs of experimental results. They echo their teachers by suggesting that their school

should be provided with adequate physics equipment and a state of the art physics laboratory.
5.5.4 Tanzanian Opinion

The study was carried out in foschools in two different locations (rural and urban) betweett 11
Julyand 18" July 2015. All of the schools visited had at least one physics teacher mostly with limited

physics qualifications. The schools are described in Table 5.12.

Table 5.12: The ghools in Tanzania from which survey participants were drawn.

Location Enrolment Studying physics as separate
subject

Rural(school O) 281 28%

urban(school P) 700 5%

urban(school Q) 567 53%

urban(school R) 546 19%

Although only four schools were visited, it was possible to survey additional teachers who were
attending a training event. In total there were twenty physics teachers (16 males and 4 females)
surveyed in the study. Their qualifications were considerbbiser than in the other three countries.
Only three were graduates (two had a B.Ed. and one had a B.Sc.). All the others had a Diploma in
Education. The recent priority in Tanzania has been primary education and training of specialist

science teachers hdmen a lower priority.

There are 44% of students from coeducational and 56% from singi® 5eMX Q 2 AbauOI&@ 2 f &
physicsstudents completed theuestionnaire. They were drawn froRornmsV and VI students with

a typical age of 18 years. Table 5.138:gisome basic information on the background of the students.
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Table 5.13A breakdown of the students surveyed in Tanzania.

Gender Boys (17%) Girls (83%)
Type of School Coeducational (44%) | Boys only (0%) Girls only(56%)
Location of school Urban (83%) Suburban (0%) Rural (17%)

All the schools visited had a dedicated physics laboratory according to the teachers. This may reflect

the Presidential policy on school laboratories described in Chapter 3. However thetsataimed

to be lacking laboratory assistant support, a problem shared by their Ghanaian counterpart. Practical

work In Tanzania forms a significant part of the formal qualification just as it is in Ghana and Nigeria

as students write a practical phygic SEF YAY Il GA2YyY O6SAGKSNI NBFt 2N WI f
Certficate of Secondary Educati@xamination (CSEE) at O level and in Advance Certificate of

Education Examination (ACEE) at A level.

On the most important aims of teaching practical physitanzanian physics teachers shared a

similar view to their counterparts in Ghana and Nigeria as they see the most important aim to be the
WRSOSt21LI¥SylG 2F alAtta Ay (KSFheR$a jeBeal cdrBensig LIS NR Y &
on the best teahing approaches to practical physics among the teachers in the four countries as
¢LyTFyAlLy (S OK Sdwbents shaull folin\d 4 sedhieh&eRfpiikdd dtepsin

carrying out experiment and students should be focused on the importanettiofjghe accepted

FYyagSNI FNRY GKSANI YSFadz2NBYSyidQo

Lack of welkquipped laboratories and large class size were seen as the most important barriers to
STFTFSOGAGBS (SIFOKAY3 FyR f SI NYAY Inot®afion inetrmOafA OF £ LIK &
inANB I a SR |y BRuidping PHy<iLs laboratory with modern equipn@ent g 2 dzf R 32 | 2

way in helping them to improve on the teaching of practical physics.

The Tanzanian students said that the majority of the total time devoted to teachintgandng in
LIKeaAroa fSaaggl) AdII TRRVISRIAZREY WQa 26y GSE 2
RSY2yadNY GA2ya | yR vy 2aiSitleitné Bpent/od practical dctivies.a G dzZRSy G & ¢
However, the Tanzanian students reported that they warke their own with a text book for

nearly one third of the time. This may reflect teacher shortages and a policy of free distribution of

text books. All the students were very positive in their attitude to practical physics just as their

counterparts wee in other countries, but were not satisfied with the lack of resources and limited

GAYS FT2NJLINI OGAOIE FHOURUNBRWESRAYBKERST Hzi 6 8) &JNH 96 A
Sl dzA LBAGWYIZNE G AYS F2NJ LINI OGA Ol fy 3 QFA @WNS OE A Of X £ LK
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was interesting that the Tanzanian students departed from the consensus in disagreeing with the
& 0 I 4 SIYirfsl yrécticl physics haddd

5.6 Summary of Findings

This sectiosummarizeshe above comments and extends them fews which are not country

specific Student responses are discussed first.

The students estimate that the majority of the timbBogated to physics lessonsdsvoted to
teacher explanation, demonstration and discussions with other students while litikeis devoted

to group based practical work. Teacher centered activity predominates

Positivestatements réating to the affective domaiwere supported bymog of the students.On
the cognitive aspect, students claim they were able to learn and utateidy actually doing the
practical work. Interestingly, most of the students were able to agree to statements relating to the

value of practical work beyond school physics.

Most of the students suggested that their school should be provided with adeguractical physics
equipment and also a separate physics laboratory. They also suggested thargeahould devote
more time tophysics practical lessons and that the curriculum should be practically oriented and be
taught by competent and committed &ehers. Some also suggested that there is need for a lab

technician to monitor and guide them during the practical activity.

Teachers gave a ranking of requirements for success in achieving qualification in physics.
Interestingly, skills in practical phgsiwas given the lowest ranking while the understanding of
physics content was highly ranked by the physics teachers. A majority of the teachers believed that
the main aim of practical work in physics is to develop skills in the design of experiments and
investigation while the deslopment of skills in the design mistrumentswas the lowestated aim

by the teachers

Physics teachers believed that lack of vegJlipped laboratories, large class sizes, overloaded
curriculum, insufficient time forgachingand lack of laboratorgssistant supponivere the greatest
obstaclesto the teaching and learning of practical physibs.improve the study of practical physics,
most respondents suggexd that the teachers need to be well motivated and provided with mwode
physics equipment and laboratory facilities. Also, there should be a review of the overloaded
curriculum, reduction in the ratio of students to teachers, and sufficient tiffibere was widespread
agreement that havingedicatedand qualified physics tezhers with frequent irservice training

would improwe the study of practical physic
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CHAPTER 6

QUALITATIVE RESULTS

This chapter presents the findings gathered from the interviews and focus group discussions across
the countries visited in the study. Ketakeholders in physics education participated in the

interviews. They included; physics teachers, school heads, curriculum officers, heads of science
departments, officials from Ministries of Education, physics educators from the universities and
collegesof education, and Institute of Physics (loP) volunteer coordinators. In addition, focus group
meetings were held with the students in the schools visited by the Researcher. The interviews and

focus group discussions were conducted betweefi d4July 202 and 19' of July 2015.

The results are presented in relation to the research questions that were formulated to guide this
study. For each question a numerical indication is given of the prevalence of the themes or areas
raised by the respondents acroggetfour countries. These quantitative data should be treated with
caution as the participants are not representative samples of their stakeholder groups and the
classification themselves are somewhat subjective, not least because a given remark malyecross t
boundaries between themes and research questions. However the numerical data does provide a
broad indication of the concerns of the interviewees. In addition, typical or noteworthy quotes are
provided for each theme. As already described, the quotes leen edited to ensure anonymity

and to mitigate ambiguities that arise from trivial grammatical slips. It must be noted that several of
the quoted comments are relevant to more than one theme and in some cases quotes have been

deliberately repeated undeeach of the themes they address.

6.1 Stakeholder Responses

6.1.1 What are the current aims of the practical physics curriculum in African
schools?

In Chapter 2, five possible aims for practical work were identified. These could have been used as the
basis for categorization of stakeholder responses. However, as already indicated, a more
ethnographic approach would be more likely to uncover concerns and opinions that diverged from
previous literature and practice. Accordingly, broad themes were chtvsdrbrought together the

main strands of stakeholder discussion. These were further categorized in terms of opinions. The
main themes were: (i) broader physics learning with opinions on understanding and reinforcing the
theory; (ii) practical specific leaing which involves skills acquisition and investigation of physics

concepts, (iii) the exploration opportunities of practical physics, (iv) motivation which involves
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sustaining the interest of the students in physics but may also include linking thetrg teal

world or relating physics to life activities, and, finally, (v) the linking of practical physics to economic

needs and priorities.

Table 6.10verall themes and number of respondents on aims of practical physics. Participants made

118 separableamments on the aims of practical physics in African schools.

Country Ghana S. Africa | Nigeria Tanzania | Total
(Number of interviewees) | (15) (22) (12) (18) (66)

Theme

(i) Broaderphysics learning 14 13 7 9 43
(ii) Practical specific learning 10 9 7 8 34
(iii) Exploration and discovery 4 6 4 1 15
(iv) Motivation 4 7 5 5 21
(v) Economic needs and priorities 1 - 2 2 5

(i) Broader Physics Learninthe largest number afomments related to the perceived impact

that practical physics had on broader physics learning, i.e. it complemented or enhanced other parts
of the curriculum. Participants commented that practical work improved factual knowladdehat

it gave studentsleeper understanding of theubject. Some of the participants also believed that
practical physics helps in reinforcing the theory that is being taught in class. One of the physics

teachers said:

WeKS FTAY 2F GKS LINI Oi A Olhe knhvitedga of Béistuedrdiderdidgt dzY A &

the said topic in physics. Some topics may be difficult to understand, but when you introduce
LIN} OGAOIf X GKS& dzyRSNRGFIYR (GKA& (2 LIPHYsice SGGUGSNI | yF

teacher, Nigeria)

Commaenting on the potential impact of practical work in improving student understanding of

physics, an experienced school principal remarked:

w2 8tftsx (2 GKS 68Said 2F Y& {y2¢ftSR3IST AL Aa RSaiddy

subject matter in physs. It is not enough for you to know the theory but also the practical aspect of

LIKeaAoaxooiz2z O2yFANY ¢KIFG @2dz KFE@S (FdAKG GKS &
Ft2yS odzi (G2 6ARSY (GKS | y2gPribcha SdgeafF &G dzRSyia |62

An educationalist in one of the teacher training colleges had this to say.
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WLy 2dzNJ O2ttS3S KSNB:I ¢S 320 2yS ARSIF GKFdG o6STF2N
student must know the saying that when | hear, | forgehen | seel remember but when | do, |
dzy RSNAR UGl yYRXX a23 LINI OGAOFf KSf L (Edukfonaiist, dzRSy ( 3

Q.
C:
N)Y

Tanzania)
Other stakeholders offered similar comments.

Wt N} OGAOFE oNARy3Ia Fo62dzi STTFSOldersdedding to wvhatisy G S OKA 'y
0SAYy 3 G dz3 K{ (Headl of Dép&tmeéns Nigerap NI &

Wt N} OGAOItE | OGABAGASAE ONARYy3IaA | o02dzi RSGSE2LIVSy il 2
G2 | LILX e o6KI G 0KS@Edusatioddist, Nigeria)y & Ay GKS2NEQO®

In addition to believing that practical work improves understanding of the theory, stakeholders in

the study also believed that practical activities in physics help in reinforcing the theory by making the
teaching and learning of physics more real to thedstut. The aim here appears to address the

veracity of physics by providing a more direct physical context for the theory. A school principal

offered this comment.

WLG A& 2daAad G2 NBAYF2NOS (KS (KS2NB GKFG A& 0SSy
GKIFIG 61 & GFdzAKEG Ay (Bindipd,SouthyRca)K 2 ¢ A G KI LILISyaQo

Comment from a physics teacher asserted that the teaching of theory witheudlcessary

practical activities will be a fruitless effort. He commented

We¢SFEOKAYA LINIFOGAOIE LIKe&aAoOa KSfLA (2 NBAYTF2NDS
LINI OGA Ot 2 NJ LIS NF 2 N¥Phygich teScher JSauth AfEg) i Aa y20KAYy3IQod

Other stakeholders offered similar comments.

w28 R2 LN} OGAOFE 62N] Ay 2NRSNJ (2 NB{MhjsBs Al 6A 0k

teacher, Ghana)

Wt NI OGAOFE ¢g2N] A& OSNE AYLRNIIyd a2 LINGFGQG Aadil dzROSy
(Head of Department, Ghana)

048 KSf LA (K®eyledmtiNy SNB (2
L R2y Qi (y26 K26 G(KSe ¢

QX

WL GKAY] LN OGAOFE LIKeaA
class becausé, ¥ G KS& OFyQi asSS:
the the2 N (Bhygizteacher Ghana)

Btudents can learn more when they see and use their senses to see what is happening around them.
¢tKSe tSENY o0SGGSNI 6& aSsSs ARhwicsltefidRer, Handagiad LIK& 8 A O& SE
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Wt NI OGAOF t | Ol andta ldakn&rsibedanESthey Srdidgtheh bl nsDlidate the
concept that you taught inside the classroom which made it easy for the learners to remember when
GKSe& | NB aAddAy@hysdicd tddcheny South Afriga$ 4 & YSy (1 Q@

For many stakeholders, inding some of those quoted above, there is an ambiguity about the
precise intended aim of practical physics in facilitating broader learning but there was a clear view

that it provided a broader curriculum service.

(i)  Practical Specific Learninganyparticipants mentioned some form of skills development as

one of the aims of practical work in physics. They believed that practical physics should enhance
instrumental skills, data analysis skills, and mathematical skills. Other skills such as de$igning

experiments, handling and manipulation of experiments, innovation and creative thinking,

observation and report writing were also mentioned. The following are some relevant comments

offered by the participants.

Wt NI OGAOFE KSt LA edekséy stientiR<kils i attit@lesIsctiatiey\Nsll bg

FofS (2 LISNF2NY o0SG3GSNI Ay (K EduradidRistNigariad S 2F & OA &
We¢KSe 60SIFOKSNBRO akKz2dzZ R 1y2¢ GKIFG LINFY OGA@Ff KSEL
to acquire skills for manipulation, mathematical skill<ett 6 9 RdzOl G A2yt AAG %X DKL yI

WXXLG KSfLA addzRSyida G2 RS@St2L) YSydGlf FYyR YI GKS
Ff2ySs AG Attt y2i0 KgPhydicsitdabreTanzazid)Sy it a dzy RSNE G Yy RA
W[ SEFNYSNE INB F6fS (2 dzaS LIKeaAOa SldaAaLIYSYyld o6AGK
LINI OG A OF {Physic3 teackek, South Afiza)

Wt NI OGAOItE ¢2N] Ay LIKeaAaAoda Aa OSNE Saaéapéerlt I a
G2 RS@St 2L) YI (Phydiddreach@rAGhdna)a { Af £ 4 Qo

Wt N} OGAOIt ¢2N] AyRdzOSa GKS € SFENYSNBR (2 20aSNIS:
techniques and it is a way to instill the scientific methods and also broaden theeofftperience

FYR NBtFGS gKFEGSHSNI GKSe | NBysRsaeacha, Sauth Aflidd)S ¢ 2 NI R
W{1TAff&a N8B I OljdANBR G Fftf &dF38& 2F SELISNAYSY
observation, then recording and making 1§ NS (ProscOtdacher, Nigeria)

Wt NI OGAOIt LIKeaAoa KStLA (2 RS@St2L) Ay &aiddzRSyita
GKAY1Ay3 A ringigaSNider) N SNAE Q ®
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W[ SFNYSNBE NB FofS (2 FOljdzANBE aiAtta tA1S | OOdzNI
equipment, using equipment with much ease and much confidence when they are exposed to those
I LILJ- NJPlkiysizd @abher, South Africa)

WL (GKAY | Lolical subjedtis deési@ned to helliBtudents to observe a given phenomenon and
develop scientific skills. Skills such as observation, measurement, recording, analysis, handling

SldzZA LIYSYy G FyR LINRoOf SY {Physigskeacher, Nigehid f & OF'y oS | Oljc
W{l1Affta I OljdAaAatdAazy A& 2yS 2F GKS tSIFNYyAy3 2dzioz
I OljdzZA NBR OSNIFAY ailAftta Ay Y@eéchurdzNBNYY iz 204 SNDI

(i) Exploration and Discoverysome of the stakeholders astat that practical activities in
physics should enable students to make new discoveries and verify facts and laws of physics. They
argue that practical should be thought of as fact finding missions and that students should be able to

discover as well aseling told.A physics curriculum developer remarked:
Wt N} OGAOIE KStLA Ay oNBI 1Ay yBdacatdidstidghina)ll Yy R Ay S
A physics teacher also added this comment.

Wt N OGAOIt A& LizidAy3a LIKJEand wgjustiseeindg oOvwrifing gbout Yy R A G )
AGXDPPLINT OGAOKE KSf LA &aiddzRSy i a (Phydic tedcieg Bigetiaph 31 G S Y72
Another physics teacher said.

WLY &a0ASYyOSs 6S R2y Qi 0StASOS Ay ijHeHRtNES Wef 2y S3 ¢
R2y Qi 2dzad YI 1S laadzvLliAz2ys € SIENYSNER 4SS (GKAy3a
gKFEG GKS@& ¢gSNB GFdAKG YFGSNREFE AT A PHsich tfacliek S LIK & & A
Nigeria)

A female school principargued that there is a disconnection between the schools and industry as
a0dzRSyGa INB y2aG FofS G2 ILWIXe ¢KFHG GKSeQ@S f SN
Wt N} OGAOFE A& OSNE AYLRNIFYyG 0SSOI dza SinAficazRSy Ga Ol
NBfFGA2yaKAL 60S06SSY AYyRddzZZGNER | yR a0OKz22fa Aa y2i
( K &2 Q& §Prificipal, Bhatan ©

Here are similar comments offered by other participants.

Wt N OGAOIt ¢2N] Aa @S Nableto¥ipg phlisics/cdncepts riust dspesially S | NJ/
AY NBF 2F AYRdzaGNEB |yR (KS@& (PNHEcstedcliesSolt8 A & dzl f A
Africa)
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w2 S R2y Qi (Stf GKSY 6aidzRSyiav ¢KIFIG GKS 2dzi02YS
fiyR Al 2dzi GKSYaSt @S a @ducaliondlist, SbuthAflic®id FAYRAYy3I F2NJ

W5 2 Ay Jon &chivifid® Zhey (students) actually discover things for themselves rather than telling
GKSY (KA& A @Head &f Dapartkoént, ISty Adrida)

WILINIOGAOFT UV AyRdzOSa GKS £ SI NJY SNEPhysks tacharS NS T Y I
South Africa)

(iv) Motivation. About one third of the participants commented on the effect of practical work on
student motivation. They asserted that it can ¢ arouse and sustain the interest of the students

in physics. The following are comments offered by the participants.

Wt N} OGAOIE ¢2N)] Aa Y2UAQFdAy3a FYyR YIF1Sa GKS €SI
Of I & a (Riysicy @abher, Nigeria)

Practical physics helps in arousing the interest of the learners and developing their curiosity, and

helps them tdnvestigate things around the@(®hysics teacher, South Africa)

Wt NI OGAOIt ¢2N] aASNBSa a | Y2 Ntihdysoaga 6§ SN F2 NJ
& dzo 2(Bh@sicsxdacher, Ghana)

WLG O6LINF OGAOFtEO Aa lfaz2z RSaA3IySR (2 KSfLI GKS aido
a2t QAYIAXDPOAG gAff Y2G0AQFGS GKS (RidciR Sligelia) | y R & dza (

Thedirect physical nature of experimentation was seen as relevant to motivation. Several
participants believed that student interest is stimulated by direct physical interaction with

equipment, by sight and touch.

WLG Aa 3J22R G2 O Sdeteroff if ey ded/tRingEiddne in dzieal $eks8, ghis WilNG®

I £2y3 g1 & Ay RSOSt 2 (Besddf DégarBrieMJSduti AMfGcB)S a G Ay LIK& a A
Wt NI OGAOFf LIKe&aAoa Aa OSNBE AyGdSNBadAy3d G2 GKS ai
of the students even prefer to stay in the laboratory throughout the day doing practical than to stay

Ay GKS (0 KS 2 x@ysissEhacher, Qigeria) 4 X X Q @

Several participants asserted that practical work was aimed at helping learners to relate what
theyQ@S €t SINYydG Ay LKeaaoda (2 gKIFIG 32Sa 2y Ay GKS vy
practical work, they gain insight and are more able to solve life problems.

w2 § R2y Qi 2yfeé tSFNY LKearOa odzi atiithdehelpefS ot S
LINI Od A OF {Educabdndlisiianzanig)a Q
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Wt NI OGAOIt A&a GSNE AYLERNIFIYy:G 06SOldzAaS addzRRSyida Ol
NEBfFGA2YEKALI 03303658y AYyRdAGNE yR adKz22ta Aa y2i
i K S @& Q0 3Prificidl, Shadtan ®

WL G Aa Hthedciéntifid methadg and Broaden their field of experience and relate whatever

GKSe INB R2Ay3 (2 (PHyScsteachef, South Alfrica) A RS (G KS f106Q®

Wt N OGAOFt KSt LA f SI NYSNHHedddf Deymérd, Sauthikfd) G KS NI €
W{GdzZRSyda I OljdANB 1y26f SRIS 6KAOK OFy 065 I LILX AOL
Oy NBfFGS tAFTS (2 (BdehcdtedtheSEanzan®) Ny i Ay &0K22f XQd

w2 S glyild G2 YIF1S GKS &addzRSyia oateirdfSltengdleNie 2F gKI
aidzRSy il (2 dza S LIK®eaidr OfficialATonzanK)SA NJ R Af & fATSQ®

Several of the above comments appear to link motivation to the future value of practical physics

skills and knowledge. Economic value was raised morkcakpby some interviewees.

(v) Economic Needs and PrioritieSome of the participants relate skills acquisition to the

economic needs and priorities of the individual and society as a whole. They believed that students
can contribute to the developant of a country if he/she acquires the necessary skills. A support
staff member offered this comment.

WLG O6LINTF OGAOKFE LIKearaodao Aa OSNEB AYLRNIFyd 0SSOI dz
acquire knowledge in making use of tools and how to rilaSa I y R LINEBRuAd&aligt,2 2 £ & Q
Tanzania)

He stated further:

Wt KéeaAoOa SRdzOI tok $yhatzafe? giaiduRtion, Sudéhts ghBuid be able to set up
GKSANI 26y AYRdAZAGNE | YR (Edutiohast Bahzria) (2 A YLINE 88 K

Aphysics lecturer also offered this comment.

Y Sar L o0StASYS GKFG LINIOGAOFE A& @GSNEB AYLERNII Y
GKSYaSt @gSa IyR (KSNBoeée RS@OSt2LIAYy3I GKS GSOKy2f 238
FYR YIFylF3aiay3a Sl dzi(ledifey, Tansia RS OSt 2 LISRQ®

Other participants commented similarly.

Wt N OGAOIE ¢2N] Ay LIKeaAaoOa Aa OSNEB SaaSyidaart I a
G2 RS@St 2L) YI(Phydideteach@rAGhana)a { Af £ a Qo
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WXXP9y3IFIAYy3T GKS f SswileSbathei 1o cdntNdut®their Quothto I OG A A G A €
YyEGA2Yy It RS@OSt2LISyld 6SOldzasS Fye O2dzyiNEB GKFG R2

(Physics teacher, Nigeria)

Wt N} OGAOFt LIKearaoda ¢gAff KSfL) aiddzRSylieéauséary O2 y i NA G
O2dzy (NBE G AGK2dzi & OA SRhEBs temdhérfNigsfid)i Y2 O3S F2NB I NRQO

6.1.2 What is the present status of practical physics education in African schools?

In this section, the qualitative findings about present practice are presented. s alfythe

stakeholder interviews revealed the views of the stakeholders on (i) the achievements of the

students, (ii) the available resources and the fit of practical work to the broader curriculum. They

discussed (iii) the lack of teaching time ava#dafolr practical, and (iv) the nature of the practical

G2N] @ ! O02YY2y @ASs ol a GKIG LKearAoda (GSFEOKAYy3I A3
practice is oriented towards preparing the students for examination. Given this priority, teachers

tend to only engage the students in practical activities when their final examination is approaching.

It was suggested that (v) teacher attitudes to the performance of practical work are often negative.

The themes used to categorizes the responses are given in@.able

Table 6.2Themes and numbers of respondents commenting on present practice. The participants
made 87 separable comments in total on present practice.

Country | Ghana S. Africa Nigeria Tanzania | Total
(Number of interviewees) (15) (21) (12) (18) (66)

Theme

(i) Student performance 10 12 10 2 34
(i) Resources and facilities 6 3 3 4 16
(i) Lack of teaching time 5 2 5 2 14
(iv) Nature of the practical 3 2 2 3 10
activities

(v) Attitude of teachers 2 4 2 5 13

() Student PerformanceThere were diverse views on the performance of the students in practical

activities in physics. Some argued that students achieve little while some are pleased with their
LISNF2NXYIF yOSd ¢KSNB 6SNB |faz O02YYSyiprentandtod ( dzRS Y
set up experiments. Some participants said that students are able to do practical work but not the

associated mathematics.
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A university lecturer argued that the lack of skills in identifying practical physics equipment and poor
mathematicsbackground is not limited to the high school students but also extends to the

university. He offered this comment.

WLY GKS dzy A@SNEAGE KSNBZ 6S |alSR addzRSyida G2 RA
dzy F2 Nl dzy I 4§ St &3 (K Sage lackivgizkilR gt @éntifying ghyisits eBufpment|I¥o

think that poor background in mathematics is really affecting our students even at the graduate

f S ASetteab, Tanzania)

Participants offered the following range of comments.

WLy { Kdedhavat@da®girls. If you give them instructions, they follow without any problem
odzi GKSe adAaftft FlFAf G2 [ LILPhysicovidachér Tanzamnid)OF f 1y 26 ¢

WL Y [[dAdGS LIX SIFaSR o62dzi Yeé &adi dafeBof whereweldamiJF 2 NI | y
to be. If you compare our matric physics result to the schools in the surroundings, they are far below

us. They got 10% and 30% but we got 80% pass rate. However, the main issue is not only to get the
passes but the quality passesah& 2 8 S | NB (G KS (62 AadadzénciggS I NB f 2
South Africa)

WL GKAY]l 0GKS& |NB LISNF2N¥YAy3a ¢Sttt Yz2aild SalLISOALl
challenges due to fear of failure in the aspect of plotting graph andngaléduction from the
3 NI (BKyQics teacher, Nigeria)

WeEKSANI LISNF2NXI YOS A& [[dZAdGS t2d 2KIG GKS 32 3SNY

practical experience the learner should go through is not enough. Looking at grade 12 physics

syllakus, there is only one recommended practical in a term which is not enough. The issue of

LINy OGAOIFE A& y20G NBI {Phydics$edchak IScuth Afec® | G YIF GNRO f S¢

WLY 20KSNJ &@SIFNERX ¢S dzaSR (2 LISNJ 2lNdop tdb 3B Whch 7 /8> 0 d

A& FI N oSt 2 ¢ (HeadzbiID&parthieht) ot Afraf Q ©

Y2 S dzaSR (G2 R2 ¢Sttt o0dzi dzy F2Nldzyl 6§ St e&x 2dzNJ NB & dz

of the physics result because many students failed ingrade 1R énd 2 Ay (G KS 2 G KSNJ I NI

(Principal, South Africa)

WeKS o0FaA0 LINRPOfSY F2NJ 2dzNJ aGdzZRSyda Aa GKS YI (KS

GKFG Ay@2t @Sa YIFGKSYF (A Oa& (Haad of DepSthdne Tatz&n®)y (G KS LINE

Wh dzNénts dndeRstand better when it comes to practical physics but are still weak in the

YFEGKSYFGAOFE | NBIF | YPRysidsKeSchdr)iGRataj A y3 2F 3INI LKA QD
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WSy gAlK2dzi LISNF2NX¥AYy3I (GKS SELISNAYSyiG:zZ a2vY$8 af
RSRdAzOUA2yad® ¢KSe& R2 OFf Odz | ( A(Bdyicationalst, Giara)i G KS 3 NI

We¢KSe LISNF2NY O@OSNE ¢Sttt gKSy (KtSliFficulktdldperaier dzZ3 K & | 2
I LILJ NIF G dza 0 SOL dzgPBncipak GHaid) NJ 2F Tl Af dzNB Qo

W{GdRSYy(ia KINRE& FOldANB Fye &alAffar (KSe 2dai =
4 $ 4 A(EdecAtdmRlist Ghana)

WLY GSNXa&a 27F LK &aeménibutNiBiskdhe students &gl lakging BeNindin

representing their observations on the graph. | went for monitoring during the examination period

and | discovered that after taking readings of electricity and mechanics experiments, thastuden

FAYR A0 RAFFAOAA G (2 LINBaSyid GKSANI ARSIa 2y (GKS
(EducationalistNigeria)

W{ddzRSyia KI @S 0SSy R2Ay3 FTAYS Ay LINIOGAOIf LIK&3
They know what is requideto pass practical physics but the plotting of graphs and the calculation
FAaLISOG Aa adAatt | oA3 LINRBoO6fSY T2 N HdkdtioralisdzR Sy i a ¢
Nigeria)

W{GdzZRSYy i OFy @gNRGS (KS (i KS 2hdiBwe hag with that studedts(Is A G K (1 K S
GKAY1l GKS@& (Heudbof BRepaktyicht, Gh&nb)t Q ®

WeKSe INB y28 R2Ay3 OSNER ¢Sttt 0SOlFdzaS 2dzNJ &addzRSy
probably due to lack of exposure to practical activities from grad¥#6ad of Department, South

Africa)

(0p))
ax

F“eéyijéQ LISNF2NXYIF YOS Aa y20KAy3a (2

w2 Sff3x (K
2 B | YR (KA& (PhysiciN@achérfTanzani@® ¥ SOG Ay I (&

f1 01 ¥ SELRA
(i) Resources and Féties. The participants commented on the lack of practical physics
equipment, large class sizes and in some cases, the shortage of human resources as some of the

issues that influence the present practice. Some of them argued that the inadequacy oftagpara

hinders them from engaging the students in practical activities.

_

SNB A& y2 SlidALIYSY(d (2 LISNF2NY &a2YS SELISNRYSy
0 SHe&K S Didpaftpent, Ghana)

(V)

Ye
1 K

(e

w2 S R2y Qi KI @S NBA&2gzN086 & NI 2 F(PHydicSB6Hgra JaendniGa) f | NB S
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WEKSNB A& | &K2NLF3IS 2F FLILI N} GdzaXxxaz2ysSiaaysa 68
2dzii GKFG GKS Sljda LIYSyd  F(Rhysicsitdashar, GBana)S NA YSyY (i F NB

We KSNB A af yi2l oFaNIOHANB/ I yR 68 R2 SEPRIGMAwEShT Ay (K
South Africa)

w2 S KI@GS | tfFNBS Oflraa KSNB gAGK FSg SldaA LISyl ¢
Ff&az2 I O1 (Phybics$hchd? damdBad ©

WX X LINI O ingh®w done bui notwll done for many reasons. First, of all the subjects we teach
KSNB>X LIKeaAarda Aad GKS fSFRAyYy3 &ddzo2S0i0 4A0GK KAIKSN
GKdzA GKS GSI OKA Yy 3(Séndr offidial Pafxbniaf @ (G KS2NBGA Ot Qo
Wctually, because we are not doing well in practical physics, the number of students offering the

subject has reduced drastically due to lack of facilities. Those choosing to offer physics in Form IIl and

L+ NB @SNE TFTSoXXtKSe2FayaAl 6KE § HHI2 S @bigai AR YINI Qi
Tanzania)

Class size was raised by several respondents. This may be a resource issue but may also involve the

practicalities of class management.

W/ ftaasSa NS OSNE f I NI&entiregRuplbfstudentsvd b éngagedin RA T F A C
LINF Ol A O {Hedd 6f bdpartménk, Sciutt Africa)

WXPDPGKSNSE FNBE NRdAAKfE& cn addRSyida Ay Ye OtlFaa Iy
¢ 2 NJPhysirs teacher, South Africa)

(i) Shortage of TimeSome of the stakeholders asserted that there is lack of sufficient time for

practical work due to the volume of work to be accomplished and the nature of the school

timetable. Here are some of the comments offered.

WYhytfe op otateddaipaticahwiork in phisics in my school which is not even enough for

GKS aiGdzRSyGa G2 OIPKyEs tedctisl, Nigeyi®d SELISNAYSYy (i Qo

WL 2yfté& (S OK LN} OGAOIf LKeaAada ¢6KSy |y SEIFY A&
O2@SNBR Ay (PHySics teazheNNigeda) dzYy Q ®

WeAYS Aa | YFI22NI LINROG6ESY F2NJ YS G2 fSIFR (GKS &0 dzF

there is no room for practical physics, so | have to create the little time at my disposal which might
y20 0SS [(figsaaach& Digeria)
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WXXgS KIFEPS GKS NBO2YYSYRSR IyR LINBAONROGSR LINI O A
limited time andthe amount of content the teacher needs to cover, it has really been a major
LINE 6 {ESucdiichalist, South Africa)

WeKS GAYS Aa ftAYAGSREI GKS OdzNNA Odzf dzy A& @SNE  YdzL
Yzadte 0G0KS 0 K@ByktSidasher| Tanzanig)i K2 RQ ®

WXXt N OGAOIt akKz2dZ R F2fft2¢ (GKS (GKS2NB o0dzi dzy F2 NI
Y6 GdzZNB 2F ((Rh@sicreabhibkAGhatzh) dzY Q ¢

W{K2NIF3S 2F SdALIYSYydz 1 O1 2 Activliexard averlogleda OK 2 2 f 3
O dzZNINXR (PHybicziearder, Ghana)

WXPDL KFPS pc o6aiddzRSyidav Ay | aiay3atsS Otraa oKAOF
R2Say Qi 3IAGS WEeipal, ghand) LINI OGA OF f Qo

(iv) Natureof the Practical ActivitiesSome of the stakeholders believed that practical work is

confined to meeting examination requirement. Also, there were views that the recommended

practical activities are not adequate.

W{ddzRSyiGa INB (NINFEROPOEKSGNB (182 SIENIYOG ¥V@F 0LJ 62N A
YSIya (2 (Headdf Départmah@hana)

WXXLINT OGAOIE 62N)] A& GKS NBAdANBYSY(d 2F SEI YAV (
FYR FFGSNI g2 &SI NBRGG KIKS A R2LINUIKSH SEHIS NG 2Ny GK2p § K
(Educationalist, Ghana)

W¢SHFOKSNER GSFOK F2NJ NBadzt 6a FyR K2g GKS addzRRSyld
pass at all cost and teachers are taking short cuts so that students can SassNi  $LEdtureQ ®

Ghana)

WLG A& ldAGS dzyF2Nlidzyl 66 6501 dAad 2F Yveé SELISNR Sy
only teach practical during the exam. This attitude limits the knowledge of the students to what is
supposed to be learned inlplO G A O t  (PiKdpal N@&rix)® d Q @

WO @Sy gAGK2dzi LISNF2NX¥AyYy3 G(KS SELISNAYSyiG= az2vy$ al
¢tKSe@ R2 OlFtOdZ A2y | yR (EffueaibnalisKkGharBNJ LK | yR (G KSe@

We¢KSe 2yf e (S ladKopeit&ds thé gtastizald the dhd\afithe year when students

will be preparing for exams. They are mostly focusing the last classes for the exam but, for those that
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are not preparing for examination, they are only doing the theory part and this leesdmajor
LINE 6 f(ERlxcaidnalist, Tanzania)

w2 § 2yfe& R2 LINIOGAOIE gKSYy (KSe (Phydkcsteasterzi G2 6 NR

Tanzania)

>

w2 Stfs L GKAY]l GKSNB A& | RAacdy OlAzy o08lioSSy GF
dzaS (KSe KI @ &Edicatiendist,BoudhwiicaA y GASsQd

Q1
(V)]
O

WeKSANI LISNF2NXIyOS Aa ljdzZAdS €26 2KIFIG GKS 3I23SNY
practical experience the learner should gootigh is not enough. Looking atdde 12 physics

syllabus, there is only one recommended practical in a term which is not enough. The issue of

LIN} OGAOFE Aa y2i0 NBI {(Phydicsfedcha Seuth Afc® G YIF GNRAO f S¢

N

(v) Attitudes of TeachersSeveral educationalists believethé2 8 G 2 F G KS LIKeairoa i
have the skills required to teach the practical aspects of physics due to deficiencies in the training

they have received. They opined that the teachers only teach the theory and are afraid to deal with

the practical aspet because they have never been exposed to practical activities themselves. The

following are examples of comments made.

WL O2dA R al& (GdKSNB A& | OKFIfftSyasS 2F LINI-OGAOKTE |
garbage out. In the trainingd & A& 3IABSY G2 GGSIOKSNE GKAETS Ay hQ
the Teacher training college, there is package of theory, then practical. So, when it comes to practical

@2dz 2yte 3AAGDS HKIG &2dz KI FS KSemo offidatZTadranyaQi I A BS ¢
WeKS YIFIAY LINROofSY Aa (KIFIG GSFOKSNAR (KSYaSt@Sa R?
LIK&@ &A0a (K2dAaAK (KSe(Eddatbialist, tatzan 2R Ay (KS2NBEQO®

W{OK22fa OdNNByidfe NBONHzA (landddtphykicS tearhied. Skch g@&pleR2 Yy S
YAIKOG y20 KIFEI@S ¢KIFG AG GF 1 Sa (SénoroKitiay, Bfath LINI OG A OF f

Wi FyREAY3I LINFOGAOIE LIKeaAoOa Ay alOkz2z2fa Sydalraifta L
teachers teaching physichese days are not professional and that makes the teaching of the subject
02NAY3 (G2 GKS adGdzRSyda FyR gKSy | dHRhysigsR Aa f St RA
teacher, Nigeria)

Waz2ald 2F GKS (S OKSNAE R2y QdatioKdnddenihkyIomé HSR®BIR o O
GKSe 2yfe R2 (KS (GKS2NER FYR FINB FFNIAR 27F LINI O A

practical themselves. In my case, | did mostly physics in the university but | did not do chemistry and
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whenever | have tc OK OKSYA&aUNEBXZ L FSSt @SNE NBf dzOGFyd o
(Physics teacher, South Africa)

z

Wad G(GSFOKSNAE NB &0NHaA3tAy3I (2 GSHOK (KS adwmeasoi
NE 20 YR #XSAANYSE (IRA YRGS X hdcipal, BkitB NE G A § S

WXXP{2YS 2F GKS yS¢g SyiaNIyGa Ayidz2 GKS GSFEOKAy3a L
I OG A @RhysiksSeaddep, Tanzania)

6.1.3 What are the critical factors determining success dature in delivery of the

intended curriculum?

Ly GKAa aSO0A2YyZTZ LINIAOALIYGQa @OASga Fo2dzi GKS 7
physics are presented. Three broad themes were identified in the responses; (i) resources and
facilities, (ii) the physics curriculum, and (iii) the attitude and motivation of both teachers and
students. The large majority commented on the issues of resources, a theme which includes both
human and material resources. Several interviewees beliewatithe physics curriculum is

overloaded in content and some commented on the prevalence of a small set of often dull and
outdated experiments. A belief that physics is only appropriate for an elite group and lack of
assessment of practical skills were@taised by the participants. A number of interviewees

suggested that teachers find it difficult to create good quality practical learning experiences. There is
a lack of adequate professional training and motivation is often lacking. A numerical braakflow

the themes raised is provided in Table 6.3. It is not surprising that the comments on critical factors

rehearse views that are similar to those expressed in relation to current practice.

Table 6.3Themes and numbers of respondents commenting on critical factors. The participants
made 123 separable comments in total on the critical factors.

Country | Ghana S. Africa | Nigeria Tanzania | Total
(Number of interviewees) (15) (21) (12) (18) (66)
Theme
(i) Resources and facilities 14 20 11 14 59
(ii) The physics curriculum 8 9 6 6 29
(iii) Attitude and motivation 7 7 9 12 35
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(i) Resources and FacilitiesA large majority (59 out of the 66) stakeholders talked about the lack
of both human andnaterials resources to cater for the large number of students. They mentioned
that schools are not wekquipped, and there is; lack of laboratory assistance support, shortage of
physics teachers, and large class sizes. In some cases, theft of equipchésguas of unused
equipment are major challenges faced by physics teachers in the delivery of effective practical

physics lessons. The participants offered the following comments.

WOl 2F SlidALIYSYd Aa 2yS 7Tl @héeddbers trainingicallegp Sy RA 7
here because of limited physics facilities. Most high schools do perform more physics experiments
than we do. Teachers are not employed as there are few teachers to teach physics. Also there is no

laboratory technician to assili LJK & & A @ecturérSahdd& S N &

Wa2ald 2F 2dzNJ F LILI NI Gdza FNB oNR{SYy R24y FyR y2 f32
Of da 6KAOK YI 1 &incipaNBranap OF t RATTAOdzA G Qo

WeKS YIF22NJ OKIFftSy3asS (KI Gdisturbie @the ldbaThefieksd 61 & &2 Y S
problem of accommodation. We have a separate physics lab but you discover that the chemistry and
the biology teacher will come there to teach their students. Although, they have their own laboratory

itisnolongerfunctigA y3 o6 SOl dza S (i KSNXB (PhysiBs teficher, Nigdrid) NA | yR |

Waz2ald 2F GKS FLILINIFdGdza YySSRSR F¥2NJ G4KS LINY OGAOIf
equipment to perform experiment on mechanics while other experiments are neglectetbsoe

do not have the required equipment. Also, it is very difficult to carry out formative evaluation in

LIN} OGAOFT LIKe&aAoOa RdzS U APhysiksSeadhér, Weia) LJ2 Lddzt F G A2y 27

W[ FOl 27F LI NI dGdza I yR f |I@Hysicg éblucitals: Gokefmmehtrhasi S |
&

OK SN
0SSy NBONHZA GAYy3 Sy 3IiryS S NEcationatst, Rigedaj (i a 12

daly

G0 a
W2 Stfs GKS YI22N) LINRPofSY KSNBE Aada GUKS | @FAfFoAf AL
physics teacherto teachfromfor m G2 C2NY no ! fa23x ¢S R2y Qi KI @S
LIN OGAOLFE |&a S 2yfteé dza$S (K SPriodpal,dadRi®Y oA0K A NI
WeKSNE Aa y2 102N i02NE GSOKYAOAlLYy® 2S5 KIF @S G2 Y
ofourg 2 NJ £ A G A& N®Bhysics téach@rSTedzania)i NS & a FdzZ Qo

Y2 S KIS I @SNEB fFNBS Ofl aa KSNBE gAGK FTS¢ Sl dzh LIV
Sometime, we want to perform a certain practical but we find out that the equipment for this
ex®SNAYSyYyld NS y2i KSNB @Physciteathér, Tarizania) 6 A3 OKLI f £ Sy
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w2 S KI@S || al0OKz22f gAGK pnn addzRSyida FyR 2yfé 2y¢
concentration, the preparation is very inefficient and then there is no laboraterng we have 49

schools out of which 23 are government schools, but very few have a physics laboratory, maybe 3.

The number of secondary schools has been growing rapidly and there is proportional increase in

student population. Subsequently, if schooRfiQ i KI @S 1 062NF i2NASas GKSe
S|j dzA LI¢SSnbiioflidial, Tanzania)

WeKS ydZYoSNE 2F 2dzNJ f SEFNYSNE A& + 6A3 LINRofSYS |
while some of them will be idle doing nothing. Using the classroom as a laboratory is another major
problem coupled with lack of experienced teacherSto tOK LK@ aA 04 YR AyadzFFA O
(Head of Department, South Africa)

WL GKAY]l GKS Y2ald OKIfttSy3aS Aa (GKS KdAS ydzyo SN 2
vyé Ofraa FyR 6S NS NBIffe& 7TABhRIksyeAacher, Boul AfficR)A O dzf

B Aa 101 2F GSIFOKSNAR ¢K2 |NB ljdZ ft AFASR AY
SNE | NB KI @Ay3 gHI@4tiGhaBByulh Afkicd) T 22t 238 SGOXQd

Y2 SQO@S 06SSy KI @Ay ataehNd. Siage piysical sdiercedtdatherffroma2®A Sy O S
to 2013 basically for grade 10 to 12. We also had a big growth in student numbers from 183 in 2010

to 560 in 2015. The resources is not much as we only have a single lab for physical sciences and life
scByOS FyR ¢S KI @S (2 02y o &PNicipa Sehith Arfcd)  aNRB2Y (2 LIk
W 221Ay3 G Y& &a0OK22f GKAOK Aada NU:NIftzX ¢S KI @S |
second thesis on it. We have problems with thieves. Theyestatethe alcohol in the chemistry lab

and even if we improve the lab, after a month, it is vandalized. It is supposed to be well equipped

laboratory but it is not. Until we improve our security in this school, we will never have any

equipment in the laborary and is affecting the learners. There is no equipment, and so we rely more

2y 0 KS (Hedd StDa@rnént, South Africa)

We¢KS YIFIAYy OKFIffSyasS Aa GKS KdzYly NBaz2dz2NOSaod L 2y
schools when you get thergou ask the principal what is happening, you will see them complaining

about the apparatus but when you go to their offices, you find that these equipment are there but

they are not in use. Sometimes the teachers may not even know that those thingh&verand

SPSYy ¢6KSY (GKS& IINBE | 6 NEBI (ie¢uBed SaRtA Afed) |y 296 K2g (2
W grAftlFoAEAGE 2F NBaz2dNOSa F2NJ GSFOKSNRER (G2 LISNF?Z

trying to make equipment for the schools in form of bdxaisthe danger is, if you go back to those
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schools, at the end of the year, those boxes are still sealed and they are not used and the teachers

Al AR GKSe& KI @S y2i o &énordifibldl, So0tf Riricd)y K2g¢g (G2 dzaS Al
(i) The Physics Curricuiu Some of the teachers interviewed (29 of 66) complained about the

physics curriculum being overloaded with content giving limited opportunity to engage the learners

in practical activities. There were also comments on lack of sufficient time and laskesfsment of

practical activities which is critical in its influence on all aspects of effective delivery. One of the

physics teachers said:

Whe curriculum is overloaded with too much content and | teach the whole school physical science
andtobeverypy Saids> L OFyQl YIFyF3aS 2NJ 02L)S gAGK aSdaay
(Physics teacher, South Africa).

A school principal commented on overload and other deficiencies in a newly introduced curriculum.

He remarked:

WX dP/ dzZNNR Odzf dayrStatetnenS(EAPS) Styrtiéd 2ty@afs AgO and the teachers are saying

GKIFIG GKS OdzNNA Odzt dzy A& a2 7FdzZ t (Pringipal, $oittkKSriga) ySSR |
Some teachers also asserted that there is lack of sufficient time for practicabwerio the volume

of work to be accomplished and the nature of school timetable. Here are the comments offered.

Whyte op YAydziSa Aa Fftf20FG§SR F2NJ LINF OGAOIf 62N
GKS adGdzRSyGa G2 OI(PKySiEs teActsi, Nigeyi®d SELISNAYSyYy G Q

WL 2yfé& (S OK LN} OGAOIf LKeaada sKSy |y SEIFY A&
O2@BSNBR Ay (PHySics @azheNNigeda) dzY Q ®

WeAYS A& | YF22NJI LINRof SY F2NJ Y Sookid atfo8 tintetalleK S & (i dzF
there is no room for practical physics, so | have to create the little time at my disposal which might

y2i 085S [|(Fhsigsddach& Nigeria)

W y2G3KSNI A&dadzS Aa y2i O20SNAY 3 2 Tumiladitolthc @ a A O& & &
Y SEl (Eefu@ed, Glada)

WeKS OBYIUKy Ga &f t I 0 dakactied thédehy pdxiiiong Atteriion ¥odhe theory

GKFY GKS LINI OGAOF t (Héa# of DepafttnG @héna)i KS a8t f | 6 dza Qo

W/ dzZNNR Odzf dzY ! & a S & @ARS)Yidistructaréd withdess{offidialip&3&e/to do
practical work of any form than in the past. Practical physics is not a South African reality and there
Ad F FdzyRFEYSYyGlrt Ftl g Ay GKS (Bdniér Offichih SptArea) A a 0 dz=
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According to some of the stakeholders, one of the major challenges to effective teaching and

learning of practical activities in physics is the lack of practical physics assessment. A senior physics
educationalist in South Africa asserted thaathers are just expected to do some prescribed

LIN} OGAOFE 62N) o6dzi G(KS SEFY AGasStT R2SayQid YIS
learners. According to him, the teachers might not engage the learners in any practical activities

because héshe is quite aware that it is not going to be assessed in the exam. He commented:

W2 KSy @e2dz £t221 G a2yYyS O2dzyiNASa Ay ! FNAOI fA71S
it comes to practical work but, in South Africa, teachers are just expezto some prescribed

LIN} OGAOFE 62N)] odzi SEIFY AGaSt¥ R2SayQid YI1S LINRC¢
So, you find out that the teacher might actually run away from this important aspect because he/she

knows that it is not goingp be assessed in the exam or there is no question in the formal exam paper
GKFG aLISOATAONT & I ayedic Shigial, SERthNECENE Q LINF OG A OF f 3

A school principal also expressed his displeasure at the lack of assessment of praitsical sk
I OO2NRAY3 (G2 KAYI GSIFOKSNE R2yQi fA1S G2 41 adsS i
LIN} OGAOFE R2SayQi O2yGNARo0dziS YdzOK (2 (G4KS 2@SNIff

remarked:

WLH Aa OSNE RAAaKS hING thgby gnd therprablicaliafd, 4 heSeNdiof thegerny 2
seeing that the practical only carry 5 marks on a paper of 150 marks. We put much emphasis on the
GKS2NE 0SSOI dza S (i K §MBeipal, South Africa)NI OG A OF f SEIF YQO

(i)  Attitude and Motvation. Many patrticipants (35 of 66) commented on attitudinal issues and
motivation. Some remarked that physics teachers are not adequately supported and are poorly
remunerated by the government. They said government is paying lip service to sciencéaduca

and in most cases is not interested in the welfare of teachers. There were also comments on the
professional skills and the level of developmental training of teachers which is widely believed to be

inadequate. Here are representative comments offeoedthis theme.

We¢KSe alFrAR (GKS& FFNB NBAGNHZOGAZNAY3I GKS OdzNNA Odzf dzy
are people who have no interest in science and who never do science in school and are even having
LINPOESY sAGK A0ASHES § FROVSERSG A ¢K ¥RuhdDE Y&ty 3 (1 K S
Africa)

W¢SHFOKSNER FNB LI222NXIeé LIAR FyR dzyf Saa GKSe& GNBIG
will still be opting for careers that will fetch them money and the end result is tHagrnwi up with

j dzt y G A Ge& | yiRlucdt@®nalist]j it Africag Q @
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WCdzy RAY3 F2NJ 40ASyOS Aa y2i( Sy2MBACSPRHRINERDE S|
Ghana)

WeKSNE Aa y2 Y2U0A0F0A2Yy FTNRY (K $ephaidshdierssSny i | yR
2dz2NJ 26y ¢l & o6& LI eAy3a KAY | {21 @nicipaINBrZania)k S & OK 2 2

Wi fazy GKSNB Aa y2 Y2U0AQFdA2y> Y2aid GSFOKSNAR I NX
FNB y2i SyldKdzaAlaGAO 2y (KS 2 ZBddatbnalistkTanggnia)i KSa s |

WLF G§SFOKSNA FFINB ¢Sttt Y2U0AQFGiSRY (G4KSe OFy gl Al |
d0dzRSyiaod 126SOSNE (SFOKSNRa fft26ly0S Aa OSNE N
experiment that are very hazardous and also in physics h&ngroblem is that those in authority

are not having much interest in science, most especially when the school administrator is not into
d0ASYyO0S: KSkakKS Ylre& y2G aSS (BbécatibdblistaNgggria)T 2 NJ Sj dzA L
WY¢ S OK S NA helrighBattittide @ xegcHingibut there is lack of motivation in terms of science
Fftt26l yOS FyR 20GKSNJ Y $Bdycationalidt Niyezia) A O GAy 3 (S OKSNE

WeKSNBE Aa 101 2F Y2GAQFGA2Yy FT2NJ 0SFOKSNAR FNRBY =
WwKAOK OFy 02 2@rincipalNgari) Y2 NI £ SQo

We¢K2a4S GKFG NS y28 AYyiSNBaidtSR Ay a0ASyOS I NB (cF
you are bringing to the table. My fear is that those who have the vision are on their way out and

thoset {1 Ay3 GKSANI LX I OS | NB LIJS2 L) S (BducaiondlistdS o6SSy il

Tanzania)

alyed SRdOlIGA2ylFtAata LRAYG G2 GKS FIFOG GKIG Y2al
required to teach the practical aspect of physics due to theningj they have received. They opined

that the teachers only teach the theory and are afraid to deal with the practical aspect because they

have never been exposed to practical activities. It must be noted that most of the comments made

2y (KS W SINOKIINESQ 25y NBASHNDK ljdzSadAazy Gg2 | NB |
repeated here. The following are examples of comments made.

z

W¢SFOKSNAR FFNB y20 GFdzAKG LINF OGAOItte YR R2y Qi F
professionallyi 2 dzy RQ® o1 SIR 2F 5SLI NIYSydz DKIFYLlLD

Waz2ald 2F (GKS (SIOKSNAR IINB y2i al1AftftFdd Ay KIyRfA
R2 (KS GKS2NEB YR N’ FFNFXYAR 2F (GKS LINI OGAOKTE I3
0 KSY & $FringiSk Svdh Africa)
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WL O2dA R &l & GKSNB A& I OKFft8y3Is 2F LINIOGAONE |
IFNDFAS 2dzid LYy GKS GNIAYAYy3I GKIFIG Aa IABSYy G2 €
the Teacher training collegdidre is package of theory, then practical. So, when it comes to practical

@2dz 2yte& 3IAGS 6KIG &82dz KPS yR &2dz OFyQd 3IABS ¢
We¢KS YIFIAY LINRBoOofSY Aad GKIFIG GSHOKSNE |laBpgSBoHFa St 0Sa R?2

LIKedaAoa (0K2dAK GKS& YAIKEG 0SS IF22R Ay UGUKS2NEQ® 09
WhyS 2F (KS OKIfftSyaSa GKIFIG L aSS Aa AyO2YLISGSyC
their training, they are not well grounded in the practical parthef subject which has really
AYyFfdzZSYOSR GKSANI GSI OKA y FEdlcgtiBralitkrénkalin)f S@St 2 F LINE
Y{OK22f & OdaNNByiGfte NBONMzZA G LIS2LX S K2 KIF@FS R2YyS
might not have what it takesto faRf S LINJ Ol A Ol t (Seniickfiided, GHasap Ay LIKe a A
Wl FYyRfEAY3I LINF OGAOHE LIKeéeaaoda Ay aoOKz2z2fa Syidalaifa L
teachers teaching physics these days are not professional and that makes the teaching ofettte sub
02NAyYy3a (2 (GKS aidzRSyida FyR 6KSyYy | qRhysigsR Aa f SI RA
teacher, Nigeria)

Yazaild 2F GKS (SFOKSNA R2y Qi KF@S G(KS ySSRSR ot 01
they only do the theoryandareakaR 2 F LINI OGAOlIt @2NJ] 0SOFdzaS (KSe
practical themselves. In my case, | did mostly physics in the university but | did not do chemistry and
GKSYSOSNI L KIFE@S G2 (SIFOK OKSYAAUGNB:Z L SFB# G OSNE
(Physics teacher, South Africa)

Waz2al 2F GKS A0ASyOS GSI OKSNR dzadzrfte& FAYR AlG RA
Ada I O2 YL} A @dctir& RSoutiMBidaf SY Q d

Most of the stakeholders interviewed said there is ne@nvi@ training for them to improve their

teaching. The comments describe a mutually reinforcing system in which there is little commitment

to improvement at the level of the teachers and little opportunity for development provided by the

authorities. This mabe a byproduct of the priority of increasing teacher numbers to deal with an

increasing school population. The following are the comments offered to support their claims

We¢KSNBE FNBE GNIXAYyAYy3I aSaaAirzya odzi rditkeBywucardd y 203G | F
3 AY | YRhysiEsheAchdd, Panzania)

W¢KS 0dzNBIF dzONF O 2@SNJ 6KSNBZ KAyl dGKS@& gl yid G2
GSFOKSNAR FFINBX adaAatft (GKS al (Educasiokadist, Baluth Africd) K NB dz3 K (1 K S
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Y/ ritzldm and Assessment Policy Statement (CAPS) is restructured but it is very hard to change the
gre& a0OASYyOS Aa o0SAy3a GldAKG® {2YS alOKz22fta R2yQi
FYR YIFye (S| OKGechrer SHlh AfrigeS al YSQ®

WeKSNE Aa f1 01 2F aSYAyYyIl NARZ ((Sdiehcy teaclr, Tayzéiay 2 NJ & K 2
Yo ¢ KSNBE RBNIIAOBA GINR AWK YT (G2 SljdAL) G§KS (ARhSiesOK S NE
Teacher, Ghana)

Waz2ald 2F (KSYWSHARYNR af li®&Se2NMKigtt dzasS GKSANI 2fR
(Principal, Ghana)

Wwe S OKSNAR FNB y2i0 SELRASR (G2 LINI OGAOFE GNIAYyAyYy3

(Educationalist, Tanzania)

Apart from motivation, the attitude of the studestto practical work and physics in general also

influences success in delivery. Some stakeholders were of the view that learners perceived physics

and mathematics as being difficult because they think these subjects are only meant for certain

people and tlat only the academically gifted will attempt physics. This issue of appropriateness was
SEGSYRSR o6& I a0K22f LINAYOALIf 6K2 alAR GKIFG &do
G2 | o0StAST GKIG GKS &dz 2S GiAcdoringzoyhimgthish&liefisd ¥ 2 NJ
still having a significant effect on the learners and explains why very few of them have an interest in

science. He remarked:

WLY {2dziK ! TNAOIFZ fSIFNYySNAR 4SS LK®&aAaOsviewed R YI (I KS
like that, it is only the brave and those that see themselves as gifted or clever will attempt physics. It
is not seen as an important subject. We are 20 years into democratic settings but what was

indoctrinated in the past is still holding us ka@/e see certain things for certain people and we

R2y Qi OfFAY GKS& IINB F2NJdzad Ly (GKS LI adsz G§KSNB
a0ASyOS o0dzi YIFI& 0SS 3I22R Ay NI adzweSoda FyR S |
(Principal, South Africa)

A university Lecturer also offered this comment.

We¢KSNE KIFa oSSy | t2G 2F AySlidztAde KIFILWISYAYy3I Ay

(KAY3I&S o6dzi 2 dzNHdgcatiénalistiShisEh Afica £ | TNI A RQO®

A retired phics teacher in Ghana was also worried about the low number of female students
showing interest in physics and he suggested the need to sensitize the female students to the option

of pursuing a career in physics. He commented as follows.
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Wt K& & A O are lgaStlin@umBeddthen it comes to workshop and even worse is the percentage
2F AANI & addzReAy3d LKeaAOa Ay (GKS dzyAOBSNBAGEXXgS

GKSe& OFy ONBI (S AylSNIEdudatidnaliR Giiahay i G2 &G dzR& LIK& aA

A senior official in the ministry of education remarked:

W{OK22f OdNNNByidfe LAO1A LIS2LIXS K2 KIFEFS R2yS LI N
looks like people allow the fear of mathematics to go deep into them. Girls are not into scierioe du

0KS LIK20AlF 2F a0OASYyOS Xod2S KI @S wmfSerioiiofiétahy Ga F2 N
Ghana)

6.1.4 How can the teaching of practical physics in African schools be improved in
the short and long run?

Participants offered a range wfews on how the teaching of practical physics might be improved.
Many were proposing remedies for the limitations discussed above. They suggested: (i) building
more laboratories with modern equipment and having a specialist in practical physics taheach
students, (ii) reducing the physics curriculum, strengthening practical assessment and having
students with good background knowledge in physics at the elementary stage content, and (iii)
addressing attitude and motivation by, for example, improvingf@ssional training for physics

teachers, increasing pay and improving conditions. Some comments offered other possibilities, e.g.
(iv) introducing regional collaboration, and (v) teaching through the use of ICT. Table 6.4 provides a

numerical overview othe suggestions collected into broad themes.

Table 6.4Themes and numbers of respondents commenting on improvement. The participants
made 139 separable comments in total on improvements in practical physics teaching.

Country | Ghana S. Africa | Nigeria Tanzania | Total
(Number of interviewees)| (15) (22) (12) (18) (66)

Theme

(i) Resources and facilities 14 21 12 12 59
(ii) The physics curriculum 7 4 _ 6 17
(iii) Attitude and motivation 14 12 12 13 51
(iv) Regional collaboration _ 1 _ 2 3

(v) Learningechnologies 3 6 _ _ 9
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() Resources and Facilitiddost of the participants (59 of 66) remarked that there is need for
additional human and material resources for effective teaching and learning of practical physics.
They said there should be apsgate laboratory for practical physics and also state of the art
equipment. Recruitment of more physics teachers and the possibility of separate teachers for
practical physics were also suggested. More funding for science education was advocatedeHere ar

a few examples of relevant comments.

(A0S GSHOKAY3 2F LINI OGAOFE LKeardas (rk
2 RSNY {(PlincigalSoitieARa) Slj dzA LIY Sy (i Q@

&
(@]
N)Y

W, dAftRAY3 I aGlrasS 2F GKS FNI fF0o2Nrd2NB gKSN
students to start playing with real data and know that it is easy to discover something for
themselves. We still need more equipment to do more electronicsimgues so that our students
Oy 0SS AyYyy 2 JI(Riokessdr, SONARMNNE ¢ Q ©

WDAGAYI G(SHOKSNE Fif GKFG Aa ySSRSR (G2 GKS LINBac
ALISOATAONt & TPANiEalSKiénseAT&ther, Souisagiy OS Q @

Q)¢

Y2 S I NB YI1Ay3d O2yalOraz2dza STFF2NI (2 KIFE@S G €St
{OK22f ad D2@SNYYSyild akKz2dzZ R I f a2 (Seniof GHidal, GRanay 2 NB T ¢

Wl @gAYy3 | 00Saa (2 LINI eduaive erfvirohdiért &ilkgO d lon§ Wayzi LIY Sy G |y
AYLINR @Ay 3 (Physids achek Gham ¢

WLT ¢S INBE (2 R2 o0SUGSNE 6S ySSR Y2NB GSI OKSNAE A
teachers from the training college here in my school and noneeofi specializes in physics. Building
LIKeaAOa fFo2NFG2NE YR 0 d@rikgpd, Téhhade) LIYSYy G A a OSNE

w2 S KIFE@S G22 YdzOK 62N] 06SOlIdzasS ¢S GKS &a&0ASyOS ¢
K2dz R 0S YL 28SR (2 NBI

arts and social sciences. More sciente @K S N&E &

(Science teacher, Tanzania)

WhdzNJ LINBAARSY (O KF&a SYLKEF&AAT SR GGKIFG SIOK a0K22f 3
odzAfld FYR 6S R2y QG KI @S Sl dzk LIYSyié morelindportart £ £t 0S|
than the laboratory because you can take them to the class. If we have a good adviser, we can get

0KS SldALIYSYy:d FyR dzaS GKS OflFaaNR2yY (2 R2 gKI (0S¢
president because he is not a scientist.iSgovernment could actually buy equipment then that

O2dzZA R Y20A@IGS GKS &aiddzRSyY {LactuleryTanzanie)S (S OKSNE 2
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Wt NPGA&AZ2Y 2F FRSljdzdh &S YFGSNAIEa SaLISOAlLtfte Ay S
experimeni y 2 dzNJ A 0K22f | NB y2 f 2 y(Bhgsks tdadagrMNigaria)y Ay 3 | Y R

Wl I gAYy3 || O2yRdzOAQPS SY@GANRYYSyGs adGhkyRIFNR 02N
FYR faz2 ¢Sttt GNIAYSR GSI Owhnbifal, Niggriap S SYLX 28 SR (2
Some of the participants interviewed suggested the possibility of an additional teacher who would
be in charge of practical activities in physics as they believed it would help to lessen the burden of

the physics teachers whose maircts would then be on the theory. A head of science in one of the

schools visited offered this comment.

WL GKAY]l GKS 5SLINILYSYyG 2F 9RdzOFGA2Yy &aK2z2dzZ R SYLIX
Ad 0SAy3a R2yS XKHeadKiDAaKBeNt] SoyhsAtrida)i dzi A 2 y Q @

A physics teacher also suggested that government should employ separate physics teachers who will

be devoted to the teaching of practical physics. He remarked:

WL Y y2i &adz2NB AT GKAA A& Lipbwsansebo8y woodzilbeh & A a 0 S
G§SIFOKAY3 GKS LINI OGAOIt | (RhadkOtdacherKSoldkAfrica) G KAy 1 A f f

Another head of a science department also suggested that it would be a welcome development if
the community or government could arranged pay for a separate physics teacher who would help

fill in the gap between the practical and the theory.

WLFT GKS O2YYdzyade OFry 02YS dzld gAGK Gdzi2NR FyR | f
I FYR K2LIS (KIF G G @8ad ofbép@tynént, Sodtdlfrika) LI @ T2 NJ A0 Qo

(i) The Physics Curriculur.significant number of participants (17 of 66) commented on the
design of the physics curriculum. A reduction in the physics curriculum content to create more room
for handson activitieswas a common suggestion but there were also a number of stakeholders who
advocated formal assessment in practical physics and action to ensure that students should have

solid background knowledge at the elementary level.

A teacher trainer who lectures hysics in one of the colleges stated that there should be a way of
incorporating testing alongside the theory to promote teachers who wanted to do practical.

According to him, students need to be assessed after each practical activity and teachersshould

wait till the learners are in their final year before assessment is carried out. He remarked:

w2 S ySSR (2 AYLNRGS (GKS gre& ¢S (GSad 2dzNJ aiGdzRSy i

available and learners are not tested and you only waitdlstudents are in Form IV and then you
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AYGNRBRdzOS GKSY G2 LINIOGAOItXZ (GKSe g2yQi asSS (KS
0 A3  LINEeotdred, Yadzhnia)

He added that:

WXPDdD 9ELISNAYSY(H &K2dzZ R LINF bilyNdBpara thainiod gkanss. TRe®eNJ f A F ¢
should be a way of incorporating testing (of practical physics) alongside the theory to promote
G§SIF OKSNR 6K2 ¢ ylile@uRer, Tahzaiad LINI OG A Ol f Qo

A senior official also offered comments on the need for assggwactical physics. According to him,
experiment must go beyond encouraging teachers to do practical and that there should be a

practical examination.

W¢SIFOKSNARA R2 3ISG lFgre gAGK2dzi Sy3ar3aiay3a Ay LINI O A
forY £ SEFY LI LISNI GKIFG aLISOATFAOIffte FaasSaasSa €SI NJ
just encouraging teachers to do practical work. They should find a way of creating assessment

opportunity for the practical aspect (examination) so that we loarat the same level with other

RSOSt 2LISR O2dzyiNASad L (GKAYy]l dGKAa gAff YIS AlG C

(Senior official, South Africa)
A physics teacher added this comment.

WLF GKSNB O2dzZ R 0S5 | LINIKGSG AYD HGENASE H YSAG/SIH (EA 2iyK AAdy (ONE
(Physics teacher, South Africa)

Some participants were of the opinion that the learners need to be well grounded at the elementary
level. There were suggestions that learners should do additional theory andgadagork at the

lower level so that there could be a reduction in physics content at the higher level. According to
some of the participants, gaining background knowledge of physics at the early stage would create
room for more practical work in secondasghools. The following comments were offered to

support such views.

Y 2Sffr GKS LINAR2NRGE y2¢ Aa (G2 3F2 ol 01 G2 GKS LM
can equip the pupils and build their confidence in practical activities both gtithary level and

Ffaz2 ¢gKSy GKS& 3ASG G2 GKS aSO02yRI (Sdcatoaksg 2f & 2 S K
Tanzania)

w2 § y2NXIffte NBOSAGS aidddzRSyda FTNRBY RAFTFSNByYydGd & N
students are well grouretl at the elementary level so that it will be easy for us to continue with them

g KSy ( KS gPhyskStea&hbr NIBr@ahia)
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W{OASYOS A4 | RAFTFAOIL G a4do2S500 0501 dasd S+ NYSNB
itisquitesadthatyod A Y R 2dzi GKIFdG (GKS& R2y Qi 1y26 lyeidKAy3
GAYS (2 OoNARIS GKS 3L LI 2F LINI OGAOLFE | yRHeAK S2 NB G A
of Department, South Africa)

A school principal suggested a change to the isysurriculum to be more practically oriented.

WLT L 6SNB dzlJ GKSNBSX L ¢2dzZ R OKIFy3dS GKS OdzNNRX Odz
school should be elongated. They said it is three years but it is actually two and half years with a lot
of O A PFxiicipad Sltada)

This idea was also supported by a physics teacher.

WXXPDPGIKS LIKEe@arAOa OdzNNR Odztf dzy O2y (iSyid ySSRa G2 oS8
aiF NI 6 NRGAY I(PhydcSteaierFGhgne)t SEIF Ya Qo

Another phyics teacher also wanted the physics curriculum to be reviewed.

WL Ffaz2 GKAY]l GKS OdzNNA OdzZ dzy ySSR (G2 0SS NBadNHzO(
(Physics teacher, Ghana)

(i)  Attitude and Motivation.A larger majority of thearticipants (51 of 66) highlighted the need

to improve attitudes and motivation. They suggested that physics teachers should develop a positive
FGGAGdzZRS G261 NRa GKS GSIFOKAYy3 2F LINFOGAOINE ¢2N]
to wait till the final examination is approaching before engaging the learners in practical activities.
Improvements in teacher motivation should be both encouraged and required. Professional training

should be provided to nurture practical skills in physics teachérgational trainer remarked:

W¢SIFOKSNA adK2dZ R OKFy3S GKSANI YAYR GKIFG (GKS& yS¢
the students. They must think of locally made materials which are of low cost to make simple
equipment for demonstration rathér K I Y F 2 Odza A y @duayonalisk $anzara$ 2 NE Q ®

A physics curriculum expert commented.

WeSHOKSNR aKz2dZ R KFE@S GKS NAIKG GGAGdzZRS (261 NR3
examination period before introducing the students to practical work. They should also sacrifice their

time during the weekend to teach the students and shouldemade of the available equipment and

Ay a2YS Ol aBiacativndlisiNBggrin)a S Q @

A school principal also supported this view.

152



WL LI NGAFEEE FAINBSR gAGK (GKS (SFOKSNBR alreéeiay3a (Kt
have to create théime. During my time in the classroom, | do create time during the weekend
2NHEFYAT Ay 3 SEGNI(Princhal,dNgefiadd F2NJ aiGdzRSyiaQo

Some of the participants believed that teachers tend to have the right attitude to teaching practical
physics when thegre supported and encouraged to give their best in carrying out their job. They
suggested improved salaries and teaching conditions of physics teachers. A physics teacher said that

motivation is very important

Wa2ldAGIGA2Y A& |y 2dadySoNdvelinth@ibdlEhenitiey atekndtNated. it NS
could be intrinsic or extrinsic motivation i.e. giving awards to performing teachers will really
encourage others. It could also be financial incentives for physics teachers due to the practieal natu
2F (KS (Phyaaos2eacbal, Nigeria)

A School Principal also said the following.

Wa2GAGFGA2Y 2y GKS LINI 2F (GKS 3F20SNYYSyYyd FyR |1
allowance will go a long way in improving the quality of pradticalLJK & & A O@rindipal, 4 OK22f Q®
Nigeria)

Another school principal suggested giving scholarships for physics teachers to further their education

and also called for improved salaries. He remarked:

WeKSNBE aKz2dzZ R 0S aO0OK2f |intHukatidnJareagh2rdlareinSthappy et (2 F o
GKSe €221 Fd GKS alFftFNASE 2F ydz2NES& FyR 20§KSNI LN
gAtft | faz YRncpahGhas) I KSYQ®

A school principal also said that the bright students should die¢d and supported to become

teachers. According to the principal, sending the most able students to the university to become

teachers will attract the best brain into the teaching profession.

w2 § ySSR (2 3ISd az2YS 27 2 dANgidR thétn incentieeaBayhed (2 0 SC
sending them to the university to become teachers. Attracting experts into the teaching profession

0 KNB dzZA K A Y LINE @@rncipdBSeutyABidd) G A 2y Qo

A physics teacher remarked

Waz2aild LIKeaAoa agiihtd) KisNikids e fottheir melgte galady But they will
rather stay if their salary is at par with other professions. There is need to encourage the best brains
Ayid2 GKS St (PHykigs BachdNBoutB Africd) 2 Y Q @
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According to a teachdrainer, science teachers and students should be appreciated by government

and also they should give them preferential treatment over those who are not in science.

WD2@SNYYSYyl aK2z2dzZ R F LIINBOAIGS GKS (GSIFOKSNB | yR 3
them on the same level to those who are not into science because science involve a lot of

preparation. Science teachers should be appreciated in Africa but currently, they are being paid lower

gl 384 GKIYy 2 ((KeBuner,DMBaASE3A2Y4Q0

A Univesity lecturer who is also a teacher trainer remarked:

WXXEKSNBE aK2dzZ R 0SS LINPLISNI Y2YAG2NRAY 3 YR NBGIF NR
science, technocrats should also take stand against the politicians who make policies that are not
favorable to science teachers, and there should be adequate training for science teachers to upgrade
OKSANI 1y26f SRABctuRYGhang)S adz0 2S00 Qo

Many participants emphasized that there is need for improved teacher preparation through
adequate and regulaassessment and internship for practicing physics teachers. Physics teachers
should be given the opportunity to attend seminars, conferences and workshops with a view to
improving their teaching skills. There are many comments on the need for professainalg for

physics teachers. Here are a few chosen to reflect the range of opinions offered.
WLY Y& 2LAYA2YS F20SNYYSyid &aK2dA R NN} y3IS +d €St
teachers. This will enable them to acquire deeper understatlyfig K2 ¢ G2 (Sl OK (KS ac

(Physics teacher, Tanzania)

'daTy

WL2t aKz2dzZ R fa2 SyRSIFI@2NJ G2 O02YS G tSrad dGd6A0
time for the practical training is not much. For loP to sustain their project in the future, thiink

need to groom some local trainers or tutors who can carry out training for the physics teachers in the
FoaSyoOS 27 T2 NRlicaighalistyTanSalB)Sy G A2y Q@

WD2OSNYYSYy(d &aKzdA R 2NBFEYAT S 62N) 4K2 LlAerfeeth LIK& & A C
workshops, you discover that most teachers have challenges in certain physics topics most especially

on work, energy theorem and projectiles. So, | feel that if we have people who are well

knowledgeable in this area to come and lecture us ang ggvpractical demos in these topics, it will

help us in the classroom and the learning of the lea®@abs 6t K@ &aA 04 (S OKSNE { 2dzi

WXDPECKSNBE Aa BE&ERtramhidgNWeNs& dpdzisylabds buy not training for teachers on
the use of thesyllabus. Teachers should relate what they are teaching with the environment and not
2yt & (K SEdacatibrialistpGlming
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WD2PSNYyYSyil &aKz2dzZ R GNB & YdzOK | a LRaairotsS G2 2N
We thank God for the receseminar, but we want it to be a continuous exercise so that physics
GSIFOKSNJ gAff 0S I 0f §Physks teathier)Nig&ia)i KSANI {y26tf SRISQd
WCANBRGE &2 (-sefinGraiding forypBySidR tedcBesIfoitlyem to be able to perform well,
mostSALISOA L f £ & Ay | (Rdudatiogalst, NitiediaDiG A OF f g2 NJ Q@

WXXt N2FSaaArzyltAT Ay3 2dzNJ §SFOKAY3IT GNIAYAYy3I 2F
in the most effective way and serious supervision (will help in improving the teackimgganing of
LINT Ol A O (fectiud, Sduth Afica)Q ®

(iv) Regional CollaborationA small minority (3 of 66) of the participants suggested collaboration
between African countries. They said that Africa should operate as a single continent and not as
different countries, coming together to have a focal point where their problems cahéreed and

they can have a continent specific solution. According to a senior physics educationalist his country

should not operate in isolation. He remarked:

Wi ff O2dzyGNARSA GKIG L2t Aa Ay@2ft @SR Ayin aK2dzZ R 07
Accra, Uganda or in South Africa so that we all come together and share ideas because the

challenges that we experience here in South Africa may easily be the challenges in other African

countries. The African continent should have a common appradelns of dealing with these

challenges and | think IoP has actually created a good opportunity for the African continent to

develop this. So, we have to move away from Africa operating as little Islands, and have a common

focus in terms of taking thispra NI Y F(SeNibr bficRISouth Africa)

A physics teacher offered similar views on the need for cooperation among science teachers across

Africa. He commented as follows.

w2 § ySSR (2 O022LISNIGS ¢gA0K 20KSNJ a0OASydAradad al &
physics teacher can share ideas. Africa should unite and have a single syllabus whereby we can have

the same materials and topics for all countries. | thinkwhishelp us a lot and also to have our own

center where our problems can be solved together, because cooperation is very much important for

' TNROFY a0ASyiGAaita NIYGKSNI GKFy (G2 ¢2NJ] AYRAQGARdZ
country willK S  LJ (Physictén€hdr, Tanzania)

(v) Learning technologieBredominantly but not exclusively in South Africa, some participants (9
of 66) were aware of the ways in which technology could allow improvement in the teaching of

practical physicdMobile laboratories and software were suggested. A school principal opined that
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having good teachers who know how to use software could help in improving the teaching of

practical physics.

WL GKAY]l ¢S ySSR 322R | dz f A iiware bebduse xPdimentcdnz |y 2 &
be simulated. But my physics teachers prefer the students to do {oenggher than using the
a2 T i Prrideipa South Africa)

A physics teacher also believed that the use of video and animation can help the studeatsto |

more. The teacher offered this comment.

WIAAYI OARS2 FYR FYAYFGARZY SAfTE 32 | (Rhgsied o1 & Ay

teacher, South Africa)

A senior official suggested that teachers can make use of the internet to downloadcptacti

software. He offered this comment.

WO RdzOIl G2NBR GKSYaSt@Sa Ydzad o0S SyO2dzaNy 3SR (2 dza$s
software. If the school has got a computer center, they can take the learners there to perform a lot of
demonstrations ugi 3 i KS  §S2rifofl Gficial IS outh Africa)

According to him, prescribing experiments for teachers in the curriculum is not a good idea as he

said that teachers must be at liberty to include additional activities over and above those prescribed.

A head of department in one of the high schools visited suggested that teachers need to realize the

potential of the internet. He offered this comment.

Ww¢ ST OK S MBientgtiGnSram thefdld mentality and rawakening. Having internet access at a

reduced ate so that teachers will find it easy to pick information from the internet (will improve

practical physics teachin® RA (i 2 NR& | {Hedd & RdpartinenyGhand)

A physics teacher also offered this comment.

WD2 BSNY YSY(d AK2dA RSVLINE SRR SS B LAAS Li FEWI @itk §  dza S
teacher, Ghana)

An alternative idea was supported by a head of department. He commented thus:

Wl I S aSSy Ay &a2YS aOKz22fta 6KSNB (GKSe& | NB LINRBOJAF
(Head of Department Ghana)
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6.2 Student Focus Groups and Interviews

6.2.1 Introduction

As already discussed in Chapter Four, 400 students participated in the focus group discussion and
there were group interview sessions with the 80 group leaders ofifestudents who were asked

to represent the consensus of the opinions and experiences of all the students. In spite of this
instruction, the comments appear to include a mixture of consensus and personal views. The
students were interviewed on their vievam the current aims of the practical physics curriculum,

their views on the present practice, assessment of their performance, factors influencing their
performance and their opinions of the way practical physics teaching could be improved. The results
will be structured to present comments relevant to the research questions using an ethnographic

approach to define themes. These are used to quantify the overall emphasis of the comments.

6.2.2 What are the current aims of the practical physics curriculumi\frican

schools?

The students were asked questions on their experiences in their practical physics lessons. From their
replies, it was possible to draw out their understandings of the aims of practical physics. The main
themes arising from the analysis vee (i) broader physics learning, (ii) practical specificlieay; (iii)
motivation and (iv) economigeeds and priorities, four of the themes found in the comments made

by the other groups of stakeholders. The students did not offer any comments thiat sedabelled

clearly as opinions on exploration and discovery.

Table 6.5Themes and numbers of students making comments on the aims of practical physics

Country | Ghana S. Africa | Nigeria Tanzania | Total
(Number of interviewees)| (20 (18) (16) (26) (80)
Theme
(i) Broader physics learning 6 4 6 10 26
(i1) Practical specific learning 5 10 6 12 33
(iif) Motivation 3 2 3 11 19
(iv) Economic need and priorities - 1 1 1 3
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(i) Broader Physics Learninthe students commented that practicsbrk improved their

knowledgeand that it gave them deeper understanding of #hebject. Some of the students also

believed that practical physics helped in reinforcing the theory that had been taught in class. One of

the students said:

WL fA1S addzReéAy3I LINFYOGAOFE LIKeaAOa o0SOlFdzaSs sKSy
dzy RSNEGFYR o0SGGSNW® !''faz2z aSSAy3a Aa St fStudehty 3 | YR

Nigeria)
WLY LINIF OGAOIt BRIKAE SEALISANIY oNB I RSNJ |
(Student, Ghana)

95)
&
B
B\
(el
g(

WXXX2KSYy @2dz R2 LINI OGAOIf LIKéeaAdas &2dz dzy RSNEG |y
Y2 NB 1Y 2(Stidéhik Babzeni)

WL R2 fA1S (2 aidRieydaNdratiteimdked perielit. &vach Odarn thé thdorgiza
FYR faz2 G§KS LINI O(Studdnt Tanzania)dzy RSNAR Gl YR Y2NB Qo

WXXL fA1S addzRéAaAy3a LINI OGAOIFt LIKearoda (SwBedthl dzaS A i
Nigeria)

WL R2 fA1S LINIOGAOIE LIKearaoda o0SOFdzaSz o0& ailddzReAy
YR Lizi AdG Ayid2 LINY OGAOS | yftudehtaranzaSi®) LI Yy R Y& (Y 2¢

WL fA1S addzREAY I LINF OG A OF i I LKRE 3 IKE X Staderd Safitii i SIND Y |
Africa)

w»
O
o
N
QX
w»
>
[akN
ey
N

WL fA1S addzRéAy3I LINFYOGAOFE LIKeaaAda o
0 K S 2 NE(Stidént, SoatAfrica)

WL fA1S (2 addzRé LINF OGAOFf LIKE5FA OQ@EEd@had2xdS Al g A

W,S5ax L tA1S &aldzRéAy3a LINF OGAOIE LIKeaAaoa o6SOFdzas

(Student, Tanzania)

(V)

WXXLG O6LINF OGAOIFE O KSf LJA dzxStullent, Ghgna)g (G KS FI Olia 0SK

The students also bielved that practical activities in physics helped them to make new discoveries
and to verify the concepts and laws of physics. They argue that, by engaging in practical physics, they
are able to see things in their real sense rather than just being Avlégknthusiastic student

remarked:
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WXXXgS o0addzRSydao 3SaGd G2 4SS GKAy3Ia LINI OGAOKT T @
believe it if somebody tells me that if you put white light through a triangular prism, it produces

seven different colors buthen you take the prism and do it yourself, you get to see the different

& LIS Ol NHzY QSudehtySauthAftEh Q ¢

Other students made the following comments.

WLAE OLINY OQGAOFTUOL YI1Sa YS (2 @OAS¢ LIK&iags®hich & | NF
are real. For example, when we do practical on simple harmonic motion, you realize why people put
0Sftta 2y GKSANI R22NA I yR @2 dz(Sku8entNlanza#i§) & 2dzy R 0 y :

w2 S fSINY K2g RATTSNSY ltheydeshllkeSdarahing for RifeRent théof/A NJ i K A
and laws. Like in upthrust, when you put a bucket inside water, it seems it now have a different

¢ S A ABridentp Tanzania)

W2 § SELISNAYSyild (2 OSNATE 6KSGKSN G@ubentkSouts? § KSa S &
Africa)

Y2 S RA&AO2GSNI KS FIFL0O0Ga 0SKAYR (G(KS (KS2NEB |yR 3ISi{
(Student, South Africa)

w2 S I NBE GNBAYy3 G2 FOGdzrtte 3ISG I 0SGUSNI F2dzyRIE (A
doy 3 GKS LN OGAOFE ¢2NJ > ¢S 3SG(Stident, Sdth Afdcd) 2 dzNR S |

w2 S fSINY ¢KFIG 6S 6SNB (FdAKIGI Ay GKS2NEI fSINYAy
RSRdzOGA2ya FNRBY GKS 3N LIStudedzQiferid) & Ay G SNOSLIWG | yR

WEeKSNBE INB I €20 2F GKAy3a ¢S tSIFENYy Ay LKeairxoda L
G2 LINR @S R@EEdES NByaidia)f | 63 Qo

W2 S tSIENYy K2¢ (2 &S0 dz2J SELISNRYSydG FyR FAYR 2dz
(Student, Ghana)

(i) Practical Specific Learninlylany students mentioned skills development as one of the aims of

practical work in physics. Skills such as designing experiment, handling and manipulation of

equipment, innovation and creative thinkingbservation and report writing were all mentioned.

The following are examples of the comments made by the students.

W LY LINYOGAOIET o60flraavs ¢S tSINYy Kz2g (2 dzasS GKS
Oy NN} y3IS GKSYXX®PlLfazzs ¢S tSIFENY K2g (G2 LINRGS F
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acceleration due to gravity is known to be 10 orr@sdres per secondquarel but through
SELISNAYSYiGz 6S O StudehtiTamednim)y S AF Al Aa GNHS Qo

Y2 Stfs gKSY 6S INBE Ay LINFOGAOFE LIKeaAoOa Oflaax 7
some of us do not know how to handle some of thisaagiois and also operating with different

F LILJF NI Gdza f A1 S GKS IJ(Btadent, yadzdrda) SNJ | yR I YYS{iISND®

w2 S t£SINYy oKFG aOASydAaad FINBE R2Ay3 (Stydént, £ a2 £ SI N
South Africa)

W2 § oalGdzRSyGao f SédANY)| KI2¥R I lyRa & K@ S G NSfugeatpSodti 2 F Y S
Africa)

Some comments referred to personal skills and attitudes, for example:

W2 8§ 6a40dREYGA0 GNB G2 t8FNY |y RStUdé] SahtNricad | A f f &4 2
Wt NI OGAVS i a8ar 322R 20aSNBSNI FyYR Y +faz2 of$
syllabus and am also able to handle appar@iys 6 { G dZRSY i bAISNRAI 0

WYt N OGAOItf KStLd YS (2 RS@OSt 2 LBu@eny FanzRngy OS | yR 3 A

(i)  Motivaion. The students said that practical work in physics helps them to relate physics to
life activities. They enjoy practical physics because it is interesting and fun. They also enjoy the
greater freedom they have during practical activities. They beli¢vatitheir interest is stimulated

by direct physical interaction with equipment and by what they can see and touch. The following are

comments offered by the students.

WLY LN} OGAOFE LKe&aAO&Z 68 tSHFNY K26 (2 FLLXGE (K¢
FTAYR | gl @& 27F | LILX & iSi@nt T&eania)08 (2 2dz2NJ RFAE & £ AFE

WLG OLINI OGAOFEO YIF1S LKearAOa SkarddyzNBRXYKSY 65
GLINI OGAOIE O A& [(Studedt TAyadidel 6t S YR FdzyQo

W Sas Al OLINIOGAOIt 0 Aa @SNE Ayl ONBeatiTanfania)g KSy & 2

Y Sazr a I aOASyOS aiddzRSyid ¢S KI dd@lphiydes R2 LINI Ol A C
SEIFIYAYIGA2YS (KSy X(Staént Kigednf T Af SR LK&aAOaQo

Wt NI OGAOFE KSELE YS G2 RSOS 2 LEudey Fahz&fy OS FyR 34
W o8&z L R2 fA1S addReAy3I LINI OGAOT tidkheckyaa o6 SO} c
Lddzi AdG Ayid2 LINI OGAOS® LG (Studed Tédahih)y Ra Ye 1y26f SF
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W 8435 6S80FdzaS Ay LINFOGAOFE LKearAOa Oflaas 68 dzaé
confidence so that when we depart from school, we dathdf & ¢ KI (0 ¢ Student,dS S| N G ¢

Tanzania)

W o833z L tA1S addReAy3d LINIT Oi A @Student Ghana)h 08 o6 SO dza §

WL R2 fA1S addzReAy3d LINI OGAOIE LIKeaAaoda o06SOlIdasS 48
taught bytheteachddd | f 482X Ay (GKS €F062NI 2N GKSNB Aa TNB
dzy RSNAR Gl YR LINY OGAOFf o6S(di SSldénk Soyith Msd) RAy 3 Al FNRBY

Several students referred to the future value of physics in daily life. One student linkeckpiitstly

to a career option.

WL fA1S LIKeaAoda LINI OGAOLE Y2NB (KIFYy Fyé 20GKSNI &c
RdzS (2 Y& TFdzidz2NB ' YoAUA2Y (StddengNig@ay Ay3d |y 9f SO0 NK

(iv) Economic Needs and Prioritig@nly a few students were able to recognize the role of practical
physics in addressing economic needs and priorities, though some saw it as a useful background skill.
An enthusiastic student appreciated the market value of practical physics equipmestaad

that:

WLG O6LINF OGAOFEO YIF1Sa dza G2 &aSS GKAy3a Ay RAFFSNH
2F SHdZALIYSY(d YR YF1S Y2y Seé 7¥NERY(Studedt\Southa L f SI N
Africa)

Another student stated:

WYt K& anbr@useful id our society, it (practical) will help me build my own electric light and also
KSt LI YS Ay Y@tuddnt, BanzaBiay YSy G Q@

WL fA1S LKe&aAoa LINIOGAOIE GKIFYy Fyeg 203KSNJ a0ASYyOS
tomyfutNE | YOAGAZ2Y 2F 0S02 Y(Stydant, Nigeria t SOGNR Ot 9y IAY S
6.2.3 What is the present status of practical physics education in African schools?

The students offered many views on present practice in the teaching and learning of practical

physics. Once again the comments have been gathered together into themes, as shown in Table 6.6.

The themes are similar to those raised by the other stakeholtfensgh the balance is somewhat

different. In addition, the nature of the interview script has drawn out many comments on the

attitudes of students.
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Table 6.6 Themes and numbers of students making comments on present practice

Country | Ghana S. Africa | Nigeria Tanzania | Total
(Number of interviewees)| (20 (18) (16) (26) (80)

Theme

(i) Student performance 20 18 16 26 80
(i) Attitude of students 20 18 16 26 80
(iif) Resources and facilities - 6 - 2 8
(iv) Time allocation - 2 - 8 10
(v) Nature of practical activities - 5 4 2 11

() Student PerformanceThe students expressed diverse views about their performance in
practical physics and offered their opinions on problems influencing their performance. Some of the
students saidhey are doing well in practical physics, i.e. they were able to set up experiments and
analyze data gathered during the experiment, while some of the students said they were not doing
well, i.e. they were unable to plot the graphs of experiments andditéidulty in handling the

calculation aspects of practical work. The students offered these comments.

w2 S | NB GNRBAY3I 2dzNJ 6Said odzi 6S GKFG 322F

St S O i(Sthdenk, Nigefap

I NB y2i

aGAff ySSR (2 RS@St 2L) 2dzh
dzLJ S E LIS NA Y S (Gtlident, Nigetia) 2 F NG f

I NB o dzii

(7))

qJZ
Y2ai

R2Ay3I 65 ¢
asSidAay3

O
(0p))
Qx

I a dza
Wt N OGAOIffex

aLISOU ¢ KAOK

S | NB 322 Rur nvaoapioblén isthé calciaBon 3 NI LIK A OF
42YS{AYSa(StudedMigerigi2d 68 TNRY G(GKS (2L
LILI NJ dza 68Ok dza §
AL 0G0 Qo

w2 S || NB yz2i
Y2NB KSt LI Ay

322R AY NN} YyIAYI |
i K § (Swideditkrényda)i A OF £ |

iS FyR L
i KS2NB

Y I
iKS

I NB y2i
GKSNBo @&

F Ofdz &8 R2Ay3 55t ¢
Y I { Ay IStudént, FahzaliR) T 2 NJ dzd

Ya é

2y

Ay L

G2 ¢

w2 S R2y Qi 1y2¢ lyeiaKAy3d IlyiStwdenyGhada) LINF OG A OF f  LIK& 2

WL GKAY1l ¢S | NB RgSluger: Ghddd)f | 023S | SN ISQd

'daTy

W2 S FNBE R2AYy3 ¢Sttt Ay (Stkét Ghana)ift S LINI OGAOIE 6SQO
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w2 S I NBE GNBAYy3 G2 R2 ¢Sttt odzi y2i R@Syden,Sy2dakK LN
SouthAfrica)

w2 S | NBE GNBAYy3I 2dzNJ 6Said odzi OFryy20 NBlIffe aleée g8
class, we sound knowledgeable but when we write exams we perform woefully. | think we are only

good in recognizing equipment but always with low ksain exam. There is no assistance and less

GAYS FTNRBY (@GBtidentBouth@i@)NE Q ©

(i) Attitudes of StudentsMany students described their level of interest in doing practical work in

physics lessons. Several believed it gave them a betigenstanding of what they have learned in

the theory class and that it had expanded their knowledge of physics. According to the students,

they enjoy seeing things for themselves rather than being told and they enjoy the freedom of finding
things out themslves. Some of the students also said that their prime interest in practical physics is

for them to do well in their final physics examination while some said practical physics is very

interesting and believed it will help them to build into their caraefuture. It must be noted that

Y2ali 2F GKS 02YYSyida ljd20iSR dzy RSNJ WQaz2iAdFiA2yQ
aSOlhAz2y 2y W! (i<sokdihdzik Beererdpeated. dZRSy i a Q

Here are a few of the comments made by the students.

WL udying$radiidal physics because when we are engaged in practical activities, it makes us to

dzy RSNBEGFYR 0SO0SNY !fa2 aSSAy3 Aa oSt (Stderty3d | yR
Nigeria)

W Sa3> L R2 fA1S adi dzRainaledo apjiNdwkatiain®éen taughiia theor®and 6 S O ¢
Lldzi AdG Ayd2 LINF OGAOS® LG (Btddéng TaBzeridy y R Y& 1y26f SR

Q)¢
'daty

o

W Saz 0SOlFdzaS Ay LINI OGAOLI € LKeaaroda Oflaax S
confidencesothad KSy 6S RSLI NI FNRY aOKz22f X(Steént, O y | LILI &

z

Tanzania)

WoSaz L fA1S AddREAYI LINI O A dStuddent Bhana)i 05 6 S OF dza &

WL R2 tA1S addzReéeAy3d LINIhand axpdrignce loiftvéit we\h@ve bearS O dza S & ¢
GFdaAKi o8& G(KS (GSFOKSNID ! fa2s Ay GKS fFo2NI (G2NE
dzy RSNEGFYR LINY OGA Ot 0 Si0 SSlldénk Soyith NBd) RAy 3 A G FNRY

Y Saz a I aOASyOS ai dzRsPgtiusedfe faillpr@ciicaliptysicR2  LINI O A C
SEIFYAYFGA2YS (KSy(Studén Nigetiaps FL Af LIK2aAO&AQD
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W Sasz o0SOlFdzasS ¢S 3ASG G2 aSS GKAy3a LINI OGAOKfte
it if somebody tell me that if you put white ligthtrough a triangular prism, it will produce seven

different colors but when you take the prism and do it by yourself, you get to see different spectrum

02 Y A Yy FStupleiil SOuh Africa)

WY, Sas 0S0OFdzasS &2dz OFy 20aS NI EorrdctypRncBCORAMEs. STSyY (0 K
feel so cool telling somebody about the momentum of a car or telling him/her that the car is

changing velocity or acceleration and if he/she ask me how | do know and | will say that I did an
SELISNR YSy i (Studen, Béuthiifrida)NS | Q ©

(i) Resources and Facilities.small minority of the students commented that the lack of
resources and facilities was affecting their learning of practical phyBiesstudents claimed that
the inadequacy of practical physics equigmh made it difficult for them to get engaged in practical

physics regularly and sometimes led to their failure in physics. They offered the following comments.

z

WXXPEKSNBE I NB y2 NBaz2dzNDSa (2 R2 SELSSIMSY & 6 KA
South Africa)

WXX. SOFdzaS GKS LINI OGAOIFE SIdALIYSYy(d IINB y20 Sy2d:E
KI gAy3 Sy2daAK qgndeds tabzdnie) SELISNI & Q@

w28 || NB GGNBAY3 (2 R2 ¢Sttt odzi y20( R@&Syidnt, Sy 2dzakK LI
South Africa)

Wh2 NB&a2dNDSa (2 OF @ mdent, Samh Aflid) OGAOFt | OGAGAGASAC
w2 S |NB aidNHzZZ3tAy3a (G2 3ISG Sl dzih LIY Sptident, gauthi KA a Y |

Africa)

(iv) Time Allocation. A few of the students commented dhe limited time available for practical

activities which leads to their inability to perform well in practical physics. One of the students said

the following.

w2 S |NBE y2i a2 02YLISGiSyid o0SOlFdzaS GKSNB INB az2vys$s
good in some other practical because we lack exposure. When we do a practical today, after a very

long time we do another one. So, we are not used to do practical frequently and that is why we are
y2i 02 Y(BiGdén§ YanArd)

Other students providd similar comments.
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w2 § R2y Qi KI @S Sy2daAK LINI OGAOSXXsS INB 2yte J22F
Ay GKS YI G K S(Btudért, dnfanid) a LIS O Q@

w2 § |NB y2i O02YLISGSyd Ay R2Ay3I LINI OGAOBX G XSDR dizd S

(Student, Tanzania)
PXXXPP 2SS KI @S y2i (SRaeftSTar@afia)dza K LINF OGAOFf Qb

(v) Nature of the Practical ActivitieSome of the students commented on the type of instruction

given to them in their practical physics classes.

WL g 2adefeRYyYQaOK F 62dzi R2Ay3A ¢Sttt 2Nl y2i XXPdgS KI O
mentality, they tell us here that just go home and figure it out. For some of us, it is just really tough
G2 GKAY1 27T (StuebtiSSuth@rice)OSLIGI & QP

There were commes on the current practice which entailed teachers giving them the result or

readings of the experiment they have not performed or providing demonstrations. He commented

as follows.

WXXXD S aK2dZ R 0S FofS G2 R2 skiAgividhaus thingRwedA Rdz f €
want to find out already. Just give instruction and we do it ourselves and not the teacher doing it or

IAGAY A @82dz KS NBO2NRAYIA (JuNSntNSBUthRMkrigala 2 F 6Kl G K1

WeKS GSIHOKSNI Ay NRRRIZOBE ©#HS (RS GEYdRNNDERy 2y F2 NJ dza

6.2.4 What are the critical factors determining success and failure in delivery of the
intended curriculum?

There were a limited number of comments that related explicitly to the critical factors in

determining success and failure. Students mentioned the lack of resources, lack of mathematical

skills, and, more surprisingly, the belief that physics is only meant for an elite group. This

demotivated some of the students from learning practical physics.thibmes mentioned are listed

Ay ¢+FofS cdrd ¢g2 INB (GKS alyYS a (K2aS ARSY(GATA
YFEGKSYFGAOFE alAttaqQ gla | LINBE200dzZLI GA2y 2F GKS
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Table 6.7Themes and numbers of students making comments on critical factors

Country | Ghana S. Africa | Nigeria Tanzania | Total
(Number of interviewees)| (20) (18) (16) (26) (80)
Theme
(i) Resources and facilities - 8 - 2 10
(if) Lack of mathematical skills - 3 6 4 13
(iii) Attitude and motivation - 4 - - 4

() Resourcedhe students mentioned the inadequacy of resources and facilities as one of the

major hindrances to effective learning of practical phys&mme student comments were as follows.

W5dzS (2 NB&A2dz2NDS&X 6S INB y20 Ftt2¢ (2 R2 (KAYy3:E

alone to find things out by myself in the practicsseQ(Student, South Africa)

w2 § | NB adNHzZ3ItAy3a (2 3ISG ShHhadzadangSfiient Samrd 6 KA a Y|
Africa)

w2 S I NB NBAYy3 G2 R2 ¢Stf odzi y2i R@Syident,Sy2daK LN
South Africa)

Wh2 NB&a2dzNOSa G2 OFNNE 2dzi LINF OGAOFE | OGADBAGASEX
anR R2 (KAyYy3a (Sipldnd SortBAYigad t 0Sa Qo

WXd. SOFdzaS GKS LINF OGAOFE SljdzAa LIYSy
Sy2daAK 02 Y LIY8tBIght] Tabzarids NIi & Q @

FNB y20G Sy 2dz

(i) Lack of Mathematical Skill&. number of students mentioned that their lack of mathematical
skills was affecting their performance in practical physics. Several claimed to enjoy practical physics
but were afraid to solve the related mathematical questions. The students made theifugjo

comments.

w2 S || NB yz2i
Y2NB KSt L Ay

322R AY FNN}Yy3IAY3I | LI NI Gdza 68O dza 8
i K S (StadedtKrényanid)A OF £ F 4 LIS OG0 Qo

Wt N} OGAOIEEes 4SS INB F22R Yzalta Ay cildd INI LKAOL
FaLIS00 6KAOK a2YSGAYSa(SdedMigerig)2d 68 FTNRY GKS 21
W52Ay3 SEOSLIIA2YEE & ¢St f (Stodiml Séuth@fica)lINR 6t SY 64K
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w2 §

I NB

Tanzania)

WL

(iii)

and attitude. Some of the students said that the@rformance in practical physics was hinged on

tA1S

Attitude and Motivation.A few comments related to the central importance of motivation

R2Ay 3

aiddzRe A

gStft

y 3

Ay REGL

O2f t SOi{Studeyit, 6 dzi

LINI Od A OF f(StutaKteNigari@)a

o dzi

Y

3 NJ LK

I F NI AF

the belief that physics is only meant for certain groups of people and this makes them look down on

themselves and think they cannot do well in practical physics. One example is as follows.

WL QY v 2 0 m&Belayi Knd 6f&akytstudent or the impression that we got about physical

science been very difficult for us. There is no resources to do experiment and you get home with the

same mentality which hinders us from making progress. | think with more hakdamd better

d0AGdzRSE

(StudehtySouthAfri@a)S G (i S NI

This hints at an issue that is more explicit in the comment from another student at the same school.

w2 §

I NB

GNBAY3

2dzNJ 6S8ai

o dzi

S KI @8

i 2ingatS Y 2 NB

T

the end of the day for us to reach our full potential. We need motivation because we look down on

ourselves as they keep saying that it is only the white people that can do this or that and we are not
K I LI Subeit, South Africa)

6.2.5 How can th teaching of practical physics in African schools be improved in the short and

long run?

Many of the student responses suggested reforms in practical physics teaching. As might be

expected, the themes reflect the deficiencies they perceive, particulatlys availability of

resources and time. Changes in attitude and motivation were also considered relevant.

Table 6.8 Themes and numbers of students making comments on improvement

Country | Ghana S. Africa | Nigeria Tanzania | Total
(Number of interviewees)| (20) (18) (16) (26) (80)
Theme
(i) Resources and facilities 6 12 6 12 36
(i) Time allocation 10 4 8 12 34
(iii) Attitude and motivation 4 2 2 2 10

() Resourcesvany of the students asserted the need for additional resources. These included;

adequate laboratory equipment, separate physics laboratories for practical activities, the
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strengthening of teacher skills, and laboratory assistance support. The follownegcamments

made by the students.

Wt KEAAOA LINI OGAOFE Ydzald 0S LISNF2NXY Ay | O2YyRdzOA ¢
YFEGSNALFEE oAlGK2dzi 6KAOK 65 OKStudehtiiNiged®NIF 2 NY Ay SEI
w2 S ySSR | 060A3 f I ceadtdda iNiBgs indjiRually &nd @dcidzhoRtellibg us

or giving us things we want to find out already. Just give instruction and we do it ourselves and not

GKS G(SFOKSNI R2AYy3 Al 2N IAGAY I & 2 dz (Studst, SHEhO2 NRA Y =
Africa)

WL fA1S GKS 3I20SNYYSyild (G2 LINRPOARS Y2NB SljdzA LIYSy
FYR FldzZ déex GKSe | NB y2i ¢2 NJ(Stydant, Bigfia) o KAOK &2 Y¢S
W2 xff ySSR I ASLINIGS f1r0 F2NJ LIKeairoda LINI OiGAaOlf
OKSYAaildNE (Btydent Nigefla) 2 38 Q@

Wt NI OGAOIf LIKeaAroda gAfft 0SS Y2NBtdeny GaanapaiAy3a AF ¢
WXXPd2 S v SAdal safedy ¥dat, hdMlapparatus to do experiment regularly because we do

LINI OG A OF £ 2 (stadent,SSguthlAfricd)2 y (1 K Q @

WL gAft £A1S AG AT (GKS 3I20SNYYSyd OFy KSf LI LINE @A
teachers to encourage usRS @St 2L AYyiSNBad Ay (GKS &adzwaSOi I yR
(Student, Nigeria)

2 § S
I as

€

R fl1 02N} i2Ne G(GSEGo6221= flo 024G SG4O0d XXo
I & oS (Stuged Southyifrida) & ST ND @

<,

S
v

O
QX

Wi | @A Y ae efup®dndand welF dzNJ/ A & K S R (Studlent, Nigéria) 2 NB Q @

The students also commented on the importance of having a teacher who is well equipped with
practical skills to teach the practical aspects of the subject. Some suggested that teachers should

change their teaching approaches to be more student centered.

WXXIAAPAYA dza GKS 0SadG GSFOKSNI gK2 OFyYy AYLI Ol GKEC
S|j dzA LISRigeatNigeria)

w2S ySSR I GSFOKSNI 6K2 a LIS OAStutleht] Ghana)2 y LINI OiG A OF ¢
Wl GAy3 az2YS02Re 6K2 Aada 6Sft SIdALILISR Ay LKeéaios

(Student, Tanzania)
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We need a good physics teacher, laboratory technician who can help out when conducting the
experimentand guide us @l NA 2dza ¢l &8a 2F O2yRdzOGAy3 FyR O2NNB
(Student, Tanzania)

We¢KS (SHOKSNJ aK2dzZA R SYRSIF@2NJ G2 OFNNE GKS &ddzRSy
concept been taught before leaving the class. Most of the time we adigakin groups and you will

find out that not every student participated as many werefog 2 { (Stddin® Tanzania)

Wt NI OGAOIE LKe&arda aKz2dZ R 6S AydSNBadAy3ad +FyR y2i
R2Ay 3 (KS LINI Oévenuhderstand $h¢ teaciter sRaily 62 inside the class with us

instead of roaming around. Also teacher should make sure that we understand the things we are

R2AYy3a YR GKSNB akK2dzZ R 6S | RSIjdz (S (Stujedzh LIYSy i G 2
Tanania)

Wad ARSFf LINIOGAOIE LIKeaAOa aSaairzy akKz2dd R Ay@2f
experiment by telling them what the function of those physics equipment and the kind of practical

GKS@ INB dzaSR (2 LISNF 2 N) dthem@m@diof tBoFe eyUipmedt2Teedcet 3 dzS a

daK2dZ R YSSG 6AGK GKS LINAYOALIf G2 LINES#HAeRS GKS y S
Nigeria)

(i) Time AllocationMany students wanted more engagement in practical activities in physics and
emphasizé the need for more practical time in the school time table. Examples of such comments

are as follows.

WL gAft £A1S Ay 2dz2NJ GAYS (1 0ftSE GKSNB akKz2dZ R 0SS
are taught maybe electric current and befahe next lesson, we should be introduce to the practical
F&LISOGXX GKS GAYS F2NJ LINF OGAOFt (StukemtiNighd) SEIl Y& &K

Wt NEGARAY 3 | RSIjdzZl §S F LI NFGdza FyR ONBIFGAY3I Y2NB
(Student, Nigeria)

w2 S ySSR Y2NB LN} OGAOKHE 2y Y2ad 2F (GKS (2LAO Ay
GKAOK Aa y20 NBIffe& KSSstudany Soutdzsfrica)2 f S Ny LIKeaAOa

(p))

%)

(p))

Wa2NB LINF OGAOIE FyR R2iSfdent SNdth@Gidadl f LIK& &4 Oa N

Wt NE@GA&AA2Y 2F | LI NI Gdza FyR 2dz2NJ 6SI OKSNJ aK2dz R |
LINI OG A OF {StudeBt Nipérin)NI & Q @
We¢KSNBE aK2dZ R 6S Sy2dzZaK GAYS (2 LIS(sEmdeN)Y LIKeaioa
Nigeria)
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We¢KSNE &aK2dzAZ R 6S Y2NB Sy3r3asSySyid o0Sié6SSy GSI OKSN
LINPOol of& SOSNE ¢SS\ (StentiDutiRAfrizaf 2y O0S Ay | GSN¥Qo®
PXXPt NF OGAOFE LIKeaAoOa aSaaizy aKz2dzZz R B3ISO@y RdzOU S

(Student, Tanzania)

Y2 S ZK2dAZ R 06S KIF@Ay3a LINI OGA Ol (Studedk hada0a 2 F G Sy GA

Y2 S ySSR G2 OF NNE 2dzi LINNSNenOGhana)S 3SNE GAYS 6S KI

WXPd{ §dzRSy la aK2dZ R 06S 3IAPSY Sy2dza3K LINI OGAOS 2y
G2 LINI O {(Studéht, Tafzdna @

Waz2NB GAYS FT2NJLINI OGAOFE FTOUAGAGASA YR LINIY OGAOL

GAYS { (Sudedt,Tangania)

YeKSe akKkzdzZg R
K

RS@23GS Y2NB GAYS G2 LINF OGAOFE LIKeaA
R2Ay3 odzi N

B | NB (@Btadert, NigdriaJd dza (2 R2 (KSYXDPQ
w2 8§ ySSR Y2NB | LI NF ddzd FyR FNSujledtSTAnzanid)E L2 & dzZNB (i 2

(i)  Attitude and Motivation.The students commented on changes in the attitudes of teachers
that would assist their learning. Some of the opinions pointed to the need for teachers to be more

inspirational. The students offereti¢se comments.

WL gAft tA1S AG AT (GKS 3F20SNYyYSyid OlFy KSt LI LINR @A
0§SIFOKSNER (G2 SyO2dzNI} 3S dza (2 RS@St2L) AYyGSNBaid Ay
(Student, Nigeria)

W¢ S OKSNB SaBadRBYUSI 1B s (GKS NI (StudeiitdgGhahd®d R2 Ay 3 LJ
WeKS (GSIFOKSNJ aK2dzZ R SYRSF@2NJ 2 OF NNBE GKS &addzRSy
02y OSLIi 6SSy (Il dzAKG 0ST2NB St @Aay3 iowpSandyod
will find out that not every student participated as many weref ol 2 { (Stdtlen® Tanzania)

~

aXXXa

QX

The quote listed under the third research question on critical factors points to a reform that some

students saw as important.

Y2 S | NB bédubutiwg Bave2albinore dedicated and determined to achieve something at
the end of the day for us to reach our full potential. We need motivation because we look down on
ourselves as they keep saying that it is only the white people that can do thet and we are not

K I LISBuBeht, South Africa)
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6.3 Summary of Findings

This chapter provides qualitative data on the four research questions tackled ihabist It

includes stakeholdefyiews on the aims of the practical physics curriculum. Damt among these

I NBE GKS AYLI OG 2y oONRIFRSNI LKeaarda fSIENYAYy3I sAGK
WNBAYF2NDAY3I (KS (KS2NEQO®

The stakeholders provideallarge volumeof comments on present practiand the critical factos
affectingthe teachingand learningdf practical physics. They expressed diverse views on the student
performance. Some argued that serts achieve little while some we pleased with their
LISNF2NXYI yOS® ¢KSNE ¢SNBE O2YYSyida wfentaiddaRGy 64 Q Ay
up experiments while some of the stakeholders asserted that students are able to do practical work
but not the associated mathematics. Some participants in this study artpa¢the inadequacy of

both human and material resources is one of the major hindrances to effective teaching and learning
of practical physicsThere were also assertions that there is lack of sufficient time for practical work
due to the volume of worka be accomplished and the nature of the practical activities which they
believed is confined to meeting examination requirement. The students commented on the lack of
resources, their lack of mathematical skills and, more surprisingly, the belief thatplysnly

meant for elite groups.

There was a range of stakeholder opinions on ways of improving the teaching of practical physics.
They suggested; building more laboratories with modern equipment, reducing the curriculum

content, improving professionaiaining for physics teachey addressing the motivation physics
teachers, strengthening practical assessment and providing students with good background
knowledge in physics at the elementary stage. There were also suggestions on regional collaboration
among countries in Africa, having specialist practical physics teachers and teaching through the use
of ICT. The students asserted the need for adequate laboratory equipment, separate physics
laboratories for practical activities, strengthening of teachleitls and laboratory assistance support.
They also emphasized the need for moragiical time in the school tintable and changes in the
attitudes of physics teachers thttey believedvould assist their learning. They want their teachers

to be more irspirational.

In the next chapter, the comments made in this chaptdt be triangulatedwith the data from the
surveys and background data on the educational and social environments within which the schools

operate.
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CHAPTER 7

DISCUSSION

7.1 Introduction

In this chapter, the findings from the study into the teaching and learning of practical physics in

' TNAOFQa aoOK22fa INB RAaAOdzaaSR Ay NBtFdAz2y (G2 (K
study. The discussion is based on the quantitative: gualitative data that compared the responses

of participants. Educationalists, senior officials from the ministries of education, physics lecturers

from universities and colleges of education, high school principals, heads of department, physics
teachersand students participated in the study. In addition, the demographic data in Chapter 3

provide a context for the stakeholder opinions and offers additional perspectives. These various data

must be triangulated and informed by previous academic researdhreports.

The discussion is organised by research questions which are discussed in turn. For convenience they

are repeated below.
1. What are the current aims of the practical physics curriculum in African countries?
2. What is the present status pfactical physics education in African schools?

3. What are the critical factors determining success and failure in delivery of the intended

curriculum?

4. How can the teaching of practical physics in African schools be improved in the short and long

run?

It must be noted that the quantity and quality of the information gathered is uneven. Inevitably, the

data is shaped by issues of access to participdittsre is underepresentation of rural and remote
regionsand oveNB LINB A Sy (i G A 29SS RFSWOSY (iINBR SGHEOSBIAZ2Y I f f &
However, within such constraints, the surveys benefitted from high completion rates (100% in many

cases) and good coverage of informed stakeholders.

In addition, the participants cannot be expected to providela information needed to answer the
research questions fully. For example, the thesis contains a great deal of evidence on existing
practice but stakeholder views on the range of potential interventions are limited by their lack of

wide experience of ébctive practice.
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For each research question there are findings that are predictable. These tend to dominate the data.
However, there are also issues that have been raised by some participants that are lessamiliar
some may be of considerable importartcethose interested in strengthening practical physics

education in Africa.

It is reasonable to ask whether it is appropriate to answer the research questions for Africa as a
whole. There are arguments why this is reasonable. Much ofSahlaran Africasicharacterised by

limited economic development, rapid population growth, limited teacher skills and numbers, and
traditional social structures. These issues are relevant elsewhere, e.g. in South America. Given these
similarities, it is not surprising thatany common features relating to such issues are found in the

survey data and interview responses.

However, SSA countries also have significant differences, not least in their political systems with, for
example, strong centralisation in Ethiopia and Tama but greater scope for local initiative in
Nigeria. Similarly educational policies and priorities differ across SSA. The discussion attempts to

draw overall conclusions while recognising diversity.

A theme that will emerge in the discussion is that thetors influencing practical physics education
are complex and are intimately connected. Later in the chapter, in the section addressing the factors
that influence present practice, a system description is provided that attempts to show the linkages.

Thesystem description makes use of influence diagrams.

One of the aims of the thesis is to provide a description of the present position and an analysis of
possible beneficial interventions. Several possibilities will be discussed. They will include the
interventions that flow from discussion with stakeholders and those that represent major changes in
approach, particularly those that harness new technologies. The system description can be used to

guide and assess the likely success of such interventions

7.2What are the current aims of the practical physics curriculum in African
countries?

In Chapter 2, five aims were adopted. These offered a succinct summary of previous academic

analysis and were intended to help in structuring the investigation. They were;
1 to develop skills in the design of experiments and investigations.
i to encourage skills of working together in a scientific context.

9 to provide a context for the development of mathematical skills.
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i to make new observations about the natural world.
i to encouage the development of skills in the design of instruments.

When asked to rank the above five aims that are framed in terms of advances in learning, the
0SFOKSNE NIyl SR (K Sdévelogskills i thél dedign of expedientgdnd K = Wi 2
investig GAAY@OY KA IKStd éncouddige thé\devieldpmeny/oRskilg in the design of

Ay a i Nuanikedlast(Fgure 5.3).

This ranking given by physics teachers is similar to the rankings found in previous literature. For

example, Hodson (1990)ddtifies the main reasons given by teachers for using practical work in
GSIFOKAY3IAZ FYR WWi2 (SFOK f102NXi2NE &1AffaQQ gl 2
Hodson was looking at science teaching in general and not physics in particutaeitdand Lunetta

(2004) offer a similar list. Skills development was ranked third out of a possible five aims in their
daldzRed 222fty2dzaAK yR !'faz2LlQa o6mpypv addzRe f22171a
activities/task undertaken by the stients. Exercise was first on their list of practical activities which

develop practical skills and techniques.

However, there is very little evidence that physics practical work in SSA addresses these five learning
based aims. Instead practice is domirdhtey aims that are purely operational (gaining the
qualification) or aims that address higher priority curriculum goals (e.g. informing and reinforcing

theory).

The pragmatic focus on the qualification is reflected in the neglect of practical physiestiti¢t is

devoted to it and the practical work that is offered is usually aimed at exam preparation. The limited
perceived relevance of practical physics is evident from the responses of the teachers when asked to
give a ranking of the requirement for aekiing physics qualification. Their responses showed that

skills in practical physi¢the highest ranked learning aim) is ranked lowest of the four options as a
prerequisite for gaining physics qualification. Insteaafjerstanding of physics contestudged to

be the most important qualification priority (Figure 5.4). This view is echoed by students who are

exam focused and are seeking content knowledge and understanding.

The gualitative data gathering gave the stakeholders the opportunity to state what they think are

the aims of practical physics teaching without the constraint of choosing from a list. Their responses,

which are summarised in Table 6.1, included aims toatd be found in the five listed aims but also
LINBASYGSR 20KSNJ gASgad ¢KS R2YAYlIyd GKSYS Ay G(GKS
with emphasis ot dzy RSNR G YRAY 3 2F LIKe& aAOa . dRttddspediicc | yR NJ
learning, they SEG G KSYS Ay (KSAN NEibslidgtgs@grng, hahding&MdBS R 2 LIA y .
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manipulation of experimeraswellay { Ay 3 204ASNBI GA2y a3 NBLEZ2NIL 6NRQ
There was also comment on exploration and discovery with opiniomsaking new discoveries and

verifying facts and laws of physid&hese are broadly consistent with one or more of the five aims.

However, a significant proportion of stakeholders injected views on additional aims. They saw roles

for practical physics isustaning and motivating the interesif students and in contributing to

personal owider economic needs and prioritiest is worth noting that the aims that lie outside the

chosen five were recognised by previous authors. For example Kerr (1964) inclatieation

6¢l106fS HomMO A Fy FAY o6dzi GSIFIOKSNE RAR y2i4 NIyJ
Y2UAQFGA2Y 6¢10fS HoHO 2y GKSANIfAal 2F FAYa 0 dz
views, it could be speculated that av@ecognition of the potential for student motivation is more

relevant in educational systems that are more challenged.

In the paragraphs below, the aims offered by the stakeholders are discussed more fully.
7.2.1 Broader Physics Learning

The stakeholdermterviewed in this study asserted that practical warkproves factual knowledge

and gives students a deeper understanding of the subject, and that practical activities also help in
reinforcing the theory that is being taught in the class (Table 6.13.viéw was supported by the
students who claimed: that practical work helps them to understand physics; that they are able to
learn well from practical work in physics (Figure 5.11); and that they enjoy practical because it helps

them to understand the thory (Figure 5.12).

These claims align with the assertion by Wellington(1998) who grouped the reasons for doing

practical work under three broad headings: cognitive, affective and skills, with the cognitive aims of
Ymproving pupil understandiyy I hglR to dbnfirm theorywo® @ ¢ KS a0l { SK2f RSNAEQ
GSNBE |taz2 Ay fAYS G6AGK | 2Raz2y 0 mabthmé theddardingl NA dzS R
of scientificknowledg@ ® ¢ KA & @ASg KI & 0SSy adzLIlR2NISR o0& 20K!
Parkinson, 2004). One might ask why content understanding aims are not explicit in many published

lists of the aims of practical physics. Is it because these aims are tacit but still important, or is it

because the broader curriculum aims are not the ptjofor those able to devote considerable

resources to delivering the curriculum? Is the SSA position different? Maybe teachers who cannot
assume that the learning of content/understanding is adequately covered, see practical physics as an
additional oppotunity to cover the elements they consider most essential? At the very least, those
intending to assist the development of practical physics in SSA should recognize that expectations

may well differ from norms elsewhere.
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7.2.2 Practical Specific Learning

TKS &aidl1SK2ft RSNEQ NBalLkRyasSa Ay GKS ljdzr t AGFGABS
enhances instrumental skills, data analysis skills, and mathematical skills. Other skills such as
designing of experiments, handling and manipulation of experisi@gnnovation and creative

thinking, observation and report writing were also alluded to by the stakeholders (Table 6.1). The

S OKSNEQ &adzZNBSe RIEGlE Ffaz2 AyOftdzZRSR GKS OflFAYa
design of experiments anduestigations (Figure 5.3). These assertions were supported by the

students (Table 6.5). The students also claimed that practical work in physics helps them in

developing skills such as designing of experiments, handling and manipulation of equipment,

innovation, creative thinking, observation and report writing.

These assertions are in line with several authors (Muhasia et al, 2011; SCORE, 2008; Hofstein and
Lunetta, 2004; Watson, 2000; Woolnough and Alsop, 1985; and Tamir 1973) who have argued that
practical work enables the students to develop familiarity with apparatus, instrument and
equipment, and that students also acquire manipulative skills and are able to develop expertise for
reading scales etc. These claims do not appear to be contentious. tatli(L998) also argued that
practical work develops not only manipulative or manual dexterity skills, but also promotes-higher

level transferable skills such as observation, measurement, prediction and inference. However,

Wellington offered a cautionan2cY YSy & 2y KA & Of Ithe ¥videnoedortheda & SNI A y 3

ONFYyaFTSNroAaAtAGE 2F aiAatta Aa ftAYAGSRQ

Some stakeholders have argued that practical work should be thought of as fact finidisigns and

that students should be able to discover as well as being told (Table 6.1). These roles appear in the
lists developed in previous studies (Beatty and Woogtg 1982; Kerr, 1963; Swain et al, 1999;
Parkinson, 2004; Wellington, 2005; Ghebremariam, 2000) where practical work is said to be an
integral part of the process of finding facts by investigation and arriving at principles. Although these
views are offeed by science/physics teachers, there is effectively no evidence that they are

translated into practice they can only be regarded as aspirational.

Overall, it is clear that stakeholders are aware of the importance of practical physics as an essential
part of physics as a subject. They do not regard it as an adjunct that serves to elucidate theory but
believe it has validity and value in its own right. However, for pragmatic reasons the subject balance

is distorted. They respond to exam pressures arsduece shortages.
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7.2.3 Motivation

Many stakeholders have asserted that practical activities can help to arouse and sustain the interest
of the students in physics. The direct sensory nature of experimentation was seen as relevant to
motivation. This waknked to tangibility and relevance. Many of those interviewed asserted that
practical work helped learners to relate what they have learnt in physics to what goes on in the
natural and industrial environment (Table 6.1). By carrying out practical wodergts gain insight

and are more able to solve life problems.

[da’y

CAYRAY3IA FTNRBY G(GKS &0dzRSy i adzNBSe O2NNRAladel S (K
majority of the students across the four countries surveyed claimed that they enjoyed doing

practical work- it is their favourite part of physics lessons. They also prefer the freedom they have

during practical work compared to the theory sessions (Figure 5.11 and Figure Bhg2)esponses

from the focus group discussions with the studentsgups these assertions. The students claim

that practical work in physics helps them to relate physics to life activities. They claim to enjoy

practical physics because it is interesting and fun. They asserted that their interest is stimulated by

direct physical interaction with equipment, by what they can see and touch (Table 6.5)

Similar findings were reported by Collins (2001), who argued that practical work creates motivation
and interest for learning physics as it allows tacit knowledge of scientiéngmena to be gained.

Millar (1998) has also argued that practical work should be viewed as an important means of
allowing physics learners to reconcile and link the physical world with its physics description.
Supporting this assertion is Barrow (199%onargues that practical work is interesting and fun,
providing pupils with the opportunity to work with materials that they may otherwise never come
across. Findings from several other authors have also argued that practical work tends to motivate
and stmulate student interest in science (Tamir, 1973; Kerr, 1963; Hodson, 1990; Watson, 2000;
Parkinson, 2004; Bennett, 2003).

Ly O2y iGN} ads ' oONXYKFEY O6uHnndp0d KFa FNHIZSR GKIF G LINT C
interest in science and does litile ensure that students continue to study the subject after it is a

compulsory part of the curriculum. This was also supported by (Cleaves, 2005; SCORE, 2008, Wilson

and Ward, 1997).

Overall, the evidence for the relevance of motivation in SSA prastitet iconvincing. The
comments made by students and stakeholders tend to be very general and to lack the vivid
anecdotes that would suggest real impact. Student groups who have little exposure to

instrumentation and measurement cannot be reporting theiedt experience and may just be
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anticipating that novelty would be motivating. There is little evidence that students have grounded
expectations that practical work will have employment relevance which has high priority in the
thinking of SSA students.

It might be sensible to assume that the comments about motivation express aspirations rather than
aims and to speculate that the subset of students with intellectual curiosity about science/physics
are susceptible to being motivated for reasons that transciedthinking of the broader

population. But it is also an established fact that many students avoid the sciences because they

appear to be abstract and difficult for the students to grasp.
7.2.4 Economic Needs and Priorities

In the qualitative analysispme stakeholders related skills acquisition to the economic needs and
priorities of the individual and society as a whole. They asserted that students can contribute to the
development of a country if they acquire the necessary skills (Table 6.1). Thissevasipported by
some students who were able to recognize the role of practical physics in addressing economic

needs and priorities and saw it as a useful background skill (Table 6.5).

The economic imperative is included in the aims listed in the phgsicEulum document of the
countries involved in this study (CAPS, 2011; NERDC, 2009; CRDC, 2008; TSCE, 2009)

The primary aim of the practical physics activities in the Ghana physics curriculum document is to
enable Ghanaian society to function effectivél a scientific and technological era, where many

utilities require basic physics knowledge, skills and appropriate attitudes for operation (CRDC, 2008).

The South Africa Curriculum Assessment Policy Statement (CAPS, 2011) states that practical physics

will prepare learners for future learning, specialist learning, employment citizenship, holistic

development, socioeconomic development and environmental management. CAPS plays an

increasing role in the lives of all South Africans because of its influenseientific and
0§SOKy2t23A0Itf RS@OSt2LIYSYyl 6KAOK A& ySOSaal NE F2N
wellbeing of its people

The Nigerian Education Research and Development Council (NERDC, 2009) has asserted that

practical work in physics wilhable the studentso acquire essential scientific skills and attitudes as

a preparation for the technological application of physics.

The Tanzania Certificate of Secondary Education (TCSE) description asserts that engaging students in
practical work in piisics will promote scientific and technological knowledge and skills in

management, conservation and sustainable usthefenvironment (TSCE, 2009).
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7.3 Policies and opinions across SSA

The discussion of aims so far has been framed in terms ohtbeview and survey data. An obvious

guestion is whether there is consistency between such stakeholder views and the curriculum

strategy documents that are intended to guide educational practice. Are stakeholders reflecting

policy and do the policy documes themselves agree on the aims of the practical physics

curriculum? The aims of teaching practical physics as stipulated in the strategic policy statements are

set out in Table 7.1.

Table 7.1The aims of the practical physics curriculum as indicategiional curriculum
documents. Minor editing has been used to shorten some entries.

Country | Curriculum Aims

Ghana |w¢2 LINPOARSI (GKNRdzZK ¢gStf RSaAAIYSR aidzRA
handson educational experience to become wiallormed and productive citizens.
w¢2 SylrofS (GKS DKIEIYFAlLY &a20ASG& Fdzy Ol A2y
many utilities require basic physics knowledge, skills & appropriate attitudes for operation
wt2 NBO2AYAT $z2ihK 3 1dzAi3 Rt wSAAYAGI GA2ya 27
w¢2 NI A&S GKS -rdlaionsNipsyp&viedn pBy3ics And indbidtd/, Information, arf
Communication Technology (ICT), Agriculture, Health and other daily experiences.
wt¢ 2 RIndBderds, skills and attitudes that will enable them to practice science in the
most efficient and cost effective way.
wt2 RSOPSt2L) Ay aiGdzRSyia RSaANlrotS FGGAdd
accuracy, perseverance, flexibiligyriosity and creativity.
wt¢?2 abGAYdzZ FdS 9 adzadl Ay AyGSNBald Ay LIKeE3

South wt2 YIS ftSINYSNAR ¢ NBE 2F GKSANI SyO@ANRY

Africa relating to physical phenmoena e.g. classifying, formulating models, hypothesizing, identifyi
and controlling variables , inferring, observing and comparing, interpreting, predicting, pro
solving and reflective skills.
wt?2 LINRY2GS (y26ftSRIS | opoblem solkirigithe koyistrdcidia S
and application of scientific and technological knowledge; and understanding of the natur
science and its relationships to technology, society and the environment.
w¢2 LINBLI NB f SI Ny SNBE |FamniNg, dmtdydedhBcitizerShig\Boisye 3
development, socioeconomic development and environmental management.

Nigeria |w¢2 LINRBODARS oFaro fAGSNI O8 Ay LIKe&aAroa ¥
wt¢2 | OljdZANB o6l aA0 02y OS ipiéparation/fdr furtliiBtyd@ss LI
wt¢2 | OljdZANB SaaSyairt aO0OASYUGATAO alAitfa
of physics; and
w¢2 abdAYdAZFdiS IyR SyKIyOS ONBIFGAGAGE

Tanzanial w¢ 2 dzy RSNEGFYR GKS fly3adz3S 2F LIKeaiAoa
w2 SELXLFAY (GKS2NAS&T fl1 64 | YR LINKAYOALX §
w¢2 dzy RENEGIYR GKS a0ASYGATAO YSGK2R Ay
wt2 LINPY23GS aO0OASYUGATFTAO FyR GSOKy2f23A0!If
and sustainable use of the environment
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w¢ 2 LINE Yplatie shils tf hanage various technological appliances
w¢ 2 LINE ¥Rdy Br saf&itaficement in new frontiers of physics
w¢2 | LIINBOAIFIGS GKS NBftS 2F L/ ¢ Ay GKS LN

Although there are common strands in the aims identified by the tountries, the emphases are
different and there are major differences between the aims set out and the practice that was

observed.

Ghana provides aims that are fairly comprehensive though there is no explicit mention of the
relevance to the acquisitioof content knowledge and understanding. There is a significant
disconnection between such a long and demanding list of aims and the allocation of time and

material resource allowed for their delivery. There is no prioritisation.

The aims listed for Southfrica address mainly practical specific roles and do not reflect the
preoccupation with content/understanding that was observed. There is no clear recognition of the

opportunity to motivate.

The Nigeria practical physics curriculum is rather differefitastan explicit emphasis on the
contribution of practical physics to broader physics (content knowledge, and understanding etc.)
which mirrors practice. The aims do not mention motivation, but, in a short list, space is found to

include the promotion of ieativity.

Tanzania too starts its list with broader curriculum aims. It is interesting that it emphasises direct
manipulation skills which are of limited relevance to contemporary physics while recognising that

practical physics might affect appreciatiohthe role of ICT in learning.

At the strategic level of curriculum policy documents, it is clear that SSA does not have a common
view. This does not appear to be a matter of detailed drafting but concerns the identity of practical
physics as havingwalue that is independent of the wider physics curriculum. Does it merely support

physics or have important additional roles?

It is quite clear that the practice revealed in this study could not deliver the aims for any of the
countries listed. The exanystems are based overwhelmingly on factual recall which militates
against the higher order learning included in the national curriculum aims. In turn the exam priorities
influence resource allocation, teaching priorities and student attitudes. Little ttteris given to

practical physics.

The five ans that were listed in Chapterghd used to frame this study are clearly insufficiently

broad to encompass the aspirations of Ssdtharan Africa. The following expanded list expresses the
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aspirations that areevealed in this study. It is for governments to prioritise and to commit the

resource required to translate these aspirations into lists of achievable aims.

1 Understanding of physics concepts.
1 Reinforcing the theory learnt in physics.

9 Acquiring skillsg.g. designing experiments, performing observations, analysis and report

writing).
1 Exploring and discovering physics laws.
1 Motivating students, especially in relation to environmental and employment opportunities.
9 Nurturing the personal development andeligkills of students.

1 Contributing to national economic development.

7.4 What is the present status of practical physics education in African
schools?

This section will address the second research question on the present status of practical physics
educatbn in African schools. It will include comment on; the prevalence and nature of practical
physics experiences, the resources that are available, the attitudes of those involved, and the

achievements of the students.

The overall picture is discouraging. Biog, as an individual subject or as part of an integrated
science, is widely taught as a standard part of the compulsory curriculum. In addition there is
reasonable enrolment as an optional subject though there is a significant gender imbalance.
However with the exception of trailblazing centres which are often dependent on expatriate
personnel or external resources, practical physics, where taught at all, is almost completely limited
to exam preparation and teacher demonstrations. This narrowness obgarand method is in

direct conflict with the professed importance of practical science/physics set out in national

curriculum strategies.

Stakeholders expressed consistent views on the current practice in physics education in Africa. They
asserted that st physics teachers only teach the theory and leave practical work until the

examination period. The practical syllabus is not completed, thereby limiting the extent to which it
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can achieve the purpose for which it was designed. Resources are eithet ahsehere present,

are not put to use.

There is scepticism about the professional skills of teachers in relation to practical work. Although
students welcome practical work, most gain few relevant skills. Most students find it difficult to set
up experinents, take readings, plot graphs and make necessary deductions on their own. The

problem is further aggravated where mathematical aspects of practical physics are involved.

These remarks are elaborated below. As the topic of the section is current pratbcdirect views
of those involved are of particular relevance and the section leans heavily on the qualitative data set

out in the previous chapter.
7.4.1 Nature of the Practical Activities

This study shows that practical activities are essentiallyilmed to meeting examination

requirements. In the qualitative study, several stakeholders claimed that the priority is to train
students to pass exams and that practical work in the physics curriculum is seen as a means to pass
those exams. The exam fodgsapparent in several ways. The extent to which practical activities are
offered at all depends on the summative assessment policy in the country. Where practical work is
separately assessed, scheduled time is provided though the time is often verydlitbere it is

not assessed, there is very little offered. Stakeholders assert that physics teachers only include
practical sessions during exam periods and that the scope is limited to what is supposed to be
learned in practical physics (Table 6.2). Tregmatic dominance of exam preparation is also clear in

the way practical sessions are designed.

In many cases, there is little recognition of the broader learning possibilities of practical physics. For
example, some students claim that the current praetin their practical physics class entails

teachers either giving them the results of experiments that the students have not performed or
providing frontof-class demonstrations (Table 6.6). When considering possible approaches to
teaching practical physs, the majority (> 60%) of the physics teachers asserted that students should
follow predefined steps in carrying out experiments and that they should be focused on the
importance of getting the accepted answer (Figure 5.7). These views are reflectiedibgg from

the survey which revealed that teachers believe that the physics curriculum is focused on preparing
students for higher education and that few students gain skills of independent thinking (Figure 5.6).
Such opinions contrast with the viewspegssed in the student survey, where students claim to

dislike following prescribed experimental procedures and watching the teacher doing the

experiment (Figure 5.13).
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These tendencies for the nature of practical work to be defined by assessment reqaiseand by
pragmatic considerations of efficiency are unsurprising. The broad findings reflect observations
made by Millar and Osborne (1998) who claimed that practical work that was conducted in
accordance with the UK National Curriculum was mundanetatize assessment. Lazarowitz and
Tamir (1994) found that students are usually required to follow a recipe in order to arrive at a
predetermined conclusion and, as a consequence, the cognitive demand of the laboratory tends to
be low. Kind and Tabe (200&s0 opined that assessment criteria lead some teachers to focus
primarily on meeting assessment requirements rather than using practical physics as a method of

broadening the learning of science (including physics).

Hodson(1990) argued that this impoverished approach was very common. He suggested that

theoretical arguments and research evidence have reinforced the view that practical work in school
science, as presently organised, is largely unproductive and patentlyeutaajoistify the often

extravagant claims made for it. It should be noted that this view was advanced as part of a dialogue

about reforming practice and shifting the emphasis of practical work in order to foster inquiry skills

in the UK. A report by the UB(ffice for Standards in Education (OFSTED, 2008) provided similar

findings. The report stated that the nature of most practical work in current secondary schools was

recipea (&8t S | OUAGAGASAE 2NJ 62N] aKSSGao gKkiBakli NBA G NRC
GKS2NBGAOIE dzy RSNA G Yy RA Y Jrardritting Khawkegg® dbouRsti®@ell 2 (G K S
(OFSTED, 2008, p.35).

In summary, physics teachers in SSA focus on students passing the examinations and obtaining high
grades and this is hayra great influence on the way practical work is carried out in most schools in
Africa. Teachers only give high regard to practical work if it helps students pass examinations
irrespective of its contribution towards developing practical skills or otherwisirriculum and
examinationoriented practice which is prevalent in African schools, limits the scope of inquiry based
learning. In addition, the traditional and outdated experiments that are used give little opportunity

for discovery or contemporary d$ls acquisition.
7.4.2 Resources and Facilities

The availability of materials and skilled staff for effective delivery of practical work in physics has
been a long term and major concern in African schools. In thiseation the issues of class sizes,

staff availability and skills, and material resources will be discussed.

Demographic and development issues are of fundamental relevance in considering resources and

facilities. Subsaharan Africa has a rapidly expanding population and ambitious nationalfplathe
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education of its young people. School populations are expanding rapidly, demanding new buildings,
equipment and staff, while most governments have very limited budgets. Inevitably, provision

cannot match desirable standards.

More than twothirds of the physics teachers interviewed in the qualitative study asserted that they
have large class sizes and very little equipment. This view is consistent with the quantitative data
(Figure 5.8). The students also assert that lack of adequate resourteskge number of students
sharing equipment influences their learning of practical physics (Figure 5.13). Large class sizes
(classes above 40 students) were the norm in about 60% of schools visited during this study. The
issue was particularly prominemt iTanzania. Class size is a major consideration when teachers make
pragmatic decisions about how they are going to teach. It is extremely challenging for a teacher to
organise a practical class when confronted with6@0students with limited access to maces. The
difficulty is exacerbated by limited training and exam requirements that do not recognise the
importance of practical physics. Large class sizes also make the assessment of practical activities in
physics difficult for the teacherit is chaléenging to diagnose weaknesses and provide feedback to a

large number of individual students.

Several educationalists corroborated the claims of the physics teachers. They opined that practical
work is not done well because physics is the subject withmhbet acute shortage of teachers and

that, in some schools where there are qualified physics teachers, there is no equipment, thus making
the teaching basically theoretical. They also claim that there is insufficient laboratory assistance to

support the phgics teachers (Table 6.2).

The problems of large class size and shortage of teachers are exacerbated by a skills deficit.
Although, the majority of the teachers claim to have good knowledge of physics content, they also
accept that they have limitelinowledge and skill in teaching the practical aspect of physics (Figure
5.6). An obvious consequence is that teachers tend to only teach the theoretical part of physics to
the neglect of the practical aspect. This eases classroom management issues tauticstiaat

avoids dealing with their limited practical knowledge.

Lack of material resources increase the problems that teachers face. According to the teacher
guestionnaire responses, the overall view of the physics teachers is that resources areqaated

Although the majority of teachers assert that they have a dedicated physics laboratory, there are

major concerns about the adequacy and state of repair of the laboratory facilities (Figure 5.2 &

Figure 5.8). A clear majority of the teachers cldmatthey do not have laboratory assistant support
OCAIdzNBE pPHUO® {GdzRSYy G RFEGE O2yFANX GKS adF {SK2fF

strong claims from students that the inadequacy of practical physics equipment made it difficult for
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them to engage with practical physics regularly and sometimes led to their failure in physics (Table
6.6).

Although the lack of resources is evident, several stakeholders have pointed to lack of use of the
equipment that is available while others have suggesked the lack of skills in teaching practical
physics leads to a failure to make use of what is available and to innovate in providing worthwhile

practical learning experiences.

These overall findings are consistent with previous research (Lazarowizaamd 1994; Kasande,

2008). These studies indicate that large class sizes, lack of laboratory apparatus and equipment, lack
of qualified, wellmotivated and confident staff (teachers and technicians) have had and are still
having a strong influence in thveay science (including physics) is taught in schools. Researchers in
Nigeria (Ajayi, 2007; Okebukola, 1997; Olaleye, 2002; Ogunleye, 1999) have argued that inadequacy
of good instructional material, equipment and laboratory facilities in schools affegtively the

effective learning of physics in schools. Ango (1990) attributed the poor performance of students in
physics in Africa to lack of qualified and experienced teachers, and availability or insufficiency of

materials in the laboratories.
7.4.3 Lak of Teaching Time for Practical Physics

Closely linked to the previous discussion is the issue of the teaching time devoted to practical
activities in physics. The clear evidence from this study is that physics teachers rarely create time for
practical egagement by their students. Informal observations during the visits showed that there is
limited time given for practical physics in most of the school timetables. Although, most of the
physics curriculum statements for schools in -Sathara African recomand that teachers should

teach practical alongside the theory, there is little evidence that this is carried out in practice.

The teacher survey suggested that there is insufficient time to explain topics to the required depth

(Figure 5.6). A major concethat emerged from the qualitative study was that there is a lack of

sufficient time for practical work due to the volume of work to be accomplished and the nature of

the school timetable (Table 6.2). The findings from the student survey corroboratéithe]sS K 2 f RS N& Q
assertion (Figure 5.13). The student survey also revealed that the overall physics learning experience

Ada LI aaA@S SAGK ySIENIe ymw: 2F GKS GSIFOKAy3a GAYS
and working from textbooks, with only0% of the physics lesson devoted to grdagsed practical

work (Figure 5.10). Some of the students made a similar claim in the qualitative study. They asserted

that there is limited time available for practical activities which leads to their inabilipetform

well in practical physics (Table 6.6).

185



Lyons (2006) discussed these issues in an account of the factors influencing physics and chemistry
enrolment in the UK. He asserted that science teachers (including physics) do not have time to do
practicalactivities due to the overloaded curriculum which compels teachers to focus more on
completing the syllabus than on the pedagogy of science teaching. Osborne and Collins (2001) also
claim that the lack of teaching time coupled with an overloaded curriciigutine reason why

teachers use transmissive pedagogies.
7.4.4 Student Performance

Overall, the evidence from this study is that students in-Sabaran Africa learn little from practical
work in physics, partially because of lack of opportunity and airtbecause of the way that
practical physics is organised in schools. However, the stakeholders from the four countries tended

to have different views on the achievements of pupils,

Stakeholders from Ghana asserted that students hardly acquire argyaskilhe majority do not

engage fully with practical work but just get the data for the experiment without taking part in the
corresponding practical sessions (Table 6.2). They asserted further that students have little incentive
to engage as they can learreproduce and use the theory and pass the course without engaging

with practical work. This assertion was supported by Ghanaian physics students. They argued that
GKSe& o aRARGly 11a03V 1 1ay &FGF KNI R LINI OGA O . LIKe@aAoa A
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Stakeholders from Tanzania made a similar argument. They asserted that students lack skills in
identifying practical physics equipment and have poor mathematics knowledge which leads to poor
performance of the students in practical physics (Table 6.23.&4sertion was not limited to high

school students but extended to university students. Physics teachers in Tanzania also claimed that
their students only did well in practical physics when given detailed instruction on what to do, but,
even with this h#p, they were unable to apply mathematical knowledge within the physics practical
context. Tanzanian physics students were in agreement with these assertions: they claimed to be
doing badly in practical physics due to an education system which focusesomdine theory. Some

of the students also argued that they are not good in identifying and arranging practical physics

equipment and that they need more help in the mathematical aspect of practical physics (Table 6.6).

The criticisms of the education $gm seem to be well founded and identify an important general
issue. The theory focus and the lack of priority given to practical physics is clear in that 90% of
a0K22t&a Ay ¢FyTFyAlF 2L F2N GKS Wt GSNYyIFGAGS (2

requirements.
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The picture is different in Nigeria where stakeholders argue that students are performing well in the
practical physics element of external examinations. However, it is suggested that they still face a lot
of challenges in data analysis an@ tmaking of necessary deductions (Table 6.2). These assertions
were supported by physics students in Nigeria. Some of the students claim that they find it difficult

to set up experiments and to plot graphs and complete other aspects of analysis (Table 6.6)

The majority of South Africa stakeholders contributing to this study argued that students perform
poorly in physical science in matriculation examinations and attribute this to the low level
involvement of students in practical physics (Table 6.2).viéns was supported by the students.

They claimed to be able to appear knowledgeable in their practical physics classes but perform badly

when they are in the exam situation (Table 6.6).

The weak performance of South African students in matriculation exaiaims is a concern.

Anecdotal records gathered during the study visit to South Africa revealed that about 80% of

township schools fail badly in physical science. This might be because students can pass through high
school without any involvement in practil physics. Another issue that might account for this high

level of failure is the fact that physics and chemistry are fused together into physical science in the

South Africa context and the teachers may not be proficient in teaching both subjects.

It is worth noting that data from the student survey revealed that students least enjoy the analysis

aspect of practical physics, involving calculation, graph plotting and reporting (Figure 5.13).

| 26 SPSNE G(KS 3GdRSYGaQ 651 1ufdakadaf knbyleddefSa S | NB I

mathematics itself but might be linked to limited experience in modelling, the analysis of a physical

system by a mathematical model.

CKS a0l 1SK2f RSNEQ aaSNIA2ya |NBE Ay fyafyS gAGK
practical work are that most school experiments are dull and uninformative, and that most learners
R2y Qi NBO23yAasS GKSANI LHzZNLIR A4S 01 2Ra2ys mMpdhnT |
practised in many schools and countries isolhceivedconfused, and unproductive and has not yet

been successful in achieving the goals it is purported to achieve. Millar and Abraham (2009) also
confirm the findings by stating that although students find practical work enjoyable, they learn little
from it. Trey assert that, a few weeks after carrying out a practical task, most students recall only
superficial details and are unable to say what they have learned. These studies were conducted

within contexts that are different from those found in SSA and, inesoases, were focused on

deeper learning but they serve to emphasise the limited success of achieving intended learning goals

via practical physics.
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7.4.5 Attitude of Teachers and Students

The attitudes of teachers and students towards practical phys&sadher different. Overall,
teachers are reluctant to engage in practical sessions but students claim to both enjoy and benefit

from such experiences. Both positions are understandable.

Several stakeholders questioned the commitment of teachers to palgiltysics teaching.
Educationalists cite a lack of the skills required to teach the practical aspects of physics due to
deficiencies in the training teachers have received. The consequence of teachers not having been
exposed to practical activities themses is that they tend to only teach the theory and are afraid to
deal with the practical curriculum (Table 6.2). The ramifications vary with country. In countries
where practical work in physics is assessed (Ghana and Nigeria), practical work covieoing qus

two experiments is scheduled for the period just before the examination. In countries where there is
no practical physics examination (South Africa and Tanzania), teachers display an even more
negative attitude toward practical engagement and rgue teachercentered practical activities or

neglect practical work entirely.

The teacher survey corroborated the weak skills assertions made by the educationalists. There were
claims that most (>80%) of the physics teachers have good knowledge afpbgstent but the

majority (70%) believed that they had limited knowledge and skills in teaching practical work (Figure
5.6).

There is some evidence that large class sizes combined with traditional hierarchical attitudes affect
preferred practical teachippstyles. In the survey data, teachers show a preference for practical
classes to be structured in closed and easily controllable ways (Figure 5.7). Perhaps a lack of teacher

confidence contributes to such preferences.

Several stakeholders discussed whetteacher commitment was influenced by other factors,
notably pay and status. They painted a picture of an overstretched workforce who have no incentive
to show imagination or creativity in meeting the practical work challenge or even in undertaking the

personal development that might improve their professional contribution.

Most of the students in this study showed a positive attitude towards practical work in physics. Most
(88%) of the students claimed that practical physics gave them a better unddirsgaof what they

had learned in the theory class and that it had expanded their knowledge of physics (Figure 5.11).
The students further claimed that they enjoyed seeing things for themselves rather than being told
and that they enjoyed the freedom of fiimg things out themselves. Some of the students asserted

that their prime interest in practical physics was success in their final physics examination while
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some were less closed in their thinking and claimed that practical physics was very interedting an

believed it would help them to build their career in the future (Table 6.6).

Faize (2011), in his research on the problems and prospects of science teaching in Pakistan, argues

that some teachers are not competent in teaching through activity methodsoi@e and Simon

(1996) and Mohanty (2004) came to similar conclusions in their research on science education

program in secondary schools in New Delhi. The lack of teacher knowledge, skills and confidence

restricts the amount of practical work that can performed in Fiji high schools (Cook & Taylor,

MPpppPO® ¢KS FTAYRAYIA 2F | adGdzReé O2yRdzOGSR o0& bAgdlI
of competency in practical skill affects effective delivery of practical work in physics.

The present finohgs arealso in line withNajade (2008) who asserted that teachers in Africa are
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management and control, shallow subject matter knowledge and lack of profegsm. Olarewaju

(1986) and Nwagbo (1995) also assert that ignorance of the teachers in terms of practical skills and

the neglect of appropriate teaching approaches by the teachers contribute heavily to the low

performance of students in Africa

7.5 Whatare the critical factors determining success and failure in delivery of
the intended curriculum?

This section addresses the third research question. It will include comment on the resources and
facilities available for practical physics engagement, thepmsition of the physics curriculum
including the exams, the attitudes of teachers and their students toward the teaching and learning
of practical physics, and aspects of the social and cultural environment within which learning is
taking place. In many sas, the issues are closely linked but the discussion will attempt to draw

together groups of factors into themes, as in previous chapters.

As with previous sections in this chapter, the discussion will be informed by the data acquired from
the teachers, midents and other national stakeholders as well as the demographic and other
contextual information. The stakeholders have identified many directly experienced critical factors.
However, lying behind such factors are other less directly acknowledgedrno#isen the choices

made by stakeholders. These factors link together to comprise a system that shapes the teaching
and learning of practical physics. Such a system is set out in a multiple influence diagram that may
help in considering the likely effecéimess of any intervention and in designing the intervention to

avoid likely obstacles.
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Within this discussion, the emphasis is on the level of success in delivering the planned outcomes. It
might be argued that the planned outcomes are not appropriatevéieer, where articulated fully in
national policy documents, they correspond broadly with international norms. The issue of revisiting

the curriculum aims will be addressed in a later section.
7.5.1 Resources and Facilities

This study has shown that the most widely recognised factor influencing the teaching and learning of
practical physics is the availability of both human and material resources. Most of the schools in SSA
suffer from the general shortage of qualified anddamted physics teachers as well as a lack of
laboratory technicians (Figure 5.8 and Table 6.3). The large majbthg schools visited did not

have a laboratory technician to support the physics teachers. The majority of the sampled physics
teachers wee not physics specialists but had studied physics as part of a broader course in their
University or Training College. In some of the schools visited a significant proportion of the teachers
RAR y20 KIF@S I o0FOKSft2NRa RSANBS tS@St GSIOKAy?3
The shortage of physics teachers, general resource constraints, rapid growth in the school
population, and the demand for physics have led to large class sizes. Classes of more than forty
students are common. As already noted, a large majority of theipbysachers in the teacher

survey assert that large class size is one of the most important obstacles to effective teaching of
practical physics (Figure 5.8). The students agree and claim that the greatest obstacle to their
enjoyment of practical physigs the large number of students sharing equipment during their

practical physics lessons (Figure 5.13). Large classes make severe demands on the classroom

management skills of the teachers.

There is abundant evidence of laboratory and equipment inadegeaciee majority of the physics
teachers argued that their school did not have sufficient laboratory facilities and that there was a
lack of relevant modern equipment and instruments for practical work (Figure 5.2 and Table 6.3).
Some of the schools visiteate without a dedicated physics laboratory (Figure 3r2jnost schools,

a single laboratory was provided for all science courses. More than eighty percent of the sampled
schools had insufficient laboratory equipment to cater for the large number oksiisdaking

physics as a separate subject. In many cases, there are problems in maintaining equipment and

keeping it secure. Such problem® barriers to the provision of the required resources.

These material and staff resource deficiencies are cleacations that provision of resources for

practical physics is not high on the priority list of those allocating resource even though curriculum
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documents highlight the importance of practical physics. This lack of commitment is likely to

influence the sucess of any initiative aimed at promoting practical physics.

It has been argued by some stakeholders that laboratory and equipment deficiencies can be
overcome by skilled and enthusiastic teachers and there are examples that support this view.
However, itseems highly optimistic to believe that this offers a solution for all schools, given the

many challenges that teachers face.

The student survey and the focus group interviews with the students corroborate the resource

assertions from the physics teachéFsgure 5.2 and Table 6.7).

These various resource findings are in line with other international studies (Thair & Treagust, 1999;
Ranade, 2008; Kasanda, 2008). These authors found that low maintenance standards in laboratories,
lack of equipment, large @$s size, shortage of science/physics teachers, and lack of laboratory
assistance for experiments are existing constraints which hinder the teachers from using practical
approaches in their classroom and lead teachers to overuse lecture methods in tihéntpat

science (including physics). Halai (2008) had similar findings, stating that the shortage of
science/physics teachers creates extra workload for the teachers, which compels them to teach both
a large number of classes and a large number of studargach class. He stated further that the
excessive demands on teachers is a major factor in leading them to focus on covering the syllabus

for examinations.
7.5.2 The Physics Curriculum

The overloaded content of the physics curriculum has been desdopsthkeholders as one of the
major obstacles to effective teaching and learning of practical work in physics. In most cases, physics
G§SFHOKSNE G(SFOK LINI OGAOIE ¢2N) (2 FdzZ FAEft SEI YAY!

time for handson adivities with their students.

Several stakeholders have asserted that the physics curriculum is overloaded with too much content,
thereby giving little opportunity for practical physics engagement with the students (Figure 5.8)
Teachers in this study fetthey had to teach didactically to get through the physics content (Table

6.3). The teachingparning activities in the physics classroom render the students as onlookers
because of the lack of student oriented activities which are aimed at enhancing rgéanearning.

A majority (>80%) of the students in the quantitative study assert that most of the activities in the
physics lessons are teacher oriented. They claim that a large percentage (90%) of their teaching time
is devoted to teacher explanation, gging notes, working from textbooks with occasional teacher

demonstrations. The students had very limited exposure to hamdselated activities (Figure 5.10).
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Content overload is signaled by the concerns expressed by both the teachers and studenthi@bout
lack of teaching time to engage in practical physics (Figure 5.8). The perceived lack of time to learn
about and carry out practical activities was also evident in the student survey where the students
claim to dislike the limited time for practicahpsics lessons (Figure 5.13). The qualitative study also
supports these claims by both the teachers and the students. Some teachers assert that there is lack
of sufficient time for practical work due to the volume of work to be accomplished and the nafture

school timetable (Table 6.3).

Assessment of practical work in physics is another issue of major concern to stakeholders. The clear
evidence from this study is that practical physics is not included in the summative national
assessment (leading to a mmized qualification) in some countries and is only weakly recognized in
others. Rather, the understanding of physics content is the main requirement for success (Figure
5.4).

There is very little evidence that practical physics is included in formasisessment. Osborne and
5Afft 2y 6Hnanassessanta iRty darkhelpi leating if it provides information to be

used as feedback, by teachers, and by their pupils in assessing themselves and each other, to modify
the teaching and learning awities in which they are engaged. Such assessment becomes formative
assessment when evidence is actually used to adapt the teaching work to meet learnir@ freeds K S
lack of a formative assessment role for practical physics activities should be seehafsapaider

picture involving ovestretched teachers and large classes. Effective formative assessment requires

scarce teacher time that is not available.

The signal sent to teachers and students by the lack of assessment of practical physics is

unambigwus. Inawell Y26y NBYI NJ] w2 gy (i NBsSessmenpyethods largely S NI S R
determine what and how students le&rP  |-SAhafard2drica the drivers for inclusion of practical

physics activities in an overloaded curriculum by overworked teadrersery weak. Where such

activities are included they are likely to be designed to deliver required competences, particularly

knowledge of content and theory.
7.5.3 Attitude and Motivation

This subsection will discuss the attitudes and motivationtefichers and students. Relevant issues
are lack of practical skills and professional development and student perceptions of the difficulty of

physics and its relevance to them and their communities.
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It is difficult to generalise accurately about teachertaties. Some stakeholders comment favorably
on the commitment of teachers but they and others point to factors that are demotivating, notably

level of remuneration, limited career prospects and lack of professional skills.

Several physics teachers compkd that their remuneration is poor (Figure 5.8) and that there is

little government interest in using familiar mechanisms such as special allowances to mitigate the
inadequate pay. Some physics teachers claim that most teachers only continue to teaokébeca

there is no alternative employment. Some educationalists suggested that policy makers tend to have
little understanding of science and, lacking empathy, they might not recognize or even acknowledge
the need to address teacher motivation (Table 6.3 hassertions were also made in the teacher
survey. It is difficult to test the validity of these views but sympathy and action at senior and

strategic levels is certainly a relevant factor in ensuring that practical physics teaching is supported

appropriaely.

The nature of the training received by physics teachers has been another issue of concern. Some
educationalists argue that there is a cycle of incompetence. They assert that most of the physics
teachers are not skillful in handling the practicaless of physics because they were never

exposed to practical work during their own training. In turn this was because the trainers themselves
had little confidence and limited expertise. This skill gap helps to explain why teachers prioritize the
theoretical part of physics (Table 6.3). This argument was supported by the teacher survey. The
physics teachers claim to have a good knowledge of physics content but have very limited

knowledge and skills in teaching practical work (Figure 5.6).

The lack of contimous professional training of teachers was among the issues raised by participants

Ay GKAA adadGdzRe o0¢tofS cd®o YR CAIdZNBE poyod® LG Aa
to attend seminars and training workshop to develop their skillsaindling practical activities in

physics. The study reveals a mutually reinforcing system in which there is little commitment to
improvement at the level of the teachers and little opportunity for development provided by the
authorities. Some educationatissfurther argue that, although governments are trying to change the
curriculum, the teachers are still the same ones who passed through the old system and that they

lack the skills to deliver the required changes.

The lack of developmental training fohysics teachers is an issue of great conce®ubBSaharan
Africa The various agencies responsible for curriculum development, clamor for a change in the
curriculum to align with global best practices and to be able to meet the demand for science and
technology in the 2% century but fail to assist the teachers to upgrade their knowledge for effective

implementation of the new curriculum.
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Student attitudes to practical physics are linked to their perception of physics as a whole. Some of
the students seenathematics and physics as difficult subjects and this may reduce their
commitment (Table 6.3 and Table 6.7).

In some of the countries visited in this study, some students appear to believe that physics is
appropriate for certain groups of people, notably the privileged and white populations and, as a
result of this view, students tended to develop a negativetadie towards physics and mathematics
which in turn influences their performance in practical physics. This belief appears to relate to

expected roles in later life.

The findings in this sugection are in line with reservations expressed by Semela (200® study

on the factors influencing the choice of physics among Ethiopian university students. He noted that
there is low enrolment in physics courses at all levels of education. He suggested that the reasons for
include; inadequate lower level prepdian, weak mathematics background, lack of job

opportunities outside the teaching profession, inadequate teacher qualifications and teachers

having poor pedagogical content knowledge.

SCORE (2008) reported that teacher inexperience and the lack of camtipuafessional

development are barriers to practical work in science (including physics) among science teachers in
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lack of motivation or dissatisfaction aborgmuneration, in contrast to the findings of this study.
Findings from previous studies (Asikainen and Hirvonen, 2010; Ishak & Mohamed, 2008; Kasanda,
2008; and Taylor and Dana, 2003) have also supported the findings in this study. They assert that
teacheQ & -skdNdd andiia SNIDJA OS GNI AyAy3 FINB y2a4 FRSljdz &GS
learn practical physics. Thair and Treagust (1999) in their research on the importance of practical
physics in Indonesian secondary schools asserted that the@fdekcher knowledge, skills and
confidence has a great influence on the amount of practical work that can be performed by the

students.

7.5.4Systemdlescription of the factors affecting the teaching and learning of
practical physics in Africa

The previog discussion has been framed in terms of identifiable distinct factors but it has been clear
that the factors are heavily interdependent. In developing the argument further it is necessary to
move beyond separate themes and look more broadly at the syaemwhole. This might help in
seeking answers to important questions. Where can change in the system be nucleated most
effectively? Which elements are hindering progress? How do the elements of the system influence

each other?
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The following are factors @htified in this study that influence effective teaching and learning of
practical physics in African schools.

9 Practical physics equipment.
Practical physics laboratory.
Class size.

Laboratory assistance support.
Teacher skills.

Teacher motivation/remuneition.
The physics curriculum.
Avalilable teaching time.

Student educational background.
The nature of physics.

Professional development.

= = =4 -4 -4 -4 -a - -a -2

Assessment of practical physics.

The list is not exhaustive. These and other factors are heavily interdependent. Exarfaple,
teacher skills are influenced by professional development opportunities and teacher motivation.
One way of illustrating how these various influences interact is to prepare a multiple influence
diagram showing relevant factors, how they influemeeh other and how they influence the central

issue; the effectiveness of practical physics learning and teaching.
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of the system. The arrows represent thigettion and strength of the influence. This diagram shows

the factors that influence practical physics learning and teaching directly. These are represented by

(KS I NNRPga GKIFG SYR 2y (KS OSYdNIf y2RS® CdzNI KSN
that underlie these direct influences.

In constructing an influence diagram, it is necessary to define the boundaries of the system being

considered and, in this case, the boundary has been drawn widely to indicate that large scale

political, financial ad social structures are highly relevant.

The Open University website gives a vivid explanation of the purpose, elements, conventions and
guidelines for constructing an influence diagram (The Open University, 2016). Influence diagrams

identify the factorgstructural features such as people and events) that have direct and indirect
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