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ABSTRACT

This study investigated the effectiveness of the ‘Physicsclassroom’ computer
software in the leaming of kinematics in high school physics at Munali Boys High
School in Lusaka. The main objective was to find out if this software could
enhance pupil performance in kinematics in physics at Munali Boys High School
when it was used as a supplement to traditional learning methods.

An experimental design of the pre-test post-test type was used. The main sources of
data were: pre- and post-tests, an attitude questionnaire, an observation schedule,
participant reports and an interview with physics teachers.

The sample for the study consisted of 40 grade 12 boys of Munali Boys High
School. Half the number of boys were in the experimental group and the other half
in the control group. The experimental group learnt kinematics from the Zambian
High School Pure Physics Syllabus using the ‘Physicsclassroom’ computer software
and traditional learning methods for six weeks. At the same time the control group
learnt the same work with the same teacher but using traditional leamning methods
only. The groups were pre-tested and post-tested using the same test. The scores
obtained by the participants in the tests were analysed quantitatively and
qualitatively. This also applied to the data collected from the attitude questionnaire.
The data from other sources were analysed by qualitative means. All statistical tests
were evaluated at the p < 0.05 level of confidence.

The results revealed a significantly higher performance of 10.5 % in the post-tests
for the experimental group than the control group. All the pupils interviewed
agreed that the ‘Physicsclassroom’ computer software be used for kinematics and
other topics in high school physics at Munali.

From the results it was concluded that the ‘Physicsclassroom’ computer software
can enhance the performance of pupils in kinematics in high school physics at
Munali Boys High School. Furthermore, pupils showed a positive attitude towards
the ‘Physicsclassroom’ learning approach.

The following recommendations were made:

(1) While the ‘Physicsclassroom’ learning approach enhanced pupil
performance in kinematics to the extent above and showed a high degree
of acceptability with the study group, it should not be used as the only
learning method on this topic but as a supplement to the traditional
learning methods which have been in use.

(1)  Research with a larger and more representative sample should be done to
verify the preliminary findings above in order to arrive at a more definite
decision regarding the implementation of the ‘Physicsclassroom’ leaming
technique.
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CHAPTER 1

INTRODUCTION
1.1 Preamble
This chapter is an introduction to the study. It presents the following: background
to the study, statement of the problem, purpose of'the study, objectives of the study,
research questions, significance of the study, limitations of the study and the

operational definitions of key terms.

1.2 Background

Science subjects form a very important component of the secondary school
curricutum (MOE, 1996). Therefore, all pupils in high schools are expected to take
at least a science subject. One of these subjects is physics and it is taken either as a

pure science or as a component of science.
According to Shakuba (2007), since the year 2002, the mean performance of
candidates in high school physics in Zambia has not been good. It has always been

lower than half of the whole paper total mark as shown in table 1 below.

Table 1. Mean performance of candidates in pure physics from 2002 to 2006

Year Whole paper total mark Mean mark
2002 165 72.0
2003 165 67.0
2004 165 76.6
2005 165 47.1
2006 165 81.5

The situation has been the same for Grade 12 Science Paper 2 (Physics). For
example, in 2004 and 2005, out of the total mark of 65, the candidates’ mean
marks in this paper were 23.2 and 12.2 respectively (ibid, 2007:1) showing that the

performance of pupils was below average.




Prior to 1996, the Ministry of Education made similar observations about the low

achievement of pupils in mathematics and science, as indicated below:

achievement is far from satisfactory, especially in the key areas

of mathematics and science. This comes out strongly in

examination results. On average, less than two-thirds of the

candidates obtain a full pass in school certificate each year.
This isnot a good return forthe many years of investiment

made by the nation and students themselves in their education
(MOE,1996:56).

Furthermore, the Ministry attributed the overall poor performance of the pupils in
school certificate mainly to mathematics and science as shown in the following

extract:

The overall unsatisfactory performance in school certificate
is attributable in large measure to poor performance in
mathematics and science. Cumulatively, one-third of boys
and girls have registered total failure in mathematics in the
years since 1987.In the sciences, a massive proportion
of candidates obtain failing or only mediocre passing grades
each, with girls’ performance always lagging far behind that
of boys (ibid :53).

As a result the Ministry had no choice but to suggest for interventions as follows:

Clearly, there is a situation here which requires urgent
attention and major interventions. The pupils themselves
and the country as a whole cannot sustain a continuation of
this unsatisfactory performance in mathematics and science
leading to equally unsatisfactory performance in the
certificate as a whole and subsequent impairment of the
national potential for technological development (ibid: 54).

For this reason, studies have been undertaken to establish topics in physics which
pupils find difficult to learn. One of the topics that has been identified as very
difficult is kinematics (Haambokoma et al., 2002; ZASE, 2004; COSM-Zambia,
2005). Kepler (1960) defines kinematics as the study of motion of bodies without




regard to the forces that cause it. In other words it is a branch of science which
deals with motion without looking at the causes of motion (Woodbridge, 1963). It
emerged as a special branch of mechanics in the first half of the 19" Century due to
pressure from the growing machine building industry (Kepler,1960:1). Today
kinematics is very important in several ways. For example, it is used by police
officers in accident investigations to determine if speed was a contributing factor to
the accident. In such cases, the officers are only interested in the minimum speed

for legal purposes (Borges: 2008).

Kinematics is also used in the designing of automobiles. As we all know, the
immediate cause of injury or death in traffic accidents are numerous. Some are:
broken glass, fires, the crushing of the vehicle and hurling the passenger against the
car itself. But the main one is the acceleration a passenger experiences (ibid:1). In a
collision there is a very large change in velocity in a very short period of time,
hence there is an enormous acceleration (or deceleration) that produces a large force
on the object. Using the test dummies in recorded crashes, automobile designers are
able to get an idea of what values of acceleration are survivable and so, they can

design the automobiles accordingly.

But as already stated, kinematics has been problematic to the pupils in various
ways. With regard to this topic, the Examinations Council of Zambia (2000) report
that pupils are confused with the terms, “uniform and constant,” “speed, velocity
and acceleration”. Worse more, they have difficulties with kinematic graphs
(ibid:3).

A point to strengthen the foregoing has been made by Redish and Risley (1988:471)

as follows:

The most common problem on kinematics is that students
confuse position and velocity. Given a position verses time
graph students often draw a velocity verses time graph that is
indistinguishable from the position verses time graph even after



having completed an introductory college physics course. In
addition they have a difficult translating a written description
of a motion and vice- versa.

But why do the pupils face all these difficulties in kinematics? The causes of the
difficulties are several. The main ones are the mathematical aspect (Brassel,
1987a), the traditional instructional methods of teaching that are used in schools
(Sinyangwe et al., 1995; Mulemwa, 1999; Haambokoma et al., 2002; ZASE, 2004)
and the under qualified teachers who teach physics (MOE, 1996; Sewel and
Burger, 1998). Therefore, there is a need for an intervention that should address the
causes above and consequently help eradicate or minimise the difficulties faced by

pupils in kinematics so as to improve their performance.

Some physics teachers now think that the difficulties pupils face in leaming
kinematics in high schools can be eradicated or minimised by supplementing
traditional teaching methods with the ‘Physicsclassroom’ computer software
(COSM-Zambia, 2005). This is because when a suitable computer based instruction
is used as a supplement to traditional teaching approaches, it provides greater access
to learning for pupils with special educational needs, models and simulates a range
of scientific phenomena, motivates students, develops problem solving capabilities
and aids deeper understanding of the subject matter (Sibiya, 2003; Edwards et al.,
1975).

However, although many scholars (Vinsonhaler and Bass, 1972; Edwards et al.,
1975; Redish and Risley, 1988; Kulik and Kulik, 1991; Woerner et al., 1993; Scaife
and Wellington, 1993) show that CBI is effective in teaching and learning, there
are others who indicate a different finding. For example, Kerry (1996) asserted that
students’ use of CBI for various tasks such as drawing or graphing did not radically
transform what they would do without computers. Liu et al. (1998) reported that
there was no significant effect of computer integration on achievement or in
student attitude towards computers after computer integration. Choi and Gennaro

(1987) argued that students who were given the opportunity for computer based



learning of science gained no advantage in computer-simulated experiments over
students who conducted the same experiments hands-on, when the students were of
average ability. Clark (1994) also argued that media (including computers) do not

influence learning and achievement under any conditions. Clark states:

The best current evidence is that media are mere vehicles that
deliver instruction but do not influence student achievement any
more than the truck that delivers our groceries causes changes
in our nutrition. Basically, the choice of vehicle might influence
the cost or extent of distributing instruction, but only the content
of the vehicle can influence achievement’(ibid:445)

The implication of these contradictory findings is that in a given context, CBI may or
may not help enhance learner performance depending upon a number of factors such as:
the guidelines followed by the designers, the conceptual framework for creating it, the
leamers’ interests and their preferred learning styles (Thomas and Emereole, 2002). It is
therefore important that before a new software, in this case the ‘Physicsclassroom’
computer software is used to aid learning in any of the schools in the country, its

effectiveness is known.

1.3 Statement of the Problem.
It is not clear how effective the ‘Physicsclassroom’ computer software would be on
pupils’ leaming achievement in kinematics at Munali Boys High School if it was used to

supplement traditional teaching approaches.

1.4 Purpose of the study

The purpose of the study was to find out the effectiveness (if any) of the
‘Physicsclassroom’ computer software on the performance of pupils in kinematics at
Munali Boys High School when used as a supplement to traditional teaching

approaches.



1.5 Objectives of the study
The objectives of the study were to:

() find out if the PCR software can enhance pupil performance in kinematics
in physics at Munali Boys High School when it is used as a supplement to
traditional learning methods.

(i)  determine the extent to which the PCR software can enhance pupil
performance in kinematics.

(i)  find out the effects (if any) which the PCR has on the attitudes of pupils to

kinematics and the leamning methods.

1.6 Research questions
In the study, three research questions were addressed:

@) Does the PCR software enhance pupil performance in kinematics in
physics at Munali Boys High School when it is used as a supplement to
traditional leaming methods?

(ii) To what extent (if any) does the PCR software enhance pupil performance in
kinematics?

(ii) ~ What effects (if any) does the PCR have on the attitudes of pupils to

kinematics and the leaming methods?

1.7 Significance of the study

The researcher has been a teacher of physics in Zambia and an Examiner in this
subject for many years. Currently, he is a member of the COSM-Zambia education
programme. In 2004, 2005 and 2006, COSM-Zambia identified and discussed
topics from the Zambian High School Physics Syllabus which pupils perceived to
be very difficult. Among these topics was kinematics. Traditional practical teaching
methods of presenting kinematics were demonstrated to help the teachers recall how
to teach the topic. However, it was felt by many teachers of physics (60%) in
COSM-Zambia who were interviewed that use of CBI such as the PCR software as
a supplement to traditional learning methods would be more helpful to the pupils in

kinematics than the traditional instructional methods only that have been in use for



a long time. Unfortunately, no study has been done in Zambia to determine the
effectiveness of the PCR software on the performance of pupils in kinematics.
Hence, this research, the findings of which could be useful particularly to the
Ministry of Education that has endorsed the e-learning programme in Zambia and
so is in search of effective educational software to help enhance learner
performance in various subjects. Secondly, the study might stimulate further
research by the academicians especially in the field of mathematics and science
education on the use of the latest software packages in high school physics and
other subjects. This in turn could help the educationists to appreciate the use of
computer based learning more and utilise it effectively. In addition, since the use
of CBI is new to Zambia, the study might not only help bridge the knowledge gap
in computer based instruction in our society but also supplement the existing

literature on the Constructivist learning methods.

1.8 Limitations of the study

A number of factors restricted the scope and breadth of this study. Firstly, only one
urban school, Munali Boys High, was used as many other schools in Lusaka did
not have the required number of computers and the internet connectivity. Secondly,
the researcher had limited time and so could not involve participants from other
schools. Lastly, conclusive studies needed a larger sample size but that was not

achieveable due to financial difficulties.

1.9 Operational definitions of key terms

In this study the key terms had the following meanings:

Attitude Attitude is the predisposition or tendency to react
specifically towards an object, situation, or value;
usually accompanied by feelings and emotions
(Good, 1973 ). In this study the term attitude
referred to the way the participants thought or felt
about kinematics, the TI and the PCR software.



The attitude was either positive or negative.

Effective This means working well and producing the intended
result (Collins, 2002). Here, the PCR was effective if it
enhanced pupil performance in kinematics and made
the pupils develop a positive attitude towards

kinematics and the PCR learning approach.



CHAPTER 2

LITERATURE REVIEW
2.1 Introduction
This Literature review is organised around the following headings: The Physics
Curriculum — some old and new challenges, pupils’ leaming difficulties in
kinematics, the theoretical framework of the study, effectiveness of Computer

Based Instruction on learning, the main gap in the literature review and the

summary of the chapter.

2.2 The Physics curriculum - some old and new challenges.

According to Brassel (1987a), science (physics) was introduced long before the 20™
Century. The main reasons for this were the industralisation of societies and the
development of science as a social activity. Early methods of teaching the subject in
schools were based on lecturing and the text book. Practical work and laboratory as an
intergral part were only introduced in the early 20™ Century. Mathematics was an
important aspect in the physics courses (ibid:145). At that time no one thought that

mathematics would make it difficult to learn physics.

After some time scientists and teachers realised that due to the mathematical aspect, it
was not easy to learn physics (ibid: 145). For this reason, there was need to reduce
mathematical content in orderto broaden the appeal to students with less mathematical
skills. According to Brassel (ibid: 145):

Between 1960s and 1970s, the physics curriculum suffered
significant changes. Teams of scientists and teachers joined
efforts to develop new texts and new approaches to teaching.
In 1964 the United States initiated a type of science called
Project Physics. This was under the direction of experienced
physics educators, philosophers and historians of science and
it had international impact. The course intended to increase
the appeal of physics to a broader range of high school
students by emphasing the humanistic roots and consequences
of physics integrating history, culture, technology, and people



in the development ofphysical ideas.Physics was seen as
a human intellectual endeavour. Mathematical skills were
reduced in order to broaden the appeal to students with
academic abilities.

However, the reduction of mathematical skills did not last. A new wave of
innovations in the physics curriculum started in the 1990s and was inspired by the
standards movement (mainly in the US) and by professional societies, such as the
Institute of Physics in the (UK) and the American Association for the
Advancement of Science. The Associations came up with the new curricula called
Active Physics (Eisenkraft, 1998) in the US and the Advancing Physics in the UK,
which presented physics as a much more practical subject, linked to every day
phenomena, technology, and engineering. These new curricula tried to broaden the
appeal of physics, not only for those interested in it, but also for students that
would pursue careers in other sciences and engineering, or even in other subjects
outside science and technology. Because of the change in the appeal, mathematics
was again seen as fundamental to the pleasure and power that physics had to offer
(Cokroft, 1982; Ogborn, 1999). Algebraic expressions, equations and graphs were
approached as a way of representing ideas in physics symbolically and this has
continued up to now (Berger, 2007; Govender, 2007). The difficulties which
students had with the mathematical side of Physics were ignored by the
professionals. What mattered most was for more people to have a feel of physics,

regardless of how they found it.

As a result of such innovations, a lot of learning difficulties still exist in physics.
Among their many causes are not only the insufficient experimental activity, common
sense knowledge and teachers® inadequacies, but also the mathematics used in this

subject (Sassi, 1996). Commenting on physics, Kingsbury (2004:1) said:

Physics —a science that deals with matter and energy and their
interactions is one of the most, ifnot the most difficult science
in existence. It tries to understand the world from the motion
of galaxies hurtling through space and time, to the inner
working of the atom . It is difficult and frustrating. ...

10



The perception of physics as a difficult subject has not spared the developed countries
in the world (Intuitor, 2002). For example, out of the three major sciences taught in
the high schools of the United States, physics is the most neglected because it has more
misconceptions associated with its principles than any of the other sciences, not to

mention an undeserved reputation for difficult (ibid:1).

2.3 Pupils’ learning difficulties in kinematics

African countries, including Zambia, have not been spared by the same physics
problems above particularly in kinematics (Haambokoma et al., 2002; ZASE, 2004;
COSM-Zambia, 2005; Kanyongo et al., 2007). No matter how the teachers teach
the topic using traditional instructional methods, the pupils’ perception of
kinematics has remained the same. They complain that kinematics has too many
formulae and calculations, and either no explanation is given to certain concepts by
the teachers, or the explanation given is not clear (Haambokoma et al., 2002).
Indeed the mathematical side of physics has been a stumbling block even to
intelligent pupils. This is because although mathematics is said to be the language
of physics, many pupils find it to be the most unfavourable of all the subjects
(MOE, 1996; Haambokoma et al., 2002).

According to the Examinations Council of Zambia (2000), another problem pupils
face in kinematics is that they are confused with the terms “uniform and constant,”
“speed, velocity and acceleration.” The terms to them fit any description of motion.
They also have problems with graphs ( ibid:3). Commenting on the performance of
candidates in the 1999 Physics Examination, number 5054/2, the Examinations
Council of Zambia (2000:2) said:

If educators of the candidates followed their syllabus, they
would be aware of topics that require knowledge of graph
work of all types involved. As at now it appears, pupils
know graphs and construction from the mathematics point
of view with no connections with science requirements of
the skills.

11



Mc Dermott et al (1987:55) asserted that “ graphs and cartesian representation of
data have many associated misconceptions. Typical misconceptions include the
confusion between trajectory and shapes of position verses time graphs.” This was

also reflected by Redish and Risley (1988:471), in the following extract:

The most common problem in kinematics is that students confuse
position and velocity. Given a position verses time graph students
often draw a velocity verses time graph that is indistinguishable
from the position verses time graph even after having completed
an introductory college physics course. In addition they have a
difficult translating a written description of a motion and vice-
versa.

Apart from the mathematical aspect indicated by Brassel (1987a) the other reason
why pupils in high school physics have difficulties in kinematics is the TI teaching
approach which is commonly used by the teachers to teach the topic (Sinyangwe et
al., 1995). Although there are many traditional teaching/ leaming methods in
schools such as: demonstrations, lecture method, group discussions, question and
answer, whole class discussion, individualised work, small group practical work,
field trips, home work, role play, team teaching, pair work, project work, book
method, problem solving investigation and education games, the most common one
in class in kinematics is the lecture method (Mulemwa, 1999; Haambokoma et al.,
2002; ZASE, 2004). Teacher demonstrations are only done in rare cases. In Zambia

teachers give a number of reasons for using the lecture method.

Firstly, about 80% of the staff who teach physics in high schools in Zambia were not
trained to teach physics and so did not have the competence to use active leaming
methods (Haambokoma et al, 2002). Secondly, the physics syllabus is long and the
only way to finish it before the final examinations is to use the lecture method where
one covers a lot of content in a short period of time (ibid:133). Another reason is that
some schools have no laboratories, while others have but with no required materials and

pieces of apparatus for practical activities (ibid:134). Futhermore, some teachers have

12



heavy teaching loads and it is difficult for them to prepare leamer centered lessons

(ibid:134).

But Banda (2004) argues that practical laboratory activities are better than the
lecture method because they help pupils to see or visualise what is being taught.
Lawrence et al ( 1996) contend that visualizing of physical phenomena through
techniques such as experiments, demonstrations, and models contribute much to
students’ understanding of physics concepts. This is because such techniques allow
students to observe how objects behave and interact. Furthermore, they provide
students with visual associations which capture and preserve the essence of

physical phenomena more effectively than do verbal descriptions.

Therefore, there is need for a more reliable intervention (practical teaching
approach) that may help eradicate or minimise pupil difficulties in physics
(particularly in kinematics) and enhance their performance in this subject as per

appeal from the Ministry of Education (MOE, 1996).

Some physics teachers now think that one way to deal with the problems of
kinematics and help the learmners achieve higher on this topic is to use CBI, in
particular the ‘Physicsclassroom’ educational software, as a supplement to
traditional instruction (COSM-Zambia, 2005). This is. because CBI can serve as, a
personal tutor by providing reliable tutorials, a science laboratory by providing
demonstrations and animations, a model by showing pictures ofreal objects and as

a tireless servant, as it is always at a command of the user (Peter et al., 1982).

Rushby (1987:17), brings out a number of reasons why CBI constitutes such a
powerful educational tool as follows:

e The most important reason is that the CBI is interactive. Unlike

books, tapes, films, radio and television, the user’s response

determines what happens next. This gives children a sense of control.

It also elicits active, motor involvement.
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Computers are fun. Human beings love to respond to challenges and
love to make things happen. The computer games industry has grown
rich on that basic axiom. By coupling education to games of
challenge, computer-assisted leaming becomes fun.

Computers have infinite patience. A computer programme does not
care how slowly the user responds or how often a user makes
mistakes. Among the earliest uses of computer-assisted learning on a
wide scale was the use of computers in Ontario in the late 1960s
designed to help innumerate teenagers to fulfil the mathematics
requirement for college courses. The programme was successful from
a number of points of view, not the least of them the attitude
expressed by one girl who stated that the computer was the first
mathematics teacher who had never yelled at her.

Good education programmes never put a child down. Instead they
provide effective positive reinforcement.

CBI can provide privacy. Children, or for that matter teachers, can
make embarrasing mistakes without any one seeing them. Ignorance,
lack of skill, slowness to comprehend, poor co-ordination, can be
overcome in the privacy of one’s home. The computer will not tell
any one.

Conversely the CBI can be used in a variety of social situations.
These include class room activities involving groups, or a teacher and
single pupil only, or two neighbourhood children, or party games, or a
grand parent and grand child, etc. Many education programmes are
designed to allow for either individual practice, or for two or more
children to play games.

A computer programme can explain concepts in a more interesting
and understandable manner by means of animated material. No
amount of talking, writing or providing diagrams, can compare with

making things come alive on the screen.
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e Whereas it is very difficult to hide things in a book, it becomes
possible to hide things in a programme, which become apparent only
occasionally. A book, on reading, holds few surprises (although the
reader may have missed points the first time). In contrast, a computer
programme can be full of surprises. Good programmes contain an
element of mystery and uncertainty which keeps the user interested.
It means that the learning experience provides new situations not only
for the students, but also for the teacher or parent as well.

o The ability to simulate complex situations, such as chemical reactions,
ecosystems, demographic or economic changes, is a particularly
powerful reason for using CBI in education. Training pilots,
managers, doctors, chemical engineers, or any professions or
activities where a mistake in the real world could be very costly, are
best served by learning on a computer which simulates real situations.
In addition, simulating real events often makes it possible to train

students to think ‘literally’ across traditional subject boundaries.

2.4 The theoretical framework of the study

The study was informed by the constructivism theory of learning. Two approaches
of learning involving this theory were considered, namely: the cognitive and the
social constructivist theories of leaming. The rationale for the use of cognitive and
social constructivism here is based on the psychological principles of the social as
well as the cognitive benefits of peer/peer relationships (Shanyinde, 1998).
Through interaction individuals learn to view situations and problems from
perspectives other than their own. Structuring learner/learner interaction co-
operatively leads to high achievement, use of high level reasoning, higher levels of
achievement motivation, positive motivation , positive inter personal relations and

the attainment of higher self- esteem (ibid:56).

According to Piaget (1955) cognitive constructivism asserts that leamers create

their own knowledge through personal experiences that enable them to create
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mental images in their minds. This argument is reflected in the work of Epstein
(2002:1) , Adeyinka and Mayor (2005:76) when they say “Learning is constructed
through mental and physical activities whereby the learner gets direct sense
impressions like touching, seeing and/ or smelling.” According to Wellington
(1994), learning involves construction of knowledge through experience with the
physical environment. In such a process, learners are able to discover knowledge
themselves. Therefore, the use of computer based instruction in this study puts
across the premise that knowledge could be actively constructed by the thinking of
the learner and not passively received from the teacher. It also puts across the
notion of learner-centeredness where leamers could build confidence and create an
anxiety—free atmosphere for leamning (Pulist, 2005). Furthermore, through this
approach leamers are provided with greater autonomy and control over the choice
of subject matter, learning methods and pace ( Gibbs, 1992). In the learning
process, the pupils are given the opportunity to process information, solve problems

and make decisions of their own using computer based instruction.

On the other hand “social constructivism encourages students’ active involvement
based on their own constructions, questions and motivation ( Patronis, Potari and
Spiliotopoulou, 1999:746). It emphasises the importance of culture and context in
understanding what occurs in society and constructing knowledge based on this
understanding (McMahon, 1997). Learning is viewed as not only being confined to
the individual mind, but as also involving social and cultural processes (Newton,
Driver and Osborn, 1999). Social constructivists believe that reality is constructed
through human activity and that members of a society together invent the properties
of the world (Kukla, 2000). For a social constructivist, reality cannot be
discovered; it does not exist prior to its social invention (Kaino, 2007). Also to
social constructivists, knowledge is a human product, and is socially and culturally
constructed ( Ernest, 1999; Gredler, 1997). Social constructivists argue that
individuals create meaning through their interactions with each other and with the
environment they live in. They view learning as a social process that does not take

place only within an individual or as a passive development of behaviours that are
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shaped by external forces (McMahon, 1997). It is argued that meaningful learning
occurs when individuals are engaged in social activities. Therefore, use of
computer based instruction in this study puts across another premise that

interaction and cooperation among pupils has an influence on their leaming.

Hawkins et al (1982) examined the type of and amount of social interaction that
took place during regular classroom activities and while using computers. The
investigators observed the type and frequency of peer interactions that occurred in
classroom work before and after computers were placed in the classroom. The
findings were that more task-related interaction occurred among children when
they were working with computers than when they were engaged in other non-
teacher-directed classroom activities (e.g mathematics activities). These results
suggest that the computer based instruction can provide a context in classrooms

where children recognise each other as additional resources.

According to Kuhn (1993), science is a social activity which is advanced through
the thought processes that occur between people, not just within them. Learning is
intimately related to discourse and talking. Rather than just hearing about scientific
concepts, students should be able to talk about them (De Vries, Lund and Baker,
2002). An enabling learning environment is created when learners are able to
participate actively in the discourse of lessons ( Newton, Driver and Osborne,
1999). Ideas which arise, can be articulated, questioned, clarified, defended and
elaborated in the social setting ( Kuhn, 1993). This is reflected by Wellington
(1994) who asserts that no man is an Island, entire of itself, every man is a piece of
the continent, a part of the main. We are social species, the more so by virtue of
our possession of language. Interpersonal processes influence how and what we

learn (Maturana, 1991). Wellington, 1994:55) states:

Therefore, whatever we scientists do as we do science has validity
and meaning as any other human activity does, only in the context
of human coexistence in which it arises; central to this
coexistence is language. We exist in language, experience takes
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place in language and we know what we know through its
constitution in language.

Maturana’s underlying point, that knowledge is constructed by individuals through
interpersonal processes, is now shared by many people. Bruner (1964) stressed the
importance of language in cognitive development nearly thirty years earlier.
Edwards and Mercer (1987), regard knowledge and thought as fundamentally
cultural, deriving their distinctive properties from the nature of social activity,
language, discourse and other cultural forms. This implies that meaning is
constructed not only through processes operating on individuals, such as the
stimulation of senses or the mediation of prior knowledge, but also through

processes of social communication.

There are more studies which show a positive relationship between giving and / or
receiving explanations and learning (Chi et al., 1994). De Vries, Lund and Baker
(2002) assert that through being involved in the discussion/ explanation, the person
learning or explaining may detect and repair gaps in his or her own knowledge. The
corollary to this is that the learner listening to the explanation or participating in the
discussion is exposed to new ideas, and possibly can assimilate these to develop

new or extend his / her understanding (ibid: : 68).

According to Green (2007), dialogical or argumentation interactions are very
helpful in learning. Argumentation may be thought of as the process of engaging in

an argument. Kuhn (1993:322) defines an argument (in its social sense) as :

..a dialogue between two or more people who hold opposing
views. Each offers justification for his or her own view, and
at least in a skilled argument, each attempts to rebut the other’s
view by means of counter argument.

De Vries, Lund and Baker (2002:68), describe ways in which argumentation may

contribute to understanding. They suggest the following :
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e Engaging in argumentation allows learners to make their ideas
explicity, open to scrutiny, consideration, challenge and possible
revision

e Engaging in argumentation may cause learners to actively search for
‘new’ knowledge, and multiple ways of presenting it in order to
convince them.

e Arguments shown and accepted to be flawed may be rejected in
favour of the opposite view.

e In order to convince, participants need to be precise about the
proposals and counter proposals that are made. This allows
participants to make fine conceptual distinctions in the subject

domain.

These ideas are informative in several respects. They are an elaboration of how
learning is augmented socially and point to the characteristics that are essential for
achieving education outcomes in a positive way. They embody concepts that help
to explain the process of knowledge transfer socially (interpersonal to
interpersonal). They show that engaging in social activities has reciprocal value and
this may explain how learning is socially augmented (Shanyinde, 1998). Further,
they seem to suggest that using computer based instruction, leamers could acquire
knowledge not only through working independently to discover and create their
own knowledge, but also through interaction with colleagues and cooperation
among themselves in computer classes. The interactive nature of using computer
based instruction tends to provide the opportunity for learners to work
independently as well as in cooperate atmosphere. The section that follows

discusses the effectiveness of computer based instruction on learning.
2.5 Effectiveness of Computer Based Instruction on learning

This section starts with a brief history of the types of studies which researchers

have designed and used from the 1960s to date to study the effectiveness of
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computer based instruction in teaching and learning. Where possible specific

examples have been given including some limitations if any.

2.5.1 History of the types of studies designed by researchers from the

1960s to date in an attempt to determine the effectiveness of CBI in

teaching/ learning.

Soon after the introduction of computer based instruction, researchers began to
design studies that attempted to determine the effectiveness of computer based
instruction when compared to traditional instruction. One of the researchers who
did this was Arkinson (1968). He conducted a study where 100 first — graders
received daily 20 minutes of computer based instruction in mathematics. The pupils
in the control group only depended on traditional instruction for the same lessons
without CBI. The findings from the study showed that computer based instruction
was superior to the traditional instruction in enhancing pupil performance in

mathematics.

But according to Hasselbring (1986), while the early evaluation studies produced
some valuable information on the effectiveness of CBI on learning, the results from
the studies were inconsistent and the conclusions drawn by the investigations were
often unclear. Therefore, in order to try and gain a better understanding of the
effectiveness of CBI on achievement a different approach was needed. Several
reviews were written to bring the separately published studies together to reveal
the common findings. These early reviews used a ¢ box-score’ technique for
integrating the results. The box score reviews generally reported the proportion of
studies that were favourable and unfavourable toward CBI, as well as narrative
comments on the studies. An example of the box-score reviews , was the study
done by Vinsonhaler and Bass (1972). They summarised the results of 10 major
studies that were conducted from 1967 to 1970 involving CBI drill and practice

with more than 10,000 elementary school children from different sections of the

United States of America. The investigators concluded that children who received
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computerised drill and practice generally showed performance gains of 1 to 8
months over control children who received only traditional instruction. These
findings were reflected in a later review by Edwards et al. (1975) who evaluated
the effects of drill and practice, problem-solving, simulation and tutorial computer
instruction programs for producing achievement gains in school children. Based
upon results from six studies, they concluded that CBI as a substitute for TI

produced positive effects.

Again, although the ‘box—score’ reviews provided additional insight into the
fundamental questions regarding the effectiveness of CBI, this type of review has
certain limitations. For example, the ‘box-score’ reviews do not say how much
better one method is than the other. They simply report how often the method
comes out on top (Hasselbring, 1986). Further, they do not use statistics to find the
characteristics that distinguish studies with positive results from those with
negative findings. Therefore, in an effort to overcome the limitations of box-
score reviews, researchers have been employing a more sophisticated method
called ‘meta-analysis’ . This is simply an analysis of a large collection of results
from individual studies for the purpose of integrating the findings. Here the effects
are expressed in two ways:

(a) the number of standard deviations separating experimental and control

groups, and

(b) as improvements in percentile scores on a final examination.

The first researcher to apply meta-analysis to findings on CBI was Hartely ( 1977).
She focused her analysis on mathematics education in elementary and secondary
schools. Hartely reported that the average effect of computer based instruction was

to raise student achievement from the 50 to the 66™ percentile (ibid:1)
Other researchers who used meta-analysis were Burns and Bozeman (1981). These

integrated the research findings on CBI in mathematics teaching in elementary and

secondary schools also. They found that computer based tutorials raised
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achievement test results by 0.45 standard deviations and that computer based drill

and practice raised test scores by 0.34 standard deviations.

Kulik, Bangert and Williams (1983) also analysed 51 independent experimental
studies that used computer based instruction in grades six through twelve. They
found that when CBI was used in instruction, student scores on final examinations
were raised from the 50™ percentile to the 63 percentile which represented a 0.32
standard deviation increase. In addition Kulik and colleagues reported that students’
attitudes toward the subject being learned and student ratings of the quality of
instruction are slightly more favourable with CBI. Further, students’ attitudes

toward computers are significantly more positive as a result of CBI.

But one problem with many of the studies above is that they are not conducted for
a long time and so the participants do not have enough encounters with the
computers. Wise and Okey (1983) report that in three of the studies they reviewed,
the students had only one encounter with a computer and the greatest number of
encounters for any study was only eleven. Thus, many of the findings being
reported are based on brief encounters with computer based instruction by the

students.

A well known study which was done for a long time and in which the participants
had enough encounters with CBI was that by the Educational Testing Service
(ETS), in conjuction with the Los Angeles Unified School District ( Ragosta,
Holland and Jamison, 1982). This was a four year longitudinal study on the
effectiveness of CBI for compensatory education students. The study was designed
to answer questions about the effectiveness of CBI on three curricular, one of
which was mathematics, when used for one year and over several years. Four
elementary schools were each equipped with CBI labs using computer terminals
and printers operated by a mini computer. Half of the students in each school
attended the CBI lab for 10 to 20 minutes a day over four years. Each of the

curricular was designed to reinforce skills that students had already been taught in
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the classroom. The computer programme adapted its delivery of each skill strand of
the CBI curriculum to the performance level of each student and moved the student
along at his/her own rate of progress. The leaming outcomes were translated into
equivalent percentile scores that allowed comparison between CBI and traditional
instruction, the 50" percentile being the average for the control students. On the
curriculum — specific tests designed for this study, the CBI mathematics students
showed significant progress. They performed at the 79" percentile by the end of
one year, at the 82™ percentile by the end of two years and at the 89" percentile

at the end of three years.
25.2 Additional findings on the effectiveness of CBI from the 1960s to date.

Research findings in section 2.5.1 show that when computer based instruction is
used, thoughtfully as a supplement to traditional instruction (TI), it enhances pupil
performance in a subject. This view is supported by several other researchers
(Edwards et al, 1975; Zalpha, 1986; Chapman, 1986; Brassel, 1987b; Wynn and
Wynn, 1988; Garvison and Shale, 1990).

Edwards et al. (1975), reviewed studies published between 1966 and 1973. The
researchers distinguished between studies in which computer based instruction was
used as a supplement to traditional instruction and those studies in which computer
based instruction served as a substitute for traditional instruction . In all their
studies, the findings were that when computer based instruction was used to
supplement traditional instruction, this approach was more effective than when
traditional instruction alone was used; but substituting computer based instruction
for traditional instruction produced inconsistent results. These findings seem to
suggest that computer based instruction enhances pupil performance in various
subject areas but mainly when it is used as a supplement to traditional instruction

and not as a replacement for traditional instructional methods .
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Zalpha (1986), carried out a study on the effectiveness of microcomputer assisted
instruction on achievement in high school chemistry. The purpose of the study was
to investigate the effect of the use of microcomputers as instructional tools on
achievement in chemistry in selected urban high schools. An experimental design
was used in the research. The study found that frequent computer users made better
achievement gains than those who rarely used computers; medium ability students
achieved significantly higher when they spent more time on the computer and
students felt that the computer programmes were helpful as instructional tools.
Therefore, the research concluded that students who use computer aided instruction

achieve significantly higher gains than those who do not.

Zalpha’s study is important in several aspects. It is one of the few studies the
researcher came across in chemistry, where the purpose and design were very clear.
Furthermore, it was done in chemistry which is another science subject that gives
pupils a lot of difficulties. However, one problem that was identified has to do with
the conclusion made about computer aided instruction. Since the study related the
performance of pupils to the amount of time the participants spent on computers, the

time aspect should have been included in the conclusion, this was not the case.

In the area of physics, Brassel (1987b) studied the impact of computer based leaming
in kinematics. He used a ‘Kinematics unit’ to find out the high school physics pupils’
ability to translate between a physical event and the graphical representation of it, and
the effect of real time graphing (i.e graphing done in the shortest possible time using a
computer) as opposed to delayed graphing of data on paper. Overall post-test scores
from the experimental group in which the graphs were displayed in real-time were
significantly higher than scores from the control group where the graphing of data took
longer on the board. He concluded that a single class period was sufficient for high
school physics students to improve their comprehension of distance and velocity-time
graphs on kinematics, when compared with a paper and pencil control treatment. Most
of the improvement (90%) was attributed to real-time graphing so that students got

immediate feedback and saw data in a comprehensible form. These findings were
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consistent with those of other researchers who believed that used as a supplement to
traditional instruction, computer based instruction can not only enhance pupil
performance in various subjects but also enable pupils to complete their high school
courses in a shorter period of time. Chapman (1986) asserted that computer based
instruction can increase efficiency in teaching and learning, there by decreasing the
number of years required to complete an undergraduate course. This view is shared by
Nizar and Chum (1999) who claim that computer based instruction makes it possible
for gifted and talented middle school and high school students to complete advanced

courses in mathematics and physics several years before than they would normally do.

The study by Brassel (1987b) was also important in a number of ways. Firstly, it was in
physics, particularly in kinematics , which is my area of study. It has shown that use
of computer based instruction may help the pupils to leam the content in a shorter
period oftime and to perform better than when they use traditional instruction only. It
attributes pupil achievement to real-time graphing and so indirectly brings about the
importance of immediate feedback in motivating the pupils. This motivation due to
CBI results in pupils’ better performance than when they use the traditional leaming

methods only.

Other studies support the use of computer based instruction in science education
because of the simulations and /or animations that may be embedded in CBI (Dence,
1980; Gershman and Sakamoto,1981; Wynn and Wynn, 1988; O’Shea et al, 1993;
Gokhale, 1996 ). A simulation is an operating representation of central features of
reality (Ellington et al., 1981:15). It represents a real situation of some sort on a
computer and it must be operational. In other words it must constitute an ongoing
process. Animations are actions that happen on a computer to move the viewer’s focus

from one object on a single slide to another object on the same slide (Brian, 2000:302).
Wynn and Wynn (1988) asserted that computer based instruction provides better

aids (such as simulations and animations) as compared to abstract. These aids help

users master concepts and apply abstract thought to reality. O’Shea et al., (1993)
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talks of a study of 29 secondary pupils which was done using five computers over
three years, involving the use of simulations in mechanics lessons. The findings
showed that within a short time a significant amount of conceptual change was
detected in the pupils, which showed up on various measures that the researchers
used. The study also found that the number of correct responses and explanations
based on correct Newtonian theories increased significantly between the pre-test

and post-test and delayed post-test.

Gokhale (1996) asserted that students who use computer simulations in lecture-lab
activities perform better on academic problems than students who are taught with
traditional lecture lab instruction only. When simulations are used, even the
reluctant learners become more active and interested in what is being taught
(Dence,1980; Gershman and Sakamoto,1981) Therefore, computer simulations
embedded in CBI can solve a lot of problems for the teachers and pupils in science
education and help enhance pupil performance as described in the following

literature.

Wellington (1994:198) outlines the main advantages of computer simulations as
follows:
e Cost
Money can be saved in directly copying some laboratory experiments, either
by reducing outlay on consumables, such as chemicals and test-tubes,
or by removing the need to buy increasingly costly equipment in the first
place.
e Time
Using a computer simulation instead of a genuine practical activity
may save time, although some teachers are finding that a good
computer simulation in which pupils fully explore all the possibilities may

take a great deal longer.
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o Safety
Some activities simply cannot be carried out in a school setting because

they are unsafe. An example of these activities may be the effect of
corrosive acids on a human skin. This can not be done using the actual
acid and skin. The teacher can demonstrate such an effect using a
computer simulation.

e Motivation
There is a feeling, though with little evidence to support it, that
computer simulations motivate pupils in science education more than
traditional practical work.

e Control
The use of a simulation allows ease ofcontrol of variables, which
traditional school practical work does not. This may lead to unguided
discovery learning by pupils who are encouraged to explore and
hypothesise for themselves.

e Management
Lastly, Computer simulations offer far fewer management problems to
teachers than do many traditional activities. Problems of handing out
equipment, collecting it back again and guarding against damage and
theft are removed at a stroke. Problems of supervision, timing and

clearing up virtually disappear.

But although computer simulations are advantageous, there are several dangers in
using them in science education. According to Wellington (1994:199) the main
dangers of using simulations lie in the hidden messages they convey, which are

classified as follows:

e  Variables
Simulations give pupils the impression that variables in a physical process
can be easily, equally, and independently controlled. This message is

conveyed by simulations of industrial processes, ecological systems,
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and laboratory experiments. In reality not all variables in a physical
situation can be as easily, equally, and independently controlled as
certain simulations suggest.

¢  Unquestioned models, facts and assumptions
Every simulation is based on a certain model of reality. Users are only
able to manipulate factors and variables within that model; they cannot
tamper with that model itself. Moreover, they are neither encouraged
nor able to questionits validity. The model is hidden from the user. All
simulations are based on certain assumptions but the assumptions are not
revealed to the user.

e  Caricatures of reality
Any model is an idealisation of reality, i.e, it ignores certain features in
order to concentrate on others. Some idealisations are worse than others. In
some cases, a model may be used of a process not fully understood. Other
models may be deceptive, misleading or downright inaccurate; they
provide caricatures of reality, rather than representations of it.

¢ Confusion with reality
Pupils are almost certain to confound the programmer’s model
or reality with reality itself. Students may then be fooled into thinking
that because they can use and understand a model of reality they can
also understand the more complex real phenomena it represents or

idealises which may not be the case.

The literature above brings about important points which show that in order for
computer simulations to serve their intended purpose certain safeguards need to be
put in place. Firstly, all teachers, and in turn pupils, must be fully conscious that
the models they use in a computer simulation are simplified. Since the models are
made by humans, pupils should examine and question the models. Unless, the
developers of the programmes ensure that all the facts, assumptions, and even the
models themselves which are used by the programmer are made clear and available

to the pupils through the teacher’s guidance or in the documentation with the
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programme, the simulations may not serve the intended purpose. Therefore, all
sources of data about computer simulations need to be stated and clearly referenced.
Any pupil using a model can then be taught to examine and question the facts,
assumptions and models underlying it rather than just accepting the simulation as

an absolute truth which may not be so.

Use of computer based instruction as a supplement to TL has been studied in South
Africa by Sewel and Buirski-Burger (1998 ). These scholars did a research to find
out if CBI can serve science education in that country. They established that in
South Africa they had a problem with science education. The essence of the
problem was that very few people with appropriate science qualifications became
teachers and thus the teaching of science was left to people who themselves were
struggling with science ideas. They recommended that the possible way out of that
problem was to use computers to supplement traditional instructional methods of
learning. Computers would facilitate the learners’ acquistion of knowledge and

insight, which may ultimately be greater than their own.

In Botswana, Thomas and Emeriole (2002) carried out a study on the effects of CBIon
performance (on electricity and electronics) in physics. The purpose was to determine
how effective the CBI or the use of the computer as an instructional technology would
be in enhancing academic achievement and attitude towards the classroom integration of
computer technology. Sixty six students of Naledi Senior Secondary School in
Botswana participated in the study. Results showed that use of combined computer
based instruction and traditional instruction methods enhanced academic performance in

physics and was viewed as a positive experience by the majority of the students.

The two studies above depict a similarity and some differences worth taking note of.
Although they were carried out in different countries, for different purposes and using
different methodologies, both found that use of computer based instruction as a
supplement to traditional instruction enhances pupil performance in science (Sewel and

Buirski-Burger,1998; Thomas and Emeriole, 2002). In my opinion the study by
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Thomas and Emeriole (2002) is more focused than the other in structure, methodology
and the conclusions. It shows a marked difference from the other, as it has provided

empirical evidence of CBI’s effectiveness in the affective and cognitive gains of

students in physics.

In South Africa, Green ( 2007) did a study on the effectiveness of microcomputer
based learning in addressing leamner difficulties and misconceptions related to
kinematics and kinematic graphs. In the study a group of learners were required to
work through a series of leaming activities designed to provide opportunity for the
learners to interact with common difficulties related to kinematics and kinematic
graphs. Twenty pupils participated in the week-long study. All the pupils applied to
participate in the study in response to a flyer distributed by the researcher at local
schools. Pupils were selected on a first-come, first serve basis. They were all in
Grade 12 ( the final year of formal schooling in South Afiica) at the time and were
studying physical science on the higher grade. Pupils studying science at a higher
level covered more concepts, as well as studied certain concepts at deeper levels of
complexity, compared to learners who studied science on the standard grade. Thus
higher grade pupils were generally considered to be higher ability pupils. All the
teachers had worked through the section of dealing with kinematics and kinematic
graphs in the course of their normal physical science lessons in school. Pupils were
drawn from a variety of school types. Male and female pupils participated in the
study. Pupils worked in four small groups, each consisting of five learners.
Changes in learner understanding of particular concepts and skills related to
kinematic graphs were tracked through inspection of responses in pre- and post-

tests. Multiple choice test items were used for pre- and post-tests.

Table 2 that follows illustrates leaming successes of the participating pupils, as

measured by their performance on the pre- and post-test.

30



Table2  Pre-—and Post-test scores. Learners arranged in order of number

allocated to each at the beginning of the programme.

Pupil Pre-test [Post-test (Change in mark between pre-
ID 32) 32) test and post-test
| 10 15 5

2 8 22 14
3 8 9 1

4 6 18 12
5 7 6 -1
6 6 11 5

7 6 17 11
8 10 18 8

9 12 24 12
10 5 19 14
8 7 11 4
12 11 14 3
13 17 24 7
14 18 23 5
15 23 32 9
16 13 29 16
17 4 11 7
18 14 22 8
19 12 15 3
20 14 25 11
Mean 10.6 18.3 7.7
Mean % (32.9 57 24.1
Standard 4.79 6.89 4.65
deviation
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The analysis showed that overall , participation on the microcomputer based
learning programme contributed to pupil understanding of kinematics and

kinematics graphs.

This study is similar to that of Thomas and Emeriole(2002) in three ways i.e both
used computer based instruction as an intervention to address pupil difficulties; they
both used an experimental design of the pre-test post-test type, and the conclusions
made about CBI were more or less the same. The differences were on the content
that was studied and the software which were used. Green’s study is informative
because it shows that CBI is more helpful to the pupils than traditional instruction
only. These findings were reflected by Musker (2000) in the editorial page of

Education in science in the following extract:

I have carried outseveral studies comparing test results of year
10 student groups. These showed that students using an enriched
ICT science curriculum improved their performance. It is very
difficult to pinpoint exactly how ICT could improve the
performance of students in tests. I believe that ICT can often
put scientific information across in a different, in a more visually
stimulating manner. ICT also allows students to obtain results
quicker and more easily and therefore, allows them more time to
interprete them........(ibid: 4).

An interesting explanation for the reported positive effects of computer based
instruction was given by Bright (1983). His explanation was based on academic
learning time(ALT), which he defined as the amount of time in which the student is
engaged in a task and is highly successful in completing the task. He argued that
when academic learning time is increased there is a concomitant gain in student
achievement. Therefore, the more academic learning time a student accumulates the
more the student learns. He suggested that the many CBI activities lead to an
increase in academic learning time. For example, the amount of ALT is often
increased by providing the student with an exciting computer-based leaming

environment through games or adventures while at the same time providing the
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student with a learning task in which he is highly successful. Hence, the very nature

of CBI activities leads to an increase in ALT and achievement.

Zambia has already learnt about many of these encouraging findings on computer
based instruction from studies done in other countries and so has now endorsed an
e-learning programme in all the schools. E-learning is basically the use of the
internet for learning using computers or educational materials like the PCR software
and sending of such learning materials to schools via the internet. The intention is to
supplement traditional instruction methods. According to Lungwangwa (2007)
e-learning will compliment traditional forms of educational delivery as emphasized
in the country’s Fifth National Development Plan. The Zambian govemnment’s
adoption of e-learning will greatly enhance the education system since for a long

time the education sector has depended on blackboard and chalk classes (ibid:1).

Already some schools like Munali Boys High in Lusaka, have used the
‘Physicsclassroom’ computer software as a supplement to traditional instruction in
kinematics. According to COSM-Zambia (2005), the PCR is an excellent all-round
tutorial with a lot of information on kinematics which is in line with the Zambian
Ordinary level Physics syllabi (ibid:1); The PCR has animations to help demonstrate
difficult concepts like free fall and a lot of exercises for the learners to practice. The
mathematical steps on the equations of motion are arranged in such a way that more
pupils easily follow than they do with the TI. However, it seems no research has been
done in Zambia to determine the effectiveness of the PCR in the learning of

kinematics.

Much of the literature reviewed so far indicates a good picture about the use of
computer based instruction in education. However, it should be mentioned here that
not every form of CBIis effective in teaching and learning. In fact, 55% of the
computer educational software fall into the “Not Recommended” category; Only 40%
are in the “Recommended” category and 5% in the “Highly Recommended” category
(Wynn and Wynn, 1988).

33



In Nigeria a study was done by Olugbemiro et al. (1991) on “computers and the learning
of biological concepts: attitudes and achievement of Nigerian students”. The purpose
was to find out how the attitudes of the students would be affected by the use of
computers and the distinction, if any, in their achievement due to computer based
leamning. The study found that there was no significant difference between the groups
which used computers and the one which did not. In fact the students with the best
results were those working in cooperative teams without computer aided instruction.
According to Kerry (1996:113) “students’ use of computers for various tasks —
writing, drawing or graphing usually did not radically transform what they would do

without computers.”

Liu et al (1998) argued that there is no significant effect of computer aided learning on
achievement or in student attitude toward computers after computer integration. Sani
(2001:17) reports:

The new information and communication technologies, whose
role was considered by most speakers as crucial to the quality of
science teaching at the present time, were nevertheless called in
to question by some.Inone speakers’s view, those technologies
were not essential to the learning process, which could take
place with out them and they neither could, nor should
replace leaming in and through the real world and practical
experiments.

It is clear from the literature reviewed that the findings about the effectiveness of CBI
are quite conflicting. Some are positive while others are negative. Therefore, before
using any latest educational software, in this case the PCR, we need to investigate its
effectiveness in our context so that we get to know whether or not it will serve the

intended purpose.



2.6 The main gap in the literature reviewed

This study is not comparative in nature, but rather focuses on the effectiveness of the
Physicsclassroom computer software, in the leaming of kinematics by pupils in high
school physics at Munali Boys High School in Lusaka. From the literature review it is
clear that no study has been done to find out the effectiveness of the
‘Physicsclassroom’ computer software in the learming of kinematics in high school

physics in Zambia. Hence, the need to investi gate the software.

2.7 Summary of the chapter

This chapter reviewed literature about some of the challenges in the physics
curriculum which have contributed to the difficulties the pupils face in this subject.
The main ones are : the use of mathematics in physics which is unavoidable,
perpetual use of the TI teaching methods especially the lecture method, due to lack
of teaching/learning aids and the use of unqualified teachers to teach physics. The
literature reviewed suggests that such difficulties may be minimised by using CBI
as a supplement to TI. The chapter that follows presents the methodology of the
study.
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CHAPTER3

METHODOLOGY

3.1 Research design

Kerlinger (1986) defines a research design as a plan and strategy of investigation so
conceived as to obtain answers to research questions or problems. The plan is the
complete scheme or programme of the research. It includes an outline of what the
investigator will do from writing the hypotheses and their operational implications to
the final analysis of data. But Kumar (1996:74) defines a research design as
“a procedural plan that is adopted by the researcher to answer questions validly,

objectively, accurately, and economically.”

From the definitions above, we can see that a research design has two main functions.
The first relates to the identification and/or development of procedures and logistical
arrangements required to undertake a study, and the second emphasises the importance
of quality in these procedures to ensure their validity, objectivity and accuracy (Kumar,
1996). Hence, through a research design you conceptualise an operational plan to
undertake the various procedures and tasks required to complete your study and ensure
that these procedures are adequate to obtain valid, objective and accurate answers to the

research questions (ibid:74).

In this study an experimental design of the type pre-test, post-test control group was

used (Cohen and Manion,1990). This was as illustrated below.

R 0Ol X 02 (Experimental group)
R 03 X 04 (Control group )

R implied that the participants were randomly assigned to the groups. Randomisation
ensured the greater likelihood of equivalence, that is, the apportioning of the
experimental and control groups of any factors or characteristics of the subjects which

might have conceivably affected the experimental variables in which the researcher was
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interested (Cohen and Manion, 1990). When the groups are made equivalent, then any
‘clouding’ effects should be present in both groups. For example, if the mental ages of
the children in the experimental group increase, so should the mental ages of the
children of the control group. If something happens to affect the experimental subjects
between the pre-test and post-test, this samething should also affect the subjects of the

control groups’ (Campbell and Stanley, 1963).

The O's in the design referred to the pre-test and post-test in sequential order for each
group. X represented the treatment, which for the experimental group was the PCR
computer software. The control group used only the traditional instructional methods,
particularly the lecture method, simple demonstrations and physics books. The design
was used because though simple and elegant, it is so strong that it controls many of the
common threats to intemal validity such as : history, maturation, statistical regression,
testing, instrumentation, selection, and experimental mortality ( Campbell and Stanley,
1963).

According to Cohen and Manion(1 990), one problem that has been identified with this
particular experimental design is the interaction effect of testing, as reflected in the

following extract:

Whereas the various threats to the validity of the experiment that
we have listed can be thought of as main effects, manipulating
themselves in mean differences independently of the presence of
variables, other interaction effects, as their name implies, are joint
effects and may occur even when no main effects are present. For
example, an interaction effect may occur as a result of the pre-test
measure sensitising the subjects to the experimental variable (ibid:
198).

If chance had allowed, interaction effects could have been controlled for by adding to
the pre-test post-test control group design two more groups that did not experience the
pre-test measures. Then, the researcher could have taken into account the possibility of

pre-test sensitisation.
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Both the qualitative and the quantitative research methodologies were utilised.
According to Baxter and Tight (1 996), quantitative research consists ofthose studies in
which the data concerned can be analysed in terms of numbers while qualitative
research is that which describes events, persons and so forth scientifically, without the
use of numerical data. The former is based more directly on its original plans and its
results are more readily analysed and interpreted. Qualitative research is more open and
responsive to its subjects. The two kinds of research are not mutually exclusive. It is
possible for a single investigation to use both methods (Charles, 1988) so that variations
in a phenomenon, situation or attitude are not only described but also quantified
(Kumar, 1996).

3.2 Study area

The target area was Munali Boys High School in Lusaka. This school was chosen
because it had most of the facilities which were required for the study like a computer
laboratory, lap top computers, Internet connectivity and the PCR software. F urthermore,
there were a good number of respondents who were not only computer literate but also
followed the pure physics syllabus number, 5054. They were all willing to participate in
the study.

3.3 Study population

The subjects were all grade 12 pupils from Munali Boys High School. At the time of the
study, the number of grade 12 boys at the school who were computer literate, followed
the pure physics syllabus and were willing to participate was 120. Grade 12 boys were
picked because they were at the same level in physics, knew how to use computers
better than the pupils in other grades and showed no excitement with computers as they

had used these for too long.
3.4 Sample size

The sample was made up of 40 randomly picked grade 12 students. The sample size
was larger than what could be expected from a population of 120 because findings
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based upon larger samples have more certainty than those based on smaller ones; ‘As a

rule the larger the sample size the more accurate are the findings (Kumar :1996:152).

3.5 Sampling

Kumar(1996) defines sampling as the process of selecting a few ( a sample) from a
bigger group (the population) to become the basis for estimating or predicting a fact,
situation or outcome regarding the bigger group. A sample is a sub-group of the

population you are interested in.

This process of selecting a sample from the total population has advantages and
disadvantages. The advantages are that it saves time as well as financial and human
resourses. However, the disadvantage is that you do not find out the facts about the
population’s characteristics of interest to you but only estimate them. Hence an error in

your estimates exists (ibid:148).

A stratified sampling was used to select the participants on the basis of the physics
syllabus they followed at O-Level. Stratified random sampling is a type of sampling
which is based upon the logic that the accuracy ofone’s estimate largely depends on the
extent of variability or heterogeneity of the study population with respect to the
characteristics that have a strong correlation with what you are trying to ascertain
(Kumar, 1996). The greater the variation in the study population with respect to the
characteristics under study, for a given sample size, the greater will be the uncertainty
(ibid:152). For a population which is homogeneous with respect to the characteristics
under study, even a small sample can provide a reasonably good estimate, but for that
which is heterogeneous, to obtain the same level of accuracy, you need to select a larger
sample. Therefore, if by some means the heterogeneity in the group can be reduced, for

a given sample, the researcher can achieve better results.
The participants were stratified in such a way that the population within a stratum was

homogeneous with respect to the physics syllabus the pupils followed. Those who

followed the 5054 pure physics syllabus and were competent enough in computers
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were lined up and only the odd numbered ones were picked until the number came to
60. Each of the 60 subjects was then numbered using a separate slip of paper. All the
papers were put in a box. They were picked out one by one without looking until the
number of slips selected equalled 50. This is called the fishbowl draw method of

selecting a random sample (Kumar, 1996).

A judgemental or purposive sampling was then employed to select the study subjects
(40) who had gone through all the basic computer lessons at Munali Boys High School
including the Intemet use and so could use the PCR software on a computer with no
difficulties. The primary consideration in purposive sampling was the judgement of the
researcher as to who can provide the best information in order to achieve the objectives
of the study. The researcher only goes to those who in her/his opinion are likely to have

the required information and be willing to share it (ibid:162).

3.6 Research instruments

The following research instruments were used:

(1) Tests

Multiple choice tests were used (both for the pre-tests and post-tests) as they were the
most appropriate ways to get enough quantitative data, in form of raw scores, which
were to help answer the first and second research questions. Tests were developed by
carefully selecting standard questions from past Cambridge Examinations and
Examinations Council of Zambia’s past examination papers. They contained 60 items

at different levels of cognitive domain to test what was leamnt.

(ii) Attitude questionnaire

According to Kumar (1996:110) ‘A questionnaire is a written list of questions, the
answers to which are recorded by respondents.” The questionnaire consisted of 13
items which dealt with the pupils’ attitude towards the leaming of kinematics with the
PCR software. This modified questionnaire was originally developed for investigating
the impact on the attitudes of undergraduate pre-service teachers towards hypermedia by

a team of experts in test development at the Delaware State University, in the USA
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(Thomas and Emereole, 2002). Thomas and Emereole modified this questionnaire and
used it in their study on the effectiveness of computer based instruction on performance
in physics, to find out whether or not the male and female respondents would develop
positive attitudes to using the computer based instruction. I modified the questionnaire

further so that it could suit this study.

(iii) Observations

‘Observation is a purposeful, systematic and selective way of watching and listening to
an interaction or phenomenon as it takes place’ (Kumar,1999:105). This was used to see
how the participants would interact with each other in the group, interact with the given

intervention, handle the PCR exercises and any other kind of behaviour.

(iv) Participant Reports
Each participant in the experimental group was asked to write a short report about the
kinematics lessons they learnt using the PCR software. This helped me to confirm the

information that was obtained using other instruments.

(v) Interview schedule for teachers of physics

There was a group interview about the effectiveness of the PCR computer software
with 10 physics teachers in COSM-Zambia who had used the software before. COSM-
Zambia is the collaboration between American Physics teachers organised by the
Hampton University and Zambian physics and mathematics teachers under the auspices
of ZASE. Working together, these groups have established a series of annual
workshops in Zambia to identify student learning problems and provide or suggest
solutions to these. The goal is to improve physics education in Zambia (COSM-Zambia,
2005). Among the problem topics the physics teachers have already identified is
kinematics. Findings from the interview also helped me to confirm the information that

was obtained from the instruments above.
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3.7 Data collection

Data was collected over a period of six weeks . The Physicsclassroom computer
software contained six lessons on kinematics, under the following headings:

(i) Describing motion with words,

(i) Describing motion with diagrams,

(i) Describing motion with position versus time graphs

(iv) Describing motion with velocity versus time graphs,

(v) Describing motion with equations

(vi) Free fall and acceleration of due to gravity.

A lesson was done per week to collect and record the data. There were two groups of
pupils, the experimental group and the control group. At first both groups leamt
kinematics from the Zambian High School Physics Syllabus (ZHPS) using traditional
leaming approaches, in particular, the lecture method, simple demonstrations and books.
After this they were pre-tested. Then, the experimental group leamt more about
kinematics using the Physicsclassroom computer software. Each pupil had his own
laptop computer and progressed at his own pace. The lessons were short enough and

except for the first one, other lessons took less than an hour for the pupils to finish.

At the same time, the control group leamnt more about kinematics using the same
traditional instructional methods named above. In case of any difficulties, both groups

had the same amount of time in which to ask the teacher for help.

At the end of the lesson both groups were tested using the same questions as before.
Due to the limited number of objectives on the syllabus, each test contained ten multiple
choice questions. These were to be done in 15 minutes. The period of time was based
on the past examination papers where these questions came from. 40 multiple choice
questions were expected to be done in 60 minutes, implying that on average 10

questions could be done in fifteen minutes (Examinations Council of Zambia, 2007).
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The results were not given to the respondents immediately but at the end of the study.
This was done to prevent the participants from worrying about the results but instead
concentrate on the work that was given. Enough effort was made to ensure that the
pupils did not have the impression that they were treated differently. Those in the control
group were assured that they would be given a chance to use the PCR software

package and this was later done.

Throughout the process, the researcher maintained the position of being a non-
participant observer. This was neither easy nor good, especially when pupils failed to
find a right answer on a computer and so got frustrated. Probably the researcher could
have played a better role in effecting the process of conceptual change ifthe position of

the non-participant observer had not been decided upon earlier.

3.8 Data analysis

The data collected were grouped according to strata of research questions and
analysed both quantitatively and qualitatively. The quantitative data were presented
using tables of numbers (Tables 4.2a - 4.3b), percentages (Appendix F) and line
graphs (Appendix G). The group Means, standard deviation, percentages and line
graphs were compared to see which of the two groups performed better than the
other. The qualitative data collected from the Attitude questionnaire, Observation
schedule, participant reports and the interview schedule were carefully organised
and verified by triangulation. That is, the responses from the pupils and teachers
were compared and also related to previous researchers’ findings. Themes that were
most common from the statements made by the respondents formed the basis of the
findings and conclusions of the study. A ‘t-value’ was computed for each of the
six tests to see whether or not there was a significant difference between the pre-test
and the post-test scores for each group. Since no prediction was made about the
direction of the differences between the pre-test and post-test, a two-tailed test was
appropriate and so the table was prepared to deal with a difference in favour of

either group. All statistical tests were evaluated at the p < 0.05 level of confidence.
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3.9 Ethical considerations

The term ethics or ethical means ‘ in accordance with principles of conduct that are
considered correct, especially those of a given profession or group’ (Kumar, 1999:190).
Certain behaviours in research such as causing harm to individuals, breaching
confidentiality, using information improperly, and introducing bias are unethical.
Therefore, participation in this research was voluntary. Anonymity was respected by
not exposing the participants. The information given by each participant was treated

with confidentiality. All the questionnaires were issued and collected by the researcher.

3.10 Validity and Reliability of the instruments used

“Validity is an attempt to check out whether the meaning and interpretation of an event
is sound or whether a particular measure is an accurate reflection of what you intend to
find out, while reliability refers to the consistency of a measure, score or rating’
(Renuka and Jansen 1997:1). In this study the content validity of the tests was
confirmed by matching the test questions to specific objectives as required by the
Zambian High School Physics Syllabus, number 5054. An Experimental design was
used to obtain data , and though simple, this method is so strong that when it is used,
many common threats to internal validity are controlled (Cohen and Manion, 1990). For
example, the time span between the pre-test and post-test did not exceed an hour. During
this time, no other events were allowed except the experimental treatment. Because of
this and the fact that there were negligible developmental changes within the subjects,
threats to internal validity such as history and maturation produced little or no effect in
addition to the experimental variable which could mistakenly be attributed to

differences in treatment.

Secondly, it could be true that since the same questions were used for pre and post-
tests, students showed an improvement as an effect of their experience with the pretest.
However, the testing effect, if any, affected all the subjects equally, and so any
significant improvement above that of the control group could not be attributed to this
but to the use of the PCR.



Thirdly, during the study, both the PRC as well as the researcher’s manner of data
collecting and recording did not change. This helped to eliminate the effect of
instrumentation. Furthermore, only one observer took note of the results and

observations and this helped to eliminate the effect of instrument delay.

In studies of this nature, there are cases were subjects scoring higheston a pre-test may
score relatively lower on a post-test and those scoring lowest on a pre-test scoring
relatively higher on a post-test. In other words, there could be a regression to the mean.
In order to avoid this, the researcher avoided the selection of extreme scorers to the

exclusion of average scorers.

In order to avoid the problem of differential selection, the random assignment was used.
Any person in the subject pool had an equal probability of being assigned to either the
experimental or the control group. Hence, the outcome of this study was a function of

the treatment being evaluated and not the initial differences between the groups.

If in a study, some participants are lost from the experimental or the control group
because they drop out of the study, miss pre-testing or post-testing , or are absent
during some sessions the experiment’s internal validity may be threatened. This is called
experimental mortality or attrition. In this study the effect was minimised by randomly
assigning students to treatment groups and assuring them that they would have equal
chances to benefit from the two treatments, as both were equally desirable. Following
this, nearly all the participants were present when they were required. This also helped
to minimise the other threats to internal validity such as compensatory rivalry and the
resentful demoralisation of the control group. The subjects were randomly assigned and
they were of about the same age (18years). This minimised the effect of the selection-

maturation interaction.
Another threat to intemal validity is experimental treatment diffusion. It can happen if

the experimental and control groups are very close to each other during the experiment.

The treatment may diffuse to the control group and so the effect of treatment on the
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post-test would be confounded. In this study diffusion was avoided by arranging
conditions in such a way that there was no contact between the experimental and control

groups when the intervention was given.

One problem with the design which was used is the interaction effect, already
mentioned. This effect could have been controlled by adding to the pre-test post-test
control group design two more groups that did not experience the pre-test measures. The
result could have been a four-group design as suggested by Solomon (Thomas and
Emereole, 2002). Due to time factor, this was not done and it probably affected the
internal validity i.e, the extent to which extraneous variables had been controlled by the

researcher.

In order to maximise the exteral validity, the subjects picked were to a good extent a
representative of the population to which the researcher chose to generalise his

findings.

The reliability of the multiple choice tests was determined by using the External
consistence procedure of the type, test/retest (Kumar,1999:141). The test was
administered once, and again, under the same or similar conditions. The ratio
between the test and retest scores indicated the reliability of the instrument used.
The greater the value of the ratio, the higher the reliability of an instrument. As an

equation:

Test score =1
Re-test score

A ratio of 1 showed 100% reliability and any deviation from it indicated less

reliabilty. The data obtained for all the tests was as shown in table 3.



Table 3 Table of the Test/Retest ratio.

Test no. |No. of cases for which the ratio was 1 (or about 1)
(%)

1 89

2 87.5

3 80

4 89

5 79

6 95

The information in table 3 indicated that the six tests were generally reliable

though not 100% so, most likely due to extraneous variables.

At the end of the study, the Attitude questionnaire was administered to the
experimental group for the second time, and the test/retest ratio gave the value 0.88
(88%) showing that the questionnaire used was highly reliable. This procedure of
determining reliability was used in both cases because it has an advantage of
permitting the instrument to be compared with itself, thus avoiding the sort of

problems that could arise with the use of another instrument (Kumar,1996).
3.11 Summary of the chapter

This chapter presented the methodology of the study. The next chapter presents the
results obtained from the participants.
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CHAPTER 4
FINDINGS

4.1 Introduction

This chapter is in three parts. The first one presents the performance of the experimental
and control groups in pre- and post-tests. The information is shown in tables 4.2a to
4.2f and this was used to answer question one of the study. The second part shows the
change in performance for the two groups between the pre- and post-tests. The
information is shown in tables 4.3a and 4.3b. This information was used to answer
question two. Part three has findings from: the attitude questionnaire, observations made
by the researcher, participant reports and the physics teachers. The information was

used to answer the third question of the study.

4.2 Research Question 1: Does the PCR software enhance pupil performance in
kinematics in physics at Munali Boys High School
when it is used as a supplement to traditional

learning methods?

The performance of the participants from both groups in pre- and post-tests are in tables
42at04.2f.
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Table 4.2a. Experimental and control groups’ performance on test 1

Pre-test 1
Group N Mean SD
Experimental 20 50 14
Control 19 54 14.9
Post-test 1
Group N Mean SD
Experimental 20 64 12
Control 19 55 13.9

The information in table 4.2a shows that in pre-test 1, the mean mark of the
experimental group was 50% while in posttest 1, it was 64%. This showed a
difference in performance of 14% for the experimental group after using the
Physicsclassroom software. In the same pre-and post-tests, the mean marks of the
control group were 54% and 55% respectively, showing a difference in performance of

only 1%.
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Table 4.2b. Experimental and control groups’ performance on test 2

Pre-test 2

Group N Mean SD
Experimental 20 57 15.2
Control 16 51 17.9

Post-test 2

Group N Mean SD
Experimental 20 70 15.6
Control 16 53 17.2

In pre-test 2, the mean mark of the experimental group was 57%, while in post-test 2,
it was 70%. This showed an increase in performance of 13% after using the Physics
classroom software. In the same pre- and post-tests, the mean marks of the control

group were 51% and 53% , showing a difference in performance of 2%.

Table 4.2¢. Experimental and control groups’ performance on test 3

Pre-test3

N Mean SD
Group
Experimental 17 41 18.4
Control 20 50 18.2
Post-test 3
Group N Mean SD
Experimental 17 55 14.9
Control 20 50 16.3
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In pre-test 3, the mean mark of the experimental group was 41% while in post-test 3
it was 55%. This showed an increase in performance of 14% after using the
Physicsclassroom software. In the same pre- and post tests, the mean marks of the

control group were 50 and 50 respectively, showing no change in performance.

Table 4.2d. Experimental and control groups’ performance on test 4

Pre-test 4
Group N Mean | SD
Experimental 17 42 13.1
Control 18 54 13
Post-test 4
Group N Mean SD
Experimental 17 46 142
Control 18 50 16.5

In pre-test 4, the mean mark of the experimental group was 42% while in post-test 4
it was 46%. This showed an increase in performance of 4% after using the
Physicsclassroom software. In the same pre-and post-tests, the mean marks of the
control group were 54% and 50% respectively, showing a decrease in performance of

4% for the control group.
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Table 4.2e. Experimental and control groups’ performance on test 5

Pre-test §
Group N Mean | SD
Experimental 18 42 10.7
Control 17 47 17.8
Post-test 5
Group N Mean SD
Experimental 18 51 14.3
Control 17 47 17.1

In pre-test 5, the mean mark of the experimental group was 42% while in post-test 5
it was 51%. This showed an increase in performance of 9% after using the PCR. In the
same pre- and post test 5, the mean marks of the control group were 47% and 47%

respectively, showing no change in performance.
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Table 4.2f. Experimental and control groups’ performance on test 6

Pre-test 6
Group N Mean SD
Experimental 17 61 19.5
Control 19 60 16.6
Post-test 6
Group N Mean SD
Experimental 17 69 22.5
Control 19 60 155

In pre-test 6, the mean mark of the experimental group was 61%, but in post-test 6 it
was 69%. This showed an increase in performance of 8% afler using the Physics
classroom software. In the same pre- and post tests, the mean scores of the contol

group were 60 % and 60% respectively, showing no change in performance.

[n many cases (67%) the standard deviation of the post-test scores for the control group
was bigger than the standard deviation of the post-test scores for the experimental
group. Except for test 4, all the t-values for the experimental group were bigger than the
table values. As for the control group, all the t-values were smaller than the table

values.
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Table 4.2f. Experimental and control groups’ performance on test 6

Pre-test 6
Group N Mean SD
Experimental 17 61 19.5
Control 19 60 16.6
Post-test 6
Group N Mean SD
Experimental 17 69 225
Control 19 60 15.5

In pre-test 6, the mean mark of the experimental group was 61%, but in post-test 6 it
was 69%. This showed an increase in performance of 8% after using the Physics
classroom software. In the same pre- and post tests, the mean scores of the control

group were 60 % and 60% respectively, showing no change in performance.

In many cases (67%) the standard deviation of the post-test scores for the control group
was bigger than the standard deviation of the post-test scores for the experimental
group. Except for test 4, all the t-values for the experimental group were bigger than the
table values. As for the control group, all the t-values were smaller than the table

values.
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4.3 Research question 2: To what extent does the PCR software enhance pupil

performance in kinematics?

The information in tables 4.3a and 4.3b shows the change in performance of the
experimental and control groups between pre- and post-tests. This information helped to

answer question 2.

Table 4.3a. Change in performance of the experimental group between the pre-

and post-tests.
Experimental group
Pre-test | Post-test Change
Test | Mean Mean in the Mean

% % %
1 50 64 14
2 57 70 13
3 41 55 14
4 42 46 4
5 42 51 9
6 61 69 8

It can be seen in table 4.3a that the experimental group performed better in all the post-
tests than in pre-tests, suggesting that the PCR improved the performance ofthe pupils.
The average increase in the Mean for the 6 tests was 10.3%. In general, the t-values for

this group showed that the change in the Mean was significant.



Table 4.3b. Change in performance of the control group between the pre- and

post-tests.
Control group
Pre-test | Post-test Change
Test | Mean Mean in the mean
% % %
1 54 55 1
2 51 53 2
3 50 50 0
4 54 50 -4
5 47 47 0
| 6 60 60 0

The average change in the mean score for the control group was -0.2%. This meant that
on average there was literaly no change in performance for the control group which was

taught using traditional methods only, between the pre-tests and post-tests.

The pre-test mean score difference between the experimental and control groups was
-3.5%. This confirmed that before the PCR was introduced, the performance of the

two groups in the pre-tests was more or less the same.

4.4 Research question 3: What effects (ifany) does the PCR have on the
attitudes of pupils to kinematics and the learning

methods?

4.4.1 Findings from the Attitude Questionnaire.

Table 4.4 lists the descriptive statistics of the experimental group’s responses to the 13
items on the attitude questionnaire, which was given to the participants. The Likert scale
was used and responses were recorded in frequencies and then computed into

percentages.
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Table

attitude questionnaire.

4.4 Responses given by participants to items one to thirteen of the

Item

Responses

Strongly

agrec
N (%) 7

Moderately
Agree

agree
N (%) 6

Slightly

N(%) 5

Neutral |Shightly
disagree
0,
N@o4 |NO03

Moderately
disagree
N(%) 2

Strong
disagre
N (%)

software  for
Kinematics

The use of the PC

was

exciting experience.

15 (88.2%)
leaming|
an

2(11.8%)

0 (0%)

0(0%) |0 (0%)

0 (0%)

0 (0%

presentations.

In  understanding the,
concepts of a lesson the
PC method of presenting
Kinematics is better than
the traditional classroom

529.4%)

7 (41.1%)

2(11.8%)

2(11.8%)[1(5.9%)

(=]

than
methods

Physics.

the
of

The PC approach allows
one to discuss Kinematics
with others much more

traditional

10 (58.8%)

learning

5(29.4%)

1(5.9%)

1(5.9%)

(=)

on  Kinematics

the PC software.

My level of motivation

increased with the use of

9(52.9%)

has

4(235%)

2(11.8%)

1(5.9%)

1(5.9%)

S

was clear

The amount and

compared  with

classroom.

The information on all the
lessons on  Kinematics

of materials in the PC

were  just about right

would  nommally b
covered in a traditional

8 (47.0%)

quality| 6 (35.3%)

what

6(35.3%)

5(29.4%)

2(118%)

|

1(5.9%)

(=

3(17.6 %)

2(11.8%)

]

1(5.9%)

The use of the PC
software has increased
my degree of interest in

13 (76.5%)

3(17.6%)

S

1.9%)

<

1(




Kinematics and Phys'x:s'
in general.

The PC leaming method
allowed me to work at my
own pace (which the
traditional classroom
methods do not do).

4(23.5%)

7 (@1.1%)

2 (11.8%)

15.9%)

2(11.8%)

(=1

1.9

The PC software offered
me greater flexebility in
the sequence of various
ideas / concepts on each
lesson  than traditional
classroom methods

10 (58.8%) | 3 (17.6%)

3(17.6%)

1(5.9%)

<
<

10

The use of the PC in
leaming Kinematics in
Physics made me more
creative.

9 (52.9%) 3(17.6%)

4(23.5%)

[

1(5.9%)

(=

11

I leamed more things
about Kinematics
through the use of the PC
software than I leamed
using Traditional
methods.

13(76.5%) | 3(17.6%)

1(5.9%)

12

I recommend the use of
the PC sofiware in the
leaming of Kinematics
and other topics in
Physics.

<

17 (100%)

would like the
Traditional  method  of]
leering Kinematies be
icplaced completely with
PC leawing approach
than  only
supplement it.

5(29.4%)

2(11.8%)

3(17.6%)

1(5.9%)

15.9%)

1(5.9%)

4(23.5%)

Total 221 1

24(56%) | 50 (23 %)

19(9%)

11 (5%)

9 (4%)

2(1%)

6(3%J)
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As can be seen in table 4.4, the majority of respondents ( 56 %) strongly agreed with
items one to thirteen of the attitude questionnaire. The most highly rated item was
recommending the use of the PCR software in the learning of kinematics and other
topics in physics. All the respondents (100%) agreed to use the PCR for kinematics and
other topics in physics. Many participants (88.2%) found the PCR learning method a
very exciting experience. A good number of pupils (76.5%) indicated that the PCR
leaming method had increased their degree of interest in kinematics and physics in
general. The same number of pupils (76.5%) strongly agreed that using the PCR made
it possible for them to leam more things in kinematics than they did with TI methods of
leaming. Many pupils (58.8%) strongly agreed with the statement that the PCR enabled
them to discuss kinematics with each other more than they did in traditional learning
approaches. Some pupils (58.8%) wanted the traditional instructional methods to be
completely replaced with the PCR learning approach. However, the rest did not want

this to happen, but just to use the PCR as a supplement to TI.

4.4.2 Findings from the observations

A number of things were observed about the experimental group. Firstly,
participants were always punctual for lessons and the class attendance was 80% or
more as shown in appendix C. Once in the Laboratory, they started their computers
and immediately went to the ‘Physicsclassroom ’ software to explore the new
information. Their behaviour was very good. They interacted with the
‘Physicsclassroom’ software well. In problem solving situations they shared ideas
with each other very well and at the end, each of them solved at least 75% of the
problems on kinematics as an exercise. No participant appeared to be reluctant to do
work. After using the software the pupils did not complain about the mathematical
part of kinematics. Their performance in the post-tests was generally better than
that of their counterparts in the control group as shown in tables 4.3a and 4.3b on
pages 54 and 55 respectively. They appeared to be happy with the PCR software
and expressed a desire to continue leaming physics with the PCR learning
approach. After the study, they frequented the Computer lab for more ‘Physics

classroom’ lessons.
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Participants in the control group were also punctual for work and the class
attendance was equally good (80% or more). As their friends in the experimental
group learnt physics with the Physicsclassroom software, those in the control group
learnt the same content using conventional learning methods in particular: lectures ,
simple demonstrations and books. Discipline was slightly less than those in the
experimental group and the teacher always needed to be around for the pupils to
maintain order. Like their friends in the experimental group, at the end of every
lesson, they did a physics exercise which was given by the teacher. But unlike the
participants in the experimental group, in problem solving situations participants in
the control group rarely shared ideas. Their general performance in the exercises

and post-tests was lower than those in the experimental group (below 75%).

4.4.3 Pupils’ views

With the exception of two participants 9 and 33 who were out of the station at the time
of research, all other participants in the experimental group (18) wrote a report each
about how they found the PCR software in the leaming of kinematics in high school
physics. The main statements made by the participants were grouped into three themes,
understanding of kinematics, calculations using the equations ofmotion and interest in
the Physics classroom teaching approach as follows:

4.4.3a Understanding of kinematics

Some respondents indicated that through the use ofthe PCR they understood kinematics
better. For example, Participant 1, said :

“For the few days I attended kinematics lessons through the use
of the PCR, I must admit that the animations were excellent

because they showed the practical part of kinematics more clearly
than the traditional methods. The notes were thoroughly explained,
the diagrams were clear and the examples were straight to the
point. Besides, several steps on how to approach kinematics
questions were explained which is not the case in the traditional
methods. Therefore, I recommend that this software, the PCR, must
be made available in all high schools so as to help pupils in this
area.”
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Participant 3 had the following to say:

“although some tests were hard before, they became slightly
simple after going through the PCR.”

Participant 19 indicated that using the PCR, he understood kinematics clearly, as

follows:

“I now understand the topic clearly. There is surely and honestly
greater understanding in the PCR than the traditional classroom
presentation. It keeps one wanting to find out how a topic goes
to the end.”

Participant 29 also confessed as follows:

“ personally used to have problems in kinematics due to the
poor foundation but due to the use of the Physics classroom
computer software, I have really gotten more understanding of
the topic. I would suggest that this be the beginning and not
the first and last.”

Participant 37 made a special request in the following statement:

“The pre-test was a bit hard but after the research on the computer
it was easy. I would like to ask you if you canmind to conduct
the same thing on other topics because on the computer I found
it easy to understand than in traditional teaching.”

The comments from Participant 39 were also worth mentioning. He wrote:

“l appreciate what the PCR has done towards my understanding in
physics. Everything is clear than learning things in the traditional
classroom. I just wish this programme would goon and on. Apart
from learning kinematics, we should include other topics as well
which are approved quite complicated. I think with the PCR, a pupil
can do with or without a teacher because understanding is simplified.”
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All these statements showed that pupils understood kinematics better when they used
the PCR leaming approach as a supplement to traditional instructional leaming

approaches than when they used the latter methods of learning only.

4.4.3b Calculations using the equations of motion
Participant 23 felt that the PCR had a negative effect. He wrote:

“] think it can help in many ways.But in one where I found
difficulties and this was in questions in which we were required
to use either of the four equations. The equations were a bit
complicated and it was difficult to plug in the value. With the
animations they were terrific and very helpful.”

But other pupils had a different feeling from that of Participant 23. For example,

Participant 21 wrote,

“In the PCR software, I could find new and simple methods for
calculating tricky questions in a very simplified way. If at all
I were to give the computer a percentage, then it would
deserve a 75% with no reduction. I therefore conclude by saying
that during the whole process of examination, I could find answers
in a very simple way after using a computer.”

Therefore, equations of motion were appreciated by the majority of pupils.

4.4.3c Interest in the Physicsclassroom teaching approach

A number of participants had a lot of interest in the PCR leaming approach. For
example Participant 5 had the following to say:

“In the PCR, I'was free to discuss the lessons with others much
more than in conventional methods of leaming. I hope the use

of the PCR will be compulsory and every pupil doing physics
will have access to the PCR, in future.”

61



Another pupil, Participant 7, wrote:

“I'would say Ienjoyed myselfand it was exciting. This method

taught me some of the concepts in kinematics that I didn’t learn

in class e.g slope. The animations give the pupil a picture of what
he is reading, making it difficult or even impossible to forget. This
way of leamning should even be included on the time-table of the
school. It should be done for some other subjects like: chemistry,
biology, maths and english.”

Participant 33 made the following statements:

“From the use of PCR, Thad gained a strong interest in knowing
more about kinematics.I think the use o f PCR should be
introduced in schools for certain physics topics. Because our
traditional physics classroom does not offer us with all the
required information, for example diagrams. Diagrams are not
clearly explained in our own traditional physics | eaming systems.
This method also allowed us to discuss with friends while dealing
with a topic on the computer.”

These statements indicated that the participants had developed more interest in the

Physicsclassroom learning approach as a supplement to TI than the TI only.

4.4.4 Findings from the Physics teachers

When asked for comments by the researcher about the effects of the
Physicsclassroom software, a group of 10 physics teachers from COSM-Zambia
made positive remarks. They said that the software was good for high school
physics, particulary on kinematics and wave motion. Some of the reasons they gave
included: “ it makes the invisible visible”, “has a lot of self explanatory diagrams”
, “ has a lot of exercises for practice”, and “ more content in kinematics than many

of the books used in high school physics.”
The teachers of physics at Munali Boys High School who have used the

Physicsclassroom software in their kinematics lessons also informed the researcher

that the software in question was good. Their reasons included: “ not as boring as
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the chalk and talk method”, “makes certain abstract concepts appear concrete e.g on
free fall”, “motivates pupils more than many TI learning methods”, has a lot of
information in kinematics and exercises for the learner”, “enhances learner

performance in physics” and “is liked by nearly all the learners who use it”.

4.5 Summary of the Chapter

This chapter presented the findings of the study. In the pre-tests the performance of
the experimental and control groups was not significantly different. But after using
the PCR software as a supplement to TI, the experimental group performed better
than the control group which only depended on TI to learn kinematics. Furthermore,
the findings revealed that the attitude of the experimental group to the PCR
software and kinematics was positive. The chapter that follows discusses these

findings.
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CHAPTER 5

DISCUSSION OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction
This chapter has two main sections. The first one discusses the findings in Chapter

4. The second one presents the conclusions and recommendations of the study.

5.2 Discussion of findings

The first issue the study sought to establish was whether the Physicsclassroom
computer software could enhance pupils’ performance in kinematics in high school
physics at Munali Boys High School when it was used as a supplement to
traditional instructional methods of learning. Secondly, if so, to determine the

extent to which the PCR could enhance pupil performance in Kinematics.

By comparing the pre- and post-test Mean scores (Tables 4.2a - 4.3b) and the line
graphs (Appendix G), this study found that the experimental group gained more
than their counterparts in the control group. For example, the average change in the
Mean scores for the experimental group between the pre- and post-tests was 10.3%
(Table 4.3a) while that for the control group was -0.2% (Table 4.3b), showing a
difference in performance of 10.5 % between the two groups. This indicated that
on average, use of the PCR as a supplement to T1 had enhanced the performance of
the pupils by 10.5%. These results collaborate those of other researchers such as
(Kulik and Kulik,1991 ; Thomas and Emereole, 2002; Vinsonhaler and Bass, 1972)
who found that approppriate use of computer based instruction as a supplement to

traditional instruction enhances the performance of leamers.

However, this part of the discussion may not be complete without a comment on the
result of test 4. From the difference in the scores obtained by the two groups, one may
be tempted to think that the Physicsclassroom software did not enhance leamer
performance on test 4 and may support Clark (1994) who argued that media (including
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computers) do not influence learning and achievement under any conditions. Here, it
was very difficult to support Clark because although the initial difference between the
two groups in pre-test 4 showed a better performance for the control group of 12%, in
post-test 4 the performance of the experimental group went up by 4% (Table 4.3a)
while that of the control group went down by the same percentage (Table 4.3b).

Therefore, there should be no doubt that media influences learning because the form
in which information is presented might determine how it is processed in the mind,
and how it might be learned (Cobb, 1977). Papert (1980:131) argues, “I too see the
computer presence as a potent influence on the human mind.” In this regard, Clarks
theory was refuted. The situation in post-test 4 could have been because of other
reasons such as experimental mortality, which is the phenomenon of losing research
participants during the course of an experiment. At the time of post-test 4, three
participants from the experimental group had problems with the school and so
missed the test. This differential loss of three participants might have resulted in
confounding the effect of the experimental variable, for whereas initially the groups
were randomly selected, the residue that stayed for the test was likely to be slightly
different from the unbiased sample that began it. The other reason could be the
variable commonly known as compensatory rivalry by the control group.
According to Saretsky (1972:579), “compensatory rivalry involves a situation in
which control group participants perform beyond their usual level because they
perceive that they are in competition with the experimental group”. Therefore, the
observed difference between the experimental and control groups on pre-test 4 can
also be attributed to the control group’s unusual motivation rather than to treatment

effects.

In many cases (67%) the standard deviation of the post-test scores for the control
group was bigger than the standard deviation of the post-test scores for the
experimental group. This, however, did not mean that the control group performed
better than the experimental group in any of the post-tests. It only indicated that the

65



post-test scores for the control group were more dispersed (had a wider spread from the

mean) than those of the experimental group.

Lastly, the study tried to find out if the PCR had any effects on the attitudes of pupils to
kinematics and the learning methods. The “strongly agree”, “moderately agree” and
“slightly agree” responses in table 4.4 of the Attitude questionnaire revealed pupils’
positive attitudes to kinematics and the PCR but not the TI.

Firstly, many participants (76.5%) strongly agreed that by using the PCR , they learned
more things about kinematics than they did with the TI only. The main goal of pupilsin
schools is to do well in their final examinations so that in future they get into good
training and/ or find good jobs. But better performance in the final examinations
depends on how much they know in a subject. Therefore, a leaming approach which
helps them to cover more content on a topic is more beneficial to them because
consequently, it enables them to perform better in their final examinations and achieve
their goal. Their attitudes to such learning approaches should be positive and this was

the case with the Physicsclassroom learning method.

A good number of pupils (59%) strongly agreed that in the PCR learning
environment, they discussed kinematics more than they did in the TI leaming
environments. Research shows that the more the pupils participate in a lesson e.g;
through classroom discussions, the more they understand the content covered
(Monk and Osborn, 2000:51). “Scientific reasoning is learned, by talking to other
members of the community; we practice it by talking to others, and we use it in
talking to them, in talking to ourselves...and in other forms of more complex
activity”(ibid:51). In a science class, pupils need teaching/learning approaches
which enable them to spend time talking science, identifying problems, framing
questions, and working with the teacher mainly as a consultant to talk through, and
to help develop possible solutions (ibid:122).When this happens their interest in the
subject and the teaching/learning approach goes up. In short, pupils enjoy

teaching/learning methods which accord them the chance to participate in the
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lessons fully. In this study the participants’ responses gave an impression that in the

PCR learning environment, they were free to discuss the kinematics lessons and so

they developed interest in this learning approach.

In this study many participants (52.9%) indicated that due to the PCR software, their
level of motivation in kinematics had increased. But pupils can only be more motivated
on a topic if they enjoy leaming it and this enjoyment is dependent on the manner in
which a lesson is presented. The implication of this is that the participants in the
experimental group were happy with the way in which the kinematics lessons were

presented in the PCR learning environment.

A number of participants (23.5%) strongly agreed that with the PCR they were able
to work at their own pace, which was not the case when they used the TL. Some pupils
in learning institutions are fast leamers while others are slow learners. However, certain
leaming methods like the lecture method, demonstrations and books do not take into
consideration the different abilities of these pupils. As a result when these methods are
used, they do not benefit all the leamers equally. In this study it was clear that with the
PCR, the fast learners went through the lesson faster while the slow leamers covered
exactly the same content but in a longer period of time. Therefore, both the fast and the
slow leaners benefited equally, in terms of the content, from the learning approach.
Hence, the pupils’ positive attitude towards the PCR learning method.

Many pupils (59%) strongly agreed that using the PCR enabled them experience
greater flexibility in the sequence of Various'ideas/concepts on each lesson than the TL
A learning approach which is rigid will present material in a particular way without any
consideration for different types of leamers. In this study what came out from the
participants was that there was logical presentation of content in various and simpler
ways in the PCR than in the T1 and the pupils had no difficulties in grasping the
content. Therefore, the participants developed a positive attitude to the PCR leaming

approach.
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Many participants (52.9%) strongly agreed that after using the PCR they had become
more creative. It was always interesting to see how the majority of the pupils were
handling both the PCR Physics exercises and those from the teacher. Indeed, there was
an element of creativity in them because given a problem, the participants did not

remain stuck but used various ways until a solution was found.

The majority of pupils (76.5%) strongly agreed that the PCR software had increased
their degree of interest in kinematics and physics. According to Schofield et al. (1993),
computers enhance enjoyment and interest in the leaming of pupils. This is because the
pupils easily follow the lessons and so develop positive attitudes to what is taught and

the leaming approach which is used.

Although some pupils (about 41%) did not want the TI to be replaced completely with
the PCR learing approach rather than only supplement the T, it was interesting to note
that the rest of the participants (59%) wanted the T1 to be replaced completely with the
PCR learning approach. Furthermore, all the pupils strongly agreed that the PCR be
used in the learning of kinematics and other topics in physics. It seemed from this view
that the software benefited all the participants in the experimental group. Hence, their

attitude towards the PCR learning approach was positive.

Some of the written comments from the experimental group reflected on their
enthusiasm in the use of the Physicsclassroom leaming approach. Others were related to
the motivational value, improved interest in kinematics and physics in general, and the
amount of content covered under the Physicsclassroom learing approach. The
statements included: “...enjoyed my selfand it was very exciting...”, made me develop
interest in kinematics...”, and “...leamt new concepts on graphs which were not

covered before...”
These statements indicated that some participants (P1, P3, P19, P29, P37 and P39)

understood kinematics better with the PCR as a supplement to TI than when they

used the T only and develped more interest(PS, P7 and P33) in kinematics, physics
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in general and above all in the PCR learning approach than the TI. The statements
confirmed the findings from the attitude questionnaire that the participants had
developed positive attitudes to kinematics and the PCR but not the TI.

The observations I made during the study confirmed the findings above. The fact that
the participants were always punctual for the PCR lessons and the class attendance
was 80% or more, was a clear indication that the participants were happy with the
work they did and the PCR learning approach used. Once in the Lab, they never
wasted time but straight away got into the PCR lessons. Normally on a computer
there are so many things which can disturb the learners like news, games, music
e.t.c. The behaviour of pupils of not getting into other programmes indicated that
they were more interested in the PCR lessons than other things, and consequently,
in the manner in which the lessons were presented. The researcher observed more
discipline in the experimental class than the control class. This could have been
because the participants in the experimental group were happier with what they
were doing, the learning approach that was used and were more involved in the
work. They interacted with the ‘Physicsclassroom’ software well and enjoyed
seeing computer displays and animations because these made abstract physics ideas
concrete. In problem solving situations they discussed the problems well and
worked together most likely because of the nature of the PCR learning approach

that was used.

Unlike those in the control group, each of the participants in the experimental group
solved at least 75% of the problems on kinematics as an exercise from the teacher
and no participant appeared to be reluctant to do work. Their performance in the
physics exercises and post-tests was generally better than that of their counterparts
in the control group and this made them happier with the PCR learning method than
the TI approach. They expressed happiness for the PCR software and a desire to
continue learning physics with the PCR learning approach, a sign that they had
developed a lot of interest in the PCR lessons. After the study, they frequented the
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Computer lab for more Physicsclassroom lessons , a clear indication that they had

developed a positive attitude to the PCR learning approach.

Comments from the COSM-ZASE Physics teachers and the two teachers of Munali
Boys High School, who were interviewed also reviewed the same things. The
comments gave the impression that the PCR learning method: is more child centred
than the TI, makes kinematics more concrete and involves the pupils more in
problem solving. Therefore, the PCR could help the learners to achieve more in

kinematics in physics than the TI methods only.

5.3 Summary of the chapter

Chapter 5 discussed the findings about the effectiveness of the PCR software
package, in the learning of kinematics. It was clear that when used as a supplement
to T1, the PCR had many positive effects on pupil performance in kinematics. Some
of these were: enabling the pupils to understand the topic more, making the pupils
develop more interest in the topic, helping the pupils to cover more on the topic,
allowing the pupils to discuss the topic with each other and increasing pupil
creativity. As a result the PCR enhanced learner performance in kinematics and the

pupils developed positive attitudes to kinematics and the PCR learning method.

5.4 Conclusions

The results in this study revealed significantly higher performance of 10.5% for the
experimental group than the control group. Quite a good number of participants
(76.5%) in the experimental group developed more interest in kinematics and
declared that using the PCR they had learnt more things on kinematics than they did
with the TI only. All the pupils in the experimental group strongly agreed that the
use of the PCR learning approach be used for kinematics and other topics in high
school physics. Fifty-nine percent of pupils in the same group wanted the
traditional classroom methods to be replaced completely with the PCR and not to

supplement the TI but the rest (41%) did not agree. These results are similar to
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those of other researchers in and outside Africa on computer based instruction

(Shanyinde, 1998; Thomas and Emeriole , 2002; Brassel, 1987b).

Therefore, based on the findings of this study, we could say that when used as a
supplement to TI, the Physicsclassroom computer software enhances learner
performance in kinematics in high school physics. The second conclusion is that
pupils who use the PCR develop positive attitudes to kinematics and the PCR

learning approach.

5.5 Recommendations
In view of the findings of the study, the following recommendations are made:

1. While the PCR learning approach enhances pupil performance in
kinematics and shows a high degree of acceptability with the study
group, it should not be used as the only learning method on this topic
but as a supplement to the traditional instruction methods which
have been in use.

2. Research with a larger and more representative sample could be
done to verify the preliminary findings and possibly arrive at a
more definite decision regarding the implementation of this PCR

teaching /learning technique.
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APPENDIX A
KINEMATICS

TEST 1

Describing motion with words

Instructions to the candidate:
There are ten multiple choice questions in this paper. Answer all questions. For
each question there are four choices, A, B, C and D. Choose the one you consider

correct and record your choice in ink on the separate answer sheet.

Duration: 15 minutes.

1. A ball thrown vertically upwards from ground level takes 1 second to return
to the ground.
Which of the following is true about the ball?

A its displacement in Is is zero
B its displacementin Isis 1 m
C itcovers a total distance of Im
D its final velocity is 1m/s

2. Velocity is

A the distance moved in a specified direction
B the rate of change of distance with time
C the rate of change of displacement with time

D the rate of change of speed with time

3. Abody whose displacement per second increases by equal amounts in equal

time intervals is said to have
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a uniform velocity
a uniform acceleration

a uniform retardation

S o w >

a terminal velocity

4. What must be changing when a body is accelerating uniformly?
A the mass of the body
B the force acting on the body
C  the speed of the body
D the velocity of the body

5. Acceleration can be calculated using
A average speed X time
B change in velocity x time
C  change in velocity / time
D

change in distance / time

6 Which of the following is represented by the area under a displacement—time

graph ?
A distance
B speed
C velocity
D acceleration

7. The acceleration of a moving object may be found from
A the area under its velocity — time graph
B the slope of the velocity — time graph
C the area under its speed — time graph

D the slope of its distance — time graph



10.

A feather dropped from the top of a cliff reaches a terminal velocity of 4m/s

at point A and continues with this velocity until it reaches another point B.

Which of the following is true about the feather between the points A and B ?

A

B
C
D

it is in a vacuum
it has no weight
its acceleration is zero

its acceleration is 4m/s>.

An experiment is carried out by an astronaut on the surface of the Moon. A

metal and a piece of paper are dropped at the same instant from the same

height.Which of'the following statements is correct?

A

The metal falls faster than the paper, but both take a longer time than
it they were falling from the same height on the the Earth.

The metal falls faster than the paper, but both take a shorter time than
if they were falling from the same height on the Earth.

They fall together, taking a longer time than the metal would in
falling from the same height on the Earth.

They fall together, taking a shorter time than the metal would in
falling from the same height on the Earth.

Roads are tilted at an angle (banked) at the bends so

A

B
C
D

as to increase the Earth’s gravitational field on the vehicles
as to reduce the friction between the car tyres and the road
that vehicles can round the bends at higher speeds without slipping

that the speed of the vehicles is reduced to minimise accidents

END OF TEST 1
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TEST 2

Describing motion with diagrams

Instructions to the candidate:

There are ten multiple choice questions in this paper. Answer all questions. For
each question there are four choices, A, B, C and D. Choose the one you consider

correct and record your choice in ink on the separate answer sheet.

Duration: 15 minutes.
Use the ticker tapes below to answer questions 1and 2. Each answer may be
given more than once.
1. Which of the following ticker tapes represents an object slowing down ?
A

2 Which ofthe ticker tapes above represents a coin which falls from the top of

a cliff to the ground?

3 A pupil uses a ticker — timer to investigate the movement of a trolley.

ticker-timer paper tape oving trolley

e/ —

(@) C

Every second , the ticker- timer puts 50 dots on the piece of tape.
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What length of time corresponds to the distance between X and Y on the tape?
A. 0.02 s
B. 0.10 s
C. 0.12 s
D. 0.20 s
4. On the tape in question 3, the distance from X to Y is 7.8 cm. What is the speed
of'the trolley?
A 14 cm/s
B 39 cm/s
C 78 cm/s
D 156 cm/s
5. On the same tape in question 3, the distance from Y to Z is 6.6 cm. What is the

acceleration of the trolley between X and Z 9

A. =30 cm/s?
B. 33 cm/s?
C. -39 cms?
D. -60 cm/s?

6 Two cricket balls are released from a 20m tower at the same time. One falls

from the top, the other from half way up, as shown.

Cricket ball . ?
tower

20 m

IOm_
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Which quantity is the same for both balls?
A acceleration
B final speed
C increase in velocity
D  time of'travel
6. The balls are now replaced with a feather and a piece of metal of mass 1 kg.
The two objects are again released from the same tower at the same time but
this time in a vacuum. The metal falls from the top, the feather from half way

up. Which of'the following is true about these objects?

the feather moves slower than the metal
the feather moves faster than the metal

the feather quickily reaches a terminal velocity

S o w »

the feather and the metal have the same acceleration.

8. A pupil takes 7 seconds to move from point A straight to B and then to C as
shown in the figure below.
A 4m B

Fig.8 3m

What is the displacement in 7 seconds ?
A Im inthe direction C
B 5m inthe direction C
C 7m inthe direction C
C

D 12m in the direction
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9. In fig.8, after moving from A to C, the pupil now moves from C straight to B
and then back to A. The journey takes 7 seconds as before. Which of the

following is true about the pupil ?

from Ato C his average speed is zero

from A to C his acceleration is 1m/s?

0w >

his displacement in 14 seconds is zero
D  his displacement in 14 seconds is 14 m.

10. The graph shows the speed of two cars over a period of time.

From the information in the graph, which statement is correct?
A Car X went faster than car Y
B Car X had more mass than car Y
C CarXand Y always travelled at constant speed
D

Car X accelerated at the same rate as car Y

END OF TEST 2
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TEST 3

Describing motion with position - time graphs

Instructions to the candidate:
There are ten multiple choice questions in this paper.Answer all questions.For each
question there are four choices, A, B, C and D. Choose the one you consider correct

and record your choice in ink on the separate answer sheet.
Duration: 15 minutes.
1. The figure below represents a distance- time graph for a child who is on a

bicycle for 8 seconds . Use the graph to answer questions 1 and 2. Each answer

may be given more than once.

d (m) IOT

0 2 4 6 8 10 t/s

From 2 to 10 seconds the child
A is not moving
B has constant speed
C isaccelerating
D has uniform velocity

2. What distance is covered by the child in 8 seconds?

A 10 m
B 20 m
C 40 m
D 45 m



3. Below are four distance — time graphs. Which one of these represents motion of

a body which has reached a terminal velocity?

4. Which of the graphs in fig. 3 represents motion ofa body with uniform speed?

5. Use the distance — time graphs below to answer questions 5,6,7 and 8 that follow.
Each answer may be given more than once.

$ n

d d

—_—
t t
Which graph represents the motion of a free falling object which has reached a
terminal velocity?
6. Which graph represents motion ofa body with a decreasing speed?
7. Which of the graphs represents motion ofa body with an increasing speed?

8. In which of the graphs is the object stationery?
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9. The motion ofa cyclist is shown on the following displacement-time graph.

displacement(m) 5——

0 5 10 5167
Which of'the following is true about the cyclist?

A in the first 5 seconds the cyclist is accelerating at 1m/s
between 5 seconds and 10 seconds the cyclist is not moving

between 5 seconds and 10 seconds the cyclist has a constant velocity of 5Sm/s

T O ®

after 10 seconds the cyclist’s speed is changing by 1m/s per second

10. What is the cyclist’s speed at t=4 seconds ?

A 1 m/s
B 4 m/s
C 5 m/s
D 10m/s

END OF TEST 3
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TEST 4

Describing motion with Velocity-time graphs

Instructions to the candidate:
There are ten multiple choice questions in this paper.Answer all questions.Foreach
question there are four choices, A, B, C and D. Choose the one you consider correct

and record your choice in ink on the separate answer sheet.

Duration: 15 minutes

1. A car starts from rest and accelerates uniformly to a velocity of 30 m/s in 6 s.

v (m/s) 30

vd

20 /
10 4

, L

0 1 2 3 4 5 6 t(s)

What is the displacement of the carin 6 s ?
A 5m B 30m C90m D 180m
2 A body falling in air soon reached its terminal velocity. Which graph represents
this fall ?

v v v 14
A B C D
t t t t
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3 The graph below shows how the velocity of a ball changed when it was rolled
up a smooth slope with an initial speed of 8 m/s. Using this graph, answer

questions,3,4,5 and 6 that follow. An answer may be given more than once.

v(m/s) 8
4
0 2 4 t(s)
At what time did the ball reach its highest point?
A 0 B 1s C 2s D 4s

4. What distance was covered by the ball from its starting point to the highest

pointon the slope?

A 2m B 4m C8m D 16m
5. What was the acceleration of the ball as it moved up the slope?
A 0 B2m/s® C-4m/s® D 4mss
6. At what time would the ball return to its starting point? (Ignore any friction
forces).
A 0 B 2s C4s D8s

7. The figure below shows an incomplete velocity-time graph for a car moving a

distance of 150 m.

v(m/s 20 1

10 4

0 5 t(s)



At what time does it cover the distance of 150m ?

A 4s
B 6s
C 8s
D 10s

8. A constant force causes a car to accelerate from 4.0 m/s to 12 m/sin 8 s.

Which graph shows how the velocity of the car varies with time?

A B C D

T

9. Each ofthe Velocity —time graphs below represents the motion of atrolley ina

lab. Use these to answer questions 9 and 10. An answer may be given more

than once.

Which of the graphs represents the motion of the trolley with no acceleration?

10. The maximum velocity of all the trolleys and the time taken for the Jjourney are
the same. Which of the graphs in question 9 represents the motion of the

trolley that covers the greatest distance?
END OF TEST 4
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TEST §

Describing motion with equations

Instructions to the candidate:

There are ten multiple choice questions in this paper.Answer all questions.For each

question there are four choices, A, B, C and D. Choose the one you consider correct

and record your choice in ink on the separate answer sheet.

Duration: 15 minutes.

1.

A truck takes 20 seconds to travel the first 80 m, and another 10 seconds to
travel a further 70 m. What is the average speed ?
A 020 m/s
B 23 m/s
C 40 m/s
D 50 m/s
A train increases its speed steadily from 10 m/s to 20 m/s in 60 seconds.
How far does it travel while increasing its speed ?
A 100m
B 300 m
C 600m
D 900 m
An object moving at a constant speed of 30 km/h takes 2 hours to travel from
point A to point B. Which of the following is true about the object?
A its final velocity is 15 km/h
B it is moving in a circular path
C after 2 hours it has a constant deceleration
D its displacement in 2 hous is 60 km
A car moving round a circular racing track takes 120 minutes to do a lap of

8km.What is the speed in km/h ?



10.

A 4 km/h

B 8 kmh
C 15 km/h
D 667 km/h

A body initially moving at a velocity of 2 m/s ends with a velocity of 12 m/s
after 5 s . What is its average velocity ?
A0 B 2m/s C S5m/s D 7m/s
What is the acceleration of the body in question 5 ?
A 1.4 m/s B 5m/s’ C. 12ms5s° D 30 m/s’

A boy on a bicycle accelerates uniformly at 1m/s*for 10 seconds from an initial
velocity of 4 m/s. What distance is travelled in this time?

A 40m B 50m C 90m D 130m
A motor cyclist starts from rest and reaches a speed of 6 m/s after travelling
with uniform acceleration for 3 seconds.What is his acceleration?

A 2 m/s

B 3 m/s’

C 9 ms

D 18 m/s’
A body initially at rest , accelerates uniformly at the rate of 2 m/s? till it covers
a maximum distance of 25 m.What is its final velocity ?

A 2 m/s

B 10 m/s

C 50 m/s

D 100 m/s
An object initially moving at a velocity of 4 m/s ends with a velocity of 10 m/s
after 7 seconds. What is the displacement ?

A 21m
B 28m
C 49m
D 70m END OF TEST 5
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TEST 6

Free fall and the acceleration due to gravity

Instructions to the candidate:
There are ten multiple choice questions in this paper.Answer all questions.For each
question there are four possible answers,A,B,C and D.Choose the one you consider

correct and record your choice in ink on the separate answer sheet.

Duration: 15 minutes.

1. The acceleration due to gravity on Earth is 9.8 m/s>. This means that on the
Earth
A the velocity of a free falling body increases by 9.8 m/s every second
B afree falling body moves at a constant speed 0f 9.8 m/s
C  the lowest velocity of a free falling body is 9.8 m/s
D the highest velocity of a free falling body is 9.8 m/s
2. The diagram below shows a velocity-time graph for a light object that is
dropped from a branch of a tree.
v (m/s)
0]

0 2 3 s

Use this figure to answer questions 2,3 4,5 and 6 that follow. An answer may
be given more than once.
What distance does the object cover in the first 2 seconds of its motion?

A 2m

B 4m

C 6m
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D 10m

- What distance is covered by the object between the time 2 seconds and 4
seconds ?

A S5m

B 10m

B 20m

C 40m

- At what time does the weight of the object become equal to the air resistance?

A 0

B 2s
C 4s
D 6s

. At what rate does the body accelerate afier the first 2 seconds of'its motion ?
A 0

B 2 m/s?
C 4 m/s?
D 10 m/s?

- With what velocity is the object in figure 2 expected to strike the ground ?
A 10m/s

B 20m/s
C 40m/s
D 60m/s

. A tennis ball is dropped from a branch of a tree. It takes 1 second to hit the
ground. If the acceleration of free fal is 10 m/s?

A the distance from the branch to the ground is 5 m

B the ball makes a displacement of zero

C the final velocity of the ball is 5 m/s

D the final velocity of the ball is 11 m/s

- On Earth the acceleration of free fall is about 10 m/s? . On the Moon it is about
1.7 m/s’. This means that on the Moon, falling objects
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A cover a distance of 1.7 m every second
B move at a constant velocity of 1.7 m/s
C have a displacement of Im in every 1.7 s
D ve a change in velocity of 1.7 m/s every second
9. An object thrown from ground level moves vertically upwards till it reaches a
maximum height of 10 m. Thereafier.it falls freely under gravity,till it strikes
the ground. What is its velocity at the maximum height reached?
A 0

B 10 m/s
C 20 m/s
D 30 m/s

10. The initial velocity of the object in question 9 is 5 m/s. What is its final

velocity? Ignore the air resistance.

A 0

B 5 m/s
C 10 m/s
D 20 m/s

END OF TEST 6
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APPENDIX B

Attitude Questionnaire

S/NO

ITEMS

Strongly agree

Moderately

agree

Slightly agree

4 Neutral

3 Slightly disagree

2 Moderately

disagree

The use of the PCR software for
leaming Kinematics was an

exciting experience.

In understanding the concepts of a
lesson the PCR method of
presenting Kinematics is better
than the traditional classroom

presentations.

The PCR approach aliows one to
discuss Kinematics with others
much more than the traditional
methods of learning Physics.

My level of motivation on
Kinematics has increased with the
use of the PCR software,

The information on all the lessons

on Kinematics was clear .

The amount and quality of
materials in the PCR were just
about right compared with what
would normally be covered in a

traditional classroom.
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The use of the PCR software has
increased my degree of interest in
Kinematics and Physics in

general.

The PCR learning method allowed
me to work at my own pace
(which the traditional classroom
method does not do).

The PCR software offered me
greater flexebility in the sequence
of various ideas / concepts on each
lesson than traditional classroom
methods

10

The use of the PCR in learning
Kinematics in Physics made me

more creative.

I learned more things about
Kinematics through the use of the
PCR software than I learned
using Traditional methods.

12

I recommend the use of the PCR
sofiware in the leaming of
Kinematics and other topics in
Physics.

13

I would like the Traditional
method of learning Kinematics be
replaced completely with the PC
leaming approach rather than only

supplement it.
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APPENDIX C

Observation Schedule

Observation of learning

CRITERIA FREQUENCY

Students report for lessons in/on time.

All the students are present for lessons.

Students start their computers and immediately

g0 to the ‘Physicsclassroom’ software to explore

the new information.

Students are well behaved during lessons.

Students interact with the learning environment
provided (the PCR software) in all possible ways,

including animations that help make the lessons

more interesting and clearer.

Students solve all the problems provided in the

software on each of the six Lessons on Kinematics.

103



Students perform better in the ‘Physicsclassroom’

exercises than in the non PCR kinematics exercises

Students do better in their post-tests than in their

pre-tests. \/

Students express the desire to continue learning

Physics with the ‘Physicsclassroom’ software. \/

CODING 1= notatall

2 = in rare cases

3 = most of the time

4 = all the time

Elaboration (record of any other relevant information e.g on the differences in
performance or attitude between the students using the PCR software and those

who are not).

...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................

....................................................................................................
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APPENDIX D
Participant Reports on the PC software

All the participants in the experimental group will be asked to write a short
report on the PCR learning approach that will be introduced to them. This will
also help to answer the third question of this study on the attitude of the

learners towards the PCR learning approach.

APPENDIX E
Short interview with Physics educators about the PCR learning approach

An effort will be made by the researcher to interview some Physics educators
in COSM-Zambia, in Lusaka who have used the PCR software to get more
views about its effects in the learning of kinematics in high school physics.

The information obtained will be compared with the findings in the study.
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APPENDIX F

Scores obtained by the pupils in pre- and post-tests

(a) Test1 scores

Experimental group
Participant| Pre-test [Post-test Change in
% % Marks %
P1 50 70 20
P3 40 60 20
P5 80 80 0
P7 60 80 20
P9 60 70 10
P11 20 40 20
P13 40 60 20
P15 50 60 10
P17 60 70 10
P19 50 60 10
P21 50 60 10
P23 30 70 40
P25 30 50 20
P27 50 60 10
P29 60 70 10
P31 40 40 0
P33 50 80 30
P35 50 50 0
P37 70 80 10
P39 50 70 20
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Control group

Participant| Pre-test [Post-test |C
% % N

P2 40 50

P4 60 60

P6 80 60

P8 50 50

P10 60 70

P12 40 60

P14 70 70

P16 30 30

P18 50 50

P20 80 80

P22 50 50

P24 40 40

P26 70 70

P28 70 70

P30 30 30

P32 60 40

P34 50 50

P36 60 70

P38 40 50

P40 - - -




(b) Test 2 scores

Participant Experimental group Control group
Pre-test  [Post-test Change in Participant] Pre-test Post-test  {C]
% % mark % % in
%
P1 80 90 10 P2 60 60
P3 80 80 0 P4 60 70
P5 70 80 10 P6 50 50
P7 80 80 0 P8 60 80
P9 40 80 40 P10 30 30
P11 70 70 0 P12 - -
P13 60 80 20 P14 - -
P15 50 50 0 P16 40 40
P17 30 70 40 P18 40 40
P19 50 60 10 P20 60 60
P21 50 50 0 P22 30 50
P23 30 40 10 P24 80 80
P25 70 50 -20 P26 80 70
P27 40 40 0 P28 50 50
P29 50 80 30 P30 80 70
P31 60 80 20 P32 20 20
P33 60 80 20 P34 - -
P35 60 90 30 P36 - -
P37 40 80 40 P38 40 40
P39 60 60 0 P40 40 40
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(c) Test 3 scores

Experimental group

Participant  Pre-test| Post-test | Change in mark
% % %

P3 70 |70 0

P5 40 40 0

P7 40 |50 10
P13 50 |50 0
P15 40 (50 10
P17 20 60 40
P19 70 190 20
P21 30 (30 0
P23 20 |50 30
P25 50 |50 0
P27 10 |50 40
P29 60 |80 20
P31 30 40 10
P33 50 160 10
P35 70 |70 0
P37 30 |50 20
P39 20 40 20
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Control group
Change in
Participant |Pre-test  |Post-test | Mark
% % %

P2 60 80 20
P4 70 70 0
P6 30 30 0
P8 70 50 -20
P10 50 50 0
P12 60 40 20
P14 60 60 0
P16 40 40 0
P18 40 40 0
P20 70 70 0
P22 40 40 0
P24 20 40 20
P26 20 30 10
P28 70 70 0
P30 50 30 -20
P32 10 30 20
P34 40 30 -10
P36 70 60 -10
P38 60 70 10
P40 60 60 0




(d) Test 4 scores

Experiment group
Change in

Participant | Pre-test | Post-test | Marks

% % %
P1 60 60 0
P3 50 50 0
P5 30 50 20
P7 20 40 20
P13 50 40 -10
P15 40 40 0
P17 40 50 10
P19 40 40 0
P21 50 50 0
P23 10 20 10
P27 40 40 0
P29 60 60 0
P31 50 70 20
P33 50 50 0
P35 50 50 0
P37 30 10 -20
P39 50 60 10

A1N0

Control group
Participant Pre-test Post-test
% %

P2 30 20
P4 50 50
P6 70 80
P8 40 40
P10 - -
P12 30 30
P14 60 50
P16 60 60
P18 50 40
P20 70 70
P22 70 60
P24 60 50
P26 70 70
P28 50 40
P30 40 20
P32 - -
P34 50 50
P36 60 60
P38 70 70
P40 50 50




(e) Test 5scores
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(e) Test 6 scores

Experimental group
Change in

Participant | Pre-test | Post-test | mark

% % %
P1 70 70 0
P3 50 70 20
P5 70 70 0
P7 70 80 10
P13 70 90 20
P17 40 40 0
P19 70 90 20
P21 30 40 10
P23 20 20 0
P25 60 70 10
P27 60 60 0
P29 80 80 0
P31 60 90 30
P33 80 90 10
P35 80 90 10
P37 30 30 0
P39 90 90 0
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Control group
Participant Pre-test Post-test.
(%) (%)

P2 50 50
P4 70 70
P6 80 70
P8 80 80
P10 50 50
P12 40 40
P14 70 70
P16 70 70
P18 60 80
P20 80 70
P22 50 50
P24 40 40
P26 - -
P28 70 70
P30 30 40
P32 40 40
P34 80 80
P36 40 40
P38 50 50
P40 80 80




APPENDIX G

Line graphs for comparing the performance of the two groups

The following line graphs compared the performance of the experimental and
control groups in all the post-tests.
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fig 3g Line graphs of post-test 3 scores verses participants
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fig 6g Line graphs of post-test 6 scores verse participants
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