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ABSTRACT 

This study examines the effect of practical work on students’ understanding in physics. Seventy 

two second year students of St. Rose’s Senior High School-Akwatia in the Denkyembour 

District in Eastern Region were purposively sampled into experimental and control groups. The 

experimental group was taught using practical work as instructional technique and the control 

group using the traditional method for teaching. The major objectives of the study were to find 

out; the effect of practical work on students’ performance in physics, the effect of practical work 

on students’ attitude towards the study of physics, the effect of practical work on students’ 

acquisition of science processes, the perception of students on the use of practical work as 

instructional strategy in physics. Four research questions and two hypotheses were raised in the 

study. The instruments used for the study were pre-test and post-test, practical activities and 

questionnaires for both the experimental and control groups. Data collected were analysed using 

z-test, t-test and descriptive statistics. The findings revealed that students exposed to frequent 

practical work performed better than those exposed to traditional method of teaching. The study 

recommends that physics teachers take students through a lot more practical activities, since this 

will help students gain better understanding of the concept and improve their academic 

performance. 
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CHAPTER ONE 

INTRODUCTION 

1.1: Overview 

This chapter comprises background of the study, statement of the problem, purpose, and 

significance of the study, research questions, the research hypotheses, limitation and 

delimitation. 

1.2: Background of the study  

Science is perhaps unique as a subject in the curriculum of schools all over the world. This 

uniqueness results from the variety of materials and practical work necessary for its effective 

teaching. Most other subjects can be learned if common tools for teaching are available, such 

as pencil, paper, blackboard, textbooks and a few supplementary aids. These are also 

essential for the teaching of science but, if they are the only tools, science becomes a dull and 

uninteresting subject. 

If science is to be learned effectively it must be experienced. It must be learned and not 

learned about. Science is so close to the life of every boy and girl that there is no need to 

confine its study to the reading of textbooks or listening to lectures. Wherever you may go in 

the world, science is an intimate part of the environment living things, the earth, the sky, air 

and water, heat and light and forces such as gravity. No teacher needs ever be without first-

hand materials for the study of science. 

The main difference between science learning and other school subjects is that it involves 

practical work- where students are made to perform some activities, observe, record data and 

discuss the data from the activities. This is normally done to enhance the understanding of a 

taught concept or to explain phenomenon in the real world. Physics is an empirical subject. 
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Everything we know about the physical world and about the principles that govern its 

behaviour has been learned through observations of the phenomena of nature. The ultimate 

test of any physical theory is its agreement with observations and measurements of physical 

phenomena. 

Demonstrations and practical work in the laboratory have long been accepted as an integral 

part of learning physics (Wellington, 1998; Trumper, 2003) and it is hard – even impossible – 

to imagine as reasonable the possibility of physics teaching without experimental work. 

Many reforms of physics education have relied on the conviction that learning can be 

improved through developing ways in which experiments are conducted in the physics 

classroom as well as by developing suitable study material and experimental models of 

teaching (Duit & Confrey, 1996). The reformers and designers of science curricula have quite 

often drawn support for their ideas from constructivist views of learning (Trumper, 2003; 

Niaz et al., 2003). 

Practical activities have a distinctive and central role in the science curriculum and science 

educators have suggested that many benefits accrue from engaging students in science 

laboratory activities (Pickering, 1980; Hofstein & Lunetta, 1982; Garnet & Hackling, 1995; 

Lunetta, 1998; Tobin, 1990; Hofstein & Lunetta, 2004).  

The common constructivist core is a view of human knowledge as a process of personal 

cognitive construction, or invention, undertaken by the individual who is trying, for whatever 

purpose, to make sense of her social or natural environment (Taylor, 1993). In other words: 

knowledge is not viewed as some sort of a true copy of features of the world outside but as 

construction of the individual. Knowledge acquisition (i.e. learning) is not the transfer of 

"nuggets of truth" as Kelly (1955, p. 47) puts it, but a personal construction by the individual. 

The learner is not seen as a passive receiver but as an active constructor of knowledge. Since 
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the end of the 19th century, when schools began to teach science systematically, the science 

laboratory has become a distinctive feature of science education.  

During the major curriculum reforms in science education in the early 1960s, practical work 

in science education was used to engage students in investigations, discoveries, inquiries, and 

problem-solving activities. In other words, the laboratory became (at least in the minds of 

science educators and curriculum developers) the centre of science teaching and learning.  

Since then science, particularly physics has come to be taught with great emphasis on 

practical activities. There are two underlying reasons for this movement. First, science is 

considered more than a body of knowledge to be learned. In fact science belongs in the 

school laboratory as naturally as cooking belongs in a kitchen and gardening in a garden. It 

follows that the process skills of science are considered equally important and that teaching 

physics should equally emphasize the development of practical skills by using a range of 

process skills in experimental work in physics classrooms. Second, the current constructivist 

view of learning which consider learning as an active participation on the part of the learner. 

The learner is considered as an individual who actively constructs his/her knowledge base by 

engaging in learning activities. 

Therefore practical work in physics education is expected to provide students with 

opportunity to construct scientific knowledge based on personal involvement in designing 

experiments, manipulation of data, observations of outcomes and making inferences and 

generalisations. 

Among the sciences, physics is considered a fundamental subject (Wenham, Dorling, Snell & 

Taylor, 1984). It imbues learners with systematic thinking and supplies the theories necessary 

for understanding the mechanics of how the things mankind relies on work. It provides 

students with analytical, problem solving and quantitative skills which are important for 

many sciences. Physics prepares students to synthesize and analyze data and to present their 
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findings in understandable formats. Systematization of the scientific problem solving 

technique is employed. The link between physics and other sciences is profound. It continues 

to expand tremendously in the contemporary world. All technology is beholden to physics 

due to its emphasis on addressing phenomena involving the interaction of matter and energy. 

This interaction is necessary for the technological needs of the changing society (Juceviciene 

& Karenauskaite, 2004; Zhaoyao, 2002). Physics continues to influence applications in 

medicine. Medical methods including imaging techniques (X-rays, CT-scanning, ultra-sound 

echo techniques, MRI techniques) and diagnostic patient screening techniques (Freeman, 

2012) are based on physics principles. Currently, a wide variety of treatment techniques made 

possible by the discovery of radioactivity and other high frequency radiations exist. The 

unravelling of the DNA structure and the subsequent genome project required a significant 

input from physics techniques (Stanley, 2000). Continuing research into challenges posed by 

diseases such as cancer, Ebola, and HIV/AIDS, will require the development of high 

precision equipment employing physics principles. The current fixation with information 

communication technologies (ICTs) could not have occurred without the primal physics 

discovery of the transistor. Computers, mobile phones and their attendant spin-off 

technologies show the indispensability of physics. Photonics and other quantum 

nanostructures show promise in terms of optical fiber based communication systems 

(Sharma, Rohilla & Manjunath, 2005). Laser applications are used in commerce and industry. 

Electromagnetism is vital in the generation of electricity, mobile phone communication, 

optical and satellite communication, portable electronics, radio and radar perception, and X-

ray crystallography (Campbell, 2006).  

Hence the researcher recognises the need to introduce students to more practical works 

during instructional periods. This would help students understand basic concepts in physics 

which would influence their performance in senior high school physics. Students 
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understanding basic concepts in physics will help them apply this knowledge in their daily 

life activities. 

1.3: Statement of the problem 

This study is a direct response to the deteriorating performance of students in Physics in the 

West African Senior School Certificate Examinations (WAEC Chief Examiners Report, 

2011). According to Garwin and Ramsier (2003), interest in high school physics is 

decreasing, learning motivation in physics is declining, and the examination results are 

getting worse. This situation does not favour Ghana’s move towards developing a scientific 

and technological nation.   

The poor performance was occasioned by lack of relating basic theories in physics to 

everyday natural occurrences. Despite the importance of Physics to the scientific and 

technological development of our nation, understanding of the subject had dwindled over the 

years and performance of the enrolled students had not been encouraging as indicated by 

Buabeng, Ossei-Anto and Ampiah, (2014). Many students consider physics as difficult, 

abstract and theoretical (Buabeng & Ntow, 2010). This is because many schools in the 

country do not allot much time for practical work. The subject is considered devoid of 

applications in the day to day life, hence students find the subject boring and unenjoyable. 

Therefore, this study aimed at finding out the effect of practical works on students’ 

understanding of some physics concepts.  

1.4: Purpose of the Study   

The purpose of this study was to find out the impact of practical work on students’ 

understanding of some physics concepts. The research was also motivated in part by the 

growing incidence of failure in physics at the senior high school certificate examination as a 

clear manifestation of poor teaching and learning strategy. It has also been revealed that poor 
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performance among students in Physics is partly due to lack of interest in the subject by 

students ( Buabeng et al., 2014), hence the study also explored the effect of students’ attitude 

towards practical work in physics in the senior high schools. Most researches on practical 

work in physics have proved to having the potential of making learners to remember 

information longer and to be able to use them more effectively because the students build 

their own knowledge as they follow the experimental procedures (Kibett & Kathuri, 2005). In 

this light, the researcher also assessed the science process and practical skills acquired by the 

students as a result of performing practical work during the study. The research also aimed at 

investigating the effectiveness and integration of practical work in the teaching and learning 

of physics at the senior high schools and how it can also be incorporated as a teaching 

method in other science subjects in the country. 

1.5: Research Objectives 

The specific objectives were to investigate into: 

(i) The effect of practical work on students’ performance in physics. 

(ii) The effect of practical work on students’ attitude towards the study of physics. 

(iii) The effect of practical work on students’ acquisition of science processes. 

(iv) The perception of students’ on the use of practical work as instructional strategy 

in physics. 

1.6: Research questions  

The study addressed the following research questions: 

(i) What is the effect of practical work on the experimental group’s performance in 

physics? 

(ii) What is the effect of practical work on the experimental group’s attitude towards 

the study of physics? 
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(iii) What is the effect of practical work on the experimental group’s acquisition of 

science process skills? 

(iv) What is the perception of the experimental group about the use of practical work 

in the study of physics? 

1.7:  Research hypotheses 

This research addressed the following hypotheses; 

1. There is no significant difference in performance between the students in the 

experimental group taught using practical work and the control group students who 

were taught through the traditional method.  

2. There is no significant difference in attitude change towards the study of physics 

between the experimental group and the control group 

1.8: Educational Significance of the Study 

The main educational importance of this research is to gather appropriate experimental 

strategies and methodologies to help solve the problem of poor performance among students 

in physics and also assist students to link theories with natural phenomenon. It also assesses 

using regular practical work as teaching strategy in improving students’ understanding of 

concepts in physics. This research could be a resource for teachers and schools who want to 

improve teaching and learning of physics in their schools. The outcomes of the study could 

provide a source reference for curriculum developers, other researchers and educators who 

wish to research issues on how practical work may be used to help to improve students’ 

learning and understanding of concepts in physics and other related science disciplines.  
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1.9: Delimitation of the study 

The study was delimited to only the first year elective science students in St. Rose’s Senior 

High School because it is believed that most of these students have not been exposed to much 

practical lessons (if any) in science or physics at the Junior secondary school level. It is also 

the nearest science resource centre school where most needed and appropriate instructional 

materials were obtained for use by the researcher. 

1.10: Limitation of the study 

A broader survey of the study would have clarified to a large extent the effectiveness of 

practical work on students’ understanding of physics concepts. Time and cost constraints 

prevented the extension of this study to other institutions. Therefore, the results of the study 

would be strictly applicable to the elective science students in St. Rose’s Senior High School. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1: Overview 

This chapter discusses the available literature related to this study. It is grouped under the 

following headings: Introduction, The SHS Physics syllabus, Physics as a practical subject, 

the nature of practical work, the effect of practical work on students, Students’ attitude 

towards science, as well as students’ attitude to science and practical work.  

2.2: Introduction 

In order for students to understand new ideas or concepts and construct their own knowledge, 

they need to see clear examples of what the new ideas or skills represent (Rosenshine, 1997; 

Trowbridge, Bybee & Powell, 2000). Furthermore, in learning new materials or skills, 

students should be given extensive opportunity to manipulate the environment (Joyce, Weil 

& Calhoun, 2000) as, according to Piaget (1978), students’ cognitive structures will grow 

only when they initiate their own learning experiences. For example, Rosenshine (1997) 

suggests that teachers should provide tasks where students can engage in cognitive processing 

activities of organising, reviewing, rehearsing, summarising, comparing, and contrasting with 

other students, or with the teacher or working alone. In addition, teachers should encourage 

informal discussions and structure science activities so that students are required to explain 

and justify their understanding, argue from the data, justify their conclusions and critically 

assess the scientific explanations of a matter (Abrams, 1998). 

Whilst the value and purpose of practical work has been continuously debated, it has 

nevertheless remained a core component of school science education. Indeed, the inclusion of 

practical work within an academic subject is a significant feature that distinguishes science 
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from the majority of other subjects in secondary schools (Sharpe, 2012). The use of practical 

work in schools is clearly recognised as important, yet remains rather a typical in terms of the 

quantity and amount of time devoted to it compared to some other countries (Bennett, 2005; 

Woolnough, 1998). For most teachers, practical work encompasses what teaching and 

learning science is all about (Woodley, 2009).  

 As Abrahams and Millar (2008) indicate, many teachers view practical work “as central to 

the appeal and effectiveness of science education” (p. 1946). Indeed, reference is often made 

to the adage, ‘I hear and I forget, I see and I remember, I do and I understand’ written 

originally by Confucius (as cited in Sharpe, 2012, p. 26). Klassen (2009) indentifies three 

essential aspects, which could be generalised to most pupil oriented science experiments; (1) 

exposing the difficulty in obtaining experimental results if the scientific method behind the 

experiment is strictly followed, (2) dealing with the difficult nature of the science behind the 

experiment, and (3) establishing the experiment outcome. 

Through practical work, the pupils’ knowledge and understanding of science is likely to be 

increased (Wellington, 2005), but it is important to distinguish between “knowledge”, 

“knowledge how” and “knowledge why”. Engaging in practical activities improves pupils’ 

knowledge of what happens and how it happens, but not also why it happens. Understanding 

why is not the pupils’ “discovery” behind the experiment, but self-reflecting on the 

experimental work already done. 

Learning through practical work and experience is very important in science lessons. 

Research on the effect of using live animals in the classroom on pupils’ perception of the 

animals showed that, in comparison to other approaches, pupils get a better attitude and long-

lasting knowledge about the living organisms (Tomažič, 2009), they experiment without the 

teacher’s intervention (Tomkins & Tunnicliffe, 2001) and also invent and unify their own 

terminology while reporting on the experiment. In general, pupils are intrinsically motivated 
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towards learning, but not also for explaining abstract experimental observations (Juriševič, 

Glažar, Pučko & Devetak, 2008). Pupils show interest in more concrete content, while 

abstract content gives rise to anxiety. 

For effective learning to occur, teachers should first identify students’ prior ideas, make 

students aware of them and, in the light of these ideas, help students construct their own 

understanding by allowing them to practice them. After that teachers should provide 

opportunities for students to apply their newly acquired knowledge to different situations. 

 

2.3: The SHS Physics syllabus 

A quick review of the Ministry of Education Physics syllabus for senior high schools in 

Ghana reveals the rationale behind the teaching of Physics in senior high schools. The 

rationale is to help students acquire scientific knowledge and be able to apply them in the 

scientific and technological advancement of the country. Among the aims of the syllabus is 

to:  

1. Provide, through well designed studies of experimental and practical physics, a 

worthwhile hand on educational experience to become well informed and productive 

citizens. 

2. Enable the Ghanaian society function effectively in a scientific and technological era, 

where many utilities require basic physics knowledge, skills and appropriate attitudes 

for operations. 

3. Recognise the usefulness, utilization and limitations of the scientific methods in all 

spheres of life.  

4. Develop in students, skills and attitudes that will enable them to practise science in 

the most efficient and cost effective way.  
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5. Develop in students’ desirable attitudes and values such as precision, honesty, 

objectivity, accuracy, perseverance, flexibility, curiosity and creativity.  

6. Stimulate and sustain students' interest in physics as a useful tool for the 

transformation of society. ( Ministry of Education, 2010, p. ii) 

The syllabus is divided into seven main sections, covering introductory physics and 

properties of matter, mechanics, thermal physics, waves, electricity and magnetism, atomic 

and nuclear physics, and electronics. A total of six periods per week is what the syllabus 

specifies, with each period constituting a total time of 40 minutes. Four teaching periods are 

allocated for theory and two periods for practical section in every week. The researcher sees 

the two periods allotted for the practical session as insufficient for students to manipulate 

equipments and materials as they try to investigate the theory thought them in class. 

However, according to anecdotal evidence collected during the researcher’s interaction with 

some teachers and students, teachers do not even use the two periods allotted for the 

practicals. Teachers use the two periods in teaching theory. Some of the reasons are lack of 

time to complete the syllabus, since most teachers focus on preparing students for the final 

exams and practical session is time consuming. 

The physics syllabus, however, noted that three periods can be allocated for practical sessions 

in schools were such arrangement can be possible. The syllabus defines practicals as the 

demonstration of the inquiry processes in science and refers to skills in planning and 

designing of experiments, observation, manipulation, classification, drawing, measurement, 

interpretation, recording, reporting, and conduct in the laboratory/field. It aims to develop 

students in: 

1. Making observation, raise questions and formulate hypothesis: The students 

should be able to:  

I. Observe the world around them from a scientific perspective.  
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II. Pose questions and form hypothesis based on personal observation, scientific articles, 

experiments and knowledge.  

III. Read, interpret and examine the credibility and validity of scientific claims in 

different sources of information such as scientific articles, advertisements or media 

stories.  

2 Design and conduct investigations: The students should be able to: 

I. Articulate and explain the major concepts being investigated and the purpose of an 

investigation.  

II. Select required materials, equipment and conditions for conducting an experiment.  

III. Identify independent and dependent variables.  

IV. Write procedures that are clear and replicable.  

V. Employ appropriate methods for accurately and consistently  

a. making observations  

b. making and recording measurements at an appropriate level of position  

c. collecting data in an organized way.  

VI. Properly use instruments, equipment and materials (such as scales, metre rule, stop 

watches) including: set-up, technique, maintenance and storage.  

VII. Follow safety guidelines.  

 

3 Analyze and interpret results of scientific investigations: The students should be 

able to:  

I. Present relationships between variables in appropriate forms:  

II. -represent data and relationships between variables in charts and graphs  

III. use appropriate technology and other tools  

IV. Use mathematical operations to analyze and interpret data results.  
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V. Identify reasons for inconsistent results, such as sources of error or uncontrolled 

conditions, and access the reliability of data.  

VI. Use results of an experiment to develop a conclusion to an investigation that 

addresses the initial questions and supports or refutes the stated hypothesis.  

VII. State questions raised by an experiment that may require further investigation.  

 

4 Communicate and apply the results of scientific investigation: The students should 

be able to: 

I. Develop descriptions and explanations of scientific concepts that an investigation 

focuses on.  

II. Review information, explain statistical analysis and summarize data collected and 

analyzed from an investigation.  

III. Explain diagrams and charts that represent relationships of variables.  

IV. Construct a reasoned argument and respond appropriately to critical comments and 

questions. 

V.  Use language and vocabulary appropriately: speak clearly and logically and use 

appropriate technology and other tools to present findings.  

VI. Use and refine scientific models that stimulate physical processes or phenomena. 

(Ministry of Education, 2010, p. ix) 

This shows how the syllabus intends to use practical work to enhance students understanding 

in physics and how to make them acquire scientific knowledge. The next section looks at 

reviews of Physics as a practical subject.  
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2.4: Physics as a practical subject 

Physics is, by nature, a hands-on (doing) and minds-on (thinking) inquiry-based discipline. 

Practical work is therefore normally seen as essential in the study of physics. The study of 

physics require students acquiring science process skills such as manipulative skills, 

observation skills, experimental and interpretive skills, planning skills as well as developing 

attitudinal characteristics such as persistence, cooperation and enthusiasm. All these can be 

achieved through practical activities. Hanif, Sneddon, Ahmadi and Reid (2009) found that 

university students in Scotland felt that practical work improved their science process skills 

and their ability to understand theory. For more than a century, practical work activities have 

played a central and distinctive role in physics education (Hofstein & Lunetta, 2003). 

However, these authors remarked that for many students the practical work is mainly 

manipulating equipment (doing) but not manipulating ideas (thinking). 

During the major curriculum reforms in physics education in the early 1960s, practical work 

in physics education was used to engage students in investigations, discoveries, inquiries, and 

problem-solving activities. In other words, the laboratory became (at least in the minds of 

science educators and curriculum developers) the centre of science teaching and learning. For 

example, George Pimental editor of the CHEMStudy (summarized by Merril & Ridgway, 

1969) suggested that the laboratory was designed to help students gain a better idea of the 

nature of science and scientific investigation by emphasizing the discovery approach. 

In addition, he suggested that it gives students an opportunity to observe science and to gather 

data useful for the development of principles subsequently discussed in the textbook and in 

class. However, when it came to assessing and evaluating the effectiveness of the laboratory, 

the situation was less simplistic and less clear. For example, Ramsey and Howe (1969) in an 

extensive review of the literature regarding instruction in the science laboratory concluded 

that: 
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The experience possible for students in the laboratory situation should be an integral part of 

any science course has come to have a wide acceptance in science teaching. What the best 

kinds of experiences are, and how these may be blended with more conventional class work 

has not been objectively evaluated to the extent that clear direction based on research is 

available for teachers. (p.75) 

Watson, Prieto and Dillon (1995) showed that practical work in the laboratory has only 

marginal effects on students’ understanding of physics. In the quest for finding efficient way 

of teaching physics in schools, many educators such as Lunnetta, Hofstein and Giddings 

(1981), Pickering (1980) and Walberg (1991) begun to ask whether practical experiences 

contribute to anything unique and important enough to justify their expense and time. Bates 

(1978), while pursuing the sane questions, had concluded from a review of studies involving 

practical work that though demonstration, lecture and practical teaching methods appear 

equally effective in transmitting physics content, practical experiences are superior for 

providing students with skills in working with equipment, and have a greater potential for 

nurturing positive students’ attitudes and for providing wider a wider variety of students with 

opportunities for success in physics. Okebukola (1986) emphasized that the effectiveness of 

practical work in physics teaching is indispensable. He further states that the boredom 

reportedly experienced by students in practical sessions is just indicative of poor 

organisation, management and coordination of practical activities by teachers. 

 

2.5: The nature of practical work 

The fundamental purpose of much practical work is to help students to make links between 

two domains: the domain of objects and observables (things we can see and handle) and the 

domain of ideas (which we cannot observe directly) (Millar, 2009). 
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 Practical work 

 

Figure1: Practical work: Helping students to make links between two domains 

(Tiberghien, 2000) 

In some practical works, the domain of ideas plays a relatively minor role. For example, we 

may simply want students to examine an object, or a substance, or an event, and observe and 

commit to memory some things about it. In other practical activities, however, we want 

students to develop their understanding of particular scientific ideas that are significant for 

describing or explaining the observations made. In these activities, thinking is at least as 

imperative as doing and seeing; students learn only when the activity is not only ‘hands on’ 

but also ‘minds on’.  

Practical activities that sturdily engage the domain of ideas have a considerably higher 

learning demand (Leach & Scott, 1995) than those which simply aim to allow students to see 

and remember an observable event. In such activities, students are likely to need help to use 

or develop the ideas that make sense of the activity, and lead to learning. Activities that have 

this kind of ‘scaffolding’ built into their plan are likely to be more effectual than ones which 

do not. 

Several studies suggest that practical activities, whose central aim is to assist students 

develop their knowledge and understanding of the natural world, vary significantly in 

learning demand. If the purpose is for students to examine an object, or material, or event that 

they have not seen before, or not looked at directly before – and to remember what they see – 

then the learning demand is comparatively low. Many students will remember it for some 

time; the more astonishing or remarkable the observation is, the longer they are likely to 

          Domain of objects and 

Observables 
Domain of ideas 
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commit to memory. But if the objective is to help students develop their understanding of 

descriptive ideas, concepts, models or theories, then the learning demand is much greater.  

To a large extent practical work is somewhat ineffective because teachers underrate the 

challenge the students face in making sense of what they see. The thought that explanations 

‘emerge’ from observations has been called ‘the fallacy of induction’ (Driver, 1983). We 

might anticipate that activities of high learning demand would be planned or presented in 

class in ways that reflected this; a recent study, however, found little difference in the way 

activities of higher and lower learning demand were designed or presented (Abrahams & 

Millar, 2008).  

The way teachers use practical activities whose main intent is to help students develop their 

understanding of scientific enquiry, often seems to imply a belief that ‘practice makes 

perfect’ – that students will get better at designing and conducting their own investigations 

simply through practice. Research, however, tends to show that more effective learning 

occurs when specific aspects of scientific enquiry are identified and taught (Watson, Wood-

Robinson, & Nicolaou, 2006; Millar, 2009). Millar (2009) suggests any given practical 

activity can be presented in a variety of ways. Significant components of presentation are: 

how students understand the reason for the activity, how it is explained to them, what 

discussion precedes or follows it, and how it is recorded. The approach a practical activity is 

presented can have a considerable effect on its effectiveness in learning terms. One feature of 

the presentation of an activity to students is their awareness of its purpose: can they see why 

they are doing it? On the foundation of their current understanding, can they grasp what it is 

about? Is it a way of answering a question they are already thinking about, or of exploring an 

issue they have become interested in or is it just what the teacher has told us to do today?. In 

this light teachers are to know how to design and present practical work to their students in 

order to achieve the aims and objectives for the practical work. 
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2.6: The effect of practical work on students 

Many researchers believe that practical work play an important role in learning science, but 

the reasons for its importance are less clear. This lack of clarity lies in the vagueness of the 

questions asked about the role of practical work. Asking about the importance of practical 

work for learning science is like asking whether children learn by reading. The answer lies in 

the nature and contents of the activities and the aims which they are trying to achieve.  

Freedman (1997) investigating the impact of a hands-on science programme on attainment 

and attitudes reported that: Students [aged 14-15] who had regular laboratory instruction (a) 

scored significantly higher (p < .01) on the objective examination of achievement in science 

knowledge than those who had no laboratory experiences; (b) exhibited a moderate, positive 

correlation (r = .406) between their attitude toward science and their achievement; and (c) 

scored significantly higher (p < .01) on achievement in science knowledge after these scores 

were adjusted on the attitude toward science co variable. 

McSharry and Jones (2000) suggest that merely explaining to students about their 

environment may not be the best method for helping them to gain an understanding of why it 

is there or how the processes at work in the environment have formed it. However, role-plays, 

such as those describing predator–prey relationships or antibody–antigen interactions, can 

give students a chance to experience these events in a physical way, which may be more 

appropriate to their personal learning style. As a result, students can understand abstract and 

difficult topics that are not always visible phenomena. Indeed, Fadali, McNichols and 

Robinson, (1999) point out that role-playing may be useful in secondary science classes as a 

way of introducing and familiarising students with difficult, abstract or complex concepts in 

biology and the physical sciences. Finally, Maier (2002) argues that teachers, trainers or 

supervisors favour role-play as a handy means of enlivening the learning content; in 
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particular, this model brings forth detailed and concrete study materials which are more 

difficult to pinpoint by the way of lecture and discussion. 

A survey conducted by NESTA (2005), suggests that 99% of the sample of science teachers 

interviewed believed that enquiry learning had a (83% - ‘very’; 16% - ‘a little’) major effect 

on student performance and achievement. However, the role of processes in science 

education have been contested: some science educators have challenged that practical work 

might help students to understand how scientists work, while others have argued that a 

process-based approach (that is, an approach that focused on experimental skills) was likely 

to lead to better understanding of science concepts (Donnelly, Buchan, Jenkins, Laws & 

Welford, 1996). Meaning can only be formed in students’ minds by their own active efforts 

(Saunders, 1992) and cannot be created by someone else for students. This suggests that 

students are not simply passive recipients of information from the teacher, computer, 

textbook or any source of information during the learning process. They have to wrestle with 

an idea in their own minds until it becomes meaningful to them. This can only be achieved by 

exposing them to practical activities.   

An analysis carried out by Kind (1999) of the TIMSS data by comparing the scores of 13-

year-old students from England, Norway and Portugal. He observed that the three countries 

have different traditions of investigative work and Kind argues that although students in 

English schools did better at practical tasks than did the children from Portuguese schools 

that the results may be related as much to the type of practical work as to the quality.  

Evidence of successful practice in the use of practical work comes from White and 

Gunstone’s (1991) study which indicates that students must manipulate ideas as well as 

materials in the school laboratory. Engaging learners in practical work will help them develop 

important skills such as critical thinking and will be able to analyse and interpret 

experimental data; it will also help them to understand the process of scientific investigation, 
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and develop their understanding of science concepts. Physics practical experiences help 

students to acquire understanding of how to avoid hazard, risk and improve their ability to 

work safely. Students need to understand something about the nature of science if they are to 

appreciate the limits and value of practical activities. The teachers’ role in helping students to 

compare their findings with those of their peers and with the wider science community is 

critical (Driver, 1995).  

Some researchers have reported that practical work can increase students’ sense of ownership 

of their learning and can increase their motivation (Johnstone & Al-Shuaili, 2001). Thompson 

and Soyibo (2002), in a comparison study, reported positive impacts of a combination of 

lectures, teacher demonstrations, discussion and practical work on Jamaican 10th grade [age 

15-16] students’ attitudes to chemistry and understanding of electrolysis.  

As Lunetta., Hofstein and Clough (2007) put it, ‘learners construct knowledge by solving 

genuine, meaningful problems’ (p. 405). These findings suggest that practical activities which 

have no context and are simply set up to practise skills or for assessment purposes, may 

generate lower quality performance than tasks which appear to students to have a purpose 

connected to their daily lives.  

Practical work gives students the opportunity to exchange views and share personal 

experiences, this produces the 'cognitive conflict' that is fundamental to intellectual 

development. In order to foster cognitive conflict, students need opportunities to pose 

questions about science, to work with others, to conduct investigations, present and defend 

their ideas, solutions, and findings, and assess their own and other students' reasoning (Pope 

& Gilbert, 1983). 

Barron et al. (1998), working with 5th grade students in the US describes a process of 

designing, implementing, and evaluating problem and project-based curricula. They describe 

four design principles that lead to positive effects on student learning: (a) defining learning-
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appropriate goals that lead to deep understanding; (b) providing scaffolds such as ‘embedded 

teaching’, ‘teaching tools’, sets of ‘contrasting cases’, and beginning with problem-based 

learning activities before initiating projects; (c) ensuring multiple opportunities for formative 

self-assessment and revision; and (d) developing social structures that promote participation 

and a sense of agency. Barron et al. (1998) point out that: 

A major hurdle in implementing project-based curricula is that they require simultaneous 

changes in curriculum, instruction, and assessment practices-changes that are often foreign to 

the students as well as the teachers. 

Adey, Hewitt, Hewitt and Landau, (2004) also promote the value of cognitive conflict, meta-

cognition and bridging from concepts to new situations and provide substantial evidence of 

the impact of cognitive acceleration through science education on science attainment. The 

success of the CASE and CAME programmes (aimed at pupils aged 11-13) point to the need 

for any innovation to be supported by classroom-focused coaching and modelling which 

involves at least 20-30 hours of professional development. Such approaches provide teachers 

with opportunities to engage students in activities which are minds on as well as hands-on 

(Gunstone, 1991). The role of teachers in scaffolding learning – that is, sequencing complex 

ideas and experiences (Lunetta et al., 2007).  

There is some evidence that experience of carrying out extended practical projects can 

provide students with insights into scientific practice and can increase interest in science and 

motivation to continue its study (Jakeways, 1986; Woolnough, 1994). Examples of the 

successful use of extended projects are, however, mainly at upper secondary school level or 

above, where students are to some extent self-selected, teachers have (in general) better 

subject knowledge, and group sizes are smaller.  

Other evidence of the long-term effects of practical activities comes from a study by Gibson 

and Chase (2002) who studied the impact of a summer science Exploration program (SSEP), 
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a 2-week inquiry-based science camp in Massachusetts, US. The camp was designed to 

stimulate interest in science and scientific careers among middle school students. The science 

opinion survey and the career Decision-making Revised surveys were taken by 79 SSEP 

students and 35 students who applied but were not accepted. The authors report that the 

interviews and surveys suggested that SSEP students maintained a more positive attitude 

towards science and a higher interest in science career than students who applied to the 

program but were not selected. Millar (2004) identifies the value of practical activities in 

school science.  

More specifically, practical work is essential for giving students a ‘feel’ for the problematic 

of measurement, and an appreciation of the ever-presence of uncertainty (or measurement 

error). It is also an important tool for teaching about experimental design. Indeed research 

suggests that students design better investigations when they actually carry them out than 

when only asked to write a plan; feedback from experience improves design (APU, 1988). 

However, he adds a note of caution when he comments on the success of scaling up 

innovations across an education system: There are few examples of the successful 

implementation of extended practical projects or investigations as part of the science 

curriculum in the context of ‘mass education’, where large numbers of teachers and students 

are involved. Teachers find it hard to devise or to help students to create enough project 

ideas, year on year. It is simple for the activity to become routines, and become something 

very different from what was initially envisaged when it was included in the curriculum.  

Summing up the findings of their recent review of research into practical work, Lunetta et al. 

(2007) conclude: When well planned and effectively implemented, science education 

laboratory and simulation experiences put students’ learning in varying levels of inquiry 

requiring students to be both mentally and physically engaged in ways that are not possible in 

other subject education experiences. 
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They explain further that the laboratory can be an environment particularly well suited for 

providing a meaningful context for learning, determining and challenging students deeply 

held ideas about natural phenomena, and constructing and reconstructing their ideas’ (Lunetta 

et al., 2007). In terms of instructive approach, they argue that: Social learning theory makes 

clear the importance of promoting group work in the laboratory so that meaningful 

conceptually focused dialogue takes place between students as well as between the teacher 

and student.  

An increased focus on the use of informal contexts for science education is evident in the 

UK. A review of the literature on outdoor education by Rickinson et al. (2004) concluded 

that:  

1. Substantial evidence exists to indicate that fieldwork, properly conceived, adequately 

planned, well taught and effectively followed up, offers learners’ opportunities to 

develop their knowledge and skills in ways that add value to their everyday 

experiences in the classroom.  

2. Specifically, fieldwork can have a positive impact on long-term memory due to the 

memorable nature of the fieldwork setting. Effective fieldwork and residential experience in 

particular, can lead to individual growth and improvements in social skills. More importantly, 

there can be reinforcement between the affective and the cognitive, with each influencing the 

other and providing a bridge to higher order learning.  

3. Despite the substantial evidence of the potential of fieldwork to raise standards of 

attainment and improve attitudes towards the environment there is evidence that the amount 

of fieldwork that takes place in the UK and in some other parts of the world is severely 

restricted, particularly in science.  

4. The number of studies that address the experience of particular groups (e.g. girls) or 

students with specific needs is negligible, although those that have been done draw 
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conclusions that are important in terms of both policy and practice. Some children are more 

likely to take part in fieldwork than others for a range of reasons, many of which could and 

should be addressed. 

5. A minority of studies provide a health warning to proponents of outdoor education. Poor 

fieldwork is likely to lead to poor learning. Students quickly forget irrelevant information that 

has been inadequately presented.  

The specific impact of practical work during fieldtrips has received little study and much of 

the literature reports on attitudinal impacts rather than on conceptual development. There are 

some exceptions, though, for example, in a recent study, Prokov, Tuncer and Kvasničák, 

(2007) found that a one-day field-trip resulted not only in significant and positive increases in 

11-12-year-old Slovak students’ attitudes toward biology, the natural environment outside 

and future careers in biology but that students displayed a better understanding of ecology 

concepts like ecosystems and food webs. 

Practical work brings in behaviour changes in the students. The scientific temperament, 

curiosity, interest and creativity form the basis of this change. Practical work attempts to 

provide a body of knowledge through procedures that are demonstrated. 

 

2.7: Students’ attitude towards science 

There has been an ongoing spotlight in trying to understand students’ attitudes to science 

within science education research, along with the struggle to actually define and differentiate 

these attitudes towards science (Zain, Rohandi, Jusoh & Samsudin, 2010). Combined with 

research indicating widespread scientific ignorance in the general populace (Durant & Bauer, 

1997; Durant, Evans, & Thomas, 1989), and an increasing recognition of the importance and 

economic utility of scientific knowledge and its cultural significance, the falling numbers 

choosing to pursue the study of science has become a matter of considerable societal concern 

University of Education, Winneba http://ir.uew.edu.gh



26 
 

and debate (for example, House of Lords 2000; Jenkins, 1994). Consequently, the promotion 

of favourable attitudes towards science, scientists and learning science, which has always 

been a component of science education, is increasingly a matter of concern.   

Chen and Howard, (2010) have suggested the potential links between positive student attitude 

and its influence on continued participation and attainment. It could be understood that 

positive attitudes towards science may mean students are more inclined to participate and/or 

be more motivated to achieve. 

The term attitude is a concept that is not easily definable. White (1988) has commented on 

how the term is rather ambiguous both in the psychological and the everyday sense of the 

word. There have since been attempts to define attitudes, but these seem to be rather 

specifically related to individual research objectives and thus restricting transferability to 

other studies. An early notable contribution towards its elaboration was made by Klopfer 

(1971), who categorized a set of affective behaviours in science education, as: 

1. The manifestation of favourable attitudes towards science and scientists; 

2. The acceptance of scientific enquiry as a way of thought; 

3. The adoption of ‘scientific attitudes’; 

4. The enjoyment of science learning experiences; 

5. The development of interests in science and science-related activities; and 

6. The development of an interest in pursuing a career in science or science related 

work. 

Gardner (1975) has often been referred to as providing clarity over terms relating to attitudes 

towards science. Gardner (1975) explained how an attitude always consists of a specific 

‘attitude object’ which stimulates the subjective response. It has been largely agreed that an 

attitude is held intrinsically within the individual, and thus, is inaccessible to direct 

observation. However, it is observable on the basis of a measurable response to an attitude 
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stimulus (Ajzen & Fishbein, 2005). An ‘attitude object’ or stimulus can be anything that can 

be distinguished and considered by anyone.  

The ‘attitude object’ can be concrete, abstract, inanimate, people or groups, and it may 

involve any form of information that possesses evaluative implication (Bohner & Wänke, 

2002). Attitudes are private and specific to individuals, organised through single or multiple 

experiences, and influence actions to be completed by the person either intrinsically or 

extrinsically (Rajecki, 1990). As a result it is very difficult to effectively measure attitude of 

individuals. Attitudes can be prescriptive or evaluative and not universally accepted, such as 

‘we should do more practical work’ or ‘practical work is a waste of time’. They are also 

descriptive, such as ‘practical work requires the use of a lot of scientific skill’. These 

propositions can influence a positive or negative association: a student may dislike learning 

scientific skills in which case the previous comment would be spoken negatively and 

likewise, the reverse is true. The same descriptive proposition held by two students can 

influence opposing attitudes (White, 1988). Generally propositions that are acquired through 

direct experience or social transmission are of a more stable nature (Greenwald, 1989) 

because students are able to personally engage with the issue, thus potentially increasing 

predictability in behaviour when measuring their attitudes. 

 

2.8: Students’ attitude to science and practical work 

Most educators have the same opinion that teaching should build on the interests and 

experiences of students. Experiences and interests among learners vary, and there is 

comparable difference in what can be considered appropriate and useful knowledge for 

students from diverse life situations. Haussler and Hoffmann (2002) quote results from the 

ROSE survey showing that students’ interest in physics declined during Secondary Level I. 

This lack of interest in science often manifests itself when students are at an age when they 
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are permitted to make their own curricular choices (Sjøberg, 2002). The above findings raise 

serious questions about the implementation of changes made in science curricula regarding 

the development of students’ interest in science. 

Lee and Fradd (2001) found out that most science, especially physics lessons fail to relate 

theories to actual life situations, thereby making the class boring for students. Establishing 

connections between theories and daily life activities through the use of practical work 

requires teachers to not only incorporate the types of knowledge that are used in the class but 

also to understand how that knowledge can be used to achieve a set of greater goals or 

purposes in everyday life activities (González & Moll, 2002). The challenge then is to create 

learning environments with connected meaning for students, which requires identifying 

powerful links bridging students’ knowledge with classroom instruction. Gunstone and 

Champagne (1990) argued that practical work could successfully be used to promote 

conceptual change if small qualitative laboratory tasks are used.  

Studies have made known the influence of methods of instruction on students’ attitude 

towards science. Kempa and Dube (1974) worked on the influence of science instruction; the 

result was that attitude becomes more positive after instruction. Long (1981) also concluded 

that diagnostic-prescriptive treatment promotes positive attitude. Hough and Peter (1982) also 

said that groups that scored significantly high in science achievement test also scored 

significantly high in attitude test. Steven and Atwood (1978) in a study on the relationship 

between interest and achievement found that science interest was significant at 0.05 level as 

predictors of science progress scores. Simpson and Wasik (1978) also supported the view of 

predictability of achievement from the knowledge of attitude. 

The studies thus reviewed suggest that there is a relationship between attitude and methods of 

instruction and also between attitude and achievement; and that it is possible to predict 

University of Education, Winneba http://ir.uew.edu.gh



29 
 

achievement from attitude scores. What is needed to complement the results of such studies 

however is the nature of relationship between students’ attitudes and practical work. 

A lot of studies in the last two decades have examined students’ attitudes towards science in 

science education (Osborne, Simon & Collins, 2003). The significance of researching 

students’ attitudes towards science has been highlighted by the Organisation for Economic 

Co-operation and Development (OECD, 2010) who deem that a student’s ‘scientific literacy’ 

should consist of certain attitudes, beliefs which by possessing and utilising effectively, it is 

believed, will help the individual, the society and worldwide. Yet the significance of 

attitudinal research, primarily attitudes towards science, is not a recent area in science 

education. Work on attitude measurement instruments such as the Likert scale along with 

theoretical ideas influenced the research into attitudes towards science which by the 1960s 

had become something of a regularity (Koballa & Glynn, 2007). Indeed, The Dainton Report 

(2006) emphasized the issue regarding scientific attitudes moving away from science and by 

the mid-1970s, Ormerod and Duckworth (1975) began researching into students’ attitudes to 

science. 

During the 1990s, some science educators (Freedman, 1997; Thompson & Soyibo, 2002) 

reported in studies that practical work was a central means for enhancing attitudes, inspiring 

interest and enjoyment, and motivating students to learn science. 

Additionally, it has been argued by Hofstein and Lunetta (2004) that hands-on activities are 

likely to enhance positive attitudes and cognitive growth. Though, as stressed by Abrahams 

(2009), some studies (Beatty & Woolnough, 1982; Kerr, 1963) that have articulated such 

positive perspectives of practical work, have concentrated more on the rhetoric through 

questionnaires on students’ views, than the actual reality of practice and behaviour of 

students. However, White (1988) assumes the position that an attitude relating to science 

must be the incorporation of the individual’s beliefs, behaviour and emotions relating to the 
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stimuli and hence, as Bagozzi and Burnkrant (1979) consider, the view that an attitude is the 

interplay of the affective, cognitive and behaviour domains, an attitude to science is 

acknowledged by White (1988) as this combination, the tripartite model. 

A study by Kim and Song (2009) separated conventional instruments of an attitude towards 

science into  intrinsic (related directly to students) and extrinsic (related to social viewpoint). 

They established intrinsic attitudes towards science, like ‘school science is easy’, influenced 

students’ interest and conceptual understanding. 

Conversely, finding students’ extrinsic attitudes towards science, like ‘science offers better 

job opportunities for the future’ failing to influence in the same way. Certainly, the House of 

Commons (2002) report suggests that career aspirations are rather influential. Additionally, 

Baker (1998) found that students having a negative attitude towards science may have more 

to do with the student not finding themselves suiting the image of science or lacking 

cognition in science. 

There has been research (Koballa & Glynn, 2007) suggesting that students’ affective factors 

consist of two theoretical areas: their attitudes towards science and their interest in science 

topics, where interest here means a direct causal factor influencing students’ learning 

behaviour. Indeed, as Mamlok-Naaman, Ben-Zvi, Hofstein, Menis, and Erduran (2005) 

showed, pure acquisition of knowledge has little effect on students’ attitudes, especially 

within western society where student voice is prominent. Mamlock-Naaman et al., (2005) 

explain that “if students are not interested in science, they tend not to make an effort to learn 

and understand the meaning of concepts that are being taught to them” (p.488). This could 

mean that students who are interested in science and understand the scientific concepts may 

hold more positive attitudes towards science and science studies than those who struggle with 

learning in science. Also, what can be seen here is the effect that the affective and cognitive 
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domain can have on the behavioural domain, students not interested and lacking knowledge 

are more likely to disconnect with studies and become unmotivated to science. 

According to Lunetta, Hofstein, and Clough, (2007) a valid and reliable measure of assessing 

students’ perceptions of a learning environment using practical work was a “Science 

Laboratory Environment Inventory”. The Science Laboratory Environment Inventory (SLEI) 

examines the learning environment in laboratories by questioning students’ perspectives of 

their realities environment and desired one using a Likert type scale. The main usage of the 

Science Laboratory Environment Inventory was to examine “Student Cohesiveness, Open-

Endedness, Integration, Rule Clarity, and Material Environments in the laboratory class” 

(Fraser, 2007, p.110). 

Alternative measures of attitudes towards science have more recently been researched and 

commented on. A recent study by Kind, Jones, and Barmby (2007) commented on five main 

methods which have been reviewed by Osborne, Simon, and Collins, (2003) and Gardner 

(1975), these include: preference ranking, attitude scales, interest inventories, subject 

enrolment, qualitative methods. Despite the variety of measures and the difficulty in 

measuring attitudes effectively, Kind, Jones, and Barmby (2007) used attitude scales to 

measure their subjects’ attitudes towards science because of the increased reliability and 

simplicity of usage. They go on to discuss how any attitude measure needs to be “statistically 

internally consistent and unidimensional” (p.875, italics in original) due to the fact that many 

studies (Bennett, 2005; Gardner, 1975; Osborne et al., 2003) comment on them being of a 

poor psychometric quality.  

Whilst the literature stresses the need to clarify explicitly the meanings of the attitude 

constructs, it is possible to effectively measure students’ attitudes towards science. Indeed, 

work by Reid (2006), discusses how effective attitudinal measures can be used in 
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methodologies which can give a better, more useful, detailed analysis. The key areas that are 

applicable to this study and reported by Reid (2006) include: 

The measurement of attitudes is, therefore, extremely important and there is a need for valid 

approaches which are accurate and offer rich insights…. Absolute measures of attitudes are 

impossible. Only comparisons can be made….There are numerous paper-and-pencil 

approaches: based on Likert, as well as rating questions and situational set questions, 

interviews can offer useful insights. 

The key messages from this is that whatever method is to be adopted for the collection of 

data for this study, it needs to be a valid approach which not only uses pencil and paper 

questionnaires but also interviews to better enrich the quality of the data collected. 

Indeed, Reid (2006) stresses that the approach of an attitude scale is best avoided because 

whilst a simple number is gained, the specific detail and precision is lost because of the 

reliance on purely categorical data: a slight concern when an attitude - that which is being 

researched is far from an absolute or explicit concept. 

However, whilst the instrument would strive from a more descriptive and empirically driven 

approach, such as the Views on Science-Technology-Society (VOSTS) approach by 

Aikenhead and Ryan (1989), an attitude can be described and analysed in terms of the three 

component parts. Therefore, with understanding an attitude as being the result of the tripartite 

model – involving affective, cognitive and behavioural domains. Reid (2006) defines how 

these three domains can be defined in terms of application to research: 

(1) Knowledge about the object, the beliefs, ideas component (Cognitive); 

(2) A feeling about the object, like or dislike component (Affective); and 

(3) A tendency-towards-action, the objective component (Behavioural). 

Using the three definitions for affective, cognitive and behavioural a students’ attitude can be 

better explained and analysed. For example, a student who is giving their attitude towards 
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studying physics would need to know (Reid, 2006): some knowledge of what physics is and 

involves; what their feelings are towards physics – which could be determined from what 

they know about physics; and whether they feel a tendency, or a committed to studying 

physics beyond compulsion. However, whilst this appears to suggest that a student would 

need all three components to involve a positive attribute in order to form a positive attitude, 

the balance between the three can vary (Reid, 2006) and Wilson, Lindsey and Schooler 

(2000) do suggest that these three components can, and do, exist with some inconsistencies. 

So this suggest that for students claiming they enjoy practical work (affective domain), they 

can say or indeed show that they struggle to understand, and often avoid to see, the required 

learning outcomes – which follows the work by Abrahams and Millar (2008) (cognitive 

domain) and whilst these two domains are inconsistent, they may still not continue with 

science (behavioural domain). 

Reid (2006) claims that the behavioural domain in science education is often dubbed in terms 

of science uptake post compulsion. Although if within the behavioural domain of a students’ 

attitude to practical work, it is seen as a motivating factor for doing science, it might be 

expected that the numbers continuing with science post compulsion because of practical 

work. Students may show that positive attributes within the affective domain, they need not 

hold positive attributes within either of the other two domains. Indeed, as Wilson et al., 

(2000) discuss, there may be conflict between the three domains but Rosenberg (1960) argues 

that at this time people are more inclined to change their attitude to ensure there is 

consistency between the three domains. When students claim they enjoy practical work it 

may be therefore that the strength of the affective domain overrides the other two domains 

and whilst causing a conflict here, for the younger students this may be the main objective, to 

just enjoy doing practical work in science as opposed to the cognitive domain or retention 

post compulsion (behavioural domain). It seems understandable that for students who provide 
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descriptive accounts of practical work that were memorable in some way other than be able 

to recall what they learnt from it (Abrahams & Millar, 2008) would be referring to the 

affective domain when giving an answer to why they like or do not like practical work. 

Indeed, for most students at the start of secondary school science their attitudes within 

science at least are very positive and they then start to decline by the end of secondary around 

aged 16 (Woolnough, 1994). 

One conclusion that can be made is that whilst there have been comments by students about 

their claims of enjoyment in and for practical work as part of a wider study into students 

attitudes (Toplis, 2012), there needs to be more in depth research into the explanations for 

why students feel the way they do. 

Furthermore, as attitudes can only be inferred (Reid, 2006), any means of using multiple 

approaches to the method of data collection can therefore benefit and enrich the results. 

Indeed, questionnaire can gauge the cognitive and affective domains of students but it may 

well be worthwhile to see the behavioural domain by observation. 
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CHAPTER THREE 

METHODOLOGY 

3.1: Overview 

This chapter is devoted to the following; design of the study, population and sampling 

procedure. It continues with the instrumentation, reliability and validity, pilot test, data 

collection, and data analysis. 

3.2: Research design 

The study was quasi experimental research design with mixed quantitative and qualitative 

data. This research design made use of practical work in teaching physics as an intervention, 

and the use of pre-and post-treatment test as well as students’ questionnaire items. The design 

helped the researcher to use questionnaire to objectively measure how the students perceive 

the effectiveness of practical work during lessons. 

The results of the post intervention test aided the researcher to test hypotheses on the 

performances of both the experimental group and the control group. The experimental 

students’ responses to the questionnaire items were used to discuss and analyze the 

perceptions of the effectiveness of practical work in the teaching and learning of physics in 

schools.  

3.3: Population and Sampling Procedure 

Sampling refers to the process of selecting a portion of the population to represent the entire 

population (Fraenkel & Wallen, 2000; Muijs, 2004; Alhassan, 2006). In this study, seventy-

two second year science students were selected as a sample group from a total form two 

science student population of one hundred and forty seven, based on their performance in 
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their form one third term exams (which was used as a pre intervention test). Purposive 

sampling technique with the help of the pre-intervention test was used to sample a total of 

thirty-six students as experimental group and another thirty-six group as a control group.  

The purpose was to get a sample size of thirty-six students as those within the lower scores 

limit in the pre-intervention test as the experimental group, and the remaining thirty-six with 

the higher scores limit as the control group. The experimental group consists of students 

whose scores in the pre-test fell below 50%. The modal age of the participants was 16years.  

3.4: Treatment 

Two instructional techniques were used to teach students over a period of one term. Students 

were taught one topic in each of the months in the term. Practical work was the main 

instructional technique used in teaching the topics in the experimental group. The students 

were actively involved in setting up the equipment and apparatus used in the laboratory, 

during the practical activities. This was to help students in acquiring science process skills. 

After each experiment, there was intensive class interaction and discussion led by the class 

teacher. Experimental procedure, data collection, manipulation and analysis procedure were 

always reviewed in the class before the students were required to complete writing the 

laboratory reports. The instruction in the control group did not stress much on practical work. 

Most content in this group was theoretically covered. Teacher demonstrations were the 

standard way of showing the learners the practical aspects of the topics.  

3.5: Instrumentation 

The main instruments used include a set of pre and post-treatment test items as well as 

students’ questionnaire. The scores of the pre intervention and post intervention test items 

were used in the analysis to answer the research questions. End of month test was 
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administered to the respondents throughout the term. Specific tests evaluating the work done 

in each topic was given at the end of each month. An end of term exams was organised for 

both group. These were graded and eventually compiled at the end of the term. They formed 

the post-test scores. In addition, all the students were given End of Term Attitude 

Questionnaire.  The student’s questionnaire items were chosen to gather the data and further 

buttress findings on the effectiveness of using experiments as instructional strategy in physics 

education. 

The general benefits of a questionnaire which include consistency of presentation of 

questions to the respondents, the assurance of anonymity for the respondents and the less 

time it takes to administer (Fraenkel & Wallen, 2000; Muijs, 2004) was appropriate for this 

study which was time bound. A questionnaire was also found to be appropriate for the study 

because the study employed a discussion of experimental student’s perception on the 

effectiveness of using experiments in physics instruction. 

Questionnaire is probably the most common data collection instrument used in educational 

research which is more familiar to respondents (Muijs, 2004). However, the disadvantages 

are that they often have low response rates and cannot probe deeply into respondents’ 

opinions and feelings (Fraenkel & Wallen, 2000; Muijs, 2004; Alhassan, 2006), but this was 

not the case with this study because the sample size was well manageable. 

Close-ended items made respondents to choose between answers of the researcher while 

open-ended items allow respondents to formulate their own answers.  The researcher used 

both open and closed ended items in the questionnaire  because respondents are more inclined 

to answer close-ended items and open-ended items provides a greater depth of responses 

since there  was no standardized answers across responses (Oppenheim, 2000). 
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3.6: Scoring the questionnaire items 

A Likert scale with five options (Strongly Agree (SA), Agree (A), Neutral (N), Disagree (D), 

and Strongly Disagree (SD)) was used to score the questionnaire items. The items on the 

questionnaire were positively and negatively worded in order to minimize participant 

satisfying responses. Positively worded items (e.g. “Students are more enthusiastic about the 

subjects for whom teachers use experimental approach as instructional method”) were scored 

as follows: 

Response Intensity Symbol Score 

Strongly Agree SA 5 

Agree A 4 

Neutral N 3 

Disagree D 2 

Strongly Disagree SD 1 

 

Negatively worded items (e.g. “Using experiments as instructional method hinder students’ 

ability with learning tasks”) were scored as follows: 
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Response Intensity Symbol Score 

Strongly Agree SA 1 

Agree A 2 

Neutral N 3 

Disagree D 4 

Strongly Disagree SD 5 

 

Likert scale was used to score the questionnaire items because it looks interesting to 

respondents and people often enjoy completing a scale of this type (Muijs, 2004). Again, 

Likert scale is easier to construct, interpret and also provide the opportunity to compute 

frequencies and percentages as well as statistics such as the mean and standard deviation of 

scores. This in turn, allows for a more sophisticated statistical analysis such as Analysis of 

Variance (ANOVA), t-test, chi square and regression analysis (Fraenkel & Wallen, 2000; 

Muijs, 2004). Additionally, Likert scales are often found to provide data with relatively high 

reliability (Oppenheim, 2000; Fraenkel & Wallen, 2000). 

3.7: Validity and Reliability of instrument 

The quality of a research instrument or a scientific measurement is determined by both its 

validity and reliability (Aikenhead & Ryan, 1992). Validity seeks to determine whether the 

instrument actually measures what is intended to be measured and reliability, on the other 

hand, it refers to the consistency of data when multiple measurements are gathered (Gott, 

Duggan & Roberts, 2003). 
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The instruments for the study were designed for exploring how the use of practical work as 

an instructional method enhances students’ understanding in physics at the SHS level. 

The expertise of Science Education Lecturers from the Department of Science Education was 

drawn to validate the instruments for content and face validity of the instruments. 

The West African Examinations Council syllabus and the Ghana Education Service syllabus 

for Physics for Senior High Schools were used as a guide to ensure adequate reliability and 

validity of the research instruments. The required content materials for the selected topics 

were extracted from the Ghana Association of Science Teacher (GAST) Physics and other 

relevant advanced physics textbooks. The extracted content materials were used to prepare 

Student-and teacher-centred Instructional Strategy Package. The research instruments 

consisted of lesson notes, students’ test items and questionnaires, experiments on selected 

topics and other relevant instructional materials. 

The validation of the content material as well as the Student-and-teacher-centred Instructional 

Strategy Package were carried out through the assistance of some experts in physics 

Education in the Department of Science Education, Winneba. The validators were asked to 

determine the appropriateness of the content material and to find out whether the instructional 

package can be used to achieve the purpose for which it is designed for. The 

recommendations of the validators were used to revise the content material and the 

instructional package. These were followed by a trial test of the instructional package through 

a pilot test. 

Reliability is about the consistency in a research result. If the survey is given again, will it 

yield the same or similar results? Reliability of the data can be assessed if the items are 

examined to show internal consistency.  
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3.8: Pilot Test 

A pilot test of the instrument was carried out at the school with twenty (20) students from 

form two during the second term in the 2012/2013 academic year. This pilot test was to 

establish the reliability of the questionnaire, and also to identify defective items in order to 

avoid any ambiguities that might occur and get an idea of the expected response before 

administering it to the actual participants of the study. The pilot test was to enable the 

researcher to detect weakness in the research instruments, and correct them. The pilot test 

was tested a term prior to the actual data collection to ensure that all weaknesses observed in 

the instructional package during the pilot study were addressed in order to revise the package 

to improve its reliability. The pre and post-test items internal consistency was determined by 

the use of test retest method of reliability co-efficiency. A high reliability value of (0.79) and 

(0.84) for the pre and post-test respectively was obtained with the use of cronbach’s alpha 

computation relation, 

 

where K is the number of components (K-items or testlets),  the variance of the observed 

total test scores, and  the variance of component i for the current sample of persons. 

Alternatively, the Cronbach's α can also be defined as 

 

where K is as above,  the average variance, and  the average of all covariance between the 

components across the current sample of persons. 

 

3.9: Data Analysis 

This study employed both qualitative and quantitative methods of data analysis. The pre-

intervention and Post intervention test mean score of both experimental and control groups 
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were analyzed quantitatively and qualitatively to determine the impact of practical work on 

students’ understanding on the selected topics in physics. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1: Overview 

In this chapter, the findings from the investigation into the effect of practical work on 

students’ understanding in physics are presented and discussed in relation to the three 

research questions. The research questions are discussed with the use of quantitative z-test 

and t-test statistical tool and qualitative descriptive analysis of the pre-and post-test mean 

scores as well as the responses of questionnaire for the students. The findings of the study are 

discussed based on the research questions of the study. 

4.2: Research question one 

What is the effect of practical work on students’ performance in physics? 

The Pre-Test scores for both the experimental and the control groups were obtained from the 

end of form one examinations. The experimental and the control groups mean performances 

in the pre-test were determined and compared. 

The total scores on the end of month tests and the end of term exams were compiled and 

expressed as a percentage, for every respondent in each of the experimental and control 

groups. The end of month tests and the end of term performances constituted the Post-Test 

scores. The mean performance and the standard deviations for each group were determined. 

The results are indicated in Table 1. 
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Table 1: Group Performances in the pre and post tests 

Group Type of test No. of 

Respondent 

(N) 

Mean 

performance 

(%) 

Standard 

Deviation 

Z-Test P-Value 

Experimental Pre-test 36 34.75 9.12  

-13.36 

 

0 Control Pre-test 36 65.67 10.20 

Experimental Post-test 36 61.44 10.24  

0.86 

 

0.39 Control Post-test 36 59.42 9.69 

 

The experimental and the control groups had mean performances of 34.75% and 65.67% 

respectively on the Pre-Test. The result clearly shows that there is significant difference in 

the performance between the two groups at the beginning of the study. The result indicates 

that the two groups were not comparable on their initial understanding of the taught concepts 

in the study of physics in the first year. Therefore, the z-test analysis of the pre-test scores for 

both groups shows the existence of a significance difference between their mean scores as 

seen from Table 1 (z = -13.36; p< 0.05). 

Table 1 shows an increase in mean performance from 34.75% in the pre-test to 61.44% in the 

post test by the experimental group as compared to a decrease in mean performance from 

65.67% in the pre-test to 59.42% in the post-test by the control group. This indicates that the 

experimental instructional technique was having a positive effect on the respondents’ direct 

understanding on the items in the post-test. The respondents were developing a focused view-

point about the task requirements after instruction. Since the experimental and control groups 
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were more than thirty, the z-test was used to determine significance of difference of the 

means from the post-test. 

Therefore, from Table 1, z-test analysis of the mean score on the post-test shows no 

significant difference (z= 0.86 and p>0.05) in performance between the two groups. The 

experimental group demonstrated a better conceptual understanding of the taught physics 

concepts with the use of practical work, which was reflected in their post-test mean score 

value after the intervention. 

4.2.1: Testing null hypotheses one 

There is no significant difference in performance between the students in the 

experimental group taught using practical work and the control group students. 

A two-tailed z-test was employed for the verification of the post test mean scores of the 

experimental and the control groups. It was observed that the calculated z -value (z = 0.86; 

p>0.05), was not significant at a probability level of 0.05 as shown in Table 1. 

It is therefore suggested statistically; that the null hypothesis is accepted at 95% confident 

level because the use of practical work had been able to raise the performance of the 

experimental group. 

The results from the current research resonate well with Amadalo, Ocholla and Memba 

(2012) which determined that involving students in meaningful practical work contributes to 

improved performance. Uwaifo (2012) found a statistically significant relationship between 

theory and practical scores on all science subjects. Wasanga (2009) also found a similar 

correlation between practical work and understanding of science subjects which leads to 

improved performance in achievement tests. Amunga, Musasia and Musera, (2011) have 

demonstrated that practical work makes the students take learning science seriously. The 
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determination to unravel the requirements of the objectives of the practical task leads the 

learners to take charge of the learning situation and to develop an insight in the requirements 

of the tasks involved in the practical work. They established this to be primarily true when 

the practical work was enjoyable and meaningful to the students.  

In summary, this hypothesis rightly answers the research question one posed in this study that 

“Is there any difference in students’ performance in physics between the experimental group 

and the control group?” 

4.3: Research question two 

What is the effect of practical work on students’ attitude towards the study of physics? 

The End of term student’s questionnaire was used to investigate the development of the two 

groups’ attitudes towards identified features concerned with learning physics. The four 

attitudinal concerns that were investigated were: 

A: Ability to understand the topics taught 

B: Ability to arouse and maintain interest 

C: Ability to communicate and interpret results 

D: Ability to relate taught concepts to everyday life activities 

A Likert scale with five options (Strongly Agree=5, Agree=4, Neutral=3, Disagree, and 

Strongly Disagree=1) was used to score the questionnaire items. On the Likert scale, scores 

of 4 and 5 were considered High scores whereas scores of 1 and 2 were designated Low 

scores. A score of 3 indicated an average score, interpreted as being neutral about the 

concerned attitudinal attribute. Table 3 shows the frequency (N) and percentages (%) of 

respondents from each of the experimental and the control groups on each attitudinal concern. 
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Table 2: Groups Response on Investigated attitudes 

Item 

investigated 

Experimental Group Attitude score Control Group Attitude score 

High 

(N,%) 

Neutral 

(N,%) 

Low  

(N,%) 

High 

(N,%) 

Neutral 

(N,%) 

Low  

(N,%) 

A 33 (91.67) 2 (5.56) 1 (2.77) 15 (41.67) 13 (36.11) 8 (22.22) 

B 28 (77.78) 5 (13.89) 3 (8.33) 6 (16.67) 11 (30.56) 19 (52.78) 

C 30 (83.33) 4 (11.11) 2 (5.56) 12 (33.33) 16 (44.45) 8 (22.22) 

D 21 (58.33) 10 (27.78) 5 (13.89) 12  (33.33) 10 (27.78) 14 (38.89) 

 

Table 2 indicates that the experimental group had more respondents (91.67%) who 

understood the topics after instruction compared to the control group (41.67%). There were 

fewer respondents in the experimental group (5.56%) who were undecided about whether 

they understood the topics compared to the control group (36.11%). After going through the 

course, 77.78 % of the experimental group respondents reported having developed a better 

interest in physics compared to only 16.67% of the control group. Only 13.89% were not sure 

whether the intervention helped in raising their interest in the experimental group as 

compared to 30.56% in the control group. About 52.78% in the control group claim the 

method of instruction did not help in raising their interest in the subject as compared to 

8.33% in the experimental group. 

The issue of student interaction during instruction also favoured the experimental group. The 

experimental group had 83.33% of the respondents indicating that there was a lot of student-

student interaction compared to only 33.33% of the control group who felt there was 
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adequate interaction amongst the respondents. This interaction included discussions on the 

best ways of effecting equipment and apparatus connections, joint working out of solutions to 

problems provided at the end of the practical task, and determination of applications of theory 

work outside the classroom. Application of the topics outside the classroom and into 

everyday life activities indicated that 58.33% of the experimental group felt that they were 

able to do this satisfactorily compared to only 33.33% of those in the control group. 

4.3.1: Testing null hypotheses two 

There is no significant difference in attitude change between the experimental group 

and the control group 

A t-test analysis conducted on the high scores of both groups at a confidence level of 5% (α = 

0.05) showed a calculated t-value (t= 6.09, P<0.05) which is greater than the tabulated value 

of 3.18. Thus the attitude of the experimental group was statistically different from that of the 

control group. Hence we reject the null hypothesis that “There is no significant difference in 

attitude change between the experimental group and the control group” 

This lends credibility to the observation that the experimental group had developed better 

attitudes as a result of practical based instruction in physics. The findings of this study 

concerning respondent formed attitudes agree with the observations of Toplis and Allen 

(2012) who suggested that practical work has been used as an integral effort of ensuring that 

learners develop an in-depth understanding of content during the formative years of 

secondary school science learning. Talisayon (2006) also found out that learners developed 

improved attitudes towards science as a result of practical courses. Kim and Chin (2011) have 

reported that practical work was a significant tool for developing students‟ scientific 

knowledge and habits of mind which concurs with the finding that practical work contributed 

to increased ability to understand the content in this study. 
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4.4: Research question three 

What is the effect of practical work on students’ acquisition of science process skills? 

In the first term in form two, the two groups were taken through topics in Heat energy, 

sources of electricity and magnetism. The experimental group instructional technique 

emphasized practical work when teaching the topics. Table 4 shows the topics treated and the 

experiments conducted during the term. 

Table 3: Available Topics and Experiments for the Term 

Topics Sub-Topics Practicals Details 

 

 

Heat Energy 

Heat as a form of Energy Produce heat by rubbing. 

Lower & upper fixed point Calibrating the lower & upper fixed 

point of an uncalibrated liquid in 

glass thermometer. 

Linear Expansion Measuring the linear expansivity of 

a metal 

 

Sources of Electricity 

Primary Cells Investigating Electrolysis 

Secondary Cells Making a Lead-acid cell 

Other types of cell Preparing fuel cells 

Magnetism 

 

 

Magnetism 

 

Magnetising a magnetic 

substance 

Magnetising a magnetic material by 

a single touch method. 

Magnetic Fields Investigating magnetic field lines 

around a bar magnet. 

The Earth as magnet Investigating the combined effect of 

a magnet and the earth field. 
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The experimental group participated in all the experiments. The control group managed to do 

three experiments in total namely, producing heat by rubbing, preparing fuel cells and 

investigating magnetic field lines around a bar magnet. 

Table 4: Acquisition of Basic Science Process Skills after the Term 

 Science Process Skills 

 

Group 

Measuring Observing Recording 

No. % No. % No. % 

Experimental 32 88.89 34 94.44 35 97.22 

Control 20 55.56 26 72.22 24 66.67 

 

Table 4 shows the percentage of the respondents who were certain that they had gained the 

requisite science process skills investigated as a result of performing practical work during 

the term. The Experimental group reported having acquired more experience in all the 

indicated process skills compared to the control group. Both the experimental and control 

groups reported that they really liked the idea of producing heat by rubbing, preparing fuel 

cells and investigating magnetic field lines around a bar magnet. The control group showed 

enthusiasm with the experiments, though they wished that they would have done more 

experiments during lessons. However, the experimental group performed the rest of the 

experiments meant for the term. The experimental group reported these additional 

experiments helped in making the taught concepts more clear and real. The experimental 

group were able to determine the lower and upper fixed points of some liquid in glass 

thermometers as well as calculating the linear expansivity of a metal. They reported that the 
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experiments in the electricity helped them to know how to minimise the defects of some cells 

and accumulators. The experimental group were enthused to have produced their own magnet 

by the single touch method. 

The findings from the current research are in tandem with several research findings on the 

acquisition of practical experimental skills. Tifi, Natale and Lombardi (2006) suggest that 

investigations allow learners to reach their own conclusions. When done in groups the gained 

process skills allow development of social skills of collaboration, sharing, debating and 

extending ideas in the group. Prokop, Prokop and Tunnicliffe, (2007) said observation and 

data recording can have an important impact on developing understanding. Since 

understanding the scientific phenomena also reduces the learning of plain facts and makes 

instruction more interesting. Chabalengula, Mumba and Mbewe (2012) have demonstrated 

the usefulness of mastery of science process skills among elementary school science teachers. 

The performance of the elementary teachers was certified to have become more meaningful 

for those who had practically gained them. 

 

4.5: Research question four 

What is the perception of the experimental group about the use of practical work in the 

study of physics? 
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Table 5: Respondents perceptions about the effectiveness of practical work as an 

instructional method 

 

Items. 

SD D N A SA 

n (%) n(%) n (%) n (%) n(%) 

11. I was more enthusiastic and 

motivated during the use of 

practical work in the teaching and 

learning of the taught concepts. 

 

4(5.56) 

 

6(8.33) 

 

14(19.44) 

 

23(31.94) 

 

25(34.72) 

12. The use of practical work as 

instructional techniques is an 

effective strategy for students of 

all abilities. 

 

2(2.78) 

 

8(11.11) 

 

9(12.50) 

 

11(15.28) 

 

42(58.33) 

13. The use of practical work 

during instruction reduces my 

personal interaction with my 

colleagues. 

 

 

36(50.00) 

 

17(23.61) 

 

12(16.67) 

 

6(8.33) 

 

1(1.39) 

 

14. The use of practical work 

makes me feel like I am lost in a 

jumble of numbers and words. 

 

51(70.83) 

 

12(16.67) 

 

6(8.33) 

 

2(2.78) 

 

1(1.39) 
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15. The use of practical work as 

instructional strategy would 

promote students understanding of 

concept and do away rote learning 

as well as memorization of facts. 

 

 

0(0.00) 

 

 

6(8.33) 

 

 

12(16.67) 

 

 

16(22.22) 

 

 

38(52.78) 

16. Practicals hinder students’ 

ability with learning tasks (e.g., 

writing, analyzing data, or solving 

problems). 

 

25(34.72) 

 

36(50.00) 

 

8(11.11) 

 

1(1.39) 

 

2(2.78) 

17. The use of practical work as 

instruction is an effective means 

of helping students to understand 

theories laws and principles. 

 

2(2.78) 

 

2(2.78) 

 

22(30.56) 

 

35(48.60) 

 

11(15.28) 

18. Doing practical work make me 

feel more involved in the learning 

process. 

 

0(0.00) 

 

1(1.39) 

 

10(13.89) 

 

47(65.28) 

 

14(19.44) 

19. The use of practical work as an 

instructional method reduces 

forgetfulness and recitation of 

mnemonics as well as acronyms 

during examinations. 

 

6(8.33) 

 

9(12.50) 

 

28(38.89) 

 

18(25.00) 

 

11(15.28) 
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20. The use of practical work for 

instruction would enable me to 

interact more with my colleague to 

promote group discussion. 

 

1(1.39) 

 

2(2.78) 

 

10(13.89) 

 

21(29.17) 

 

38(52.78) 

21. I think performing practical 

work in Physics is a waste of time. 

 

49(68.06) 

 

16(22.22) 

 

5(6.94) 

 

2(2.78) 

 

0(0.00) 

22. I always enjoy the lesson when 

our teacher makes us do practical 

work. 

 

0(0.00) 

 

2(2.78) 

 

5(6.94) 

 

16(22.22) 

 

49(68.06) 

23. I will be glad if we do 

practical work in all our lessons in 

physics. 

 

0(0.00) 

 

3(4.17) 

 

8(11.11) 

 

23(31.94) 

 

38(52.78) 

 

Table 5 indicates the perceptions of the respondents on the effectiveness of practical work as 

an instructional method in the teaching of physics in senior high schools. These responses are 

illustrated using graphs and charts as shown below.  

Majority of the participants (66.66 %,) gave a positive (strongly agree and agree) response 

with item 11, which indicates that the: “integration of practical work in physics teaching will 

elicit student interest in Science concepts.” and this is graphically represented in Fig.2. 
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About 73.61% of the participants gave positive (strongly agree and agree) response for item 

12. This is an indication that most of the students believed that the use of practical work can 

help improve the technical abilities of individual students. Fig. 3 shows the responses given 

by the respondents. 

 

Fig.4 shows that 73.61 % of the participants disagreed and strongly disagreed with item 13, 

which states that “the use of practical work during instruction reduces my personal 

interaction with my colleagues”. This is an indication that the participants were able to 
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collaborate and cooperate with one another during practical sessions. The response is 

represented graphically in fig.4. 

 

A total of 87.5 % of the respondents disagreed and strongly disagreed that the use of 

practicals makes them feel like they are lost in a jumble of numbers and words. This reveals 

that students are more likely to understand concepts when they are make real through 

practicals. This is shown in fig5. 
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For item 15, 75 % of the participants supported the idea that practical work as instructional 

method promote students’ understanding of concepts and can do away with rote learning as 

well as memorization of facts. This shows that more than half of the respondent perceived 

that practical work helped them to understand the taught concepts rather than just committing 

the taught concept into memory by rote learning. This is represented in fig.6. 

Item 16 was negatively coded, 84.72 % of the respondents were not in favour with the 

assertion that “practical work hinder students’ ability with learning tasks (e.g., writing, 

analyzing data, or solving problems)”. Fig 7 shows that more than half of the respondent 

perceived that practical work enhances students learning ability in physics through writing 

reports, and analyzing of result. Fig 8 also indicates that most of the participant agreed to the 

statement that the use of practical work as instruction is an effective means of helping 

students to understand theories, laws and principles. This suggests that performing practicals 

enhances students understanding of stated theories, laws and principles than telling them 

about the theories. For item 18, 84.72 % said doing practical work makes them feel involved 
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in the learning process. This helps them to ask questions to clear any form of confusion that 

they have. This response is represented graphically in fig 9. 
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Almost 41 % of the participants concurred with the notion that the use of practical work as an 

instructional method reduces forgetfulness and recitation of mnemonics as well as acronyms 
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during examinations, as compared to 20.83 % of the participants who disagreed. This is 

shown in Figure 10. Also Figure 11 shows that more than half of the respondents strongly 

agreed that performing practicals promote group discussion, which is a nice platform for 

sharing ideas and developing cooperative skills. Over two thirds of respondents strongly 

opposed the view that performing practical work in Physics is a waste of time. This could be 

an indication that the use of practicals during the instructional process might have helped 

addressed some of the challenges they were facing in the topics being treated. This assertion 

is graphically represented in Figure 12. As indicated in Figure 13, 77.78 % of the respondents 

strongly agreed that they are always excited whenever they are to perform practical work 

during physics lessons. It was observed that 84.72% of the students wished that practical 

work is used as the means of instruction in physics class. This response is indicated in fig 14. 
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The response from the questionnaire shows that most of the students believe that performing 

practicals during lesson in physics is an effective means of enhancing students understanding 

in physics. Some students suggest that learning in physics class should use this instructional 

approach because it makes the learning process interactive and real. 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1: Overview 

This section of the study discusses the summary of findings and significant ideas and 

conclusions of the study for the effect of practical work in physics teaching. It continues with 

recommendations from the findings of the research. 

5.2: Summary of findings 

5.2.1: Research question one 

What is the effect of practical work on students’ performance in physics? 

Before the use of practical work as instructional strategy in the teaching of physics, the 

experimental group was the sample that failed to achieve above 50% and had a mean 

performance of 34.75% in the pre-intervention test. But after the use of the intervention, it 

was realised that the mean performance of the experimental group have increased to 61.44%. 

A statistical analysis on the mean performance on the post-test of the experimental and the 

control group showed equal performance among the two groups. 

This shows that with the use of practical work, the experimental group of students’ general 

performance had improved significantly from a mean performance of 34.75% to 61.44%, this 

indicates that practical work in teaching physics has a greater advantage of enhancing 

students understanding and retention of taught concepts. 
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5.2.2: Research question two 

What is the effect of practical work on students’ attitude towards the study of physics? 

In research question two, four main attitudes of the groups were investigated. The responses 

from the questionnaire showed that the experimental group have developed more of the 

positive attitudes. The experimental group had more respondents (91.67%) who understood 

the topics after the use of practical work as means of instruction compared to the control 

group (41.67%). 77.78 % of the experimental group respondents reported having developed a 

better interest in physics compared to only 16.67% of the control group. The experimental 

group had 83.33% of the respondents indicating that there was a lot of student-student 

interaction compared to only 33.33% of the control group who felt there was adequate 

interaction amongst the respondents. Application of the topics outside the classroom and into 

everyday life activities indicated that 58.33% of the experimental group felt that they were 

able to do this satisfactorily compared to only 33.33% of those in the control group. 

The responses indicate that engaging students in practical activities during instructional 

period in physics is a sure way of helping them develop positive attitudes towards physics. 

5.2.3: Research question three 

What is the effect of practical work on students’ acquisition of science process skills? 

It was investigated whether engaging students in practical work enable them to acquire 

science process skills such as observing, taking accurate measurement and recording them 

accordingly. The response from the investigation indicates that the experimental group 

reported having acquired more experience in all the indicated process skills compared to the 

control group. A qualitative test conducted on the response proved that the experimental 

group has mastered the investigated science process skills as a result of regular practice 
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during instructional periods as compared to the control group who had few practical sessions 

during their instructional process. 

5.2.4: Research question four 

What is the perception of the experimental group about the use of practical work in the 

study of physics? 

The findings from the responses to the questionnaires items (11-23) in research question 

five suggest that most of the students support the view that the integration of practical 

work during instructional period is pedagogically useful in: 

1. Eliciting students’ interest in the learning of physics. 

2.  Providing the appropriate learning environment for students’ of all learning abilities. 

3.  Promoting and developing students’ collaborative skills. 

4. Making taught concepts more real. 

5. Helping students to do away with rote learning. 

6. Promotes students participation in the learning process. 

7. Engaging students in group discussions.  

8.Helping students to expand and applying what has been taught in class so as to give 

them courage to exercise control over their environment. 

5.3: Summary of significant ideas from the Findings 

Below are the summary of significant ideas obtained from the major findings during the 

discussion of the research questions and the hypothesis of the study: 
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1. There was an equal performance between the experimental group and the control 

group.  

2. There was a statistical significant difference in attitudinal change between the 

experimental group and the control group after the use of the intervention. 

5.4: Conclusion 

The study was to determine the effect of practical work in promoting students understanding 

in physics.  The specific conclusions from the objectives findings are: 

1. Engaging the experimental group in meaningful practical work contributes to 

improved performance in the topics from which the practicals were derived. The use 

of practical work as an instructional strategy made the experimental group develop 

interest on the topics under study. As this was evident from the performance of the 

experimental group after the use of the intervention. Discussing the results obtained 

from the practical session and guiding the group to draw their own conclusions 

allowed the students to develop better understanding of the topics treated. The 

understanding of the topics was founded on a personal experience rather than on a 

theoretical imposition.  

2. The use of practical work during instructional periods resulted in a major change in 

attitude towards physics by the experimental group as compared to the control group. 

The experimental group recorded positive responses in all the investigated attitudes 

which is an indication that the use of the practical work has impacted positively in 

their attitudes toward physics. Most of the students in the experimental group agreed 

that they could apply the topics learnt in their daily life activities as compared to a 

hand full of students in the control group.   
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3. The continuous exposure of practical work to the experimental group enabled them to 

acquire science process skills in critically observing developments and changes during 

practical sessions, accurately measuring quantities and recording observed changes 

and data. As most of the experimental group reported having acquired more 

experience in all the indicated process skills compared to the control group.  All these 

qualities are important for a successful career in science.  

4. Meaningful practical work is an effective way of explaining concepts to students. 

Practical work has the potential of promoting and maintaining students’ interest in the 

learning of physics since it makes the learning process more real and easy to 

comprehend by learners. 

5.5: Recommendations 

The findings and conclusions of this study are used to support the following 

recommendations. 

It would be necessary for physics teachers to adopt the use of practical work as a technique in 

teaching so as to solve the problem of many students under performing in physics at the 

secondary school level. Since the use of practical work in teaching have the ability to raise 

and maintain students’ interest in the studying of physics and also developing their science 

process skills.   

The Ghana Education Service must entreat its circuit supervisors to ensure that physics 

teachers engage students in practical sessions. Anecdotal evidence shows that on the average 

most teachers would like to engage students in just the theory aspect of the subject so as to 

complete the syllabus in no time, as most of the teachers believe that the practical sessions is 

time demanding. In view of this, it is recommended that the study should be replicated in 

other regions of Ghana using other methodology to substantiate the findings from this disser-

tation. 
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APPENDICES 

APPENDIX A 
Pre-Test 

ST. ROSE’S SENIOR HIGH SCHOOL, AKWATIA 

END OF 3RD TERM EXAMINATION – 2013 

PHYSICS   - S.H.S. ONE 

TIME 2 HOURS 

1. Which of the following physical quantities are derived? 

 I.  Area  II.  Thrust  III. Pressure IV.  Mass 

 [a] I, II and IV  [b] I, II and III only [c] I, II, III and IV [d] I and III only 

2. A block of volume 3x105m3 and density 2.5 x 103kgm-3 is suspended from a spring 

balance with 2/3 of its volume immersed in a liquid of density 900kgm-3.  Determine 

the reading of the spring balance [g = 10ms-2] 

 [a] 0.18N  [b] 0.57N  [c] 18 x 108N  [d] 57 x 108N 

3. A piece of iron has a volume of 15cm3 and a mass of 27g.  Calculate the density of 

iron in kg/m3 

 [a] 1.8kgm-3  [b] 180kgm-3  [c] 0.55kgm-3  [d] 1800kgm-3 

4. If 25cm3 of a quantity of marbles has a mass of 45g, calculate the density of the 

marble in kgm-3 

 [a] 1800kgm-3  [b] 1.8kgm-3  [c] 70kgm-3 [d] 0.56kgm-3 

5. A liquid has a relative density of 12.2.  Calculate its density.  

 (Density of water is 1x103kgm-3) 

 [a] 1220kgm-3  [b] 12200kgm-3 [c] 0.0122kgm-3 [d] 12.2kgm-3 
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6. A piece of metal weighs 90g.  When it is put in a measuring cylinder containing 

water, the water level rises from 45cm3 mark to the 85cm3 mark.  Find the density of 

the metal 

 [a] 2gcm-3  [b] 1.05gcm-3  [c] 2.25gcm-3  [d] 0.4gcm3
 

7. A lump of gold has a density of 6gcm-3 and volume of 24cm3.  Calculate the mass of 

the gold 

 [a] 4g  [b] 0.25g  [c] 30g  [d] 144g 

8. Find the density of the material of a sphere of radius 0.3m if the mass is 28kg, (π= 

22/7) 

 [a] 1037.04kgm-3 [b] 247.57kgm-3 [c] 98.98kgm-3  [d] 329.97kgm-3 

9. Find the density of a glass cylinder of base radius 0.1m and height 0.5m if the mass of 

the cylinder is 44kg.  [π=22/7) 

 [a] 2800kgm-3  [b] 10500kgm-3 [c] 880kgm-3  [d] 280kgm-3 

10 Solid weighs 0.040N in air and 0.024N when fully immersed in a liquid of density 

800kgm-3.  What is the volume of the solid?  (g = 10ms-2) 

 [a] 2.0x10-6m3  [b] 2.5 x 10-6m3 [c] 2.0 x 10-5m-3 [d] 3 x 10-6m3  

11 The density of water is 1gcm-3 while that of ice is 0.9gcm-3.  Calculate the change in 

volume when 90g of ice is completely melted 

 [a] 100cm3 [b] 9cm3  [c] 10cm3  [d] 90cm3 

12 The density of lead is 11.3gcm-3.  What is this value in kilograms per cubic metre? 

 [a] 0.0113kgm-3 [b] 11300kgm-3 [c] 1.13 x 1010kgm-3 [d] 11.3kgm-3 

13 How many years older will you be 1 billion seconds from now?  [Assume a 365 – day 

year] 

 [a] 30 years  [b] 31.7 years  [c] 28 years  [d] 33 years 
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14 A fish tank measures 40cm x 20cm x 25cm inside.  What is the mass of water it holds 

when it is full to the brim? [Density of water =1000kgm-3] 

 [a] 20000kg  [b] 20kg  [c] 200kg  [d] 2000kg 

15 Determine the distance covered by a body in 4.0s if its initial velocity is 20ms-1 and 

acceleration is 4ms-2
 

 [a] 880m  [b] 36m  [c] 112m  [d] 200m 

16 A body initially travelling at 10ms-1 is given a retardation of 2ms-2 for 3s.  Find its 

final velocity 

 [a] 16ms-1  [b] 6ms-1  [c] 20ms-1  [d] 4ms-1
 

17 A body starts from rest and travelled after 10s 200m.  Find its acceleration 

 [a] 6ms-2  [b] 4ms-2  [c] 8ms-2  [d] 10ms-2 

18 A vehicle is moving at 5ms-1.  How long will it take to stop at a distance of 15m? 

 [a] 6s  [b] 5s  [c] 10s  [d] 20s 

19 A body starts with an initial velocity 26ms-1 and moves with a constant acceleration of 

7ms-2 for 25s.  Find the total distance moved in metres. 

 [a] 25m  [b] 115m  [c] 2837.5m   [d] 1689m 

20 An electric train moving at 20kmh-1 accelerates to a speed of 30kmh-1 in 20s.  Find 

the distance travelled during the period of acceleration. 

 [a] 138.9m  [b] 125m  [c] 500m  [d] 240m 

21 A car moving with a speed of 90kmh-1 was brought uniformly to rest by the 

application of brakes in 10s.  How far did the car travel after the brakes were applied? 

 [a] 375m  [b] 150m  [c] 450m  [d] 125m 

22 A stone is dropped down a well, if it takes 5s to reach the surface of the water, how 

deep is the well?   [g = 10ms-2] 

 [a] 50m  [b] 125m  [c] 85m  [d] 60m 
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23 A rocket is fired vertically upwards and reaches the height of 400m.  How long does it 

take to reach the maximum height? [g = 10ms-2] 

 [a] 10s  [b] 5s  [c] 8.9s [d] 5.65s 

24 A stone is thrown vertically upwards from the top of a tower 50m high with an initial 

velocity of 20ms-1.  Calculate the maximum height the stone reached from the ground.   

[ g = 10ms-2] 

 [a] 20m   [b] 50m  [c] 200m  [d] 70m 

25 A ball is thrown upwards on the moon with an initial speed of 35ms-1.  Calculate its 

velocity 3s after it has been thrown.  [g on the moon = 1.6ms-2] 

 [a] 30.2ms-1  [b] 5ms-1  [c] 65ms-1  [d] 21.9ms-1 

26 A palm fruit dropped to the ground from the top of a tree 45m tall.  How long does it 

take to reach the ground?  [g = 10ms-2] 

 [a] 3s  [b] 9s  [c] 6s  [d] 12s 

27 A ball is thrown vertically upwards from the ground with an initial velocity of 50ms-1.  

Calculate the highest distance it reaches.  [g = 10ms-2] 

 [a] 125m   [b] 375m  [c] 180m  [d] 96m 

28 A body which was on an inclined plane, made an angle of 45o to the horizontal moved 

from rest along the plane for 10s.  Find its distance travelled after the 10s period.   [ g 

= 10ms-2] 

[a] 353.55m  [b] 70.7m  [c] 10m  [d] 300m 

29 A ball is thrown up a smooth inclined plane with initial velocity of 54kmh-1.  If the 

inclination of the plane is 30o. Find the maximum height reached. [g = 10ms-2] 

 [a] 22.5m  [b] 15m  [c] 28m  [d] 67.5m 

Use the information below to answer question 30-33. 
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 A particle is projected from the ground level with speed 30ms-1 at an angle of 30o to 

the horizontal.  [g=10ms-2], calculate 

30  The time of flight is ……………… 

 [a] 3s  [b] 9s  [c] 6s  [d] 22.5s 

31 The range is ………………. 

 [a] 30m [b] 77.94m  [c] 51.96m  [d] 11.25m 

32 The time taken to reach the greatest height is ……………….. 

 [a] 3s  [b] 1.5s  [c] 9s  [d] 6s 

33 The greatest height is …………… 

 [a] 22.5m  [b] 11.25m  [c] 77.94m  [d] 50m 

34 A stone is projected horizontally from a height of 20m above the ground with an 

initial velocity of 0.4ms-1.  Calculate the horizontal distance moved by the stone 

before striking the ground.    [g = 10ms-2] 

 [a] 16m  [b] 0.8m  [c] 1.6m  [d] 4m 

35 Two forces 3N and 4N act on a body.  If the angle between the forces is 60o, calculate 

the magnitude of the resultant force on the body. 

 [a] 37N  [b] 6.08N [c] 13N  [d] 45N 

36 A ball is thrown downwards with a velocity of 20ms-1 from the top of a cliff of 35m.  

Find the velocity of the ball just before it hits the ground.   [g = 10ms-2] 

 [a] 400ms-1  [b] 1100ms-1  [c] 33.17ms-1  [d] 66.34ms-1 

37 A ball is thrown vertically upwards with a velocity of 25ms-1.  Find its height when it 

is moving with velocity of 15ms-1.    [g = 10ms-2] 

 [a] 40m  [b] 30m  [c] 20m  [d] 10m 

38 Two forces of 20N and 40N act at a point and the angle between them is 30o.  Find the 

resultant force 
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 [a] 24.79N  [b] 3385.6N  [c] 614.35N  [d] 58N 

39 A cyclist moves 20km north and then 35km east on a horizontal road.  How far is he 

from the starting point? 

 [a] 63.4N  [b] 2675N  [c] 51.72N  [d] 40.31N 

40 The distance travelled by a body, falling freely from rest in one, two and three 

seconds are in the ratio ………… [g =10ms-2] 

 [a] 1:2:3  [b] 1:3:5  [c] 9:4:1  [d] 1:4:9 

41 The acceleration of a moving body can be found from 

 [a] area under velocity – time graph  [b] area under distance – time graph 

 [c] Slope of the velocity – time graph  [d] slope of the distance – time graph 

42 The distance covered by a moving object can be found from  

 [a] area under velocity – time graph  [b] area under distance – time graph 

 [c] Slope of the velocity – time graph  [d] slope of the distance – time graph 

43 At the top of a trajectory, a projectile has zero vertical velocity but its vertical 

acceleration is still 

 [a] +g   [b] –g   [c] –y   [d] +x 

44 What will happen to an object thrown into the sky and attains a zero velocity and zero 

acceleration 

[a] it will continue in the sky   [b] it will fall back to the ground 

 [c] it will remain there forever  [d] the birds will take it away 

45 Two forces F1 and F2 act on a particle. F1
 has magnitude 5N and in direction 0300, and 

F2 has magnitude 8N and in direction 090o.  Find the magnitude and direction of their 

resultant. 

 [a]  (8.5N; 81o )    [b] (7.59N; 105.6o) 

 [c]  (10.36N; 067.6o)    [d] (11.36N; 067.6o) 
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46 Two forces F1 and F2 act on a particle F1 has magnitude 6N and in direction 045o, and 

F2 has magnitude 7N and in direction 154o, find the magnitude and direction of their 

resultant. 

 [a] (750N, 105.6o)    [b] 7.59N; 105.6o) 

 [c] (7.59N; 41.4o)    [d] 17.59; 105.6o) 

47 Two forces of magnitudes 10N and 12N act on a particle.  If the angle between them 

is 60o, find the magnitude and direction of their resultant. 

 [a]  (19.08N; 33o)    [b]  (19.08N;  80o) 

 [c]  (41.2N; 105.6o)    [d]  (80N; 33o) 

48 Two forces of 20N and 40N act at a point and the angle between them is 30o.  Find the 

resultant force 

 [a] 58N  [b] 36.9N  [c] 54N  [d] 52.9N 

49 Express the vector (20N, 240) into horizontal and vertical component 

 [a] (-17.32N;  -10N)    [b] (-10N,  - 17.32N) 

 [c]  (10.4N,  17.32N)    [d] (6N,  - 10N) 

50 Express the vector (12N, 330o) in horizontal and vertical component 

 [a] (-6N,  10.4N)    [b]  (6N, 10.4N)  

[c]  (-10.4N,  6N)    [d] (10.4,  - 6N) 
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SECTION ‘B’ 

Answer ALL questions 

 

1. State the law of floatation 

2. Name four units to measure extremely small distances 

3. The force F acting on a body moving in a circular path depends on mass m of the 

body and squared of the velocity and inversely proportional to the radius r of the 

circular path.  Obtain an expression for the force by dimensional analysis. 

4. [a] A body at rest is given an initial uniform acceleration of 8ms-2 for 30s, after 

which the acceleration is reduced to 5ms-2 for the next 20s.  The body maintains the 

speed attained for 60s after which it is brought to rest in 20s. 

 Draw the velocity – time graph of the motion using the information given above 

 Using the graph calculate the: 

 [b] Maximum speed attained during the motion 

 [c] Average retardation as the body is being brought to rest 

5. A particle is projected from the ground level with speed 40m/s at an angle of   to the 

horizontal, where   = ¾, calculate  

i. The time of flight 

 ii. The range 

iii. The time taken to reach the greatest height 

 iv. The greatest height 

6. Draw the forces acting on an object at equilibrium on an inclined plane. 

 

GOOD LUCK. 
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APPENDIX B 

STUDENTS’ QUESTIONNAIRE 

THE EFFECT OF PRACTICAL WORK ON STUDENTS’ UNDERSTANDING 

INSTRUCTIONS 

Thank you for taking time to complete this questionnaire. Please respond to each of the items 

to the best of your ability. Your thoughtful and truthful responses will be greatly appreciated. 

Your individual name or any identification number is not required and will not at any 

time be associated with your responses. Your responses will be kept completely 

confidential and will not influence your course grade and any of your examination results 

anywhere. 

Please read the following statements and kindly provide the information required. 

A. Background information 

Please tick [       ] in the appropriate space provided below and supply answers where 

required. 

1.  Gender:          [   ] Female         [   ] Male 

2.  Age ………………years 

3. What is your pre-entry qualification? 

[     ]    MSLCE             [      ]   BECE 

Please other,   specify……………………………………………………………………… 
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B. Perception of students attitudinal change towards physics after exposure to practical 

work 

Please, tick [       ] the option that best reflects how you associate with each of the 

following statements. 

Rating Scale: Strongly Agree (SA), Agree (A), Neutral (N), Disagree (D), Strongly 

Disagree (SD) 

Statement SA A N D SD 

4. Performing practicals enhances my understanding in the 

topic treated. 

     

5. I get excited whenever we perform practicals and wish we 

do practicals everyday during physics lessons. 

     

6. I am able to express my ideas and analysed situations very 

well after performing practical work 

     

7. I get to understand how some things work in everyday 

life activities during practical lessons.  
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C. Perceptions of students on acquired Basic science process skills 

Please, tick [       ] the option that best reflects how you associate with each of the 

following statements. 

Rating Scale: Strongly Agree (SA), Agree (A), Neutral (N), Disagree (D), Strongly 

Disagree (SD) 

Statement SA A N D SD 

8. Performing practicals have increased my confidence in 

measuring physical quantities and reading values. 

     

9. Since we started performing practicals I have become 

increasingly aware of things in my environment. 

     

10. It’s now easy for me to indicate measured quantities in 

their appropriate units  

     

 

D. Perceptions of the effectiveness of Practical work to students understanding. 

Please, tick [       ] the option that best reflects how you associate with each of the following 

statements. 
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Rating Scale: Strongly Agree (SA), Agree (A), Neutral (N), Disagree (D), Strongly 

Disagree (SD) 

Statement SA A N D SD 

11.  I was more enthusiastic and motivated during the use of 

practical work in the teaching and learning of the taught 

concepts.  

     

12. The use of practical work as instructional techniques is an 

effective strategy for students of all abilities  

     

13. The use of practical work during instruction reduces my 

personal interaction with my colleagues.  

 

 

    

14. The use of practicals makes me feel like I am lost in a 

jumble of numbers and words  
     

15. The use of practical work as instructional strategy would 

promote students understanding of concept and do away 

rote learning as well as memorization of facts.  

     

16. Practicals hinder students’ ability with learning tasks 

(e.g., writing, analyzing data, or solving problems).  

     

17. The use of practical work as instruction is an effective 

means of helping students to understand theories laws 

and principles. 
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Statement SA A N D SD 

18. Doing practicals make me feel more involved in the 

learning process. 

     

19. The use of practicals as an instructional method reduces 

forgetfulness and recitation of mnemonics as well as 

acronyms during examinations.  

     

20. The use of practicals for instruction would enable me to 

interact more with my colleague to promote group 

discussion.  

     

21. I think performing practicals in Physics is a waste of 

time.  

     

22. I always enjoy the lesson when our teacher makes us do 

practicals. 

     

23. I will be glad if we do practicals in all our lessons in 

physics.  

     

 

(24)  Please, give your general view(s) about the Perceptions of the effectiveness of practical 

work integration in the teaching and learning of physics as a practice to enhance students’ 

performance in the study of physics in the space below: 

…………………………………………………………………………………………………

…………………………………………………………………………………………………
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…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………….... 

Thank you very much for your assistance and time 
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APPENDIX C1 

Post-test 

ST. ROSE’S SENIOR HIGH SCHOOL, AKWATIA 

END OF MONTH EXAMINATION – 2014 

PHYSICS   - S.H.S. TWO 

TIME 1 HOUR 

Answer All questions 

1. The temperature at which pure ice melts at standard atmospheric pressure is known as 

 [a] Vapour pressure                    [b] Ice point 

 [c] Latent heat of fusion   [d] Melting point 

2. Which of the following statements about thermometers is not correct? 

 [a] A clinical thermometer cannot be used to measure temperatures above 34°C 

[b] An alcohol thermometer cannot be used to measure the temperature of palm wine 

boiling at normal atmospheric pressure. 

[c] A mercury-in-glass thermometer can be used to measure a temperature of 300°C. 

[d] A mercury thermometer cannot be used to measure temperature below -41°C. 

3. Temperature is a measure of 

 [a] the total kinetic energy of the molecules  

[b] the average kinetic energy of the molecules 

[c] the quantity of the heated matter   

[d] the total kinetic and potential energy of the molecules 

4. The direction of heat flow between two bodies is determined by  

 [a] the direction of the wind   

[b] the mass of each body   
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[c] the temperature difference of the two bodies  

[d] the coefficients of expansion of the bodies  

5. Which of the following can produce heat energy? 

 (i) Friction  (ii) chemical reactions   (iii) the sun’s rays  (iv) nuclear energy 

 [a] (i) and (ii) 

 [b] (i), (ii), (iii) and (iv) 

 [c] (i) and (iii) 

 [d] (ii) only 

6. Which of the following occurs as a result of the expansion of substances? 

 I. the sag in telephone wires or electric power lines 

  II. breaking of the contact in an electric iron  

III. the separation of the mercury thread in a thermometer 

 [a] I and II    [b] II and III 

 [c] I, II and III    [d] III only 

7. (a) What is the difference between heat and temperature? 

 (b) List four ways of producing heat, and state how each is used in the home. 

8. What is the difference between evaporation and boiling? 
 
9. The distance between the lower and upper fixed points on a thermometer is 106 mm. 

Calculate the temperature recorded in °C when the length of the mercury thread is 

70.2 mm above the lower fixed point.  

10 A metal cube takes 5 minutes to cool from 60o C to 52o C. How much time will it take 

to cool to 44o C, if the temperature of the surroundings is 32o C? 
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APPENDIX C2 

ST. ROSE’S SENIOR HIGH SCHOOL, AKWATIA 

END OF MONTH EXAMINATION – 2014 

PHYSICS   - S.H.S. TWO 

TIME 1 HOUR 

Answer All questions 

1. In the simple voltaic cell the element that is used for the negative pole is 

 [a] zinc  [b] copper 

 [c] brass  [d] carbon rod 

2. An electrical device which sets the electrons in motion when the electrons are 

connected to a conductor is the 

 [a] ammeter  [b] electrodes   [c] electrolyte  [d] cell                                                                                                         

3. Which of the following cannot generate an electromotive force to move electrons 

through a conductor? 

 I. Primary cell  II. Secondary cell III. Photovoltaic cell IV. Solar cell   

 [a] I and II [b] I, II, III and IV  [c] III and IV     [d] None of the above 

4. The simple voltaic cell contain dilute tetraoxosulphate (iv) acid through which 

electrons flow into the terminals. A fluid which conducts electrons is known as: 

 [a] a conductor [b] an electrolyte [c]  a battery [d] a cell 

5. Which of the following are indications that electrons are flowing in a circuit? 

 I. deflection of the dial of an ammeter 

 II. Lighting a bulb 

 III. a magnetic field around the conductor 

 [a] I and II  [b] II and III  [c] I, II and III   [d] II only 
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6. The defect in a simple cell which results in a back emf and increases the cell’s internal 

resistance is referred to as: 

 [a] reduction      [b] polarization 

 [c] local action     [d] depolarization 

7. A 12V accumulator can be used to operate a car but a 20V primary battery cell 

cannot. The reason is that: 

 [a] Primary cells have low internal resistance   

[b] Polarization runs the dry cell down   

[c] The low internal resistance of the accumulator as well as provision for 

depolarization enables it to function effectively and allow free flow of electrons 

[d] Accumulators are heavier than primary cells 

8. a) Draw and label a diagram of the Daniel cell 

b) What are the main defects of Daniel cell and how are they minimised 

9. a) What is a primary cell? 

b) Describe how a dry cell discharges current. 

10 a) Explain why an unripe lemon can be a source of electricity.  

b) Which factor in the electrolyte of a wet voltaic cell can be identified in the lemon? 
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APPENDIX C3 

Post-test 

ST. ROSE’S SENIOR HIGH SCHOOL, AKWATIA 

END OF MONTH EXAMINATION – 2014 

PHYSICS   - S.H.S. TWO 

TIME 1 HOUR 

Answer All questions 

1. The earliest magnet discovered was an ore of iron oxide (Fe3O4). This stone is called 

 [a] a bar magnet  [b] marble stone 

 [c] lodestone   [d] an electromagnet 

2. Which of the following are magnetic substances? 

 I. Iron   II. Steel III. Copper      IV. Cobalt   

 [a] I and II [b] I, II and IV  [c] I and III  [d] I, II, III and IV                                                                                                        

3. For which of the following substances, the magnetic susceptibility is independent of 

temperature? 

[a] Diamagnetic 

[b] Paramagnetic 

[c] Ferromagnetic 

[d] Diamagnetic and paramagnetic 

4. Which of the following best describes a magnetic domain? 

 [a] a region of zero resistance to the flow of electrons 

 [b] a region of infinite resistance to the spinning of electrons 

 [c] a region where the magnetic fields of the atoms are lined up in a specific direction 

[d] a region where some atoms are magnetic while others are non-magnetic 
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5. In a bar magnet with consequent poles 

 [a] one pole is stronger than the other when used to pick up nails 

 [b] no field of force exists around it   

[c] two like poles are located at the centre and the ends 

[d] the inductive strength is completely zero 

6. a) What is meant by magnetic flux and neutral point of a magnetic field? Sketch 

diagrams to illustrate the answer. 

7. Explain why it is said that the Earth behaves like a magnet 

8. Two bar magnets are placed on a horizontal surface with their north poles facing each 

other. Sketch the lines of force between them. 

9. List four features of magnetic line of force 

10 Distinguish between ferromagnetic substances and ferrites. 
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APPENDIX C4 

Post-test 

ST. ROSE’S SENIOR HIGH SCHOOL, AKWATIA 

END OF TERM EXAMINATION – 2014 

PHYSICS   - S.H.S. TWO 

TIME 2 HOURS 

 

1.  Which of the following will radiate heat to the large extent? 

[a] White polished surface    [b] white rough surface 

[c] Black polished surface    [d] black rough surface 

2.  A block of ice in a room at normal temperature 

[a] Does not radiate 

[b] Radiates less but absorbs more 

[c] Radiates more than it absorbs 

[d] Radiates as much as it absorbs 

3. For which of the following substances, the magnetic susceptibility is independent of 

temperature? 

[a] Diamagnetic 

[b] Paramagnetic 

[c] Ferromagnetic 

[d] Diamagnetic and paramagnetic 

4. At Curie temperature, a ferromagnetic material becomes 

[a] Non−magnetic   [b] diamagnetic 

[c] Paramagnetic    [d] strongly ferromagnetic 
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5. Electromagnets are made of soft iron because soft iron has 

[a] Low susceptibility and low retentivity 

[b] High susceptibility and low retentivity 

[c] High susceptibility and high retentivity 

[d] Low permeability and high retentivity 

6.  According to the kinetic theory of gases, which of the following properties of a gas 

can be affected by the collision of the gas molecules with the walls of its container?  

[a] Temperature [b] Energy  [c] Viscosity [d] Pressure 

7.  Which of the following statements is not correct? 

[a] A magnetic field is a region in which a magnetic force may be detected 

[b] A magnetic line of force is a path along which a magnetic north-pole would 

move if it were free 

[c] Magnetic fields are scalar quantities 

[d] Neutral points are obtained where the earth’s magnetic field is exactly equal 

and opposite to that due a magnet. 

8. The earliest magnet discovered was an ore of iron oxide (Fe3O4). This stone is called 

 [a] a bar magnet  [b] marble stone 

 [c] lodestone   [d] an electromagnet 

9. Which of the following are magnetic substances? 

 I. Iron   II. Steel III. Copper      IV. Cobalt   

 [a] I and II [b] I, II and IV  [c] I and III  [d] I, II, III and IV                                                                                                        

10. Which of the following best describes a magnetic domain? 

 [a] a region of zero resistance to the flow of electrons 
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 [b] a region of infinite resistance to the spinning of electrons 

 [c] a region where the magnetic fields of the atoms are lined up in a specific direction 

[d] a region where some atoms are magnetic while others are non-magnetic 

11. In a bar magnet with consequent poles 

 [a] one pole is stronger than the other when used to pick up nails 

 [b] no field of force exists around it   

[c] two like poles are located at the centre and the ends 

[d] the inductive strength is completely zero 

12. In the simple voltaic cell the element that is used for the negative pole is 

 [a] zinc  [b] copper 

 [c] brass  [d] carbon rod 

13. An electrical device which sets the electrons in motion when the electrons are 

connected to a conductor is the 

 [a] ammeter  [b] electrodes   [c] electrolyte  [d] cell                                                                                

14. Which of the following cannot generate an electromotive force to move electrons 

through a conductor? 

 I. Primary cell  II. Secondary cell III. Photovoltaic cell IV. Solar cell   

 [a] I and II [b] I, II, III and IV  [c] III and IV     [d] None of the above 

15. The simple voltaic cell contain dilute tetraoxosulphate (iv) acid through which 

electrons flow into the terminals. A fluid which conducts electrons is known as: 

 [a] a conductor [b] an electrolyte [c]  a battery [d] a cell 

16. Which of the following are indications that electrons are flowing in a circuit? 

 I. deflection of the dial of an ammeter 

 II. Lighting a bulb 

 III. a magnetic field around the conductor 
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 [a] I and II  [b] II and III  [c] I, II and III   [d] II only 

17. The defect in a simple cell which results in a back emf and increases the cell’s internal 

resistance is referred to as: 

 [a] reduction      [b] polarization 

 [c] local action     [d] depolarization 

18. A 12V accumulator can be used to operate a car but a 20V primary battery cell 

cannot. The reason is that: 

 [a] Primary cells have low internal resistance   

[b] Polarization runs the dry cell down   

[c] The low internal resistance of the accumulator as well as provision for 

depolarization enables it to function effectively and allow free flow of electrons 

[d] Accumulators are heavier than primary cells 

19. The temperature at which pure ice melts at standard atmospheric pressure is known as 

 [a] Vapour pressure                    [b] Ice point 

 [c] Latent heat of fusion   [d] Melting point 

20. Which of the following statements about thermometers is not correct? 

 [a] A clinical thermometer cannot be used to measure temperatures above 34°C 

[b] An alcohol thermometer cannot be used to measure the temperature of palm wine 

boiling at normal atmospheric pressure. 

[c] A mercury-in-glass thermometer can be used to measure a temperature of 300°C. 

[d] A mercury thermometer cannot be used to measure temperature below -41°C. 

21. Temperature is a measure of 

 [a] the total kinetic energy of the molecules  

[b] the average kinetic energy of the molecules 

[c] the quantity of the heated matter   
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[d] the total kinetic and potential energy of the molecules 

22. The direction of heat flow between two bodies is determined by  

 [a] the direction of the wind   

[b] the mass of each body   

[c] the temperature difference of the two bodies  

[d] the coefficients of expansion of the bodies  

23. Which of the following can produce heat energy? 

 (i) Friction (ii) chemical reactions   (iii) the sun’s rays (iv) nuclear energy 

 [a] (i) and (ii) 

 [b] (i), (ii), (iii) and (iv) 

 [c] (i) and (iii) 

 [d] (ii) only 

24. Which of the following occurs as a result of the expansion of subsatances? 

 I. the sag in telephone wires or electric power lines 

  II. breaking of the contact in an electric iron  

III. the separation of the mercury thread in a thermometer 

 [a] I and II    [b] II and III 

 [c] I, II and III    [d] III only 

25. The area around a magnet or a current carrying coil where magnetic strength can be 

detected with a compass is called 

 [a] magnetic domain [b] induced field [c] magnetic field [d] magnetic poles 

26. What kind of rays do solar cells depend on for their effective function? 

 [a] cathode rays [b] X-rays [c] the sun’s rays [d] beta rays 

27. Which substance is responsible for polarising in the primary cell? 
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 [a] oxygen [b] hydrogen bubbles        [c] manganese oxide [d] carbon 

28. To forestall local action the manufacturer of the cell 

 [a] coats the surface of the zinc plate with mercury 

 [b] adds a depolariser to the electrolyte 

 [c] eliminates all the impurities from the zinc plate 

 [d] boils the electrolyte 

29. The Daniell cell is used as a standard cell because: 

 [a] it possesses all the qualities of a primary and secondary cell 

 [b] it has a depolariser to control local action as well as polarisation  

 [c] it can produce a constant emf of 1.1V for several hours 

 [d] it contains a sulphate solution which is an electrolyte. 

30. The part of the modern Leclanche cell which prevents evaporation of water from the 

ammonium chloride solution is: 

 [a] the plastic washer and the bitumen seal 

 [b] the manganese (iv) oxide and the carbon powder 

 [c] the steel jacket covering the zinc case 

 [d] the zinc case 

31. An iron bar 2 m in length is heated from 20°C to 370°C. What is its new length? 

 [a] 2.0084m [b] 2.8400m [c] 4.0084m [d] 0.0084m 

32. Which of the following types of thermometer have to be in thermal equilibrium with 

the object being measured in order to give accurate readings? 
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 I. a bimetallic strip  II. a resistance thermometer   III. a temporal artery thermometer 

 [a] I and III [b] II and III [c] I and II [d] II only 

33. Rank the following temperatures from highest to lowest: 

 I. 0.00°C II. 0.00°F III. 260°K IV. -180.0°C 

 [a] I, III, II, IV  [b] IV,II,I and III [c] II, I, IV and III [d] IV, II, III and I 

34. Which of the following materials are attracted to a magnet? 

 I. Sodium II. Bismuth III. Lead  IV. Cerium 

 [a] II, III and IV [b] I and IV [c] I and III [c] II and III 

35. Which of the following substances is not an insulator? 

 [a] aluminium  [b] glass [c] cork [d] clay 

36. A mercury in glass thermometer reads -20° at the ice point and 100° at the steam 

point. Calculate the length if the corresponding temperature is 70° on the 

thermometer. 

 [a] 75.0cm [b] 50.0cm [c] 58.0cm [d] 84cm 

37. Which of the following surfaces will radiate heat energy best? 

 [a] White surface [b] Black surface [c] Red surface [d] Green surface 

38. In the electrical method of magnetisation, the polarity of the magnet depends on the 

 [a] Magnetic material used  [b] Direction of current 

 [c] Amount of current passed  [d] size of the magnetic material 

39. The direction of the magnetic field at a point in the vicinity of a bar magnet is 

 [a] along the line joining the point to a neutral point 
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 [b] the direction towards which the north pole of a compass needle would point 

 [c] always towards the north pole of the magnet 

 [d] always away from the south pole of the magnet 

40. The region around magnet in which the magnetic influence is experienced is called 

 [a] magnetic flux  [b] magnetic declination 

 [c] magnetic field  [c] magnetic meridian 

 

 

SECTION B 

1. a) Two rods A and B of different material have equal length and equal temperature 

gradient. Each rod has its ends at temperatures T1 and T2. Find the condition under 

which rate of flow of heat through the rods A and B is same. 

b) A metal cube takes 5 minutes to cool from 60° C to 52° C. How much time will it 

take to cool to 44° C, if the temperature of the surroundings is 32° C? 

c) Explain why there is no temperature change when a solid being heated changes into 

liquid at its melting point. 

2. a) Distinguish between dia-, para- and ferro- magnetic substances. Give one example 

for each. 

b) Two bar magnets are placed on a horizontal surface with their north poles facing 

each other. Sketch the lines of force between them. 

c) How is artificial magnet prepared from natural magnet? 

3. a) i. Name and explain the common defects of a primary cell 

     ii. State two advantages of a secondary cell over a primary cell 
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b) Draw a labelled diagram to show the essential parts of a dry leclanche cell. 

c) Explain why six accumulators each of e.m.f 2V connected in series can be used to 

start the engine of a car whereas eight dry cells of e.m.f 1.5V connected in series 

cannot be used. 

d) Name the materials used for the positive terminal, the negative terminal and the 

electrolyte in a  

I. Leclanche cell 

II. Charged lead acid accumulator 
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APPENDIX D1 

ANSWERS FOR PRE-TEST 

1.B 2.A 3.D 4.A 5.B 6.C 7.D 8.B 9.A 10.C 11.C 12.B 

13.B 14.B 15.C 16.D 17.B 18.A 19.C 20.A 21.D 22.B 23.C 24.D 

25.A 26.A 27.A 28.A 29.A 30.A 31.B 32.B 33.B 34.B 35.B 36.C 

37.C 38.D 39.D 40.D 41.C 42.A 43.B 44.C 45.D 46.B 47.A 48.A 

49.A 50.A 

SECTION B 

1. The law of floatation states that a floating body will displace its own weight of the 

fluid in which it floats. 

2. I. Femtometer  II. Picometer  III. Nanometer  IV. Micrometer 

V. Millimeter 

3.    

   
  

 

 

 

   
   

 
 

But K is a dimensionless constant, [Mass]= M, [Velocity]=LT-1, [r]=L 
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4. v= u + at     v= u + at 

v= 0 + 8(30)    v= 240 + (-5)(20) 

v= 240ms-1    v= 140ms-1  
 

  
 

 V/ms-1
 

           240 

             

      140 

 

   

            

                                                    30                       50                           110                  130    t/s 

b. Maximum speed attained = 240ms-1 

c. Retardation =     

 
 

                                =      

  
 

                                = -7ms-2
 

 Average retardation =       

 
 

                                             = -6ms-2 

5. I. tan α = 
   

         α =tan-1(   ) 

         α = 36.87° 

Time of flight =       
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                       =               

  
 

                       = 4.8s 

II. Range =  
       

 
 

                =   
             

  
 

                = 153.6m 

III. Time taken to reach the maximum height =      

 
 

                                                                         =            

  
 

                                                                         = 2.4s 

IV. Greatest height =  
       

  
 

                                =   
             

  
 

                                = 28.8m 

 

6.  

 

R 

mg sin α 

mg 

mg cos α 

F 
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APPENDIX D2 

ANSWERS FOR FIRST END OF MONTH TEST 

1. B 2. A 3. B 4. C 5. B 6. A 

7. (a) Heat is energy in transit as a result of a temperature difference. It’s unit is joule. 

    Whiles 

 Temperature depends on the physical state of a material and is a quantitative description 

of its hotness or coldness. 

 (b) Heat can be produced by 

 i. Rubbing-this is used in the lightening of match. 

 ii. Burning-this is used in woods 

8. Evaporation is the escape of molecules in the form of vapour from the exposed surfaces 

of solids or liquids at all temperatures. When a liquid boils, bubbles of vapour are formed 

throughout the liquid. At any given pressure, boiling takes place only at a particular 

temperature. 

 

9.  

θ=  lθ – l0  ×100°C  
       l100 – l0  
  
  =            15 – 3.2   ×100 

                             26.5 – 3.2  
 
    =  50.6 °C 
 

=  51 °C 
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   10. 

  While cooling from 60o C to 52o C 

Rate of cooling = 60-52 = 1.6oC/minute =  1.6 °C per second 
          5                 60 

∴  Average temperature while cooling = 60+52 =56°C 
         2 

∴  Average temperature excess = 56 - 32 = 24o C 

            According to Newton’s law of cooling, 

          Rate of cooling α Temperature excess 

∴  Rate of cooling = K × temperature excess 

1.6 =K × 24 
60      

Suppose that the cube takes t seconds to cool from 52o C to 44o C 

∴  Rate of cooling = 52- 44 =  8 

                    t            t 
 

Average temperature while cooling = 52 + 44  = 48°C 

                   2         
∴  Average temperature excess = 48 - 32 = 16o C 

According to Newton’s law, Rate of cooling = K × (Temperature excess) 

                             8 = K × 16 
                             t  

Dividing equation (1) by equation (2) 

1.6  ×  t  =    24  = 450s 
 60      8       16  
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APPENDIX D3 

ANSWERS FOR SECOND END OF MONTH TEST 

1. A 2.D 3.D 4.B 5.C 6.B 7. C 

      8.a 

  

 

b. the two main defects of the Daniel cell are 

1. Polarisation 

2. Local action 

Polarisation: The working of a cell involves the release of hydrogen gas, which is 

discharged at the copper plate and forms a layer of bubbles at the positive electrodes. This 

insulates the plates and is called polarisation. This is reduced by using copper sulphate as 

the depolariser. The copper plate reacts with the hydrogen to form sulphuric acid. 

Local action:  This is caused by impurities in the zinc cathode, resulting in the eating 

away of the zinc. It can be prevented by coating the zinc cathode with mercury. The 

mercury reacts with the zinc, forming an amalgam. 

9. a) Primary cells are cells which produce current as a result of an irreversible chemical 

change.  

University of Education, Winneba http://ir.uew.edu.gh



118 
 

 b) When the electrodes of the cells are connected to an external conductor, current 

flows from the positive (carbon) terminal to the negative (zinc) terminal. A chemical 

reaction set up between the zinc and ammonium chloride which set up an emf that 

forces the current through the circuit. In the reaction, zinc chloride, hydrogen and 

ammonia are formed and electrons discharged. The discharged electrons flow through 

the external conductors through the carbon rod. 

10. a) Lemon juice contains citric acid, which is a strong electrolyte. The electrolytes in 

lemon produce electricity by allowing two metals to react with each other. The acid in the 

lemon is dissolved into positive and negative ions in its natural water. When rods of 

copper and zinc are placed in the lemon, a chemical reaction takes place. Within the 

lemon, electrons flow from the rod of copper to the rod of zinc, turning the zinc into a 

negative electrode and the copper into a positive electrode 

 b)  The ability of the citric acid to transfer electrons to and from the electrodes. 
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APPENDIX D4 

ANSWERS FOR THIRD END OF MONTH TEST 

1. C 2. B 3. A 4. C 5. C 

6. a) Magnetic flux Density  is the number of magnetic field lines passing through a 
given area.  

   Neutral point is a point where the resultant magnetic flux is zero. 

 
7. This is because the Earth is a giant magnet, with a north magnetic pole and south 

magnetic pole like the two ends of a bar magnet. A freely suspended magnetic needle at a 

point on Earth comes to rest approximately along the geographical north - south direction. 

This shows that the Earth behaves like a huge magnetic dipole with its magnetic poles 

near its geographical poles. Since the north pole of the magnetic needle approximately 

points towards geographic north it is appropriate to call the magnetic pole near 

geographic north as the magnetic south pole of Earth Sm. Also, the pole near 

geographical south is the magnetic north pole of the Earth. 

 

 

 

 

University of Education, Winneba http://ir.uew.edu.gh



120 
 

 

8.  

  

9.   I. Magnetic lines of force start from the North Pole and end at the South Pole 

II. They are continuous through the body of magnet  

III. Magnetic lines of force can pass through iron more easily than air. 

IV.Two magnetic lines of force can not intersect each other 

10. Ferromagnetism is an inherent property of certain materials which makes them 

magnetic in nature. These materials get attracted towards magnets when they are 

subjected to the magnetic field of the magnets.  Whiles 

Ferrites are materials that exhibit ferromagnetic properties below the Curie 

temperature but they exhibit paramagnetic properties above the Curie temperature. 
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APPENDIX D5 

ANSWERS FOR END OF TERM EXAMS 

1.D 2.B 3.A 4.C 5.B 6.D 7.C 8.C 9.B 10.C 11.C 12.A  

13.D 14.D 15.B 16.C 17.B 18.C 19.B 20.A 21.B 22.C 23.B 24.A 

25.C 26.C 27.B 28.A 29.C 30.A 31.A 32.B 33.D 34.B 35.A 36.D 

37.B 38.B 39.C 40.C 

SECTION B 

a) Suppose the two rods A and B have the same temperature difference T1 - T2 across 

their ends and the length of 

each rod is l. When the two rods have the same rate of heat conduction, then 

 

    K1A1(T1-T2) = K2A2(T1-T2) 
          l       l 
 
    K1A1=K2A2 or A1 = K2 
                 A2    K1 
 

(i.e) for the same rate of heat conduction, the areas of cross - section of the two rods 

should be inversely proportional to their coefficients of thermal conductivity. 

 
 
 
      b)   

While cooling from 60o C to 52o C 

Rate of cooling = 60-52 = 1.6oC/minute =  1.6 °C per second 
          5                 60 

∴  Average temperature while cooling = 60+52 =56°C 
         2 

∴  Average temperature excess = 56 - 32 = 24o C 

            According to Newton’s law of cooling, 
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          Rate of cooling α Temperature excess 

∴  Rate of cooling = K × temperature excess 

1.6 =K × 24 
60      

Suppose that the cube takes t seconds to cool from 52o C to 44o C 

∴  Rate of cooling = 52- 44 =  8 
                    t            t 

 

Average temperature while cooling = 52 + 44  = 48°C 
                   2         

∴  Average temperature excess = 48 - 32 = 16o C 

According to Newton’s law, Rate of cooling = K × (Temperature excess) 

                             8 = K × 16 
                             t  

Dividing equation (1) by equation (2) 

1.6  ×  t  =    24  = 450s 

 60      8       16  
 
c)   

For material to change from solid to liquid it must be heated to its highest possible 

temperature and when this temperature is reached, further heating will lead to no 

change in temperature. This heat is known as latent (hidden) heat of fusion. 

 

2.  

I. Diamagnetic substances are substances that contain atom and molecules with 

paired electrons. Temperature change has no effect on them 

II. Paramagnetic substances are substances that contain atoms or molecules with 

unpaired electrons. Temperature change has effect on paramagnetic substances. 

Their magnetic properties decrease with increasing temperature. 

University of Education, Winneba http://ir.uew.edu.gh



123 
 

III. Ferromagnetic substances are materials that contain naturally occurring magnetic 

dipoles. Ferromagnetic substances are temperature dependant and they decrease 

with increasing temperature. 

 

 

b)  

  

c) Artificial magnets are prepared by imparting the properties of natural magnet to the 

magnetic substances by rubbing with magnet or by process of induction. 

3      a. i 

1. Polarisation: The working of a cell involves the release of hydrogen gas, 

which is     discharged at the copper plate and forms a layer of bubbles at 

the positive electrodes. This insulates the plates and is called polarisation. 

This is reduced by using copper sulphate as the depolariser. The copper 

plate reacts with the hydrogen to form sulphuric acid. 

2.  Local action:  This is caused by impurities in the zinc cathode, resulting in 

the eating away of the zinc. It can be prevented by coating the zinc cathode 

with mercury. The mercury reacts with the zinc, forming an amalgam 
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ii. It has low internal resistance and as such gives a large current with little drop 

on terminal potential difference. It can be recharged. 

 

b. 

       .  

C.This is because an accumulator can maintain a large current for a long time without 

polarisation and also can be recharged when discharged. Whereas, a primary cell 

produces current irreversibly and this runs down easily.  

d.  

I. Positive terminal is carbon 

   Negative terminal is zinc 

   Electrolyte is ammonium chloride paste. 

II. Positive terminal is lead (iv) oxide electrode 

    Negative terminal is lead electrode 

   Electrolyte is dilute tetraoxosulphate (iv) solution. 

 

University of Education, Winneba http://ir.uew.edu.gh


	The effect of practical work on SHS students' understanding of some selected topics in physics 
	The effect of practical work on SHS students' understanding of some selected topics in physics (2)
	The effect of practical work on SHS students' understanding of some selected topics in physics



