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ABSTRACT 

Teaching of Physics with Physics Suite describes a variety of tools for improving both 

teaching and learning, including new kinds of homework and exam problems, and ways of 

assessing the level of understanding in your class. It aims to help educators learn to be more 

effective at teaching Physics. The Physics Suite is much more than a text with a collection of 

ancillaries developed after the fact. The Physics Suite builds on integrating a series of strong 

activity-based elements with the text. The Physics Suite focuses on getting students to learn to do 

what they need to do to learn physics. In the Physics Suite, the Activity-Based Physics (ABP) 

Group is creating a new kind of educational environment.  

The major objectives of the study were to examine: (i) the relative effects of teaching 

Physics with Physics Suite instruction on the academic achievement of secondary school 

students in the subject of Physics; (ii) the difference between treatment effects for the students of 

high and low level of intelligence/achievement. To achieve the objectives of the study nine  null 

hypotheses were tested. The students of 9th class of the same school were selected as sample of 

the study. Sample students were divided into two groups i.e. experimental group and control 

group on the basis of previous results by applying pair random sampling. In order to secure data, 

post-test was administered to the experimental as well as control group. There were two different 

treatment patterns in the methods of teaching. Two teachers with same qualification and 

experience were selected to teach experimental and the control groups. Before starting the 

experiment, teachers were familiarized with the methods they were going to adopt. The treatment 

was given for continuous six week. After the treatment was over, a teacher-made post test was 

administered for the collection of data. After obtaining the scores, the means, standard deviations 

and difference of means was computed. Significance of difference between the mean scores of 

both the groups was tested by applying t-test. To see the treatment effects for the students of high 

and low levels of intelligence; and for male and female students, the factorial design (2x2) 

analysis of variance was applied. 

The students of experimental group performed significantly better than those of control 

group on the post-test which proved that teaching of physics with the physics suite was more 

effective than the traditional method of teaching physics to secondary school students. Students 
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of high achievement level who were taught physics with physics suite performed significantly 

better than those who were taught through traditional approach on the post-test. Though students 

of low achievement level taught physics with physics suite performed significantly better on 

post-test than those who were taught by traditional method but a significant difference was also 

found between the performance of low achievers of experimental group and control group on 

previous test.  

 Teaching of physics with physics suite has proved its worth through this study, therefore, 

a well equipped computer laboratory with internet facilities should be established in each school 

where physics is being taught as an elective subject. Concepts related with teaching of physics 

with physics suite be incorporated in the teacher education curriculum for pre-service teacher 

education and for teacher already in the system, in-service courses should be arranged and such 

type of training be made obligatory for physics teachers. Future studies be planned having male-

female students in the sample. Experiment with greater number of students from different 

secondary schools representing wider range of intelligence be planned to further support the 

results of this study. 
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Chapter 1 

INTRODUCTION 

 

 Physics being the study of matter and energy is considered to be an international 

enterprise which plays a key role in the progress of mankind. The support of physics education 

and research in global perspective is important because physics is an exciting intellectual 

adventure that inspires the youth and expands the frontiers of our knowledge about nature. It 

generates fundamental knowledge required for the future technological advancements. Physics, 

by contributing to the technological infrastructure, provides trained manpower required to benefit 

from scientific advances and discoveries. Physics is also considered to be an important element 

in the education and training of chemists, engineers and computer scientists as well as 

practitioners of other physical and biomedical sciences. Physics helps in extending and 

enhancing our understanding of other disciplines such as earth, agricultural, chemical, biological 

and environmental sciences. Finally, physics improves our quality of life by providing the basic 

knowledge essential for developing new instrumentation and techniques for medical applications 

such as computer tomography. For all these reasons physics is an essential part of any education 

system of any society in the world. 

The world is passing through an age of nuclear advancement and physics is an integral 

part of nuclear technology. Such type of situation has made the need of physics manifold and 

requires special attention to be devoted for its effective instruction in our institutions in general 

and institutions of secondary level in particular. Unfortunately a significant number of 

institutions providing secondary level educations remains without physics laboratories and the 

training of physics teachers carries a big question mark about their education and training. 
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There are many methods of teaching science at secondary level and the conceptual nature 

of physics has made two methods very popular in Pakistani situation. These are (1) project-based 

instruction; and (2) instruction through lectures. Project-based instruction emphasizes students’ 

learning on real life practice, whereas instruction through lectures relies on introducing new and 

complicated information through chalk and talk method. In both cases the instructor must make 

extensive preparations in advance to ensure the maximum level of student learning with the hope  

that students will use different skills to interact with information. No doubt the project-based 

instruction allows for more hands-on interaction for students than the traditional classroom and is 

considered to be the best for higher levels of secondary school students who can work 

individually. But due to negligence on the part of instructors and lack of hard work and interest 

by the learners the project-based instruction could not gain popularity in the institutions of the 

country. Instruction through lecture is considered to be the very popular strategy to avoid hard 

work complete the stipulated curriculum well in time. It is above board that the lecture-based 

instruction is never implemented in true letter and spirit. 

There is sufficient research based evidence that the textbook is not the only source of  

effective student learning. Students frequently happen to have difficulty in real understanding the 

physics text, and, as a result, only a small minority actually read the text in the careful and 

thoughtful way it is expected. Effective student learning comes from brains-storming and 

activities exactly the time they are thinking hard and struggling to make sense of what they are 

learning. Effective instruction happens when such environments are created in which students 

are encouraged and helped to engage in those kinds of activities. Well-tested innovations that 

focus on building reasoning through carefully planned and structured activities in lectures, 

recitations, laboratories, or workshops are more likely to produce strong student learning. For 
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most of the students, such type of activities are more important as compared mere reading the 

text (Lemke, 2000). 

Improvement in teaching of physics is more important today than ever before. The reason 

is obvious. First, a significant fraction of the population is graduating from high school and 

going on to universities than in previous times. Many of these students  are either interested in a 

scientific career or looking for suitable jobs in a rapidly increasing technological workplace. 

Second, especially for those who are interested in publicly supported institutions, the 

governments and the populace that employ them are more likely today to hold the educational 

system (and therefore its teachers and administrators) directly responsible for the students’ 

learning—or lack of it—than they were in the past. In other times, individual students were seen 

to be personally responsible for their learning and less attention was paid to the effectiveness of 

teaching. Today, job market demands for more technologically trained personnel require that the 

education institutions must do whatever is possible to help facilitate the successful education of 

our students. 

Teaching of physics has traditionally played two very obvious roles in the education of 

scientists: both to recruit and train professional physicists-to-be and to “screen out” those who 

might not be able to handle the mathematics of engineering or the memorization required in 

medical school. The former role becomes a smaller fraction of our teaching activities as the 

number of students studying other sciences grows. The latter, no longer, seems appropriate for 

present circumstances, when engineers, scientists, and medical professionals have an increasing 

demand to understand both the systems they are working with and the complex tools they are 

using to accomplish the job (Hammer, 2000). 
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The role of the physics teacher today is much more different from the previous one. He 

has to figure out how to help a much larger part of the population understand how the world 

works, how to think logically, and how to evaluate science. This role has become very important, 

especially in democratic countries where a significant fraction of the adult population is involved 

in selecting its leaders who will make decisions not only to support the basic science, but also on 

many other issues that depend intimately on technological information. It would be of 

considerable value to have a significant number of people who could not be fooled by the misuse 

of science or by scientific charlatanism (Kim, 2002). 

The Physics Suite is much more than a text with a collection of ancillaries developed 

after the fact. The Physics Suite builds on integrating a series of strong activity-based elements 

with the text. The Physics Suite focuses on getting students to learn to do what they need to do to 

learn physics. The materials of the Suite can be used independently, but their approach, 

philosophy, and notation is coherent. As a result, you can easily adopt one part as a test of the 

method (Redish, 2001). 

In physics Suite, affiliated materials associated with the text are available, usually 

including everything from a “quick summary” for students to colored transparencies for 

instructors. There may be a CD with (often uninteresting) simulations that offer little or no 

guidance for either students or instructors in how to use it to make it pedagogically effective. The 

institutions who are going to adopt such materials may add a laboratory with lessons developed 

on Suite. But the text is of primary importance, and its selection usually depends critically on the 

content which is covered and to ensure whether it is treated correctly. Those are certainly 

important criteria for the success attached with physics suite (Steltzer, 2001). 
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 Over the years teaching of physics with Physics Suite has proved to be more effective as 

compared to other teaching strategies in some institutions. It was imperative to see its 

effectiveness in Pakistan institutions. Though it is rather difficult to adopt this particular strategy 

in the absence of proper laboratory system and equipment required for proper implementation of 

Physics Suite but there is no harm in experimenting this novel technique as effective teaching 

strategy. The encouraging results of teaching physics through Physics Suite motivated the 

researcher to design this study. It was a first attempt in Pakistani situation. The researcher hoped 

that her efforts would be appreciated in the education circles. 

1.1 STATEMENT OF THE PROBLEM 

This study was designed to examine the effect of teaching Physics with Physics Suite 

instruction on the academic achievement of secondary school students in the subject of physics.  

 

1.2 OBJECTIVES OF THE STUDY 

The major objectives of the study were: 

1.  To investigate the relative effects of Teaching of Physics with Physics Suite on the 

academic achievement 0f secondary school students in Physics. 

2. To explore the difference between treatment effects for the students of high and low 

intelligence. 

3. To examine the effectiveness of independent variable in helping the learners to retain 

acquired knowledge for longer period. 

4. To investigate the interaction between treatment effect on the performance of low 

achievers and high achievers of both experimental and control groups. 
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1.3 HYPOTHESES OF THE STUDY 

To achieve the objectives of the study following null hypotheses were tested: 

1. Overall achievement of the students taught Physics with the Physics Suite strategy 

(experimental group) and without Physics Suite (control group) does not significantly 

differ on previous achievement test. 

2. Mean scores of the students of  low intelligence of experimental and control groups 

do not significantly differ on previous achievement test.  

3. Mean scores of high achievers of experimental and control groups do not significantly 

differ on previous achievement test. 

4. Mean scores of experimental group and control group do not significantly differ on 

post-test. 

5.  Mean scores of low achievers of experimental group and control group do not 

significantly differ on post-test. 

6: Mean scores of high achievers of experimental group and control group do not 

significantly differ on post-test. 

7. Interaction between treatment effects on the achievement of low achievers and high 

achievers of experimental group and control group do not significantly differ. 

8. Mean scores of experimental group and control group do not significantly differ on 

retention test. 



  7

9. Mean scores of low achievers of experimental group and control group do not 

significantly differ on retention test. 

10. Mean scores of high achievers of experimental group and control group do not 

significantly differ on retention test. 

1.4 SIGNIFICANCE OF THE STUDY 

Keeping in view the importance of physics in this age of nuclear technology the study is 

considered to be significant because it’s finding and conclusions may encourage the teachers to 

teach Physics with Physics Suite. It may also motivate the educational administrators and 

supervisors to promote the teaching of Physics with Physics Suite through motivating the 

teachers responsible for teaching physics in secondary schools. It will provide a base for 

arranging in-service courses for providing training in teaching physics with physics suite. For the 

development of education it will create an opportunity for all interested to plan and conduct 

further research in this field. 

1.5 METHOD AND PROCEDURE 

 

1.5.1 Population 

The purpose of this study was to see the relative effects of teaching Physics with 

physics suite instruction in teaching of Physics to secondary school students. Therefore, 

secondary school students studying physics as elective subject constituted the population of 

the study. 
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1.5.2 Sample 

The students of 9th class of The Islamia Collegiate Peshawar (an English Medium 

Section), were selected as sample of the study. Only students of science group studying 

Physics as elective subject were included in the sample. Sample students were divided into 

two groups, i.e. experimental group and control group. Both the groups were equated on 

the basis of their scores in previous semester in the subject of Physics through pair random 

sampling. Each group comprised 20 students. The Post-test Only Equivalent Groups 

Design was adopted in this study. 

1.5.3 Research Instruments 

A teacher-made test was developed as instruments of the study, i.e. post-test.  The 

test were approved by the doctoral committee of the researcher. All the test items were 

based on the text of the unit taught to the sample students. Then reliability of the post-test 

was found to be 0.73. 

 

1.5.4 Collection of Data 

In order to secure data a previous achievement scores of the sample students were 

obtained. The sample students of experimental and control groups were equated on the 

bases of their previous scores. A teacher-made test was given to the sample as post-test, 

immediately after the teaching was over. The purpose of this test was to measure the 

achievement of the students constituting the sample of the study. The same test was re-

administered as retention test to see the effectiveness of independent variable in helping the 

subjects to retain acquired knowledge for a longer period.. 
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1.5.5 Analysis of Data 

The achievement scores of the sample on post-test were obtained. The means, 

standard deviations, differences of means were computed. To see the treatment effects  for 

the students of high and low levels of intelligence, the factorial design (2x2) analysis of 

variance (ANOVA) was applied. For this purpose the students of both groups were divided 

into two halves, i.e. high achievers (above the mean score) and low achievers (below the 

mean score). This division was made on the basis of scores on previous achievement test. 

For statistical analysis the formulae followed by Garrett (1997) and Gay (2000) were 

applied. 
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Chapter 2 

REVIEW OF RELATED LITERATURE 

2.1 INTRODUCTION 

Both Science and Technology have become an integral part of any culture in the world. 

This is because the economic and political strength of any nation depend on her scientific and 

technological advancement (Adepitan, 2003; Olagunju, Adesoji, Iroegbu and Ige, 2003). It 

cannot be denied that the development of any nation is indicated by the overall social, economic 

and political progress and people’s activities in their natural environment. These activities 

revolve around science and its technological applications. It, therefore, implies that for any 

meaningful national growth and development to be achieved, Science and Technology must be 

an integral part of the nation’s culture (Nwagbo, 2002; Opara, 2004; Adeniyi, 2005). In fact, 

Science and Technology is a critical instrument for the uplift of the nation’s economy. Therefore, 

it should form the basis for development as well as an influencing factor of peoples’ thinking and 

working processes.  

Physics as a science subject at the secondary school level is an important subject which is 

required for the scientific and technological development of any nation. Okoronka (2004) 

mentions that Physics is a vehicle for achieving the long-term goals of science because it is 

instrumental to technological and socio-economic growth in global perspective. The role of 

Physics in the education of scientists, engineers, chemists and practitioners of other physical and 

biological sciences are manifold (Oludipe, 2003). Its application is found in all spheres of human 

life and it is the foundation upon which the scientific and technological advancement of any 



  11

nation depends. This subject is the foundation of scientific knowledge as it has contributed 

significantly to the existence and activities of man towards improved standard of living and 

economic growth.  

        Physics is the most fundamental and all-inclusive of the sciences, and has had a profound 

effect on all scientific development. In fact physics is the present-day equivalent of what used to 

be called natural philosophy, from which most of our modern sciences arose. Students of many 

fields find themselves studying physics because of the basic role it plays in all phenomena. 

Physics provide a base for nuclear technology. 

2.2 PHYSICS IN CULTURAL PERSPECTIVE 

According to Kramer (2011), the physicists are of the opinion that with all its doubts and 

uncertainties the physics is the most marvelous creation of the human imagination, a creation 

capable of filling an active life with meaning. Perhaps physics by itself cannot answer the great 

questions of human existence because the physics is ethically neutral, although the physicist is 

not. Even then the physicist is convinced that although no ethical categories are applicable to 

theories about the physical universe, aesthetic ones certainly are. There should be no hesitation in 

saying that the usefulness of the sciences takes precedence over all other arguments in their 

favour. Everywhere in the world the planning documents; and the print media and electronic 

media support the implementation of scientific discoveries. In global perspective, even scientific 

institutions involved exclusively in basic research justify their existence with claims that the 

results of their work will sooner or later find practical application. There is no doubt about it that 

the current state of the world economy, the usefulness of a scientific result is indeed of 

paramount importance, especially in the highly developed societies, physics—and the other 
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sciences as well—should gradually be given a new role—something similar to the role of the 

arts. In addition to their usefulness, we need to bring to the forefront the aesthetic qualities of the 

sciences and thus recognize the beauty of scientific results. It can be mentioned in another by 

extending its idea of usefulness. Science is viewed to be useful as it has significantly contributed 

to mankind’s material wellbeing by satisfying immediate material needs. Now the time has come 

that the physics should be recognized as being of crucial social significance in satisfying cultural 

and spiritual needs. The demand for true knowledge about the world, independent of the practical 

utility of the knowledge, is a real social phenomenon; the joy of understanding, of learning is for 

many people the same as the joy and pleasure they derive from works of other areas of 

knowledge. If we ask ourselves whether the study of semiconductors is of greater or lesser utility 

than theoretical speculation about the curvature of the universe, the answer will assuredly be in 

favour of semiconductors. It can be justified that with the use of semiconductors, cheap radio 

receivers can be built. Here the question arises why we need radios? The answer is very simple, 

we need them, among other things, to listen to broadcasts about all those interesting theories 

regarding the nature of the cosmos, and in particular, about the curvature of the universe. 

There is no need of further analyzing the joy that one experiences from new knowledge. 

Nonetheless, it is undeniable that in order to derive pleasure from the beauty of science, one has 

to study in preparation; in effect one has to develop an “eye” for it. But the same holds for the 

aesthetic enjoyment of a work of art. Most physicists see in Einstein’s equation derivable laws 

that, building on the Newtonian worldview, provide a vision of the cosmos, joining geometry 

and physics in an intimate bond, not only a concrete scientific and logical system, but also a 

work of art whose significance lies in its aesthetic value. It takes more effort to see the aesthetics 

behind the symbols than in the sculpture or poem. But the appreciation of abstract works of art 
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also requires of the layman who is open to art a particular kind of education and preparation as 

well as a certain effort. It thus becomes a question of individual preference what sort of 

intellectual investment brings about the greatest satisfaction (Kramer, 2011). 

There are typically three complementary approaches that support any science – 

observation (experiment), practice (engineering), and mechanism (theory). Generally, these three 

approaches provide support for each other. These have been illustrated in figure 1 below as the 

legs of a three-legged stool. It is well known that the most important leg of a three-legged stool is 

the one that’s missing. In PER (Physics Education Research) there is a strong tendency to focus 

on observation and practice: how do we see our students behaving and how can we figure out 

how to teach them more effectively? 

 

 

Figure 1: The three legs supporting scientific knowledge building 
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The issue of how to build a coherent mental picture (theory) of what happens in a student 

and a classroom is often the missing leg. While many educational theories exist, they are often 

narrow prescriptions that provide heuristics rather than frameworks for the development and 

testing of models that can grow and accumulate knowledge scientifically. Part of the problem is, 

of course, that human behavior is extremely complex. It cannot be expected that at this stage to 

have anything like a complete theory. But it is clear that whatever we do, we will have to 

consider cognition (a model of how thinking takes place) and socio-cultural environments 

(Redish, 2012). 

But unfortunately the persistent poor students’ performance in physics has been 

witnessed at secondary school level. This may be linked to the adoption of instructional 

strategies which did not give enough consideration to learners’ previous knowledge.  

2.3 METHODS AND STRATEGIES OF TEACHING PHYSICS 

No body can deny the importance of Physics, even then there are a number of observable 

problems plaguing the teaching and learning of the subject, especially at the secondary school 

level. These problems include lack of teaching resources and poor method of instruction 

(Kalijah, 2002). This is supported by the assertion of Agommuoh and Nzewi (2003) that 

attributed the deterioration in students’ achievement in Physics to ineffective method of teaching 

Physics.  

These perhaps may not be the only reasons for students’ poor academic performance in 

the subject both at the secondary and tertiary levels. Based on this deplorable trend of poor 

performance, some prominent Physics educators have designed some instructional strategies 
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over the years to curb the problem of underachievement in the subject. For example, Iroegbu 

(1998) designed the Problem-Based learning for better achievement, problem solving and line 

graphing skills in Physics. Orji (1998) recommended the use of problem solving and concept 

mapping strategies and cognitive style to improve students’ performance in Physics.  

Some educators observed that in spite of the scope, depth and supposed efficacy of these 

varieties of strategies, Physics students at the secondary school level continued to show poor 

performance in the subject. Statistics obtained from the Research Library of the West African 

Examinations Council Headquarters Office, Lagos showed that between 1999 and 2009 in 

Nigeria, students’ performance in Physics at the Senior School Certificate level was poor as the 

percentage pass at credit level and above consistently fell below 50% except in the years 2004 

and 2006 when it was 51.02% and 58.05% respectively. In one of the years with these fairly high 

percentage passes i.e. 2006, the highest proportion of candidates who appeared in the 

examination had their results either cancelled or withheld. This incidence might be due to 

students’ involvement in one form of examination malpractice or the other out of desperation to 

pass. This trend of poor performance was not good enough for a technologically aspiring country 

as Nigeria where there is the incidence of poor enrolment of students and consequently few 

numbers of persons aspiring to study in the fields of science, technology and related disciplines 

(Ogunleye and Babajide, 2011).  

Poor student performance in Physics perhaps may be attributed to the fact that the 

instructional strategies adopted by teachers have not solved the problem probably because those 

strategies have not actually focused on learners as constructors of their own theories and 

knowledge. Learners need to be encouraged to construct their own knowledge and ideas in 
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learning because they are the architects of their own learning and constructors of their own ideas 

and knowledge (Ausubel, 1969; Glasserfield, 1995; Okoronka, 2004). Otherwise, continued use 

of teacher-centered or teacher-dominated strategies would yield nothing but rote learning thereby 

making it difficult for students to recall pieces of information from memories. 

2.3.1 Generative Instructional Strategy 

Generative Instructional Strategy is a step-by-step instructional programme, which is 

based on learners’ views and experiences in active classroom activities (Wittrock, 1999). It is a 

learner- centred approach whereby pieces of information retrieved from learners’ memories on a 

particular concept, are explained and modified by learners themselves (Ormrod, 2003). 

Generative Instructional Strategy allows for individualized form of learning and empowers 

learners with the ability to express their personal views. Learners are at the centre of the learning 

process while teachers are facilitators (Ige, 2003). The major idea of Generative Instructional 

Strategy is that learners must not only make connection between the content being taught and his 

prior knowledge but also re-organize them for meaningful explanation. Generative Instructional 

Strategy is therefore, a model of teaching for comprehension.  

The model of Generative Instructional Strategy is a functional model of instruction and 

not a structural model. As a functional model of instruction, it focuses on the cognitive processes 

that learners use to comprehend concepts as well as the teaching and instructional procedures 

useful for increasing comprehension (Wittrock, 1992). This model states that the process of 

understanding new concepts involves active learners’ generation of two types of meaningful 

relations. The first type is generating meaningful relation between information to be learned and 

learners’ prior knowledge and experiences. The second type is generating meaningful relation 
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among the parts of the information to be learned. For instance, during instruction the teacher, 

who is facilitator, provides sufficient opportunities for learners to generate their own summaries, 

explanations, analogies and so on from the materials presented in class. The model of Generative 

Instructional Strategy involves a process of conceptual change, motivation, attention and meta-

cognition.  

The teachers’ role in Generative Instructional Strategy is to facilitate the learning process 

and this will be effective if the teacher accepts some responsibilities while instructing learners:  

1. That learning with understanding is a generative process;  

2. That success in school begins with a belief in themselves, their abilities and 

values of efforts;  

3. The process of constructing meanings for instruction and for subject matter; and  

4. To generate meanings for what they are studying;  

 This model of Generative Instructional Strategy is a specific approach to active 

Instructional Strategies. It focuses on enabling the learners to be actively engaged and to use the 

engaged time productively. This can be achieved only if learners can actively generate their own 

ideas and relate them together. It is a form of inductive reasoning, which is reasoning from 

observation to generalization.  

The constructivist’s theory of learning states that learning is a process in which the 

learner actively constructs new ideas based upon current and past ideas and experiences. That is, 

“learning involves constructing one’s own knowledge from one’s own experiences” (Ormrod, 
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2003). This is applicable to Generative Instructional Strategy. Constructivists view learning as a 

personal endeavour, whereby internalized concepts, rules and general principles may 

consequently be applied. This school of thought views knowledge construction and occurrence 

of learning in three ways viz: subjective, shared and adaptation from one’s own experiences as 

obtainable in the Generative Instructional Strategy. The constructivists believe that the teacher 

acts as a facilitator who motivates learners to discover facts and principles for themselves and to 

construct knowledge by working together to solve realistic problems usually in collaboration 

with others. This is known as knowledge construction in social process and it involves working 

individually through exploration within a given classroom structure.  

In Generative Instructional Strategy the instructional guide enables the learners to play 

active roles and be at the centre of the learning process. It consists of five procedural steps, 

which include: the introductory, the focusing, the activity, the discussion and the application 

phases. 

i. Introductory Phase: The facilitator introduces learners to the task they are going 

to accomplish. He/she then divides them into different activity groups. Necessary 

materials are supplied to each group and the assigns learners are assigned specific 

tasks to be performed. The facilitator also exposes them to the concepts to be 

learnt and familiarises learners with the processes and methods of Generative 

Instructional Strategy.  

ii. Focusing Phase: The teacher being a facilitator presents the problem area to the 

learners. Learners are then supposed to recall information and ideas from their 

memories as well as experiences on the problem presented. Then, every member 
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of the group brainstorms and discusses the problem presented by the facilitator. 

All these pieces of information are expected to be written down and mentioned 

verbally. The facilitator then has a round of the classroom to supervise but never 

corrects learners’ misconceptions.  

iii. Activity Phase: Every learner in a group is involved in performing diverse 

activities. This includes carrying out some demonstration as well as performing 

some practical activities through following some procedural steps provided by the 

facilitator.  

iv. Discussion Phase: Learners discuss the results of the activities performed in their 

respective groups. The facilitator guides learners to provide correct answers to 

their misconceptions where applicable. Results are then summarised by each 

group.  

v. Application Phase: Learners present their summarised results to the whole class. 

They are also expected to apply the new knowledge acquired to other similar or 

related situation with the assistance of the facilitator (Ogunleye and Babajide, 

2011).  

. 2.3.2 Teaching Physics by Inquiry 

The Physics by Inquiry program for secondary science teachers was established in order 

to improve the quality of science teaching in secondary schools by encouraging science teachers 

develop and implement inquiry approach in their classrooms. Teachers are trained in approach in 

inquiry by engaging them in activities which enhance thinking process to understand concepts 
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they are going to teach. Since the teachers understand the process of science as inquiry, they 

more eagerly teach the process to their students in much the same way as they learned the 

Physics by Inquiry program. 

By definition the inquiry is a process by which children actively investigate their 

environment through questioning and seeking answers to their questions. This process is 

characterized by actions such as probing, searching, exploring and investigating (Martinello and 

Cook 2000). Inquiry as an approach of learning about the world should be taught in the context 

of real-life scientific problems involving real science knowledge (Pugliese 1973). These 

problems should be relevant to the students’ day-to-day life. The students should initiate study of 

these problems as they probe, search, explore and investigate problems and questions of their 

interest. In fact, the US National Science Education Standards (National Research Council 1996, 

p 31) state: “Inquiry into authentic questions generated from student experiences is the central 

strategy for teaching science”.  

Prior to 1960s, the direction of science education in the United States had been centred on 

the teaching of facts, concepts and principles through rote learning rather than an inquiry-based 

approach (Pugliese 1973, Rakow 1986, Eltinge and Roberts 1993, Bianchini and Colburn 2000). 

Teacher-talk and textbooks were the primary sources of science information provided to 

students. Laboratory work was used in order to illustrate and confirm science concepts presented 

in the textbooks. 

This method of instruction was deemed to be inappropriate and ineffective by the science 

reformers in the United States who began their efforts early in the 1960s (Herron 1971, Tamir 

1985, Welch et al 1981). Schwab (1962) recommended that students be taught to view science as 
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‘inquiry’ rather than a static body of information to be learned. He further recommended that 

students be taught the skills of inquiry and helped to apply them to conduct science 

investigations. 

Teaching science by inquiry involves teaching students the science processes and skills 

used by scientists to learn about the world and helping the students apply these skills involved 

with learning science concepts. Students are encouraged to learn and apply these processes 

through conducting problem-centred investigations designed for learning specific science 

concepts. The teachers help students raise questions to further advance these investigations. This 

inquiry approach is often referred to as ‘guided discovery’. Teachers ‘guide students’ inquiry’ 

until the students ‘discover’ specific science concepts predetermined by the teachers and 

prescribed in the curriculum. 

Pratt and Hackett (1998) are of the view that when students learn science by inquiry, they 

develop deeper understandings of science concepts and also develop critical thinking skills. 

However, it is important to note that learning science concepts by inquiry is much more time 

consuming than learning the same concepts by traditional methods of teaching physics.  

When inquiry approach is used teachers involve students in inquiry-based activities and 

do not predetermine science concepts for students to ‘discover’. Instead, teachers involve 

students in investigations such as; (a) challenging the validity of currently accepted science 

concepts; (b) going beyond their present understanding of currently accepted science concepts; 

and (c) investigating differing explanations for specific science phenomena (Schwab 1962). 
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When students learn science by inquiry, the process of inquiry becomes the means by 

which the currently accepted science knowledge is better understood. Through learning science 

as inquiry, students also better understand how scientists developed the currently accepted body 

of science knowledge. Hence the students learn to apply these processes in order to go beyond 

the information needed to discover new knowledge. According to Schwab, teaching students the 

process of science as inquiry is more important than teaching science by inquiry (Eltinge and 

Roberts, 1993). 

There have been several advantages linked with inquiry-based science instruction in 

undergraduate education (Oates 2002). Utilization of web-based mechanisms in order to develop 

an inquiry-based science environment appears to be very interesting and adventurous (Linn et al 

2003). Inquiry-based science has also provided great benefits in diverse classrooms, wherein 

students are able to better respond to open-ended and multiple choice assignments (Songer et al 

2003). 

Some research exists that addresses the question of why inquiry-based science has not 

become a prominent part of science teaching in state-funded schools. Eltinge and Roberts (1993) 

suggest three reasons why inquiry science has not been widely accepted and implemented: 

1. Science teaching standards issued by state education agencies are generally more 

content-oriented than process-oriented. In other words, the focus is on the mastery 

of body of information. Little emphasis is placed on the process of inquiry as a 

method of learning science. 
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2. It is much easier to evaluate the effectiveness of student learning of science as a 

body of factual information than to evaluate the effectiveness of their science 

learning through inquiry. When students learn science through inquiry, they learn 

less factual science information, but achieve greater depth of understanding of 

that information. It is much easier to assess student learning of science facts than 

to measure their depth of understanding of science information 

3.  Science  textbooks  tend  to  present  science more  as  a  body  of  information  than  as  a 

method of inquiry, and science instruction continues to be tex‐tbook driven. Welch et al 

(1981) offer the following reasons as to why teachers do not use  inquiry‐based science 

instruction: (a) lack of training; (b) lack of time; (c) lack of materials; (d) lack of support 

by the higher‐ups; (e) overemphasis on assessing content learning rather than process 

learning; and (f) inquiry approach is too difficult and much more time consuming. 

 2.3.2.1 Training teachers to teach science by inquiry 

The inquiry approach used to train the science teachers is based on the following six 

steps:  

1. Select science concepts/contents to teach the teachers. 

2. Select a traditional science laboratory activity as used in state-funded schools with 

their students. 

3. Discuss the laboratory activity with teachers. Draw questions about the activity, 

rather than having merely ‘cookbook’ activities as is customary with their own 

students when teaching laboratory activities that are usually called paper labs. 
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4. Engage teachers in the laboratory activity to seek answers for their questions. 

5. Put the teachers in learning teams involving investigating together. 

6. Ask the learning teams to interact with each other in order to discuss the results of 

their inquiry and finally confirm the results gathered during the experiments. 

While teachers are conducting their investigations for seeking answers to their 

questions, their instructors must monitor their activities and provide direction as 

needed. Guidance is provided without giving answers. Questions are raised to 

stimulate thinking, and guidance as needed until answers are derived from the 

original questions. Thus, inquiry is used as an important strategy to help teachers 

learn science content. 

2.3.3 Teaching Physics through Concept Maps 

The concept map is may be explained as a graphic organizer which uses schematic 

representation to hierarchically organise a set of concepts, connected by means of words in order 

to build meaningful statements. Showing meaningful relationships between concepts in the shape 

of propositions, the concept map reveals each student’s comprehension and knowledge structure 

(Novak and Gowin, 1999). The negotiation of ideas among students, on the basis of the concept 

mapping individually and/or by groups, particularly when it finally is conveniently monitored by 

the teacher in the class-group, helps them deepen the meaning of the knowledge upon which the 

maps were built. This is what Novak and Gowin (1999, p. 1) mention when they say, “concept 

mapping is a way to help students and educators see the meanings of learning materials.”  



  25

The concept map designed by a student shows his cognitive structure. It reveals the way 

in which he could better assimilate the concept structure of the source of knowledge on which 

the map was drawn. When it is made and used in a working group and being shared by all 

students, the concept map “allows to change ideas and stimulate the reflexive thought” (Novak 

and Gowin, 1999) and it can become an excellent process of building knowledge in a social 

environment which is cooperative and constructivist. Besides, they are excellent to detect the 

students’ early conceptions to be helpful in formative evaluation, making the students recognise 

new relationships and new meanings to stimulate their creativity. 

Teaching methods, being based on a careful consideration of constructivism in its 

epistemological, psychological and educational aspects, contrast with the traditional ones. The 

teachers who use the traditional method found their teaching almost exclusively on the 

presentation of the contents to be learned, with all the imperfections which Ausubel points to the 

expository teaching, which is used in schools (Ausubel, 2003, p. 7, 47), in which the teacher uses 

“pure verbal techniques” too early, presenting information very often in a tactful and arbitrary 

way, without realizing at all if the students have the necessary cognitive readiness, or if they can 

learn meaningfully. Bell and Pearson (1992, mentioned in Gil-Pérez, 2002) say it is not possible 

to change this behaviour of the traditional teacher unless he changes his epistemological set up, 

his ideas about how scientific knowledge is created, and his own viewpoints about science. On 

the other hand, the science teacher will only be able to change his behaviour in the classroom if 

he respects the theoretical ideas connected to the cognitive constructivist learning of different 

authors. 
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Knowledge is not piling the discovered facts, given to the students as a liquid in a siphon 

from one vase to another. But to arouse his curiosity and thirst for new knowledge. This process 

is very much influenced by the social interaction of learners, where the teacher’s teaching, as a 

social process it is, becomes crucial. As Novak and Gowin say, (1999, p. 36): “Learning the 

meaning of a piece of knowledge requires dialog exchange, sharing and sometimes 

compromise.” To share indeed, but not sharing learning. “Learning is an activity which can’t be 

shared; it is actually a question of individual responsibility. On the contrary, meanings can be 

shared, discussed, negotiated and are subject to a consensus”. Learning is, therefore, a personal 

construction in which the cultural agents are crucial for this construction. The constructivist 

concept assumes teaching as a “common, shared process, where the student, thanks to his 

teacher’s help, can show himself progressively good and autonomous in problem solving, 

concept using, having certain attitudes and in many other questions”. 

The interaction and help from both his teacher and mates is very important for a student 

to perform his task success which he would not be able to do if he worked individually. By 

interacting with students will be changing their knowledge schemes and their meanings as they 

are reaching a greater and greater autonomy and the power to use their own thinking schemes in 

the face of new and more and more complex situations and tasks (Vygotsky, 1991). 

Several researchers ave made clear that the good environments in the classroom can 

significantly improve the students’ learning. Brooks and Brooks (1993, 1997, 1999) have 

described these environments, comparing them with the ones of the traditional learning. 
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Traditional Learning Environment Constructivist Learning Environment
- the curriculum, as a whole, is presented in parts, clearly 
showing basic skills; 
- the curriculum is strictly followed and overvalued; 
- curricular activities are essentially based on texts from the 
school book, its instructions and workbooks; 
- students are considered like tabulae rasae, where the 
teachers’ information is written down; 
- in general terms, teachers confine themselves to spread 
knowledge among students; 
- teachers only look for the students’ correct answers to 
validate learning, undervaluing and wasting the answers which 
show their mind patterns; 
- evaluating learning is seen separate from teaching, it is 
episodic, with sumative concerns and made essentially with 
tests; 
-students work essentially alone. 

- the curriculum is presented as a whole and only afterwards is 
it divided into parts, showing the principal concepts; 
- questioning and listening to students is considered important; 
- curricular activities are essentially based on primary data and 
information sources and manipulative materials; 
 
- students are considered like thinkers who have personal 
representations of the world they live in; 
- generically, teachers interact with their students, worrying 
about their learning environment; 
- teachers look for their students’ viewpoints with the purpose 
of understanding their conceptions to explore them in their 
learning;  
- evaluating learning is diversified and a part of teaching and is 
based on observing the students’ activity systematically and 
the work they do; 
 
- students work essentially in groups. 

Source. A look into school environments (adapted from Brook and Brooks, 1993, 1997, 1999) 

One of the important requisites of constructivist environments is that students cooperate 

with each other for the solution of the problems being faced and which should always be small, 

stimulating challenges for their learning and cognitive development. Having cooperative 

activities, when it takes place in an adequate environment, is enriching as it often leads to the 

students’ meaningful learning. Several authors, such as Johnson, Johnson & Holubec (1994, 

1999), Slavin (1995,1999) refer to researches made in this area which point to advantages of 

using them in the classroom. 

To put it in a nutshell, concept maps are excellent tools for a cooperative activity that will 

lead to a very meaningful learning; they are also useful for a good evaluation at the service of 

this learning (Novak, 2000; Valadares, 1998). 
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2.3.4 Lecture-based Methods 

2.3.4.1  The traditional lecture 

Traditional lectures offer opportunities to inspire and motivate students, but one shouldn’t 

make the mistake of assuming that students immediately understand and learn whatever is said or 

written on the board. Those who regularly attend the classes and take notes can benefit better 

from lectures. It is also known as chalk n talk method. 

An alternative approach is to use the lecture in a more interactive way. Even within the 

framework of the traditional lecture, there are many tricks the instructor may use to increase the 

student’s motivation and intellectual engagement in the class. Some lecturers are tricky enough 

to relate the day-to-day stories with theme of their lectures. Question-answer is another technique 

to keep the students on toes. Interesting stories with comedy touch are another strategy to keep 

the audience attentive. 

2.3.4.2  Peer instruction 

Eric Mazur describes his method for increasing students’ engagement in his lectures in 

his book Peer Instruction [Manzur 1997]. His method includes three parts: 

i. A web-based reading assignment at the beginning of the class. 

ii. Concept Tests during the lecture 

iii. Conceptual exam questions 
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During the lecture the teacher stops after a five to seven minutes to present a challenging 

multiple-choice question about the material just covered (Concept Test ). This question is 

concept oriented. A concept test is the evaluation of a sketchy idea that represents the essence of 

the product. The concept is in the process of being developed so that it might grow and become a 

market commodity. Students answer the questions at their seats by either holding up a coloured 

card showing their answer or by using a device that collects and displays the collective response 

on a projection screen. Mazur then advises the students to discuss the problem with their 

neighbour for two minutes. At the end of this period, the students answer the question again. 

Usually the discussion has produced a substantial improvement. 

2.3.4.3  Interactive lecture demonstration (ILDS) 

A series of interactive lecture demonstrations (ILDs) presented by Sokoloff (1997) and 

Thornton (2001) is considered to be an efficient and effective approach focusing on fundamental 

conceptual issues and taking up a few lecture periods (perhaps four to six) during a semester. 

Each student is given two copies of a worksheet in order to get the students actively engaged. 

The students fill out during the ILD—one for predictions and one for results (which they keep). 

Giving a few points for doing the ILD and handing in the prediction sheet (which should not be 

graded) is a valuable way to both increase attendance and get some feedback on where your 

students are. Each ILD sequence goes through a series of demonstrations illustrating simple 

fundamental principles. For example, in the kinematics demonstrations, demonstrations are 

carried out for situations involving both constant velocity and constant acceleration. The cases 

with acceleration use a fan cart to provide an approximately constant acceleration. The 

demonstrations address a number of specific naïve conceptions, including confusion about signs 
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and confusion between a function and its derivative. A fan is used to provide an acceleration 

rather than gravity so as not to bring in the additional confusion caused by going to two 

dimensions. The specific demonstrations are: 

i. Cart moving away from motion detector at constant velocity 

ii. Cart moving toward the motion detector at a constant velocity 

iii. Cart moving away from the motion detector and speeding up at a steady rate 

iv. Cart moving away from the motion detector and slowing down at a steady rate 

v. Cart moving toward the motion detector and slowing down at a steady rate  

vi. Cart moving toward the motion detector and slowing down, then reversing 

direction and speeding up 

In each case, the demonstrator goes through the following steps: 

i. Describe the demonstration to be carried out, performing it without collecting 

data. 

ii. Ask the students to make and write down individual predictions on their 

prediction sheets. 

iii. Have the students discuss the results with their neighbors and indicate their 

consensus prediction on their prediction sheets. 

iv. Hold a class discussion, putting the various predictions on the board.  
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v. Perform the demonstration, collecting data and having the students copy the 

results on their results sheet. 

vi. Hold a brief class discussion reflecting on why the answer obtained makes sense 

and the other answers have problems. 

2.3.4.4  Just-in-Time Teaching (JiTT) 

Gregor Novak and Andy Gavrin at Indiana University–Purdue University Indianapolis 

(IUPUI) and Evelyn Patterson at the U.S. Air Force Academy developed the Just-in-Time 

Teaching or JiTT approach. The group has collaborated with Wolfgang Christian at Davidson 

College to create simulations that can be used over the web. The JiTT approach is described in 

the group’s book, Just-in-Time Teaching: Blending Active Learning with Web Technology 

[Novak 1999]. The method is a synergistic curriculum model that combines modified lectures, 

group-discussion problem solving, and web technology. These modifications are reasonably self-

standing and can be adopted by themselves or in combination with other new methods. 

The JiTT approach has as its goals for student learning as to: 

i. Improve conceptual understanding. 

ii. Improve problem-solving skills. 

iii.  Develop critical thinking abilities. 

iv. Build teamwork and communication skills. 

v. Learn to connect classroom learning with real-world experience. 
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To achieve these goals, JiTT focuses on two critical cognitive principles, one from each 

side of the teaching/learning gap: 

i. Students learn more effectively if they are intellectually engaged. 

ii. Instructors teach more effectively if they understand what their students think and 

know. 

These principles are implemented by using web technology to change students’ 

expectations as to their role in the learning process and to create a feedback loop between student 

and instructor. This feedback is implemented by assigning web homework “Warm-Up” 

assignments before each class. The components of the process are as follows: 

i. Before each lecture, specific, carefully chosen WarmUp questions are assigned 

and made available on the web. The questions concern a topic that has not yet 

been considered in class and that will be addressed in the lecture and class 

discussions and activities. 

ii. Students are expected to do the reading and consider the questions carefully, 

providing their best answers. They are graded for effort, not correctness. The 

student responses are due a few hours before class. 

iii. The instructor looks at the student responses before lecture, estimates the 

frequency of different responses, and selects certain responses to put on 

transparencies (or display electronically) to include as part of the in-class 

discussion and activities. 
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iv. The class discussion and activities are built around the Warm-Up questions and 

student responses. 

v. At the end of a topic, a tricky question known as a puzzle is put on the web for 

students to answer. 

A successful implementation of JiTT relies on: 

i. A mechanism for delivering questions over the web and for collecting and 

displaying student answers in a convenient form.. 

ii. A set of carefully designed warm-up questions and puzzles that get to the heart of 

the physics issues. 

iii. An instructor with sufficient knowledge of student difficulties and with strong 

skills for leading a classroom discussion. 

2.4 TEACHING PHYSICS WITH THE PHYSICS SUITE 

2.4.1 The Principles of the Physics Suite 

The philosophy behind the introduction of physics suite is to shift the teaching of physics 

in social and psychological perspectives. The traditional approach of teaching physics was result 

oriented and could not attract the students to physics as subject. The new approach of teaching 

the subject according to the social and psychological needs has increased the popularity of the 

subject. With the increasing shift in the emphasis of physics instruction to a service course 

preparing scientists and engineers who will not necessarily become physicists, there is a need to 
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shift the attitude attributed to success in the subject.. For that purpose the teaching should be 

based on the following principles: 

i. Associative learning plays a vital role under this principle. Knowledge is built by 

making connections to existing knowledge; the individuals use this knowledge by 

productively creating a response to the information they receive. The most 

important thing is what the students actually do. 

ii.  Mental states of the people have significant role what they construct depending 

on context. 

iii. If something matches or extends an existing schema it is easy to learn. If the 

schema is changed the learning becomes difficult.. 

iv. As each individual constructs his or her own mental structures, different students 

have different mental responses and different approaches to learning. 

v. Social interactions play a key role in carrying out effective learning. This is the 

social component of model. 

2.4.2 Goals of the Physics Suite 

 Every teaching method, technique or strategy is based on some goals and the goals of 

physics suite include: 
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i. Concepts: The students should understand the purpose of learning physics and 

they must be aware of a strong base in concepts firmly rooted in the physical 

world. 

ii. Coherence: The learners should be able to link the knowledge they acquire in 

their physics class into coherent physical models. 

iii. Functionality: The students should learn both how to use the physics they are 

learning and when to use it. 

 The Physics Suite is always based on this model of thinking and learning to facilitate the 

teachers create learning environments that function effectively. 

2.4.3 Elements of the Physics Suite 

According to Redish (2003), the Physics Suite is designed to help instructors refocus their 

courses on learning goals and student activities. Learning material in the Physics Suite is 

intended to be supportive, but it is just one component in an array of materials that can help build 

an effective learning environment. Each element is being discussed briefly in the following lines: 

2.4.3.1  The Suite’s narrative text: Understanding Physics 

The narrative for the Physics Suite is being adapted and modified to an active-learning 

environment in a number of ways. 

i. Modifications to the text are incremental, not radical. Understanding Physics 

begins with a standard text and takes a step in that direction. Existing in-text 
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activities (Reading Exercises and Sample Problems) are enhanced, and links are 

indicated where connections to activities are appropriate and relevant. 

ii. The text is modified to take student difficulties into account. In Understanding 

Physics, issues that are well known to confuse students and cause them difficulty 

are discussed with care. Many traditional texts consider these issues trivial and 

brush them off with a sentence or use ill-chosen examples that may actually 

activate classic misconceptions. 

iii. Topics are introduced by making connections to personal experience whenever 

possible and appropriate. The principle “idea first, name later” is followed and a 

discussion is motivated before it occurs, making contact with the student’s 

personal experience. 

iv. Material is explained in a logical order. Here the “given-new” principle  is 

followed to build on ideas the student can be expected to understand, based on the 

resources they bring from their everyday experiences.  

v. Concepts are emphasized. The prime objective in this model is that students make 

sense of the physics they are learning. This is impossible if they see physics as a 

set of abstruse equations. Conceptual and qualitative understanding from the first 

and continually make connections between equations and conceptual ideas is 

therefore stressed. 

vi. Reading exercises and sample (touchstone) problems are limited and carefully 

chosen. Physics texts often include large numbers of text boxes, sidebars, and 
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sample problems to provide examples and items of interest. In Understanding 

Physics, reading exercises are carefully selected to provide appropriate thinking 

and reflective activities at the end of a section. 

vii. Examples and illustrations often use familiar computer tools. In Physics Suite, the 

examples in the text have been expanded and modified to use computer-assisted 

data acquisition and analysis (CADAA) tools and collection of data from video. 

Other elements of the Suite—laboratories, tutorials, interactive lecture 

demonstrations, and Workshop Physics—make heavy use of this technology as 

well. This element has a number of advantages. It connects the text to the 

student’s experiences in other parts of the class; it connects directly to real-world 

experiences; it uses realistic rather than idealized data; and it connects the 

narrative to the more active Suite elements. 

viii. No chapter summaries are provided. Here the element encourages students to use 

pre-created summaries as a crutch to grab equations for plug-and-chug purposes 

and as a shortcut to avoid reading the text. Teachers who feel that summaries are 

essential can assign students to create summaries as a regular part of their written 

homework. 

ix. The order of materials has been modified somewhat to be more pedagogically 

coherent. Usually the traditional methods emphasize the mathematical structure of 

the material at the expense of the physics or violate the given-new principle. Due 

to this approach the students are often confused. The text is presented in such a 

way that it is pedagogically coherent. 
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2.4.3.2  Using the Suite in lab: Real-Time Physics 

Real-Time Physics (RTP) comprises a set of three published laboratory modules covering 

the topics Mechanics (12 labs), Heat and Thermodynamics (6 labs), and Electric Circuits (8 

labs). Such labs encourage students build a good understanding of fundamental concepts through 

use of a guided inquiry model with cognitive conflict. Experiments rely heavily on computer-

assisted data acquisition to enable students to collect high-quality data quickly and easily. This 

allows students to perform many experiments and to focus on phenomena rather than on data 

taking. Initial activities with new probes help students “psychologically calibrate” the probes, 

that is, convince themselves that they understand what the probes’ responses mean, even though 

they may not be clear on how the probes produce their data. Research shows that these labs can 

be very effective in helping students build concepts. To implement Real-Time Physics requires a 

laboratory setup with computer-assisted data acquisition equipment for every two or three 

students. 

2.4.3.3  Using the Suite in lecture: Interactive Lecture Demonstrations 

A series of interactive lecture demonstrations (ILDs) presented by Sokoloff (1997) and 

Thornton (2001) is considered to be an efficient and effective approach focusing on fundamental 

conceptual issues and taking up a few lecture periods (perhaps four to six) during a semester. 

Each student is given two copies of a worksheet in order to get the students actively engaged. 

The students fill out during the ILD—one for predictions and one for results (which they keep). 

Giving a few points for doing the ILD and handing in the prediction sheet (which should not be 

graded) is a valuable way to both increase attendance and get some feedback on where your 

students are. Each ILD sequence goes through a series of demonstrations illustrating simple 
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fundamental principles. For example, in the kinematics demonstrations, demonstrations are 

carried out for situations involving both constant velocity and constant acceleration. The cases 

with acceleration use a fan cart to provide an approximately constant acceleration. The 

demonstrations address a number of specific naïve conceptions, including confusion about signs 

and confusion between a function and its derivative. A fan is used to provide an acceleration 

rather than gravity so as not to bring in the additional confusion caused by going to two 

dimensions. The specific demonstrations are: 

i. Cart moving away from motion detector at constant velocity 

ii. Cart moving toward the motion detector at a constant velocity 

iii. Cart moving away from the motion detector and speeding up at a steady rate 

iv. Cart moving away from the motion detector and slowing down at a steady rate 

v. Cart moving toward the motion detector and slowing down at a steady rate  

vi. Cart moving toward the motion detector and slowing down, then reversing 

direction and speeding up 

In each case, the demonstrator goes through the following steps: 

i. Describe the demonstration to be carried out, performing it without collecting 

data. 

ii. Ask the students to make and write down individual predictions on their 

prediction sheets. 
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iii. Have the students discuss the results with their neighbors and indicate their 

consensus prediction on their prediction sheets. 

iv. Hold a class discussion, putting the various predictions on the board.  

v. Perform the demonstration, collecting data and having the students copy the 

results on their results sheet. 

vi. Hold a brief class discussion reflecting on why the answer obtained makes sense 

and the other answers have problems. 

2.4.3.4  Using the Suite in recitation sections: Tutorials 

In Suite tutorials create a curricular environment for delivering active conceptual 

development in recitation sections. They have a tight, carefully guided group-learning structure 

similar in feel to the Real-Time Physics labs or the Interactive Lecture Demonstrations. They are 

based on research on student difficulties and make frequent use of both cognitive conflict and 

bridging. An extensive set of Tutorials has been developed by the University of Washington 

Physics Education Group covering a wide range of topics from kinematics to physical optics. 

These Tutorials are designed to be usable in environments without computer tools, so they make 

almost no use of computer-assisted data acquisition or video. A supplementary set of tutorials 

using computer technology including computer-assisted data acquisition, video display and 

analysis, and simulations, are available as part of the Suite [ABP Tutorials]. Tutorials have been 

shown to be effective in improving concept learning compared to classes with traditional 

recitations. 
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2.4.3.5  Putting it all together: Workshop Physics 

Workshop Physics (WP) is the most radical component of the Physics Suite. It presumes 

a complete structural change from the traditional lecture method. Typically, the class is 

structured into three two-hour laboratory sessions in which the students use sophisticated 

technology to build their physics knowledge through observation and mathematical modelling. 

Classes move smoothly back and forth from brief lecture segments, to class discussions, to full-

class demonstrations, to small-group experimenting and modeling. An integrated set of computer 

tools are used for data acquisition, video capture and analysis, and graphing and modeling with 

spreadsheets. Workshop Physics is extremely effective in classes of 30 or fewer, but it is difficult 

to deliver to hundreds of students. Implementing Workshop Physics requires computer 

equipment, including a variety of data acquisition probes and tool software. One facilitator for 

every 15 students or so is a must, but if an instructor is present, they can include peer instructors. 

2.4.3.6  Homework and exams: Problems and questions 

The problems students solve, both for homework and on exams, are a critical part of the 

activities students carry out to learn physics. The choice of exam problems is particularly 

important, since exams send students both overt and covert messages about what they are 

supposed to be learning in class. Traditional courses often limit homework or exams to questions 

that have numerical or multiple-choice answers so as to be easy to grade. The Physics Suite 

includes an enhanced array of problems for homework and exams, including estimation 

problems, open-ended reasoning problems, context rich problems, and essay questions. 

Implementing more open homework and exam problems requires some structure for grading. 

Students need the feedback and motivation that grading provides in order for them to take more 
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complex and open-ended problems with the required degree of seriousness and reflection. This 

requires someone—an instructor or assistant—to spend some time evaluating questions. This can 

be difficult in large classes, but grading a small number of such questions (two to three per week, 

one to two per exam) can have a big impact. 

2.4.3.7  Evaluating instruction: The Action Research Kit 

Physics education research has documented student difficulties in a wide variety of topics 

in introductory physics. Using these results, researchers have constructed standardized 

conceptual surveys. Many of the items in these surveys are well designed. They focus on critical 

issues that are difficult for many students and they have attractive distracters that correspond to 

common student misconceptions. 

2.4.3.8  Peer instruction 

Eric Mazur describes his method for increasing students’ engagement in his lectures in 

his book Peer Instruction [Manzur 1997]. His method includes three parts: 

i. A web-based reading assignment at the beginning of the class. 

ii. Concept Tests during the lecture 

iii. Conceptual exam questions 

During the lecture the teacher stops after a five to seven minutes to present a challenging 

multiple-choice question about the material just covered (Concept Test ). This question is 

concept oriented. A concept test is the evaluation of a sketchy idea that represents the essence of 
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the product. The concept is in the process of being developed so that it might grow and become a 

market commodity. Students answer the questions at their seats by either holding up a coloured 

card showing their answer or by using a device that collects and displays the collective response 

on a projection screen. Mazur then advises the students to discuss the problem with their 

neighbour for two minutes. At the end of this period, the students answer the question again. 

Usually the discussion has produced a substantial improvement. 

2.4.3.9  Just-in-time teaching ( JiTT) 

Gregor Novak and Andy Gavrin at Indiana University–Purdue University Indianapolis 

(IUPUI) and Evelyn Patterson at the U.S. Air Force Academy developed the Just-in-Time 

Teaching or JiTT approach. The group has collaborated with Wolfgang Christian at Davidson 

College to create simulations that can be used over the web. The JiTT approach is described in 

the group’s book, Just-in-Time Teaching: Blending Active Learning with Web Technology 

[Novak 1999]. The method is a synergistic curriculum model that combines modified lectures, 

group-discussion problem solving, and web technology. These modifications are reasonably self-

standing and can be adopted by themselves or in combination with other new methods. 

The JiTT approach has as its goals for student learning as to: 

i. Improve conceptual understanding. 

ii. Improve problem-solving skills. 

iii.  Develop critical thinking abilities. 

iv. Build teamwork and communication skills. 
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v. Learn to connect classroom learning with real-world experience. 

To achieve these goals, JiTT focuses on two critical cognitive principles, one from each 

side of the teaching/learning gap: 

i. Students learn more effectively if they are intellectually engaged. 

ii. Instructors teach more effectively if they understand what their students think and 

know. 

These principles are implemented by using web technology to change students’ 

expectations as to their role in the learning process and to create a feedback loop between student 

and instructor. This feedback is implemented by assigning web homework “Warm-Up” 

assignments before each class. The components of the process are as follows: 

i. Before each lecture, specific, carefully chosen WarmUp questions are assigned 

and made available on the web. The questions concern a topic that has not yet 

been considered in class and that will be addressed in the lecture and class 

discussions and activities. 

ii. Students are expected to do the reading and consider the questions carefully, 

providing their best answers. They are graded for effort, not correctness. The 

student responses are due a few hours before class. 

iii. The instructor looks at the student responses before lecture, estimates the 

frequency of different responses, and selects certain responses to put on 
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transparencies (or display electronically) to include as part of the in-class 

discussion and activities. 

iv. The class discussion and activities are built around the Warm-Up questions and 

student responses. 

v. At the end of a topic, a tricky question known as a puzzle is put on the web for 

students to answer. 

A successful implementation of JiTT relies on: 

i. A mechanism for delivering questions over the web and for collecting and 

displaying student answers in a convenient form.. 

ii. A set of carefully designed warm-up questions and puzzles that get to the heart of 

the physics issues. 

iii. An instructor with sufficient knowledge of student difficulties and with strong 

skills for leading a classroom discussion. 

2.4.3.10 Cooperative problem solving 

Cooperative Problem Solving is considered to be of prime importance in teaching-

learning process. It is a method for helping students learn to think about complex physics 

problems and solve them by working in groups of three in a recitation section or small class. The 

method employs heterogeneous grouping of students and assignment of roles, and it offers the 

students a structured method to learn to think about how to approach a complex problem. This 
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method is very effective in helping students both develop good conceptual understanding and 

learn to solve problems. All three of these methods are based on underlying cognitive models 

and goals similar to the Physics Suite and coordinate well with it. 

2.4.4 Using the Physics Suite in Different Environments 

Effective use of some parts of the Physics Suite in the classroom requires two elements: a 

good match between the Suite elements chosen and the physical classroom conditions, and a 

coherence between the logical introduction of the Suite and the orientation of the instructors 

involved. Some of the Suite elements (RTP, WP, ABP Tutorials) rely heavily on student 

interactions with computers and computer-based laboratory equipment. Use of these elements 

requires at least one computer lab for every three to four students. These can, of course, be run in 

small sections simultaneously. One laboratory with 8 to 10 computer stations can easily serve 

400 to 500 students in the course of a week. Some elements of the Suite (RTP, WP, Tutorials) 

require instructors—one instructor for every 15 students in the classroom. In these environments, 

students struggle in small groups with ideas and concepts. They require frequent checking, 

coaching, and proper guidance. In principle, one instructor with considerable experience in the 

methods can handle 30 students. A summary of these physical constraints is given in Table 10.1. 

2.4.4.1  Classroom management in Physics Suite 

Classroom environment plays a vital role in using some  elements of the Suite effectively. 

It is difficult to get students working together effectively in a lecture hall whose chairs are all 

oriented in one direction. It is also difficult to interact effectively with students working in a 

computer laboratory in which students sit individually or in pairs at computers facing in one 
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direction toward lecturer and bolted down in rows. In such situation conducting laboratory 

experiments is nearly impossible. Effective room layouts give students the opportunity for face-

to-face interaction in small groups. 

2.4.4.2  Facilitators’ role in Physics Suite 

The most important consideration in implementation of the Suite is that the facilitators 

must have the appropriate philosophy and approach, and that they know how to listen to students 

and respond properly. This may not be an easy job due to substandard teacher education 

programmes. According to Redish (2003) the teacher continues to use the strategies he had 

adopted as student during his student life. The facilitator should change his strategies when he is 

there as a teacher/instructor. Instead of answering students’ questions directly, he should try to 

diagnosis their real problem. What do they know that they can build an understanding on? What 

are they confused or wrong about that is going to cause them trouble? As a result, instead of 

answering a question right off, he should ask some questions back. Peer and graduate student 

facilitators may find it particularly hard to be in the right interactive mode. They are still students 

and tend to easily fall into the mode they use in answering their teachers’ questions. Redish 

(2003) further explained that when he first began testing Tutorials at Maryland in the mid-1990s, 

his department helped out by letting him handpick some of their best TAs. 

2.4.4.3  Develop a good speaking technique 

In order to achieve the objectives of teaching Physics with Physics Suite the students are 

engaged in different individual and group activities. The research-based curricular materials give 
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some examples of how this can be done. Students are encouraged to develop useful speaking 

techniques. Students’ engagement can be improved by adopting following ways: 

i. Talking to the students—The instructor should face the students when he 

speaks. If he/she has to write something on the board, he/she should not “talk to 

the board” with his/her back to the students. After writing on the board he/she 

should turn to the class to describe or explain it. 

ii. Using appropriate tones of voice—Instructor must learn to project his/her 

voice. He/she must test the classroom with a friend, seeing if he/she can be heard 

adequately from all parts of the room. If not, microphone can be used. One trick 

that seems effective is, after announcing that something is important, the 

instructor must drop his/her voice a bit to present the important information. The 

class will be quiet significantly to hear what he/she is saying. 

iii. Stepping out of the frame—In a lecture hall, the instructor must walk up the 

aisles and speak from the middle or the back of the class. This requires the 

students to turn around. Changing their orientation restores their attention (at least 

momentarily—and it enables the instructor to stand next to and stare down a 

student who is reading a newspaper). This also breaks the imaginary “pane of 

glass” the students put up between instructor and them and helps to change the 

instructor from a “talking head on a TV screen” (to whom they feel no need to be 

polite or considerate) to a human being (to whom they do). 
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iv. Making eye contact—When the instructor has an eye contact with the 

student during the lecture, for that student, he/she changes the character of the 

activity from a TV- or movie-like experience into one more like a conversation, 

even if it’s only for a moment, and even if he/she is doing most of (or all of) the 

talking. The instructor must be careful not to fixate on one particular student. That 

can be intimidating for that student. He/she must switch his/her gaze from student 

to student every few seconds. 

2.4.4.4  Ask authentic questions 

In order to ensure the involvement of students question are asked to which they respond 

by thinking. This proves to be very effective but it is harder than it sounds. Most faculty 

questions are rhetorical. The questions should be thought provoking. Two or three seconds of 

silence can seem like an eternity while you are waiting for students to answer a question you’ve 

posed. The easiest solution is to answer it yourself. The teacher will have to make the students 

realize that they should be b in habit of answering the questions. This may be very painful until 

the students get in the habit of answering. Sometimes you may have to repeat your question or 

call on a specific student at random to show you really want a response. 

The instructor also has to build his/her students’ confidence that answering questions is 

not going to be a painful experience. Students are most reluctant to look foolish in front of their 

instructor and classmates, so it is often quite difficult to get responses to questions. Being 

negative or putting down a student’s question or answer can in one sentence establish a lack of 

trust between the instructor and the class that can last for the rest of the term. Such lack of trust 

between the instructor and the class can result in reducing students’ attention and involvement. 
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2.4.5 Models of the Classroom 

In advanced countries most physics instruction is delivered in one of two kinds of 

environments: the traditional, instructor-centered structure, and an active-engagement student-

centered structure. 

2.4.5.1  The traditional instructor-centered environment 

In a large class of 50 or more than 50, there are usually three hours of class per week, 

with all the students meeting together. Often, there is a weekly two or three-hour laboratory work 

associated with the class. If there is sufficient staff (such as lab assistants), there may be one or 

two hours a week of recitation—a session in which the class is divided into small groups. This 

traditional model of introductory physics has a number of characteristics. As taught in many 

countries it has the following common features: 

i. It is content oriented. 

ii. If there is a laboratory, it is two to three hours and “cookbook” in nature; that is, 

students will go through a prescribed series of steps in order to demonstrate the 

truth of something taught in lecture or read in the book. 

iii. The instructor is active during the class session, while the students are passive (at 

least during lectures and often during recitation). 

iv. The instructor expects the students to undergo active learning activities on their 

own outside of the class section, in reading, problem solving, etc., but little or no 

feedback or guidance is given to help the students with these activities. 
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v. For most students, the focus of the class is the lecture. The nature of this experience 

can be seen clearly in the structure of the classroom. In a typical lecture room all 

students are turned to face the lecturer—the focus of all attention. There may be a 

strong tendency for the instructor to do all the talking and to discourage (or even 

to suppress) student questions or comments as shown in Fig. 2 below: 

 

Figure 2. A typical lecture classroom. 

Even when the lecturer is superb, the focus of the activity tends to be on the lecturer, not the 

students, (here, Jim Gates presents one of his popular public lectures on string theory. Courtesy 

Dept. of Physics, Univ. of Maryland.) 

2.4.5.2  The active-engagement student-centered environment 

The characteristics of a student-centered classroom are somewhat different from those of 

traditional one on the following grounds: 
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i. The course is student centered. What the students are actually doing in class is 

the focus of the course. 

ii. Laboratories in this model are of the guided discovery type; that is, students are 

guided to observe phenomena and build for themselves the fundamental ideas via 

observation. 

iii. The course may include explicit training of reasoning. 

iv. Students are expected to be intellectually active during the class. 

v. Active-engagement classes may occur as part of a larger class—as a recitation or 

laboratory combined with a traditional lecture.  

vi. Students’ attention is focused on their work and on their interaction with the 

other students in their group. Facilitators roam the room while the students are 

working, checking the students’ progress and asking guiding questions. Fig. 3 

explains the situation. 

 

 

 

 

 

Figure 3: The arrangement of an active engagement classroom. [Steinberg 2001] 
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An active-engagement classroom is actually the workshop or studio class. In this 

situation, the lecture, laboratory, and recitation are combined in a single classroom. In work-shop 

classes, most of the class time is taken up by periods in which the students are actively engaged 

in exploring the physics using some laboratory equipment, often involving computers in order to 

allow efficient high-quality data collection and to provide computer modeling tools. A very 

small fraction of the period may be spent with a teacher lecturing to the students. In active-

engagement the tables are shaped so that neighboring pairs can easily collaborate. The room is 

set up so that there is a group interaction space in the center where demonstrations can be 

carried out and where the teacher can stand and easily view what is on every computer screen. 

The major advantage is that the instructor can identify students who might be in trouble.  

 

 

 

 

 

 

 

Figure 4: A typical workshop or studio classroom layout (Courtesy Kerry Browne, 

Dickinson college) 
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There is sufficient evidence that active-engagement characteristics alone do not suffice to 

produce significant gains in student learning [Cummings, 1999]. The presentation of traditional 

materials in an active-engagement learning environment does not necessarily result in better con-

cept learning than a traditional environment. What seems to be necessary is that “specific 

attention is paid to the knowledge and beliefs students bring into the class from their 

experience and previous instruction”. 

2.4.6 Multiple-Choice Questions in Physics Suite 

A blend of multiple-choice and short-answer questions are widely used because they are 

easy to grade but at the same time difficult to interpret. They tend to overestimate the student’s 

learning since they can sometimes be answered correctly by means of incorrect reasoning or by 

cued responses that fail to represent functional understanding. Students who get the correct 

answer despite these challenges are likely to have a reasonably good understanding. A well-

constructed multiple-choice question based on research can help in identifying brilliant students. 

However, the teacher-made multiple-choice questions developed by instructors who have not 

studied the relevant research often prove to be misguiding about knowing real knowledge of the 

students’ understanding. Instructors unaware of research results in physics education sometimes 

find it difficult to identify the kinds of errors that students will commonly make. 
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2.4.7 Cognitive Principles and Guidelines for Instruction According to Physics suite 

Instruction is usually based on some assumptions and expectations about the nature of 

learning, and goals of particular instruction. Sometimes those assumptions are explicit, but more 

frequently they are unstated and rarely discussed. Some pertain to choices we get to make, such as 

the goals of instruction. Others are the assumptions about the nature of learning. It also helps in 

really knowing places where we can be right or wrong about how the system works. If we design 

our instruction on the basis of incorrect assumptions about our students, we can get results that 

differ dramatically from what we expect. For designing effective instruction we need to 

understand a bit about how the student mind functions. Much has been learned about how the 

mind works from studies in cognitive science, neuroscience, and education over the past 50 

years. It is also imperative to know what effective instruction means. 

2.4.8 The Cognitive Model 

Learning is closely associated with memory. In order to understand learning, we must 

understand memory—how information is stored in the brain. Modern cognitive science now has 

complex and detailed structural information about how memory works. Cognitive theories focus 

on thinking faculties. Physics instruction is mostly based on mathematical reasoning. For some 

simple organisms like the marine snail Aplysia, the process is understood down to the level of 

neuron chemistry [Squire & Linn, 1999]. We don’t need that level of detail for the “application” 

of understanding physics teaching and learning. A few simple principles will help us understand 

the critical issues. 
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2.4.9 Models of Memory 

Human memory is a highly complex and structured phenomenon. Fortunately, we only 

need to understand a small part of the structure to get started in learning more about how to teach 

physics effectively. There are a few critical ideas that are relevant for us. Memory can be divided 

into two primary components: working memory and long-term memory.  Working memory 

is fast but limited. It can only handle a small number of data blocks, and the content tends to fade 

after a few seconds. Whereas, long-term memory can hold a huge amount of information—facts, 

data, and rules for how to use and process them—and the information can be maintained for long 

periods (for years or even decades). 

Information in long-term memory is not easily and immediately accessible. Using 

information from long-term memory requires that it be activated (brought into working 

memory). Activation of information in long-term memory is productive (created on the spot from 

small, stable parts) and associative (activating an element leads to activation of other elements).  
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Chapter 3  

METHOD AND PROCEDURE 

The study was aimed at investigating the effect of teaching physics with physics suite on 

the academic achievement of secondary school students in the subject of physics. As it was an 

experimental study and the purpose was to see the relative effectiveness of independent variable, 

i.e. teaching strategy, it was necessary to look into the various designs usually adopted in 

experimental research. 

Tabbasum (2004) quoted Campbell and Stanley (1963) who outlined number of factors 

which affect the internal and external validity of experimental designs. There are eight different 

factors relevant to internal validity. These include history, maturation, testing, instrumentation, 

statistical regression, differential selection, experimental mortality, and selection-maturation 

interaction. If these factors are not properly controlled in the design, they may produce adverse 

effects which confound the effects of the independent variables as shown by the final test scores. 

“The Post-test Only Equivalent Groups Design “was found to be the most useful for the 

purpose of this study. Sample students were assigned to experimental and control groups through 

pair random sampling on the basis of their previous scores.Following is the symbolic 

representation of the design: 
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R       E       =       T       O1 

R       C       =       -       O2 

 

 

Where  R = Randomly selected 

  E = Experimental group 

  C = Control group 

  O = Observation or measurement 

T = Treatment to which a group is exposed i.e. independent variable.  

This design is considered to be the most effective in minimizing the threats to 

experimental validity. At the conclusion of the experimental period the difference between the 

mean test scores of the experimental and control groups are always subjected to a test of 

statistical significance, a t-test or an analysis of variance-ANOVA as the case may be (Farooq, 

2001). 

 Farooq (2001) quoting Campbell and Stanley (1963) mentioned: 

In this design, two groups are randomly secured from the total available group. 
One of the two groups is treated as experimental group. There is no pre-testing. Hence, 
pre-testing can no longer be a threat to external validity. The equivalence of the groups is 
secured by equating the students of both groups on the variable of previous achievement. 

 

 

 

 



  59

3.1 POPULATION 

The purpose of this study was to see the relative effects of teaching Physics with physics 

suite instruction to secondary school students. Therefore, secondary school students studying 

physics constituted the population of the study. 

3.2 DELIMITATION OF THE STUDY 

The study was delimited to: 

i. See the effect of teaching Physics with Physics Suite on the academic achievement of 

secondary school students in the subject of physics only. 

ii. In the subject of Physics, the topics covered during the experiment included: (a) 

Work, Power and Energy, and (b) Simple Machines. 

 

3.3 SAMPLE 

Since the separate Physics laboratory was required for this purpose so the students of 9th 

class of The Islamia Collegate Peshawar (an English Medium Section), were selected as sample 

of the study. Only students of science group studying Physics as elective subject were included 

in the sample. Sample students were divided into two groups, i.e. experimental group and control 

group through pair random sampling on the basis of their scores in previous semester in the 

subject of Physics. Each group comprised 20 students. 

3.4 RESEARCH INSTRUMENT 

When the treatment was over, a teacher-made test  was given to students of experimental 

and control groups to get data in order to measure the achievement level of the students included 

in the sample. A thorough study of the Physics units and the techniques of test construction was 
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made by researcher. In consultation with class teacher, researcher constructed a test comprising 

multiple choice items. These items were based on the selected Physics units on (a) Energy, 

Power and work, and (b) Simple machine. During the experiment these units were taught to both 

experimental and control groups, and were intended to measure the outcomes of learning. 

3.4.1 Content validity  

This test was approved by the doctoral committee of the researcher. All the test items 

were based on the text of the unit taught to the sample students. 

3.4.2 Reliability of Test  

The split-half method (odd-even) was used to test the reliability of the post-test scores 

obtained by the students who formed the sample of the study. The coefficient of reliability was 

determined through the use of Spearman-Brown Prophecy formula, estimating reliability from 

the comparable halves of the post-test and it was found to be 0.73. 

3.4.3 Previous Achievement Scores 

 The data obtained from permanent school records were the scores of the sample in 

Physics on the test given to the sample students at the end of previous semester. The scores were 

treated as previous achievement and were obtained to equate both the groups on the variable of 

previous achievement. 

3.5  TREATMENT  

  There were two different treatment patterns in the methods of teaching. Two teachers 

with same qualification and experience were selected to teach experimental and the control 

groups. Before starting the experiment, teachers were familiarized with the methods they were 



  61

going to adopt. The treatment was given for continuous six week. After the treatment was over, a 

teacher-made post test was administered for the collection of data. The purpose of this test was to 

measure the achievement of the students constituting the sample of the study. Final data were 

collected from 40 students – 20 from each group. 

 3.6  COLLECTION OF DATA 

In order to minimize the effects of fatigue and boredom the 3rd and 4th periods were 

rotated to teach the experimental and control groups. The control group was taught through 

traditional approach during the period and the teaching of experimental group was with physics 

suite instruction. A teacher-made test was given to the sample as post-test, immediately after the 

teaching was over. The purpose of this test was to measure the achievement of the students 

constituting the sample of the study. The obtained scores of sample students were subjected to 

statistical analysis. 

3.6.1 Retention Test 

 In order to see the effectiveness of independent variable in helping retain the knowledge 

acquired for a longer period, the post-test was re-administered as retention test. 

3.7 ANALYSIS OF DATA 

As a result of the post-test the achievement scores of the sample were obtained.  The lists 

were prepared for each group after obtaining the scores. The means, standard deviations, 

differences of means were computed. Significance of difference between the mean scores of both 

the groups was tested at 0.05 level by applying t-test. To see the treatment effects for the students 

of high and low levels of achievement, the factorial design (2x2) analysis of variance (ANOVA)  
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was applied. For this purpose the students of both groups were divided into two halves, i.e. high 

achievers (above the mean score) and low achievers (below the mean score). This division was 

made on the basis of scores on previous achievement test. The factorial design is symbolized as 

below: 

    Experimental  Control 

 

High achievers 

 

Low achievers  

 

For statistical analysis the formulae followed by Garrett (1997) and Gay (2000) were applied. 

 The following formulae were used in doing statistical analysis: 

Standard error of the difference between two means 

 _____________ 

   / SD2
1    +    SD2

2 

SED      =          ____________ 

    N1       +     N2 

 

Computation of t-value 

 

M1 --  M2   

t = ________  

         SED 

 

 

CELL 1     CELL 2 
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Analysis of variance 

( X1   +   X2 )2 

Step 1  =   Correction term (C)   =  ___________ 

      N1   +   N2  

 

Step 2  =  SS Total   =  X1
2  +  X2

2  - C 

 

Step 3   =   SS Between means   =   (X1)2  +  (X2)2  -  C 

 

Step 4   =   SS Within groups   =   SS Total  -   SS Means 

 

Step 5   =   ANOVA table 

Source of variation Degree of 
freedom 

Sum of 
squares 

Mean 
square 

F t-value 

Between group means      

Within groups      

 

M.S Within groups    =   SS Within groups 

                     --------------- 

                      Degree of freedom Within groups 

 

F-value               =    M.S Between group  means 

                ------------------------ 

                     M.S Within groups 

                     __________ 
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t-value                 =   / F 

 

IV Factorial design (2 X 2 analysis of variance) 

     ( X…   )2 

Step 1=   Correction term (C)   =  ___________ 

      N….  

 

 Step 2= SS Total   =       X2….  -  C 

 

 Step 3= SS Cells    =       N (d11
2 + d12

2  +  d21
2  +  d22

2) 

 

 Step 4= SS Within cells  -  SS Total  -  SS Cells 

 

 Step 5= SS Treatment  =  N1. (d1.
2  +  d2.2) 

 

 Step 6= SS Intelligence  =  N1. (d1.2  +d2.2) 

 

 Step 7= SS Interaction  =  SS Cells  -  SS Treatment  -  SS Intelligence 

 

 Step 8= ANOVA (2 X 2) table 
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Source of variation Degree of 
freedom 

Sum of 
squares 

Mean 
square 

F P 

Treatment      

Intelligence      

Interaction      

Within cells      
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Chapter 4 

ANALYSIS AND INTERPRETATION OF DATA 

 The main purpose of this study was to investigate the effect of teaching physics with 

physics suite on the achievement of secondary school students. The analysis and interpretation of 

data obtained from the school record and through posttest is being analyzed and interpreted in 

this chapter. In the subject of physics the previous achievement scores were obtained from the 

school record to equate the groups. By applying t-test, analysis of variance and factorial design 

(2x2), the significance of difference between the mean scores of experimental and control groups 

on previous achievement scores and post-test were found out. 

The significance of difference between the mean scores of experimental group and 

control group on previous achievement in Physics was found out by applying t-test. The 

summary of results is presented in Table 1. 

Ho1: Mean scores of experimental and control groups do not significantly differ on 

previous achievement test. 

Table 1: Overall comparison of experimental and control groups on previous test 

Comparison Group N M SD T P 

Control 20 61.75 5.09  

0.089 

 

0.93 Experimental 20 61.60 5.56 

Table 1 shows that on previous test, calculated value of t was0.089 with p>0.05. Hence 

there was no significant difference between mean scores of control and experimental groups on 



  67

previous test. Therefore, the groups could be treated as equal and the null hypothesis, “Mean 

scores of experimental group and control group do not significantly differ on previous 

achievement test“, is accepted. 

Ho2: Mean scores of low achievers of experimental and control groups do not 

significantly differ on previous achievement test. 

Table 2: Comparison of low achievers of experimental and control groups on previous test. 

 

Table 2 reflects that in the comparison of low achievers of control and experimental 

groups, the value of t was 0.129 with p> 0.05. Thus low achievers of control and experimental 

groups had no significant difference in mean scores on previous test. Hence, could be treated as 

equal and the null hypothesis, “Mean scores of high achievers of experimental and control 

groups do not significantly differ on previous achievement test”, is accepted. 

 

 

 

Comparison Group N M SD T P 

Control 11 57.91 3.02  

0.129 

 

0.898 Experimental 11 57.73 3.55 
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Ho3: Mean scores of high achievers of experimental group and control group do not 

significantly differ on previous achievement test. 

 

Table 3:  Comparison of high achievers of experimental and control groups on previous test 

Comparison Group N M SD t P 

Control 9 66.44 2.24  

0.081 

 

0.936 Experimental 9 66.33 3.43 

 

 Table 3 indicates high achievers of control and experimental groups had no significant 

difference  between their mean scores on previous test as calculated value of t was 0.081 with 

p>0.05. Thus high achievers of control and experimental group were at the same achievement 

level before treatment. Hence, the null hypothesis, “Mean scores of low achievers of 

experimental group and control group do not significantly differ on previous achievement test”, 

is accepted. 
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Ho 4: Mean scores of experimental and control groups do not significantly differ on 

post-test. 

 

Table 4:  Comparison of experimental and control groups on post-test 

Comparison Group N M SD T P 

Control 20 85.45 8.91  

5.15 

 

0.00 Experimental 20 96.05 2.31 

 

 Table 4 reflects that in the comparison of control and experimental groups on post-test’ 

the value of was 5.15 with p<0.05 showing a significant difference between the mean scores of 

comparison groups. Thus mean score of experimental group (96.05) was significantly greater 

than the mean score of control group (85.45) after treatment. Therefore, the null hypothesis, 

“Mean scores of experimental and control groups do not significantly differ on post-test”, is 

rejected. 
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Ho 5: Mean scores of high achievers of experimental group and control group do not 

significantly differ on post-test. 

Table 5:  Comparison of low achievers of experimental and control groups on post-test 

Comparison Group N M SD T P 

Control 11 79.09 6.35  

7.73 

 

0.00 Experimental 11 94.54 1.92 

 

Table 5 shows after treatment the  value of t was 7.73 with p<0.05 for the low achievers 

of control and experimental groups. Hence there was a significant difference between the mean 

scores of experimental group (94.54) and control group (79.09) at 0.05 level of significance. 

Obviously the experimental group outperformed the control group on post-test. Hence, the null 

hypothesis, “Mean scores of high achievers of experimental group and control group do not 

significantly differ on post-test”, is rejected. 
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Ho 6: Mean scores of low achievers of experimental group and control group do not 

significantly differ on post-test. 

Table 6: Comparison of high achievers of experimental and control groups on post-test 

Comparison Group N M SD T P 

Control 9 93.22 3.83  

3.52 

 

0.003 Experimental 9 97.89 1.05 

 

 Table 6 reflects that in the comparison of high achievers of control and experimental 

groups, there was a significant difference between their mean scores at 0.05 level of  significance 

as value  of t for this comparison was found to be 3.52 with p<0.05. Besides this the mean score 

for high achievers of experimental group (97.89) was greater than the mean score of high 

achievers of control group (93.22) showing significant effect of treatment. Hence, the null 

hypothesis, “Mean scores of low achievers of experimental group and control group do not 

significantly differ on post-test”, is rejected. 
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Ho 7: Interaction between treatments does not have any significant effects on the 

achievement of low achievers and high achievers of experimental group and 

control group. 

Table 7: ANOVA showing significance of difference between mean scores of high and low 

achievers of control and experimental groups on post-test 

 Variables  Sum of 

Squares df Mean Square F P 

 

Between Groups 2167.419 3 722.473 45.946 .000* 

Within Groups 566.081 36 15.724   

Total 2733.500 39    

*Significant 

In Table 7, the statistical values ( F=45.946 and p=0.00 ) indicate that there exists 

significant difference  between the mean scores of at least one pair of comparison groups on 

post-test. Further difference between the pairs is evident from multiple comparison in the 

following table. 
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Table 8: Post-Hoc test showing significance of difference between mean scores of  different 
pairs of comparison groups on post-test. 

Comparison groups  Mean difference 

( I-J) 

S.E P 

Achievement level (I) Achievement level 
(J) 

 

Cont. High Achievers Cont. Low achievers 14.13131* 1.78232 .000* 
 Exp. High Achievers -4.66667 1.86931 .120 
 Exp. Low Achievers -1.32323 1.78232 .907 
Cont. Low achievers Cot. High Achievers -14.13131* 1.78232 .000* 
 Exp. High Achievers -18.79798* 1.78232 .000* 
 Exp. Low Achievers -15.45455* 1.69086 .000* 
Exp. High Achievers Cot. High Achievers 4.66667 1.86931 .120 
 Cont. Low achievers 18.79798* 1.78232 .000* 
 Exp. Low Achievers 3.34343 1.78232 .334 
Exp. Low Achievers Cot. High Achievers 1.32323 1.78232 .907 
 Cont. Low achievers 15.45455* 1.69086 .000* 
 Exp. High Achievers -3.34343 1.78232 .334 

 *Significant 

  

 Table 8 indicates that on post-test,  mean achievement score of low achievers of the 

control group was significantly  less than mean achievement scores of  high achievers of control 

group ( mean difference= -14.13, p=0.00), low achievers of experimental group (mean 

difference=-15.46, p=0.00), and  high achievers of the experimental group ( mean difference=-

18.80, p=0.00).  However, the pairs low achievers of the experimental group and high achievers 

of the control group ( mean difference=1.32, p=0.907), low achievers and high achievers of the 

experimental group (mean difference= -3.43, p=0.334), and  high achievers of the control group 

and high achievers of the experimental group ( mean difference=-4.67, p=0.12) had no 

significant difference between their mean achievement score (as p> 0.05) at 0.05 level of 

significance. Hence treatment proved to be more effective for low achievers as compared to high 
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achievers in the subject of physics at secondary level. Hence, the null hypothesis, “Interaction 

between treatments does not have any significant effects on the achievement of low achievers 

and high achievers of experimental group and control group”, is partially rejected. This may be 

due to interaction between the variables. 

Ho 9: Mean scores of experimental group and control group do not significantly differ 

on retention test. 

 Table 9: Overall comparison of experimental and control groups on retention test 

Comparison Group N M SD t P 

Control 20 82.40 9.39  

5.24 

 

0.00 Experimental 20 93.85 2.70 

 

Table 9 indicates that mean achievement score of the experimental group (93.85) is 

significantly greater than mean achievement score control group (82.40) as value  of t is 5.24 and 

p is less than 0.05. Hence treatment had significant effect on the retention of acquired knowledge 

by the students. Hence, the null hypothesis, “Mean scores of experimental group and control 

group do not significantly differ on retention test”, is rejected. 
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Ho 10: Mean scores of low achievers of experimental group and control group do not 

significantly differ on retention test. 

Table 10:  Comparison of low achievers of experimental and control groups on retention test 

Comparison Group N M SD t P 

Control 11 75.64 6.58  

7.88 

 

0.00 Experimental 11 91.91 1.92 

 

 In Table 10 the values of t=7.88 and p<0.05 shows  that there was a significant difference  

between mean scores of  low achievers of the experimental and control groups  on retention test. 

As mean score of low achievers of the experimental group (91.91) was greater than mean score 

for the low achievers of the control group (75.64), thus low achievers of the experimental group 

retained the learnt material significantly better than low achievers in the control group. Hence, 

the null hypothesis, “Mean scores of low achievers of experimental group and control group do 

not significantly differ on retention test”, is rejected. 
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Ho 11: Mean scores of high achievers of experimental and control groups do not 

significantly differ on retention test. 

 

Table 11:  Comparison of high achievers of experimental and control groups on retention test 

Comparison Group N M SD T P 

Control 9 90.67 3.97  

4.049 

 

0.001 Experimental 9 96.22 1.09 

 

Table 11 reflects t=4.05 and p<0.05.  Hence mean score of high achievers of the experimental 

group (96.22) is significantly greater than the mean score of high achievers of the control group 

(90.67) at 0.05 level of significance. Hence, the null hypothesis, “The mean scores of high 

achievers of experimental group and control group do not significantly differ on retention test”, 

is rejected. 
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Table 12:  ANOVA showing significance of difference between mean scores of high and low 

achievers of control and experimental groups on retention test 

 Variables Sum of Squares df Mean Square F P 

 

Between Groups 2521.365 3 840.455 50.010 .000 

Within Groups 605.010 36 16.806   

Total 3126.375 39    

*Significant 

 In table 12 the statistical values ( F= 50.01, P< 0.05) indicate there exists a significant 

difference  between mean scores of  at least one pair of the comparison groups on retention test. 

Further detail of these differences has been interpreted in following table for multiple 

comparisons. 

Table 13: Post-Hoc test showing significance of difference between mean scores of different 
pairs of comparison groups on retention test. 

Comparison groups  Mean difference 

( I-J) 

S.E. p 

Achievement level (I) Achievement level (J)  
Cont. High Achievers Cont. Low achievers 15.03030* 1.84258 .000 
 Exp. High Achievers -5.55556 1.93252 .057 
 Exp. Low Achievers -1.24242 1.84258 .928 
Cont. Low achievers Cot. High Achievers -15.03030* 1.84258 .000 
 Exp. High Achievers -20.58586* 1.84258 .000 
 Exp. Low Achievers -16.27273* 1.74803 .000 
Exp. High Achievers Cot. High Achievers 5.55556 1.93252 .057 
 Cont. Low achievers 20.58586* 1.84258 .000 
 Exp. Low Achievers 4.31313 1.84258 .160 
Exp. Low Achievers Cot. High Achievers 1.24242 1.84258 .928 
 Cont. Low achievers 16.27273* 1.74803 .000 
 Exp. High Achievers -4.31313 1.84258 .160 
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 *Significant 

 Table 13 shows there was a significant difference (p<0.05)  between the mean scores of 

the pairs low achievers of the control group and low achievers of the experimental group (mean 

difference=-16.27, p=0.00), low achievers of the control group and high achievers of the control 

group ( Mean difference=-15.03, p=0.00),  and low achievers of the control group and high 

achievers of the experimental group (Mean difference=-20.59) at 0.05 level of significance. 

However, the pairs low achievers of the experimental group and high achievers of the 

experimental group (Mean difference=4.31, p=0.16), low achievers of the experimental group 

and high achievers of the control group (Mean difference=1.24, p=0.928), and high achievers of 

the experimental group and high achievers of control group (Mean difference=5.56, p=0.057) 

had no significant difference (p>0.05) between mean scores on retention test. Hence the 

treatment proved to be more effective for low achievers of experimental group as compared to 

the high achievers of the experimental group. 
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DISCUSSION 

In this study, pre-test post-test equivalent design was used as research design for 

experiment. Before treatment, experimental and control groups were equated through pair 

random sampling on the basis of their previous scores in Physics in the last annual examination. 

For treatment, the experimental group was taught using Physics Suit for a period of six weeks. 

After treatment, the post-test was administered on experimental and control groups. Again the 

same test was administered after a period of four weeks in order to measure retention of the 

learnt material for both experimental and control groups. The results of the study have been 

discussed as under: 

H0 4: On post-test’ the t-value was 5.15 with p<0.05 showing a significant difference 

between the mean scores of control and experimental groups. Thus mean score of experimental 

group (96.05) was significantly greater than the mean score of control group (85.45) after 

treatment. Hence the hypothesis “Mean scores of experimental group and control group do not 

significantly differ on post-test” was rejected in the favour of experimental group. These findings 

are in line with findings of the studies reported by Redish (2003) , and Efthimiou, Maronde, 

McGreevy, Broce  and McCole (2011) at university level. 

HO 5: After treatment, the mean score for the low-achievers of experimental group 

(94.54) was greater than the mean score for the low-achievers of control group (79.09). As the t-

value was 7.73 with p<0.05, the difference between mean scores of low-achievers of both groups 

was significant at 0.05 level of significance. Thus the hypothesis “Mean scores of low achievers 

of experimental group and control group do not significantly differ on post-test” was rejected.  
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HO 6: In the comparison of high achievers of control and experimental groups, a 

significant difference between their mean scores (93.22 and 97.89 respectively) was found at 

0.05 level of significance with value of t = 3.52 and p<0.00. Hence, the hypothesis “Mean scores 

of high achievers of experimental group and control group do not significantly differ on post-

test’ was rejected showing the supremacy of experimental group. 

HO 7: On retention test, the mean achievement score of the experimental group (93.85) 

was significantly greater than mean achievement score control group (82.40)  with value  of 

t=5.24 and p less than 0.05. Hence treatment had significant effect on the retention of students. 

Similarly for low achievers, the values of t=7.88 and p<0.05 show that there was 

significant difference between mean scores of low achievers of the experimental and control 

groups  on retention test. As mean score of low achievers of the experimental group (91.91) was 

greater than mean score for the low achievers of the control group (75.64), thus low achievers of 

the experimental group retained the learnt material significantly better than low achievers in the 

control group. Furthermore, the mean score of high achievers of the experimental group (96.22) 

was significantly greater ( with t=4.05 and p<0.05)  than the mean score of high achievers of the 

control group (90.67) at 0.05 level of significance. Thus the hypothesis “The significant 

difference on interaction between treatments effects on the achievement of low achievers and 

high achievers of experimental group and control group” was rejected showing a significant 

effect treatment on academic achievement and retention. 

 When low achievers and high-achievers of experimental and control groups were 

compared for academic achievement using multiple comparison, the low achievers of the control 

group had significantly less mean achievement score as compared to high achievers of control 
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group (mean difference= -14.13, p=0.00), low achievers of experimental group (mean 

difference=-15.46, p=0.00), and high achievers of the experimental group ( mean difference=-

18.80, p=0.00).  However, the low achievers of the experimental group had no significant 

difference as compared to  high achievers of the control group ( mean difference=1.32, p=0.907),  

and high achievers of the experimental group (mean difference= -3.43, p=0.334) . While high 

achievers of the control group and high achievers of the experimental group ( mean difference=-

4.67, p=0.12) had no significant difference between their mean achievement score (as p> 0.05) at 

0.05 level of significance. However   a significant difference existed between this pair ay 0.01 

level of significance. Hence treatment proved to be more effective for low achievers as compared 

to high achievers in the subject of physics at secondary level. 

Again in the comparison of low achievers and high-achievers of experimental and control 

groups on retention test, the low achievers of the control group had less mean score with 

significant difference as compared to low achievers of the experimental group (mean 

difference=-16.27, p=0.00), high achievers of the control group ( Mean difference=-15.03, 

p=0.00), and high achievers of the experimental group (Mean difference=-20.59) at 0.05 level of 

significance. The pairs:  low achievers of the experimental group and high achievers of the 

experimental group (Mean difference=4.31, p=0.16), low achievers of the experimental group 

and high achievers of the control group (Mean difference=1.24, p=0.928), and high achievers of 

the experimental group and high achievers of control group (Mean difference=5.56, p=0.057) 

had no significant difference (p>0.05) between their mean scores on retention test. Hence 

Physics Suit proved to be more effective for learning Physics at HSSC level as compared to 

traditional lecture method of teaching. Furthermore, the low-achievers benefited more than high-

achievers.  
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According to Redish (2012), Physics suit has been designed to have a variety of hands on 

activities and learning patterns that best fit to make connections to the existing knowledge of 

learners, their mental state and schema, and learning styles. For developing an environment to 

keep learners engaged in thinking and learning, social interaction is created by cooperative 

groups work. All these elements and principles of physics suit provide a better stage to the 

learners for learning as compared to traditional lecture method. The supremacy of experimental 

group on post-test scores and retention tests score can be attributed to these facts related to 

Physics suit. Interactive lecture demonstrations paired with lab instruction in Physics suit 

enhance conceptual understanding of the learners (Efthimiou, Maronde, McGreevy,del Barco  & 

McCole ,2011). This may be another reason for the effectiveness of treatment in this study. In 

Physics suit, scaffolding during group-work, fostering the learning style, and more space for 

improvement are the apparent factors for low-achievers of the experimental group to be more 

momentous beneficiary of the treatment. 
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Chapter 5 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1 SUMMARY 

The study was aimed at investigating the effect of teaching Physics with Physics suite on 

the academic achievement of secondary school students in the subject of physics. The major 

objectives of the study were: (1) to see the relative effects of teaching of Physics with Physics 

Suite on the academic achievement of secondary school students in the subject of physics; (2) to 

explore the difference between treatment effects for the students of high and low intelligence of 

both experimental and control groups; and (3) to investigate the interaction between treatment 

effect on the performance of low achievers and high achievers of of both experimental and 

control groups. 

To achieve the objectives of the study following null hypotheses were tested: (1) there is no 

significant difference in overall achievement between the students taught Physics with the 

Physics Suite strategy (experimental group) and without Physics Suite (control group) on 

previous achievement test; (2) there is no significant difference between the mean scores of the 

students of  low intelligence of experimental and control groups on previous achievement test; 

(3) there is no significant difference between the mean scores of high achievers of experimental 

and control groups on previous achievement test; (4) there is no significant difference between 

the mean scores of experimental and control groups on post-test ; (5) there is no significant 

difference between the mean scores of low achievers of experimental group and control group on 

post-test; (6) there is no significant difference between the mean scores of high achievers of 

experimental group and control group on post-test ; and (7) there is no significant difference on 
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interaction between treatments effects on the achievement of low achievers and high achievers of 

experimental group and control group. 

The students of class 9th of the Islamia Collegiate High School, Peshawar were selected as 

sample of the study. The students studying Physics as elective subject were included in the 

sample. Two groups, i.e. experimental group and control group were assigned to sample students 

on the basis of their average achievement scores in previous four semesters  in the subject of 

Physics applying pair random sampling technique. 

Two teachers of same qualification and experience were selected for instructional purposes. 

Teachers were familiarized with the teaching techniques they had to adopt. During the 

experiment students were taught through two different methods. The students of control groups 

were taught through traditional method and the students of experimental group were imparted 

instruction through physics suite. The experiment continued for six weeks. A teacher-made post-

test was administered to the experimental as well as control group immediately after the 

treatment (teaching) was over. The purpose was to find out treatment effects and to measure the 

achievement of the students constituting the sample of the study. Final data were collected from 

40 students, 20 from each group. The data obtained were analyzed by using mean, standard 

deviation, standard error of difference between means and t-test, ANOVA as statistical tools for 

the purpose of interpretation. To see the interaction of treatment effects for high and low levels 

of achievement of both the groups, the factorial design (2 X 2 analysis of variance) was applied. 

For this, purpose the students of both groups were divided into two halves, namely, high 

achievers (above the mean score) and low achievers (below the mean score) on the basis of 

scores on previous achievement test. 
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5.2 CONCLUSIONS 

Following conclusions were drawn on the basis of statistical analysis and the findings of 

the study: 

1. On the variable of previous achievement in physics both the experimental and control 

group were compared and treated equal as there was no significant difference in their 

performance. 

2. High achievers of both experimental and control groups were found equal on their 

previous achievement test. 

3. Surprisingly a significant difference between the performance of low achievers of 

experimental and control groups was found and they could not be treated as equal on 

the variable of previous achievement test. 

4. The students of experimental group performed significantly better than those of 

control group on the post-test which proved that teaching of physics with the physics 

suite was more effective than the traditional method of teaching physics to secondary 

school students. 

5. Students of high achievement level who were taught physics with physics suite 

performed significantly better than those who were taught through traditional 

approach on the post-test. 

6. Though students of low intelligence taught physics with physics suite performed 

significantly better on post-tes than those who were taught by traditional method but a 
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significant difference was also found between the performance of low achievers of 

experimental group and control group on previous test.  

7.  Since the computed value of F does not fall in the critical region, so null hypothesis 

that “there is no significant difference between treatments combinations” could not be 

rejected and it was concluded that there was no significant difference on interaction 

between treatment effects for low achievers and high achievers of both experimental 

and control groups. 

8. The experimental group performed significantly better on retention test which lead to 

the conclusion that independent variable helped the learners to retain acquired 

knowledge for longer period. 

 

5.3 RECOMMENDATIONS 

 On the basis of findings of the study and conclusions drawn, following recommendations 

are made: 

1. Teaching of physics with physics suite has proved its worth through this study, 

therefore, a well equipped computer laboratory with internet facilities should be 

established in each school where physics is being taught as an elective subject. 

2.  Concepts related with teaching of physics with physics suite be incorporated in 

the teacher education curriculum for pre-service teacher education and for teacher 

already in the system, in-service courses should be arranged and such type of 

training be made obligatory for physics teachers. 
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3. Training of teacher-educators in teaching physics with physics suite may also be 

arranged for proper and effective training of prospective physics teachers. 

4. Future studies be planned having male-female students in the sample. Experiment 

with greater number of students from different secondary schools representing 

wider range of intelligence be planned to further support the results of this study. 

5. Curriculum of physics may also be revised incorporating the teaching of physics 

with physics suite as a strategy and orientation of teachers responsible for 

teaching of physics be properly arranged. 

6. The chronological age of the sample students was not kept in view while selecting 

the sample of the study. A future study may be designed considering this variable. 

7. An experiment with the students from different cultural background such as urban 

and rural areas is also needed to examine the effectiveness of teaching physics 

with physics suite. 
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ANNEXURES 

Annex. I 

STATISTICAL DATA 

Control Group Experimental Group 

Pupils Previous 

Scores 

Scores on Post-

Test 

Pupils Previous 

Scores 

Scores on Post-

Test 

1 70 100 1 73 99 

2 68 96 2 69 99 

3 68 95 3 68 99 

4 67 94 4 66 98 

5 66 94 5 66 98 

6 66 93 6 66 98 

7 66 91 7 65 97 

8 65 88 8 62 97 

9 62 88 9 62 96 

10 61 86 10 61 96 

11 61 85 11 61 96 

12 61 85 12 60 96 

13 60 84 13 60 96 

14       59 83 14 59 96 

15 59 81 15 59 95 

16 57 77 16 58 95 

17 57 76 17 57 94 

18 56 75 18 57 94 

19 54 71 19 54 91 

20 52 67 20 49 91 
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Annex. II 

STATISTICAL DATA 

(High Achievers) 

Control Group Experimental Group 

Pupils Previous Scores Scores on Post-

Test 

Pupils Previous 

Scores 

Scores on Post-Test 

1 70 100 1 73 99 

2 68 96 2 69 99 

3 68 95 3 68 99 

4 67 94 4 66 98 

5 66 94 5 66 98 

6 66 93 6 66 98 

7 66 91 7 65 97 

8 65 88 8 62 97 

9 62 88 9 62 96 
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Annex. III 

STATISTICAL DATA 

(Low Achievers) 

             Control Group Experimental Group 

Pupils Previous Scores Scores on Post-

Test 

Pupils Previous 

Scores 

Scores on Post-

Test 

1 61 86 1 61 96 

2 61 85 2 61 96 

3 61 85 3 60 96 

4 60 84 4 60 96 

5       59 83 5 59 96 

6 59 81 6 59 95 

7 57 77 7 58 95 

8 57 76 8 57 94 

9 56 75 9 57 94 

10 54 71 10 54 91 

11 52 67 11 49 91 
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Annex. IV 

STATISTICAL DATA 

(Retention Test) 

Control Group Experimental Group 

Pupils Previous Scores Scores on Post-

Test 

Pupils Previous 

Scores 

Scores on Post-

Test 

1 70 97 1 73 98 

2 68 95 2 69 97 

3 68 92 3 68 97 

4 67 90 4 66 97 

5 66 91 5 66 96 

6 66 90 6 66 96 

7 66 91 7 65 95 

8 65 85 8 62 95 

9 62 85 9 62 95 

10 61 82 10 61 95 

11 61 82 11 61 94 

12 61 80 12 60 93 

13 60 80 13 60 93 

14       59 80 14 59 92 

15 59 78 15 59 92 

16 57 74 16 58 92 

17 57 73 17 57 91 

18 56 72 18 57 91 

19 54 71 19 54 90 

20 52 60 20 49 88 
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Annex. V 

STATISTICAL DATA 

(High Achievers) 

(Retention Test) 

Control Group Experimental Group 

Pupils Previous Scores Scores on Post-

Test 

Pupils Previous 

Scores 

Scores on Post-

Test 

1 70 97 1 73 98 

2 68 95 2 69 97 

3 68 92 3 68 97 

4 67 90 4 66 97 

5 66 91 5 66 96 

6 66 90 6 66 96 

7 66 91 7 65 95 

8 65 85 8 62 95 

9 62 85 9 62 95 
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Annex. VI 

STATISTICAL DATA 

(Low Achievers) 

(Retention Test) 

Control Group Experimental Group 

Pupils Previous Scores Scores on Post-

Test 

Pupils Previous 

Scores 

Scores on 

Post-Test 

1 61 82 1 61 95 

2 61 82 2 61 94 

3 61 80 3 60 93 

4 60 80 4 60 93 

5       59 80 5 59 92 

6 59 78 6 59 92 

7 57 74 7 58 92 

8 57 73 8 57 91 

9 56 72 9 57 91 

10 54 71 10 54 90 

11 52 60 11 49 88 
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Annex. VII 

POST-TEST 

 

Subject: Physics                                                                                                Class 9th  

Name of Student: ……………. 

Note: choose the correct answer from the options given at the end of each item. 

 

1. A force of 10N is acting on a body, the work will be zero if angles between work and 

distance is ----- 

a. 0  b.  90  c.  180  d.  30 

2. A student wrote 10 pages, he has done  

a.  Work     b.  no work  c. work against P.E  d.  work against gravity 

3. Which one is correct for power 

a. EV/t   b.  FS/t  c.  wt  d.  mgh 

4. The unit of chemical P.E is 

a. Watt   b.  Newton  c.  Joule  d.  meter 

5. A body of mass 10 kg is at the height of 1 m, its P.E is 

a. 9.8J  b.  98J c.  98watt d.  10watt 

6. If the height of a thing is doubled, its P.E, becomes 

a.  4times  b.  zero  c.  2times  d.  half 

7. Candle wax has energy 

a. Chemical  b.  heat  c.  light  d.  K.E 

8. A flame has ------- energy. 

a.  Heat  b.  light  c.  chemical   d. both (a) and (b) 

9. 1 KW power is equal to 

a.  1000kg   b.  1000N  c.  1000J   d.  100m 
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10. Horse power is denoted by  

a.  HP   b.  W  c.   kW   d.  hp                       

11. Which one is correct for power 

a. E.V/t  b. F.S/t  c. W.t   d. m g h 

12. Power is the rate of------ 

a. Change in momentum b. energy  c. doing work  d. mass  x  acceleration 

13. One KW power is equal to 

a. 1000 kg  b.  1000 N  c.  1000 J  d. 100 N 

14. A person performs a work of 100J in 10 sec.  His power is 

a. 1000 Watts  b.  10 Watts  c. 0.1 Watt  d.  none 

15. Horse power is denoted by 

a. HP  b. W  c.  KW  d. hp 

16. Which one is same as J/sec 

a. Newton  b. Watt  c. both a and b   d. none 

17. Mathematically  power is ------ 

a. F/t   b.  W/t  c.   W.t   d.  f.t 

18. Energy can neither be created nor destroyed is………… 

a. LAW of conservation of matter  b. Theory of relativity  c.  Ohm’s law  d.  

Kinematics 

19. When electric energy passes through the filament of a bulb it is converted into……… 

a. Heat  b.  light  c.  none d.  both (a) and (b) 

20. When 1 kg matter is converted into energy totally, the amount of energy released 

is….. 

a. 9 x 105 billion b. 1 billion c. 40 billion  d.  half billion 

21. The base for atomic bomb is………………………. 

a. F= ma   b.  F= Gm1m2/r2  c.  E= mc2  d. atomic mass= n+p 

22. In equation E=mc2 represent c 

a. Circumference  b.  speed of light  c.  speed of matter  d.  acceleration 

23. When some matter of mass ‘m’ is converted into energy the amount of energy is 

……… 

a  Zero  b.  m c2   c.  not possible  d.  none 
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24. Mathematical form of Einstein’s Theory of Relativity is…. 

a. E=m/c2  b.  E= mc  c.  E=mc2  d.   none 

25. Natural gas has ………. 

a. K.E   b.  Chemical  c.  heat energy  d.  none 

26. Which energy is radiated by sun 

a. Heat   b.  light  c.  Chemical  d.  both (a) and (b) 

27. Turning electric fan has 

a.  P.E  b.  K.E  c.  mechanical  d. electrical energy 

28. Power is a ……..  quantity 

a. Scalar  b.  vector   c. both A & B   d. none 

29. One horse power is equal to…………. 

a. 1000 watt   b.  100 watt  c. 74.6 watt   d. 10 watt 

30. The SI unit of power is ………….. 

a. watt  b.  horse power  c. K watt  d. joule 

31. The unit of power is ………… 

a. Watt  b.  horse power  c.  K.watt  d.  joule 

32. The energy that flows from hotter body to a colder one is………… 

a.  K.E   b.  P.E  c. electrical  d. heat 

33. Petrol has ………energy 

a.K.E   b. P.E   c.  gravitational P.E  d.  electrical energy 

34. The work done on a body against gravity store as ……………….. 

a. Potential energy  b.  gravitational P.E  c. elastic P.E  d. power 

35. Which one is not containing P.E 

a.A book at a height of 10 m,  b. compressed spring  c. petrol  d. a moving car 

36. The   energy possessed ba a body due to position………….. 

a.Potential  b.  kinetic  c. gravitational  d. power 

37. A stretched catapult has energy  

a. Potential  b. Kinetic  c. gravitational  d. chemical 

38. If mass of a body is doubled its K.E becomes 

a. Half  b.  no change   c.  double  d. 7 time 

39. The mathematical equation for k.E is  
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a. mgh b. mv2/ 2  c.  2mv2   d. ma 

40. A rotating body has ……….. energy. 

a.Potential  b.  kinetic  c.  chemical  d. spin 

41. The basic kinds of energy are: 

a. Potential & kinetic  b.  heat &light  c. chemical & potential  d. work 

42. Energy is a …………………quantity. 

a. Basic  b. fundamental  c. scalar  d. vector. 

43. The unit of energy is …………. 

a. Newton b. watt c. Joule d. horse power 

44. Which one is not a kind of energy 

a. Chemical  b. potential  c. radiation  d. solid state 

45. A machine applies a force of 1000 N on a body and displaces it 10m, the work done 

is……………. 

a. Zero  b 10000J  c. 100J  d. ½ J 

46. One mega joule is equal to…………… 

a.1000J  b. 1/1000J c. 1000000J  d. ½ J 

47. Which one is same as kg. m.m/sec.sec 

a. Newton b. Joule c. Watt d.  both A & B 

48. The SI unit of work is  

a. Joule b. watt c. horse power d. volt 

49. When a force of 1N moves a body through 1m, in the direction of force the work 

is………… 

a.1N  b. 1K Joule  c. 1 Watt  d. none 

50. If the speed of a body is doubled its K.E becomes 

a. Half  b.  twice  c. 3 times     d.  4 times. 

51. What can we do with the help of a machine? 

a. Can transfer force from one place to another 

b. Can left considerable heavy load. 

c. Can speed the rate of doing work. 

d. All of the above. 
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52. What is an effort? 

a. A weight lifted by a machine.   

b. force applied on a machine for doing work. 

c. The ratio of applied force to useful work 

d. Product of mass and velocity 

53. An input of 500J has been provided to a machine. If the efficiency of the machine is 

45%, then the output will be: 

a. 500J  b.  225J  c.  1/2J  d. 0J 

54. Lever has ……… kinds. 

a. 1  b.  2   c.  3  d.  4 

55. An ideal machine has efficiency: 

a. Less than 100%   b. greater than 100%  c.  100%  d. ½% 

56. In 2nd kind of lever …….. is in the center. 

a. Effort  b.  load  c. fulcrum  d.  input 

57. The unit of effort is ……. 

a. Watt  b.  horse power c.  Newton  d. Joule 

58. Which of the following has no unit 

a. Effort  b.  efficiency  c.  output  d. both (a) and (b) 

59. ……………makes our work easier. 

a. Machines  b.  Motion  c. Rest  d. acceleration 

60. Effort is ………… 

a. Weight lifted by machine 

b. Ratio between applied force and work. 

c. Force applied on machine. 

d. All of them. 

61. The unit of mechanical advantage(M.A) is………… 

a. Joule  b.  Newton c.  Watt  d.  none 

62. Each complicated machine may consist of……. 

a. Lever and inclined plane  b.  pulley and screw  c. wheel, axle and wedge d. 

All of them. 
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63. The ratios between input and output is…………… 

a.M.A  b. efficiency c. both a and b   d. none 

64. Greater the radius of axle ………….. is the M.A 

a. Greater  b.  less   c.  zero  d. 1 

65. M.A of screw jack is ………… 

a. d/h  b. 2 X Pi x d/h c. 2xpi/h    d. none 

66. in which of the following friction wastes a lot of energy 

a. lever b. pulley c. screw jack d. both b &c 

67. which has M.A equal to 1 

a. lever b.  fixed pulley c. wedge d. screw 

68. the distance between fulcrum and load is  

a. moment arm b. load arm c. both a &b    d. none 

69. The M.A of moveable pulley is……….. 

a. 4  b.  2  c.  zero  d. ½ 

70. The advantage of fixed pulley is that  

a. It  increases the force  b.  it changes the direction of force  c. Both a & b     

d.lie in a straight line. 

71. Ladder  is an example of….. 

a. Lever  b.  screw jack  c. inclined plane  d. wedge 

72. In a fixed pulley ………………does not move. 

a. Rope  b.  Pulley  c.  Load  d.  power 

73. Which one is used to left a drum to a truck? 

a. Lever  b.  inclined plane  c.  pulley  d. wedge. 

74. Lever is a ……….. 

a. Complex machine b.  simple machine  c. not a machine d. grooved wheel 

75. Which one is measured in % 

a. M.A    b.  efficiency  c.  both a & b     d. power 

76. An input of 500J is provided to a machine. If efficiency of the machine is 45% then 

output is……………… 

a. 500J  b.  25%  c. 255J  d. none 
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77. The unit of M.A is…………. 

a. Kilo  b. watt  c. Newton  d. Joule 

78. The product of effort ‘E’ and distance ‘d’ is ………….. 

a. Effort  b.  load c. input  d. M.D 

79. Human arm is an example of …….. 

a. Lever of 1st kind b. pulley  c. inclined plane d. screw  

80. The distance between fulcrum and load is …………. 

a. Load arm b. moment arm c. effort arm d. work arm 

81. A knife-edge is an example of ……………………. 

a. Inclined plane b. wedge  c. lever d. screw guage 

82. Mathematical form of input is……………. 

a. Fxd  b. Lxd  c. Wxd   d. M.A 

83. Output of a machine is always…………the input 

a. Greater  b.  less  c.  equal  d.  zero 

84. L x (h/E) x d is the ratio between ………. 

a. Out put x input  b. M.A  c. efficiency  d. both a & b 

85. The work done by a machine is ……….. 

a. Input  b. output c. efficiency  d. mechanical advantage 

86. The force applied on a machine is ………… 

a. Input  b. output c. efficiency   d.  work 

87. The M.A of screw jack is……. 

a. R/r  b.  2xpix l/h  c.  2xpixr  d. work 

88. Principle of lever states that for a lever in the state of equilibrium: 

a. Effort x effort arm =  load x load arm  b.  r x l = h x 2 pi 

c. effort= load  d. effort arm =  load arm 

89.  Wedge is used to …… 

a. split a surface apart  b. combine(join) the two surfaces  

           c. move one surface over the other   d. hold surfaces in equilibrium. 
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90. Efficiency is always expressed in …………….. 

            a. numbers b. percentage  c. fraction  d. alphabets. 

91. A sharper wedge (smaller value of  angle) has ……………….. 

          a. greater M.A  b.  less M.A  c. equal M.A  d. fraction of M.A 

92. Human arm is the example of ………. 

a. first kind of lever b. 2nd form of lever c. 3rd form of lever d. like screw  jack 

93. Inclined plane is ……….. 

       a. A rigid plane making an angle with the horizontal. 

b. Perpendicular to the horizontal  

c. making no angle with the horizontal 

        d. parallel to the horizontal 

94. The distance between two adjacent threads in the screw is called………. 

         a. The pitch of the screw   b. height of the screw 

        c.  weidth of the screw       d. length of  the screw      

95. The mechanical advantage of the screw jack depends upon the………….. 

        a. pith and the radius of the screw head.  b.  height and width of screw head 

        c. weight of screw   d.  volume of screw 

96. If the radius of the screw head is large and pitch is small then the M.A will be 

                     a. large b. average c. small d. negligible. 

97. The wedge is in equilibrium under the action of the force if…….. 

         a. ignoring frictional force. b. increasing frictional force  
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         c. decreasing frictional force  d. All of the above 

98. Effort E is always applied ……………… 

a. on the top of wedge  b. parallel to the wedge  c. on the bottom of the  wedge d. 

which make an angle with wedge. 

99. M.A for wedge is…….. 

         a. l/2h  b. r/R  c. 1/ sinQ   d. l/r  

100. Torque of effort = Torque of load is 

a. principle of lever.  b. mechanical advantage   c. principle of inclined plane d. 

necessary for wheel and axle,  
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