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Abstract

Students’ achievement in Physics in external examination had dwindled over the years. The problem
of poor performance in Physics sometimes had not been limited to the students alone but also to
teachers’ pedagogical strategies. The study examined effect of Predict-Observe-Explain and Virtual
Laboratory strategies on secondary school Physics students’ attitude to and achievement in Simple
Harmonic Motion in Ogun State. Fourteen hypotheses were formulated and tested at.0¥05 levels of
significance. The study adopted pretest- posttest control group quasi-experimental design involving
3x2 factorial matrix. A total of 166 SS2 Physics students in three senior secofidawyvschool intact
classes in Ogun State participated in the study. Physics Achievement Test (PAT)“with 30 multiple-
choice questions (r=0.81), Physics Attitude Scale (PAS) with 20 items oma fouf-point Likert type
scale (r=0.73) were used for data collection.

Data were analyzed with descriptive (frequency and percentage).dnd inferential statistics
(ANCOVA). There was a significant main effect of Predict-ObservésExXplain strategy on students’
attitude to Physics (F1,1285=6.349, p<0.05, partial n?>=0.047). There'\Wwas a significant main effect of
Predict-Observe-Explain strategy on students’ achievedierit™in Simple Harmonic Motion
(F(1,128=682.814, p<0.05, partial n>=0.842). There was a significant main effect of Virtual Laboratory
strategy on students’ attitude to Physics (F(1,123=5.318, w<0.05, partial n?>=0.041). There was a
significant main effect of Virtual Laboratory strategy ©on sttidents’ achievement in Simple Harmonic
Motion (F(1,123=625.120, p<0.05, partial n>=0.836). There was no significant main effect of gender on
students’ attitude to Physics (F(1,163=1.747, p>0,05,partial n?=0.011). There was no significant main
effect of gender on students’ achievement in Simpl¢ Harmonic Motion (F(1,163=0.067, p>0.05, partial
N?=0.000).There was a significant interaction effects of Predict-Observe-Explain and Virtual
Laboratory Strategies on students’ attitudeto Physics(F2,162=4.322, p<0.05,partial 1=0.047). There
was a significant interaction effects ofyRredict-Observe-Explain and Virtual Laboratory strategies on
students’ achievement in SimplesHatmehic Motion (F(2,162=586.719, p<0.05, partial n>=0.047). There
was no significant interaction e¢ffedts of Predict-Observe-Explain and gender on students’ attitude to
Physics (F1,126=1.073, p>Q.05,\partial n>=0.008).There was no significant interaction effects of
Predict-Observe-Explain and*gender on students’ achievement in Simple Harmonic Motion
(F1,126=2.009, p>0.05)%paitial 1?=0.016).There was no significant interaction effects of Virtual
Laboratory strategy and gender on students’ attitude to Physics(F(1,121=0.356, p>0.05, partial
1?=0.003). Theréwas*a significant interaction effects of Virtual Laboratory strategy and gender on
students’ achigyément in Simple Harmonic Motion (F(1,121y=5.219, p<0.05, partial n>=0.041). There
was no signifidatit interaction effects of Predict-Observe-Explain, Virtual Laboratory strategies and
gender omstudents’ attitude to Physics (F2,150=0.649, p>0.05, partial n>=0.008).The study concluded
that Predict-Observe-Explain and Virtual Laboratory strategies enhanced students’ performance in
Physics

Based on the findings of this study, it was recommended that Physics teachers should adopt
Predict-Observe-Explain and Virtual Laboratory strategies to teach Physics in secondary schools.

Keywords: Predict-Observe-Explain, Virtual Laboratory, Attitude to Physics, Achievement in
Simple Harmonic Motion, Gender in Physics

Word Count: 442
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Chapter One

Introduction

1.1 Background to the Study

Science is primarily designed to transform the environment towards improving the general
quality of life, thus making the world a better place. It is the foundation on whic ntemporary
technological breakthroughs and advancement rest. Science employs observatio@%&rimentaﬁon,
measurement, and recording to methodically investigate the properties of materfalS and the behavior
of the physical universe'. Science is considered to be a systemati , and objective way to

study the natural world?. Physics, Chemistry, Mathematics, andogy constitute the fundamental

Q

In recent times, countries all over the worl éecially developing ones like Nigeria, are

disciplines of science?.

striving hard to develop scientifically and tébQ logically, since the world is a scientific and
technological global village where all prté&fu tioning of lives largely depends on science. Without
the application of science, it woglc&Q}\een difficult for a human being to explore the other planets
of the universe. The develom@\of any society is based on its technological level, and Physics

education is a signific tor in enhancing technology development. Physics is known as the study

of the nature a cgaycteristics of matter and energy. The pure science of Physics has enormous
effects on t e

rn and globalised society. The science of observing the environment around us is
called PI&\'{S 4, Physics is a core subject in science and technology since it studies the essence of

natural phenomena and helps people understand the rapidly technological changing society”.

Physics is the natural development of experiments, observations, and theories to explain the
fundamental structure of all we perceive which is crucial for effective living in this jet age of science
and technology®. Being fundamentally, the study of various forms of energy interactions and inter-

1



conversions with matter, Physics is the study of the nature of our environment and how different
energies of nature can be produced, conserved, and changed to another form’. It has been noted that
teaching Physics in secondary education involves imparting the fundamental knowledge and concepts
of science, helping students develop the skills and abilities necessary to participate in scientific
processes, and instilling in them a positive attitude towards and appreciation for science and its
applications®. Physics is a critical subject for effective living in the scientific and technglogical age,
according to the Nigerian Federal Ministry of Education®. This implies that a@%ents must be
afforded the chance to learn certain Physics ideas, theories, concepts, a&l&ﬁfies. The goals of
Physics education, as stated in the new Senior Secondary School Physi iculum, provide a clear

explanation of these ideas, theories, and skills'®. 0

The subject is one of the oldest disciplines and was @Qy part of natural Philosophy during
the scientific revolution period. It has emerged as & research subject with new ideas which
explain the fundamental mechanics of other s)&s and open new avenues for research in other
Science areas and Mathematics. The ég;\&y Physics education are to cultivate and improve
creativity, provide a foundational &Q&anding of Physics for living in society, prepare students for
higher education by teachin% e\ the fundamental theories and principles of Physics, and equip
them with the nece.ss@cientiﬁc knowledge and mindset for using physics in technology!'.
Reaching these ogs)s crucial, and it calls for a teacher who employs learner-centered teaching
strategies s@eaming occurs when students are actively engaged in the teaching and learning

process.}h(refore, the difficulties a teacher faces are in creating meaningful instruction that will

result in meaningful learning!?.

The economic potential of developed nations rests squarely on their advancement in science
and technology and Physics played a major role in that aspect. Physics is one of the elective subjects
in the Key Learning Area (KLA) of science education'. It is for functional living in society, in which

2



students are trained in the art of finding a physical explanation for what they experience, while also
having opportunities to experience the scientific methods that can be applied when making critical
investigations. The Physics curriculum serves as a continuation of the science where Senior
Secondary one to three (SS1-3) curriculum builds on the strength of the current Physics curriculum.
Every student is given an opportunity to acquire some of its concepts, principles, and skills. Physics
education is expected to develop student’s world view in terms of linking reality, putt'm&n personal
effort in the enriching learning environment, and constructing their own und@%ing from the

available resource material. /\

Physics indeed is the pillar of technological and scientific @pmen‘[ of most developed
nations in the world, for example, improved knowledge of el netism and nuclear Physics led
to the inventions of television, the computer, and nuclear @erlals such as domestic appliances and
nuclear weapons. Advances in thermodynamics l%é%e development of industries while the
development in calculus was based on the g\@ces in Mechanics. Thus, there is a need for

technically literate citizens with comp lem-solving skills for the purpose of taking wise
decisions and understanding the &@c&nges that might occur in the nearest future. The laws,
principles, and theories of P S@lre being applied in solving many problems of human beings on
earth. It was pointed ,&hat Physics is the heart of science and a pillar of all technological
activities'*, (J\

Many ped nations like the USA, Japan, France, China, and Russia attained their positions
of worldp\ﬁer as a result of development in science and technology and Physics played a key role in
that direction. The discipline has proven its benefits to mankind as almost every human activity and
virtually every profession involves some elements of Physics!®. Agronomy, Engineering, Geophysics,

Biophysics, Material Sciences, Nuclear Physics, Medicine, and Communication Technology are just

a few of the disciplines that rely on the fundamentals of Physics'®. The field of Information and



Communication Technology (ICT) has greatly benefited from the application of Physics concepts.
Devices like computers, iPads, smartphones, and satellites have made the globe smaller by enabling
communication between people across vast distances.

Additionally, Physics knowledge promotes sustainable industrial development for the
advancement of materials beneficial to humankind's well-being. In order to respond to widespread
and rapid changes in all parts of life, students studying Physics can develop problem&ﬂving and
science process abilities that will boost proper critical thinking and inquiry'”. Hen teaching and
learning of the subject need serious attention at the secondary school lew&ﬂuance sustainable
technological development in Nigeria. O

It is generally accepted that critical thinking should be @nportant dimension of science
education'®. Critical thinking should not only be an educaf&&oice but rather an inseparable part
of education. Since the world has changed quickl)h%emands that education should develop
students’ critical thinking at all levels rather ting obsolete knowledge. Critical thinking can
be taught and learned!. Students will im V;stheir critical thinking when teachers use appropriate
instructional methods and curriculu@sfa_%rial and active learning strategies®’. In addition, critical
thinking is considered as the a%%mstruction in which the students learn to apply cognitive skills
such as hypothesizing, de&n , performing, and analyzing a series of investigation?'.

Physics Teao(e:rj\are, therefore, obligated to help students develop the skills necessary to
synthesize thefbéces of a modern and complex society. Thus, to enhance national development in
informatﬁ&ience, technology, and innovation, basic concepts and principles of Physics are highly
indispensable. Hence, Physics is included in the Nigerian Senior Secondary School science
curriculum to build a strong technological foundation for students. There are five concepts of
Physics?2. These include the concept of space, time, and motion, conservation principles, waves,

fields, and Quanta. One important aspect of Physics is Mechanics.



The significance of Mechanics topics in Physics was highlighted by the Senior Secondary
School Examination of the West African Examinations Council (WAEC) and the National
Examination Council (NECO), which showed that over thirty percent of the questions on the Senior
Secondary School Physics examination were related to Mechanics. The areas where students
performed poorly in Physics were primarily the Elasticity Properties of Solid, Kinetic Theory, Simple
Harmonic Motion, Projectiles Motion, the Relative Density of a solid, Propeﬁwf Matter,
Equilibrium of forces and Mechanical Energy, simple mathematical corr@%on, and the
interpretation of expressions and equations™ 23, Simple Harmonic Motion ( Mgﬁ(a topic in Physics
which consists of content knowledge and calculation. The sub content s period, frequency and
amplitude of Simple Harmonic Motion, relationship between Si@ armonic Motion and circular
motion, speed and acceleration of Simple Harmonic Motiobgionship between linear acceleration
and angular velocity, energy of Simple Harmonic \\%’A free vibration, damped vibration, force
vibration and resonance. Effective understa Simple Harmonic Motion entails that the
theoretical presentations, practical prese\ﬂQ&f‘s and calculations should be understood by the
students. It was stressed that, the ca@acpprinciple of teaching is that the whole is greater than the
sum of its part>*. Simple Ha o otion is a perceived difficult concept for students to understand
because it often involves ﬁplex equation®. Students shy away from mathematical analysis of the
concept, which inc@%\p,gér od, frequency, amplitude, velocity, and acceleration of Simple Harmonic
Motion®. 6

Siniple ’?rmonic Motion can be observed using a spring and a simple pendulum. This motion
is a type of periodic motion or oscillation motion where the restoring force is directly proportional to
the displacement and acts in the direction opposite to the displacement®®. The spring that is stretched
or compressed around the equilibrium position is proportional to the force applied by force following
Hooke's law. The following were observed as candidates’ weaknesses as regards Simple Harmonic

Motion; poor mathematical representation, inability to accurately give the statement of definitions,
5



state equations, formulas, and substitution to draw conclusion?’. However, despite the relevance of
Physics to the scientific and technological breakthroughs of nations, the subject has been faced with a
myriad of problems in Nigeria.

Several studies have revealed that the performance of Nigerian students in secondary school
Physics is generally and consistently poor over the years?®. Numerous causes have been attributed to
the low academic performance of science students. The general low academic ag%vement of
students in Physics can be attributed to various factors such as inadequate lry facilities,
insufficient teaching and learning resources compared to the continuously &ggtudent population,
and the incapacity of Physics teachers to impart clear and concis dge to their students®.
Students' performance in Senior Secondary School examination@ hampered by the poor state of
laboratory facilities and the inadequate use of instructional matefials®’. The conventional method of
teaching that is commonly used does not support th@lopment of skills, objectivity, or critical
thinking abilities that will enable the student to@& well in society.

The reports of West African Examﬁn Council (WAEC) on the Senior Secondary School
Certificate Examination, (SSCE) @&%015 to 2019 on students’ performances revealed that
between 30% and 60% o r@es passed Physics at credit level out of 1,064,384 that sat for the
examination in the 5—ye Qod in Nigeria?*3!. Simple Harmonic Motion is one of the most topics

in Physics at the @r seécondary school level in which learners perceived difficult despite being
essential forf& derstanding of other topics®2. One of the main barriers that students encountered
in unda\t%ing Physics concepts is misconceptions which they had about the concepts. Many
studies persistently report of the poor performance of students in Physics especially in the area of
Simple Harmonic Motion call for urgent attention®*. This challenging situation has been attributed
to a whole number of factors such as students’ attitude, poor study habits, the learners’ interest in
the subject, the learners’ self-concept, gender and the teaching method**. Many learners experience

difficulties when learning abstract concepts because the concepts are taught at theoretical level with
6



no visual or mental representative®>. Consequently, learners fail to understand the concepts and
therefore develop a negative attitude to Physics. The science classrooms are still being dominated
by teachers-centred strategy of lecture method of teaching3®. Research findings in the last decades
revealed that students commonly lack a deep conceptual understanding of the key ideas regarding
the concept of Simple Harmonic Motion and often fail to integrate their mental models into a
coherent conceptual framework?’. Effective teaching method employed by the teache& the major
contributory factor that influences learners understanding of concept of Simple ic Motion?,
A teaching strategy therefore is the way a lesson is approach that will us&'(o achieve a set of
given objectives. If proper choice of strategy is made and the pla @ executed students will
actively engage in the lesson and derive benefits immediatelThere are varieties of teaching
strategies from which a teacher can select for teaching 6&ming of Physics concepts, but the
method employed will depend on a number of Varia@:ch as: age of the students, their learning
styles, the cognitive level, subject matter, av&\\@rg of instructional materials and environmental
variables among others. Two or more teﬁ\K" methods can be employed within a lesson content
delivery for effective teaching to t%pc?ace. Computer simulations, laboratory and demonstration
methods are essentials for t a@gﬁe concept of Simple Harmonic Motion*’. Effective teaching of
science does not only d Qon the teacher’s knowledge of the methods but also on his/her ability
to use the approp@t)e\maod or combination of methods. In all countries, teachers are the key to
realizing thq&@culum aims and the quality of science education which students receive rests
ultimatéhgfthem‘”. Historically, Physics has been taught at the high school by the lecture method
together with laboratory activities with the aim of verifying concepts taught theoretically. Students
who participated in active learning resulted to change in their pre-conceptions about phenomena in
Physics and discover new concepts.

Achievement is another important variable in this study, it is the outcome of education to which

a student, teacher or institution has been able to realize their educational goals*’. Achievement
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implies something that somebody has done successfully especially using his/her own efforts and
skills**. Achievement is the act of obtaining a result through efforts in the quality and quantity of
students’ work. On the other hand, academic achievement is a measure of knowledge gained through
education process usually indicated by test scores, grade point average and degree**. This is why
some schools define this as a certain grade point average (GPA), or ranking in class. Academic
achievement can be defined as performance of students in schools®. It could be gettin%igh grades
and a high GPA level. This high GPA level may be achieved through the use of @gtive teaching
strategies. In this regard, the use of innovative teaching strategies may hely%igmg to develop better
understanding of a subject such as Physics which may lead @)roved performance in
achievement*6, 0

Attitude as a variable, continues to receive consider%&ention from researchers in different
subjects’ areas because attitude is an integral part of E’b‘ng Attitude is a psychological construct
representing an individual's evaluation of attects. Attitudes are essential determinants of
human behavior. Thus, attitudes, when 'a\ﬁ%d, could influence student's likes and dislikes of a
particular subject, attitudes are form, people as a result of some kinds of learning experiences
and if the experience is favo a@ positive attitude is formed and vice versa. Furthermore, peoples’
attitudes frequently affect &ctions and reactions to situations. However, an interesting result was
observed from a @ch posit that the students’ science attitudes do influence their actual
achievement 1 ce and their science achievement does not necessary influence their attitudes®’.
Thus, alﬁa& positive attitudes can increase the students’ science achievement, a high science
achievement does not necessarily create positive attitudes towards science by the students. Finding
shows that high achievement could serve to predict a positive attitude but a positive attitude alone

could not predict stronger achievement*®. Learning is challenging when one has a negative attitude

towards a subject®.



Additionally, students tend to perform well in a subject when they have a favorable attitude
towards it. One of the most significant goals of science education is to change students' attitudes
towards science®®. Attitude of both teachers and students have become one of the most important
issues in science education because it has strong influence on performance. The reason why many
students have not been opting to study Physics further and not progressing to scientific careers over
the years has been partly related to low levels of interest and negative attitude developed quite early
in life. Students achieve better when they are interested in whatever they are do t was argued
that emotional attitudes can have profound effects on learning efﬁciencyﬂ/%e(kﬁld of attitude one
holds in learning situation therefore, is of great significance. Students de toward Physics plays
vital roles in the teaching-learning process. This is because Whatttitude students have in Physics
will affect their achievement. The way science is taught, both*at high school and college level also
plays a major role in shaping students’ attitude towar@énce. Students’ attitudes towards Physics
rapidly changing technological environment w@nce their ability to cope with it emotionally as
well as in material ways. Therefore, an@igation on students’ attitudes towards Physics and
recommendations on ways of impro@gc?ueir attitudes towards Physics, enrolment in Physics and

N
their performance in the s bi@\matter is important. Understanding students' attitudes towards
Physics are fundamental §|

motivation in Physi<s.,\\'

Gender bso remained a burning issue that has relevance in education because it has been

rcing a practical approach to enhancing students' performance and

linked t(%\cgévement and participation in certain professions®?. Research studies have shown that
gender has an influence in students’ achievement in science and in practical®®. Male students have
higher level of learning outcomes than the female students in sciences>*. It was found that there was
no significant difference in learning outcomes with regard to gender®. Others, however reported no
differences in the performance of boys and girls®®. It was found that females perform better than

males in language skills, verbal memory and perceptual speed, whereas male perform better in
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Mathematics, Science and Social Science’’. Some research findings are in support of boys performing
better than girls in some areas’®, while it was reported that girls performing better than boys in other
areas®. Findings have also reported that gender has the potential of influencing students’ learning
outcomes irrespective of the instructional strategies used®. Research is inconclusive in the area of
gender, so it is still a very important moderating factor in subject learning in schools, hence its
inclusion as a moderating variable in this research. \

Science lessons should be designed to provide students the freedom to ex @&t and engage
in group discussions as they attempt to make sense of assignments and tac]&g(ult challenges. By
making lessons engaging, student-centered, and interactive, acti\% d and student-centered
teaching practices can draw in and hold the attention of studefits in Physics classes. The Predict-
Observe-Explain instructional strategy (POEIS) and theé@ Laboratory instructional strategy
(VLIS), which are being investigated in this study, ar%t\b of these activity-based, student-centered
instructional strategies. The theory of practical@%s, which emphasizes learning by doing, is the
foundation of the Predict—Observe—Explai\ﬁQé{uctional strategy. Predict, Observe and Explain are
the three tasks that students complete@c@ instance.

.

The POEIS functions W@&Ademonstrations that enable real-time observations. The POEIS
approach was claimed te be’based on the traditional research model, which entails stating a
hypothesis, providi@e ce for its viability, gathering pertinent data, and discussing the findings®'.
Based on the j practical tasks that incorporate learning by doing, the Predict-Observe-Explain
teaching\@%que was developed. It entails students making predictions about a demonstration's
outcome and discussing the rationale behind them, performing and witnessing the demonstration, and
then providing an explanation of any differences between their expectations and observations.
Computer-based teaching and learning is increasingly becoming widespread and it has been
important especially at difficult subjects in science for over two decades. Computer-based learning is

a method, which uses computers in a learning media and strengthens students’ motivation and
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educational processes. It gives opportunities to both students and teachers to learn and teach more
quickly and to combine active learning with computer technology.

A computer-based teaching method known as Virtual Laboratory Instructional Strategy (VLIS)
consists of three parts: text, video, and a virtual experiment. Students are introduced to the
experiment's title, purpose, theory, equipment, and methods in the text section. The steps involved in
conducting the experiments are demonstrated to the students through a video in the Vid&section. In
the simulated experiment segment, students use computer programs to conduriments in a
virtual setting. It was reported that, in comparison to the physical laborato@p ch, the use of the
virtual laboratory had positive benefits on students' achievements, rete and attitudes®?. Students

that participate in a virtual laboratory are more engaged i r education and have greater
opportunity to comprehend complex ideas. Constructivi%le ing should be the foundation for
developing virtual laboratory training, given their d@trated effectiveness in the teaching and
learning process. ®%

The virtual laboratory fosters a g\% desire and motivation for classes and laboratory
exercises during the learning proce%&c?irtual Physics laboratory is highly interactive software,
comprising simulations of eq&k%sics laboratory customized for the needs of researchers and
students. These software %ammes provide students with the opportunity to study under the
control and Withi@wledge of the teacher, and to learn using trial and error. The most
important attrj f virtual Physics laboratory is that they should have a highly interactive user
interface\gfs are able to perform experiments using the laboratory materials in any order by
moving the objects using input device.

The key to teaching Physics well is to use practical laboratory exercises to reinforce theoretical
explanations. A lot of the practical work done in Physics is done in laboratories. The examination of

nature by observation, induction, hypothesis, experimentation, computation, prediction, and control

was the focus of the Physics practical. It suggests that Physics is an empirical science in which
11



students relate ideas to one another through theories, experiments, and observations. Physics practical
are laboratory-based investigations conducted to uncover unknowns and validate hypotheses.

The main goal of laboratory exercises is to help students gain a better grasp of Physics concepts
through observation, analysis, and inference from experiments. Students get a wide range of
fundamental skills in data processing and experimental Physics in the laboratories. It is advisable to
let students use a variety of laboratory apparatus, both in the classroom and in the l@&atories, to
make observations, since it is essential that they have a wide experience wit@Qniques using

laboratory equipment in order to improve their abilities in conducting exy@ngds. Therefore, it is

inevitable that secondary school students would be properly exposed to cal Physics projects.
1.2 Statement of the Problem Q

The attitude and performance of Nigerian seconda@ool students in Physics have not been
encouraging. Despite the need for Physics eduo@e to the desire for technological advancement,
students' academic performance and attiﬁ& bout the subject are consistently low. Students' low
performance in Physics can be attrib@cg a wide range of factors, such as the use of inappropriate
teaching methods by teachers, é@mate laboratory facilities, poorly planned laboratory activities,

thent to the laboratory, partial or complete lack of a laboratory, a

low student and teacher %
shortage of quali@y ics teachers, and the type of laboratory activities used in Physics

Laboratory. have established that in conducting laboratory activities, teachers are using
mainly t&&centered approaches.

The National Policy on Education stated goals for Physics education in Nigerian secondary
schools are sometimes cast in doubt due to the unsuitable teaching strategies employed by Physics
teachers in secondary schools. The majority of teaching strategies, including lecture and
demonstration, which are employed in Physics classes and laboratories, encourage memorization and

deprive students of the chance to work with materials and think back on their actions as they are
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being taught and learning. Concretizing learning may be greatly aided by the interactions between
students during practical laboratory exercises.

In a study carried out to determine the effects of Predict-Observe - Explain (POE) instructional
strategy on senior secondary school students’ practical skills in Physics®. Findings of the study
revealed that Predict- Observe-Explain instruction was more effective than the conventional practical
instruction. Also, in the effectiveness of Predict- Observe- Explain (POE) model% PhET to
improve critical thinking skills of senior high school students®. The result of the @Qhows that the
scores of students' critical thinking skills in grade eleven of Group 1 and 0& increase after the
implementation of Predict -Observe -Explain (POE) learning model @’hET and both of them
present positive responses to the learning component and s@a good interest. Similarly, in
practicality and effectiveness of learning tools with Predict-@bserve-Explain assisted conceptual
change text to minimize students’ misconceptions ca@’bbut“. The results of this study indicated
that the learning tools are proven to be practis@’geffective so that they are feasible to be used
more widely. In study of the effect of Pre@n, Observation, Explanation supported project-based
environmental education on the leveégatitude and behavior toward the environment®. The study
found that the Prediction, Ob, e@ﬁon, Explanation supported project-based environmental education
provided a significant deye ent on students’ attitude and behavior. Moreover, in developing

S

concepts in Physi@

Photoelectric hrough virtual laboratory in a better way as compared to real laboratory®.

virtual laboratory experiment, the students learned concepts of the

Siﬁi& on the effectiveness of using virtual experiments on students’ learning in the general
Physics laboratory, students with virtual components acquired deeper understanding of Physics
concepts and were better prepared for carrying out real experiments®. In the study of the use of
virtual learning environments and achievement in Physics content tests, the mean achievement scores
in Physics content tests improved significantly post intervention in virtual learning environment®’.

Also, in the study of effects of Predict-Observe-Explain and Virtual Laboratory instructional
13



strategies on secondary school students’ performance in Physics practical carried out, Predict-
Observe-Explain and Virtual Laboratory Instructional Strategies improved students’ performance in
Physics practical®.

Furthermore, not much study has focused on the Predict-Observe-Explain and Virtual
Laboratory Strategies simultaneously. The researcher is interested in the instructional strategies
among all the issues that lead to students' low academic performance in and attitude t%ysics. It is
against this background that, the study determined the effect of Predict-Observe- in and Virtual
Laboratory Instructional Strategies on secondary school Physics students’ a}%&'ﬁ and achievement
in Simple Harmonic Motion in Ogun State, Nigeria. The study also ex the moderating effects

of gender on students’ attitude to and achievement in Simple Hac Motion (SHM).

1.3 Aim and Objectives of the Study 6’6

The aim of this study is to determine the effe edict-Observe-Explain and Virtual Laboratory
strategies on secondary school Physics sth@)s’ attitude to and achievement in Simple Harmonic
Motion in Ogun State. Specifically, tl%bcgctives of this study are to:
1. determine the main effect of@img Predict-Observe-Explain strategy on students’ attitude and

achievement in Simple H QC Motion in Physics in secondary school in Ogun State

ii. determine the n@f ct of using Virtual Laboratory strategy on students’ attitude and
achievement i@le Harmonic Motion in Physics in secondary school in Ogun State

1il. examinﬁ\t&main effect of gender on students’ attitude and achievement in Simple Harmonic
Motion in Physics in secondary school in Ogun State

iv. determine the 2-way main effect of Predict-Observe-Explain and Virtual Laboratory strategies on
students’ attitude and achievement in Simple Harmonic Motion in Physics in secondary school in

Ogun State

14



v. determine the 2-way interaction effect of Predict-Observe-Explain and gender on students’ attitude
and achievement in Simple Harmonic Motion in Physics in secondary school in Ogun State
vi. investigate the 2-way interaction effect of Virtual Laboratory and gender on students’ attitude and
achievement in Simple Harmonic Motion in Physics in secondary school in Ogun State
vii. investigate the 3-way interaction effect of Predict-Observe-Explain, Virtual Laboratory, and gender

on students’ attitude and achievement in Simple Harmonic Motion in Physics in second& school in

Ogun State. OQ
1.4 Hypotheses /\(/

The study tested the following null hypothesis at 0.05 level of significa
Hol: There will be no significant main effect of Predict—Observe@ain strategy on students’
1. attitude Q
ii. achievement in Simple Harmonic Motion in Physics @tbbndary school in Ogun State
Ho2: There will be no significant main effect o@@Laboratow strategy on students’
1. attitude -@
ii. achievement in Simple Harmonic ]@&pc?in Physics in secondary school in Ogun State
Ho3: There will be no signifi a@&m effect of gender on students’
1. attitude 6

ii. achievement in Si@)} ﬁmonic Motion in Physics in secondary school in Ogun State

Ho4: There wi no significant main effect of Predict-Observe-Explain and Virtual Laboratory
strategie%&ﬂdents’
1. attitude

ii. achievement in Simple Harmonic Motion in Physics in secondary school, Ogun State
Ho5: There will be no significant interaction effect of Predict-Observe-Explain and gender on
students’

1. attitude
15



1l

1.

1l

1.

1l

achievement in Simple Harmonic Motion in Physics in secondary school in Ogun State

Hob6: There will be no significant interaction effect of Virtual Laboratory and gender on students’
attitude
achievement in Simple Harmonic Motion in Physics in secondary school in Ogun State

Ho7: There will be no significant interaction effect of Predict-Observe-Explain, Virtual Laboratory

strategies and gender on students’ \

attitude O
achievement in Simple Harmonic Motion in Physics in secondary school Qggfgtate
1.5 Significance of the Study O

The findings of this study will be helpful and beneficial to llowing stakeholders: Teachers,
Parents, Students, Curriculum Developers, Educational Te@&ists and Researchers in the field of
education. The comprehensive goal of teaching seccﬂ% school Physics is to develop students’
knowledge and understanding. Primarily, the p f classroom teaching and learning is to satisfy
the set objectives of instruction with theﬁ\@'\of attaining the goals of education. It is therefore
expected that almost all classroom actiyitieS are geared towards the attainment of educational goals to
the benefit of the society. It 1 @ this background that the study's findings offer Physics teachers
helpful information on eff &instructional strategies.

The findings @\s' study are significant not only because it may help improve the students’
understanding(& ifficult concepts in the area of Simple Harmonic Motion but also learning
outcomes\@%{ude and achievement) in Physics. The findings provide the empirical foundation for
the use of Predict-Observe-Explain and Virtual Laboratory instructional strategies for enhancing and
improving the teaching and learning of perceived difficult concepts in Physics. Practicing Physics
teachers can adopt these instructional strategies and make sure that the steps proffered are

sequentially followed when designing instructions in order to ensure easy understanding of Simple

Harmonic Motion. Parents stand to benefit from the findings of the study as the findings could
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improve performance of their wards in both internal and external examinations thereby justifying the
huge amount invested in their education.

Also, students could benefit, in that the use of Predict-Observe-Explain and Virtual Laboratory

instructional strategies will improve learning content and make Physics interesting. As students find
the subject easy and interesting to learn, their performance in Physics will improve. The findings are
expected to expand frontier of knowledge on effective strategies for teaching Physics aa&rmg to the
knowledge of Physics textbook and authors’ information on effectiveness of the@%l Laboratory
and Predict-Observe-Explain strategies. The findings are expected to &u 1 to educational
technologists who could rely on the empirical evidence to recom Qe strategies to teachers,
especially those teaching Physics in secondary schools. Othereholders in education, such as
government and curriculum planners may benefit when t gﬂt of the study is disseminated at
seminars, workshops and published in Journals. This @%Ve them further insight on how to guide
teachers in planning their instructions for effe ching and learning using the virtual laboratory
and predict-observe-explain 1nstruct10na1-sﬁ®es
1.6 Scope of the Study &C’
The study determined the e e Predlct Observe-Explain and Virtual Laboratory Strategies on
Secondary School Physic §ﬁnt8 attitude and achievement in Simple Harmonic Motion concept.
Gender is only the(}eimg variable. The study focused on public senior secondary schools in
Ogun Central,%blorlal District of Ogun State, Nigeria. It covered the following content areas:
ExperlmQ;& verification of Hooke’s Law, determination of force constant of a spring,
determination of effective mass of a spiral spring by oscillation method, determination of acceleration
due to gravity by means of the simple pendulum and acceleration due to gravity by means of the
simple pendulum from inaccessible height.

1.7 Limitations of the Study
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Every research has in one way or the other some limitations and this research suffered the same fate.
Limitations of this study include:
1. Time allotted for Physics lesson on the school times table is not adequate enough to accommodate

effective use of these strategies

ii. . Research of this nature requires adequate time in order to allow for a detail investigation. Owing to
the fact that researcher undertook this study alongside other rigors of PhD, such tiWuld not be
created. Resilience and hard work led to the completion of the study OQ

iii. The two strategies are instructional materials intensive which are eithev%g'ﬂé or inadequate in

some schools thereby imposing extra cost on the researcher of either i ising or borrowing from

the nearby schools. QO
2
°
1.8 Operational Definition of Terms -« &
N\

The major terms and variables used i@(ﬂ tudy are operationally defined as follows:
Academic Achievement in Si i armonic Motion: These are the students’ scores in pre-test and
post-test derived from Ph Qchievemem Test (PAT)

Attitude to Physi@hls efers to students’ perception of his or her interest, reaction, perceived
benefits, thin@\d views about the teaching and learning of Physics. This will be determined by
the score&%led by the students in the validated Physics Attitude Scale (PAS)

Conventional Method of Teaching: This is the method of teaching, common in our secondary
schools, where the teacher gives out facts to the students, asking occasionally questions but does most

of the talking

Gender: The sex of students offering Physics being male or female
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Instructional Strategies: These are the plans adopted in teaching Senior Secondary School Two (SS
II) students Physics to ensure effective achievement and improved attitude to Physics.
Predict-Observe-Explain: These are practical activities which involves learning by doing.

Simple Harmonic Motion: This is the concept of to and fro or back and forth movement of an object

Virtual Laboratory: This is a laboratory without physical building

QO

2
Nl
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This chapter reviewed related literature of the study under the following sub-heading:
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2.1 Con@l Review

The con&g&f review is discussed under the following: concept of attitude, academic achievement in
Physics, Virtual Laboratory, Predict-Observe-Explain strategy, gender issue in science education,
concept of Physics, Mechanics, Simple Harmonic Motion, Terms in Simple Harmonic Motion, and
Energy of a Simple Harmonic Motion,

2.1.1  Concept of Attitude

26



Attitude as a variable, continues to receive considerable attention from researchers in different
subjects’ areas because attitude is an integral part of learning. Attitude is a psychological construct
representing an individual's evaluation of objects. Students’ attitudes and interest could play
significant role among students studying science. Attitude implies favourable, dis-favorable or neutral
evaluative reactions towards something or item. In other words, attitude is a way of looking or
viewing at things. In the theory of attitude, attitude is the intermediary for all types of re%ons which
can be categorized into three main components namely emotion, cognitive aniourl. These
three components explain students’ attitude towards learning. Attitude is @&otal of a human’s
instinct and feelings, prejudice or bias, preconceived notions, fears, thr d convictions about any
specified topic?. 0

In this study, attitudes generally are regarded as the &@e or negative feelings of individual
towards Physics learning. Positive learning attitudes ar@nportant aspect in the process of learning
science or science related subject like Phys@tudes are essential determinants of human
behavior. Thus, attitudes, when acquiredgb\\' influence students’ likes and dislikes of a particular
subject, attitudes are formed by peo@‘q a result of some kinds of learning experiences and if the
experience is favourable, a p s@ﬁtude is formed and vice versa.

Furthermore, peopl '%tudes frequently affect their actions and reactions to circumstances.
Most students tend t;ﬁ negative attitude towards Physics presumably because they dislike the
subject, they %6 obtain high marks in examination even though they have tried their best, they
crampedﬁ&us content, also do not like Physics teachers or lecturers®. Thus, pupils tend to perform
better in a subject when they have a favorable attitude toward it. One of the most significant goals of
science education is to change students' attitudes toward science*. Attitude of both teachers and

students have become one of the most important issues in science education because it has strong

influence on performance. The reason why many students have not been opting to study science
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further and not progressing to scientific careers over the years has been partly related to low levels of
interest and negative attitude developed quite early in life>.

Students achieve better when they are interested in whatever they are doing®. It was argued that
emotional attitudes can have profound effects on learning efficiency’. The kind of attitude one holds
in learning situation therefore is of great significance. Students’ attitude toward Physics plays vital
roles in the teaching-learning process. This is because whatever attitude students have @wlysics will
affect their achievement. The way Science is taught, both at secondary school a:@ry level also
plays a major role in shaping students’ attitude toward science. StudentsAttittrd€s towards rapidly
changing technological environment will influence their ability to cope t emotionally as well as
in material ways®. Therefore, an investigation on studentOttitudes towards Physics and
recommendations on ways of improving their attitudes t(&@ﬁ’hysics, enrolment in Physics and
their performance in the subject matter is importa%tblderstanding students' attitudes towards
Physics are fundamental in sourcing a practio@%ach to enhancing students' performance and
motivation in Physics. -@

Individuals have different oping c?oout what is difficult in Physics. Some find the algebraic
aspect difficult, while others 1@ hysics concepts difficult to understand®. It was stressed further
that others complain abou Qork load or the level of critical thinking that is required in the subject.
The attitude of stut{rlt)&w rds Physics is that many secondary school students are afraid of Physics
and what they@(\aid of is that Physics is difficult!®. It was emphasized that their attitude towards
Physics N:gged by a variety of sources such as parents, friends, family, teachers and the society.
The fear exhibited by students towards Physics was attributed to lack of necessary mathematical
skills, even though there is a general consensus among students, the society and teachers that Physics
is a very difficult subject'!. Given students option, many students will drop Physics in favour of other

Science subjects and that the mathematical calculation in Physics makes the subject a preserve for
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few learners'2. Whatever the cause may be, there seems to be a general fear of Physics in our society,
and this fear has negative effect on the achievement of students.
Attitudes, are acquired through learning and can be changed through persuasion using variety

of techniques'?

. Attitudes are a psychological construct with considerable implications for human
behavior. It is commonly conceptualized as an individual's evaluation of any aspect of their social
world. In other words, it can likely impact a student's preferences and dislikes of a_Subject. The
attitude of students is likely to play a significant part in any satisfactory explanat@ariable level
of achievement shown by the students in the school Science subjects. Recoﬁ{&{leamers’ attitudes
toward Physics is critical to developing a practical strategy for ™ ving students' Physics
proficiency and motivation. 0

Generally, students perceived Physics as a difﬁcult@@bstract subject. This is one of the
reasons many students set aside from choosing it as %’b their science subjects’ combinations for
Senior Secondary School Certificate Exam'\@(SSCE) despite its potent applications in
technology and national development. S@ents attribute the difficulty of Physics to its interface
with Mathematics. Students’ percept%@ Physics and the learning environment are very important
on their achievement in Phy; 1@?6% was stressed further that a good learning environment plus a
good and effective teac &

S

difference in the ao@e}&c achievement of students in the subject. This implies that students perform

pproach to reduce the abstractness in Physics have a significant

better in Phys@hen they are taught under a well-equipped and functional laboratory, and with a
good ang\t%ive methodology.

Attitude can be seen as a learned tendency of an individual to reciprocate positively or
negatively towards a target, position, or a person. It is furthermore viewed as a prediction agreed by
individuals that thinks their views and feelings can be sometimes manifested in behavior'>. Attitudes,
behavior, and feelings are reticulated in such a way that attitude of people decide their behavior

towards objects, people, and situations. They also influence the relationships that occur among these
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variables'. Attitude involving by several dimensions or aspects. It considered three components:
emotion, cognition, and behavior. Emotions are the senses of touch of enjoyment or pleasure in
learning the subject or viewing it as boring, difficult, and dull. Cognition represents the student’s
perceived usefulness of the subject. Conversely, behavior is affiliated to student’s motivation to
acquire what is reflected with students’ actions, commitment, and accomplishment in class'®.

Many studies have showed that students’ attitudes towards Physics are st%t off and
significantly related to students’ performance. Students gain attitudes over rough direct
learning of Physics or by obtaining information about the subject'®. The %iﬁ the link between
all types of reactions, which can be classified as three major compone h as emotion, cognition
and behaviour'. The students' attitude towards learning is exp by these three elements. The
main factor in his or her success is the level of Emotional %@t, where 20% of a student's success
depends on an 1Q, while 80% will depend on how %’bshe reacts effectively to emotions!. The
cognitive attitude refers to the way infomati@%cessed, how knowledge is used and changed
within human beings' minds as they make%&es. The cognitive process can be natural, or it could
have been developed in a subconsci@ y. Therefore, in order to clarify the concept that is to be
perceived and practiced, cog 't@ntltude is a reaction based on knowledge.

N

2.1.2. Academic Achi t in Physics

Achievement@ r important variable in this study. It is the outcome of education to which
a student, teap&@r institution has been able to realise their educational goals!’. Achievement
implies &&ﬂing that somebody has done successfully especially using his/her own efforts and
skills'®. Achievement is the act of obtaining a result through efforts in the quality and quantity of
students” work. On the other hand, academic achievement is a measure of knowledge gained through
education process usually indicated by test scores, grade point average and degree'®. This is why

some schools define this as a certain grade point average (GPA), or ranking in class. Academic

achievement can be defined as performance of students in schools?. It could be getting high grades
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and a high GPA level. This high GPA level may be achieved through the use of innovative teaching
strategies. In this regard, the use of innovative teaching strategies may help students to develop better
understanding of a subject such as Physics which may lead to improved performance in
achievement?!. Achievement, which expresses the success or failure of the teaching and learning
process, is an important factor in education. The results of the teaching and learning process are
achievement in academics. The degree to which a student, teacher or institution is succ%ﬂ depends
on their education goals. Academic achievement is described as the scholastic sta f a student at
a given moment which states individual’s intellectual abilities; which ca;%egéasured by grades
obtained from examinations or continuous assessments (tests or quiz)?*: O

In general, academic achievement can be divided into toad and narrow definitions, in
which academic achievement in a broad sense refers to th%&vement of students' overall quality
during their school years. It is believed that acade%%hievement includes cognitive and non-
cognitive outcomes, as well as psychological a@%vioral outcomes??. It is argued that academic
achievement includes: knowledge, Valuesﬁ\GQ' ttitudes, and skills or appropriate behaviors*’. The
National Leadership Council on Li%egqiducation and America's Promise believes that student
academic achievement cannqt @Ny mean admission rates and the percentage of degrees earned, as
it once did, but that the Kgmportant question is whether students have acquired the knowledge
and competencies @%\,\a're essential to their future life, work, and civic activities. Academic
achievement 1 nly about students' academic performance in school, but should also include all
aspects a&tg{r knowledge, competence and literacy development?’. Academic achievement in a
narrow sense refers to the measured performance of students through examinations at a certain study
stage.

In Nigeria, grades obtained from external examinations carried out by examination bodies such
as West African Examinations Council (WAEC), National Examinations Council (NECO) and Joint

Admissions and Matriculation Board (JAMB) determine the level of academic achievement of
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students in senior secondary schools. Therefore, academic achievement refers to the attainment of
educational objectives, education outcomes for students or more specifically how much each student,
teacher or instructor has achieved in terms of learning targets. In this regard, the use of innovative
teaching strategies may help students to develop better understanding of a subject such as Physics
which may lead to improved performance in achievement?'. Poor or underachievers are people
whose performance is consistently below average in the educational system. The ormance of
students in the subjects they study in school is referred to as academic attainm NThe status of
students in the class is determined by their academic success. It provide&gﬂﬁ:e for children to
develop their talents, improve their grades and prepare them for fu cademic challenges. To
achieve identity in the community, to gain good career opportunito e accepted by peers, parents
and teachers as well as improve their self-confidence a& ties, students with high academic
achievements are considered. 6’6

Academic success is considered one of th\\@% to assess a person's overall potentialities and
capabilities, as part of today's competitive@sl. A child who has excellent academic performance

may be regarded as able to succeed Qﬁg? or her professional career, whereas failure in studies can
°

lead to disappointment, stres:,&aority complex, rejection by family and corruption. Physics as a

course of study is percei§v

nature. All living d}Sn—l ing creatures have one thing or the other to do with it. It is one of the

erally to be very interesting, vast, mathematical and experimental in

pre-requisite s for the study of engineering, technology, medicine, and other applied science
courses i}b&niversity.

Physics is a challenging and rewarding subject. It is at the heart of almost every facet of modern
life?>. However, researches over the years have shown that, Physics has been mystified as a difficult
subject?®. Students who hold negative stereo type image of scientists, science and technology in
society are easily discouraged from pursuing scientific disciplines and usually perform poorly in

science subjects especially Physics?’. The assessment of Physics subject at Senior Secondary
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Certificate Examination by the West African Examination Council (WAEC), and National
Examination Council (NECO), is in three parts; theory, objective and test of practical. Physics is
different from other non-science subjects in school curriculum in the sense that it is practical oriented
and that its lessons take place in the laboratory where both students and teachers carry out
experiments and demonstrate practical skills. Practical work is encouraged in Physics because it
facilitates the learning understanding of its concept. Unfortunately, most students laws practical
skill and therefore, usually perform poorly in the practical test during examinationo

In Nigerian secondary schools, Physics is taught mainly by lecture og.\}{igerian secondary
school students who are taught Physics by chalk and talk lectu Q)roach have repeatedly
demonstrated poor achievement in Physics examination?®. It Xpressed further that students,
probably perform poorly in Physics because the lecture me&% teaching they are exposed to, does
not enable them go beyond the lowest hierarchy 6@1’ning outcomes in Physics, that is the
knowledge or factual recall level. It was rep t for over a century, the laboratory had been
given a central and distinctive role in soie@sducation, and science educators have suggested that
there are rich benefits in learning t%carue from using laboratory activities?®. Practical work in
science subjects especially P, yj@would provide students with opportunities to; make observation;
select observation releva ﬁ\eir investigations for further study; seek and identify patterns and
relate these to pattee.s}xrée ved earlier; suggest and evaluate explanations of the patterns; design and
carry out exp@@ts, including appropriate forms of measurements, to test suggested explanations
for the p}\e%of observation®’. The process skills listed above need to be tested by the teachers of
Physics in an internal (school) practical examination to determine how well the students understand
the nature of scientific investigation before exposing them to external (WAEC or NECO)
examinations. This is the why it was reported that these process skills when tested in practical

examination will reveal students’ ability to handle simple apparatus which they consider as
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paramount in the teaching and learning of science’’. Therefore, the teaching of Physics should be
tailored towards students acquiring the practical skills for better achievement in Physics.
2.1.3 Virtual Laboratory

Physics and other natural science courses require laboratory work as a necessary component. It
enables students to learn concepts and practical skills so as to illustrate theory?'. In addition, students'
curiosity and positive attitudes towards science are increased in the practical laboratoADespite its
significance, laboratory work still faces several obstacles, such as the high m@%supplies and
equipment and the risks involved in handling experiments®2. At the same;%e,(ﬂ(ere is evidence in

literature that ICTs such as simulations, animations, videos and visuali s are very promising for

real practical use’2. 0

One method of utilizing ICT for education, a Virtual@oratory and a real, practical laboratory
will be combined to create the Physics Laboratory%békual education has exploded within the past
few years and has become even more centri@e school life worldwide especially during the
outbreak of COVID-19 pandemic. Theé\;é» rious ways of defining virtual laboratory. It can be
defined as a computer programme &Q}%ows student to run simulated experiments via the web or as
a stand —alone application. @l\aboratory could be a set of simulations put together (examples are
applets, flash base dpx@and animations). This allows the students to perform the experiments
remotely at an tiggﬂn addition, experimental-oriented problems can be conducted without the
overheads 1@@ for maintaining a physical laboratory. Virtual learning is a learning experience
that is erMed through utilizing computers and/or the internet both within and outside and inside
the classroom components. The instruction most commonly takes place in an online environment.
The teaching activities are carried out online whereby the teacher and learners are physically

separated in terms of place, time, or both3*. The course contents are conveyed through IT applications,

multimedia resources, the Internet, videoconferencing among others. Virtual learning can also be
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defined as distance learning conducted in a virtual learning environment with electronic study content
designed for self-paced (asynchronous) or live web-conferencing (synchronous) online teaching and

tutoring??

A virtual laboratory is also particularly useful when some experiments may involve hazardous
chemicals and risky equipment. Virtual Laboratory is also used in the system aiming to replace
physical machine with virtual machines on one host server. The students could m *@te various
parameters of the simulations and observed the result**. In this approach there @ain advantage-
It is very easy to learn how to use them, the leaning objectives is more cl efined.

Another approach to a virtual laboratory could be providing a ¥ work place that obeys the
laws of Physics. A virtual laboratory is an online environm consists of a set of experiment
(simulations and videos) that allow learning to run exp nts virtually and has the potential to
promote and improve face-to-face practical-baseﬂb&ng”. Using laptops and smartphones,
students can learn scientific concepts and acc@new skills in a virtual laboratory anytime and
anywhere*. In a virtual laboratory, studeé;\&dl have the opportunity to make mistakes with minimal
negative consequences compared Q@&laboratory, thus improving their confidence in carrying out
real work. QQ\

Furthermore, ay@laboratory can assist learners to perform experiments virtually that were
difficult to be ng.ued in a real laboratory due to lack of equipment, costly materials and/or
dangerous s@ons”. Additionally, by observing visual representations of natural events, gathering
inforrnathr(formulating predictions, and writing hypotheses in virtual laboratories, students can
actively participate in scientific research processes®’. The Virtual Laboratory Instructional Strategy
(VLIS), one of the activity-based and student-centered teaching strategies, is being examined in this
study. Physics teachings can be made more engaging, relevant, student-oriented, and participative

through the use of activity-based and student-centered instructional strategies.
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Virtual laboratory is a virtual studying and learning environment with the aim of developing
laboratory skills of students by stimulating the real laboratory. It is a computer-based activity where
students interact with experimental apparatus via a computer interface. It provides students with tools,
materials and laboratory sets which are electronically programmed in computer to perform
experiments anywhere and anytime®®. A computer-based teaching method known as Virtual
Laboratory Instructional Strategy (VLIS) consi of
three parts: text, video, and a simulated experiment. The tittle, purpose, th c@&uipment and
methods of the experiments are all introduced to the students in the text/ection. The students are
shown through a video the procedures involved in conducting the expert in the video section. In
the section known as '"simulated experiment," students use puter programmes to conduct
experiments in a virtual setting. It was reported that, %@paﬁson to the physical laboratory
approach, the use of the virtual laboratory had positi\@cts on students' achievements, retention,
and attitudes®. Virtual laboratories encourag participation in their education and provide
them the chance to more readily grasp chﬁ@sging ideas. Virtual laboratory instruction should be
built based on constructivist leamin%;e od, since they have been found to be beneficial in the

N
teaching and learning process. Q\

In today's society, it gperative to recognize the potential advantages of a virtual laboratory
environment for Pt@\p'r ctical. Students that participate in a virtual laboratory are more engaged
in their learni nd have greater opportunity to build and comprehend complex ideas. In
addition,\&es students the chance to learn from mistakes made in the laboratories or due to
mishandling the equipment, and it makes it easier for them to avoid potential hazards that arise in
actual laboratory settings. During the learning process, using a virtual laboratory boosts motivation
and desire for the lectures. Additionally, it offers a working environment that is easy, safe, affordable,
and perfect %°. The learner can experience complete immersion in the case of immersive systems,

enabling them to not only view but also feel the environment, and in the Virtual Laboratory, they
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can control and interact directly with the objects within the virtual environment. This technology
raises the possibility of a completely new kind of experiential learning. A virtual environment is
highly suitable for learning challenges that require learners to be engaged in learner-centered
activities because it allows for control, interaction, and free exploration, all of which contribute to a
higher sense of empowerment.

Learning can take place in a simulated environment where students can y immerse
themselves and perceive it as real. Immersive environments can offer leamer@ and complex
content-based learning, while also helping learners hone their technicalf creative, and problem-
solving skills. Learners can refine their technical, creative, and proble Q/ing skills in immersive
environments, which can also provide rich and complex contend learning opportunities*'. The
pragmatic learning theory philosophy is supported by the \@1 laboratory instructional strategy.
Students can learn through experimentation by mani@%lg the virtual objects in the exploratory
learning environments that are provided. This\\@rg experience lends credence to the pragmatic
viewpoint, which emphasizes that expeﬁe@ the primary gauge of understanding. The issue of
time constraints can be addressed @hc?he virtual laboratory instructional strategy by utilizing
portable devices, such as i . iPhones, Android phones, and smart phones that can be
carried around. Students &nduct experiments at any time and from any location if the virtual

2

laboratory is ins@

these devices ts can learn at their own pace and improve their laboratory skills at the same

any of these devices. By installing a virtual laboratory on

time. In }o&ming process, a virtual laboratory fosters a greater desire and motivation for lessons
and laboratory activities*?. Virtual Physics laboratory is highly interactive software, comprising
simulations of real Physics laboratory customized for the needs of researchers and students. These
software programmes provide students with the opportunity to study under the control and within the

knowledge of the teacher, and to learn using trial and error®?.
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The most important attribute of virtual Physics laboratory is that it should have a highly
interactive user interface. Users are able to perform experiments using the laboratory materials in any
order by moving the objects using input device. Virtual laboratory uses tools that simulate
phenomena that cannot be investigated or observed in natural environments or in cases where the
laboratory facilities are limited*. Thanks to these programmers, users have the opportunity to learn
by experimenting and testing using different parameters. For example, they provide tb,&pportunity
to perform experiments in different environments with different gravitational f@ example, on
another planet or at the poles), and to investigate the incidents in detaﬂ%/(cﬁtrolling the time
(example, slowing down the movements of electrons in a conductor for bservation).

Furthermore, virtual laboratory also provides the opport@ to conduct investigations and
experiments without harming any living creatures. Viﬁ&@oratory is capable of simplifying
experiments based on the user’s skill level. For exam %ey enable users to understand the subject
and solve the problem by showing multiple forﬁ&ting an object directionally. Virtual laboratory
is classified into five enclaves baseds %' ferent sorts of simulations**. They are: classical
simulations which have certain el@{c‘% of laboratory experiments and are available locally
(Simulations);classical simu tj:@Awhich have certain elements of laboratory experiments and are
accessible on the web and are“available as JAVA-Applets (Cyber Laboratories); simulations which
attempt to represen@\\rét ry experiments as closely as possible (Virtual Laboratories); simulations
of laboratory iments using virtual reality techniques (VR Laboratories); and real experiments
which a@\&rolled via internet (Remote Laboratories). The roles of virtual laboratory in teaching
and learning process cannot be over-emphasized, therefore, it was proposed that virtual experiments
can be used in different contexts and steps to increase accessibility of laboratory activities and to
assist students who previously had no access to physical laboratory**. Such limit may emanate from a
student’s reduced dexterity, physical disability, or geographic distance*.

2.14. Predict-Observe-Explain Strategy
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Instructional practices have changed as a result of ongoing modifications to the teaching and
learning processes. This has exposed teachers to the elements and environments that are most
conducive to learning and has helped to enhance and expand students' educational experiences.
Students-centered teaching methods are currently the focus of a trend of changes in the teaching and
learning processes. To make sure that students grasp scientific concepts, teachers should use a variety
of teaching strategies and methods*. Researchers are urging a shift towards methods that allow
learners to build their own understanding*®. Constructivism is where these techniques originated. It is
a learner-centered trend.

Therefore, it is crucial to use a teaching strategy that sparks students' interest in science.
Students should be given the freedom to experiment and engage in group discussions
while they interpret assignments and attempt to solve difficult problems when learning science. By
making lessons lively, relevant, student-oriented, and participatory, activity-based and student-
centered instructional strategies can draw in and keep students in Physics classes. Predict-Observe-
Explain Instructional Strategy (POEIS), one of these activity-based and student-centered instructional
strategies, is being examined in this study.

Learning can be done by using the previously existing knowledge for new knowledge. The
teacher may let the students accommodate, assimilate or replace the previously existing knowledge
with the new one. The accommodation, assimilation or replacement, however, often causes
misconception among students.  Students’ prior knowledge should also be considered to make it
more of a meaningful learning experience for the students *7. Therefore, it is important for teachers to
identify students' conceptions, both before and during teaching and learning™®.

The POE (Predict-Observe-Explain) is one of the learning strategies used in the learning
activities, helping students shape their investigation, and strengthening student prediction and
conception. Application of POE learning has a positive effect on reducing student misconceptions in

learning *°. Therefore, there is need to develop teaching and learning strategies that can help students
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to acquire new knowledge without misconceptions. To make an active teaching-learning process,
students need to be able to clearly express themselves in written form and verbal form; teachers need
to introduce a new teaching strategy like the Predict-Observe-Explain (POE) that can be used in
association with demonstrations and hands-on activities that can help to enhance classroom practice
by identifying the learner’s conception®®. The POE is also suited to be applied in physical subjects
that can mostly be observed in experiments, and help to solve misunderstanding®'.

In regard to science learning, teachers can involve students to make hypotheses, investigate,
and analyze data to develop students’ critical thinking®?. One model of learning that is capable of
developing students’ thinking optimally is Predict, Observe and Explain Instructional Strategy
(POEIS). The POEIS technique was created to ascertain each student's predictions
regarding a particular event, as well as the rationale behind them3. Learning by doing is the guiding
principle of the approach. Because students learn best by experiencing things and events
for themselves, it is also known as the "power of experience’*. The POEIS is a strategy often used in
science. It works best with demonstrations that allow immediate observations, and suits Physical and
Material World contexts.; It can be used for finding out students' initial ideas; providing teachers with
information about students’ thinking; generating discussion; motivating students to want to explore
the concept; generating investigations. The POEIS can include ways that can be taken by a teacher to
assist students in improving the understanding of the concept and their psychomotor.

By making lessons lively, relevant, student-oriented, and participatory, activity-based and
student-centered instructional strategies can draw in and keep students in Physics classes. The
theory of practical activities, which emphasizes learning by doing, is the foundation of the predict-
observe-explain instructional strategy. Predict, observe, and explain are the three tasks that students
complete in this instance. With demonstrations that enable for instant observation, the POEIS
functions best. It was asserted that the POEIS procedure is based on the classic model of research

where a hypothesis is stated and reasons are given for why this may be true, relevant data are
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gathered and results are discussed. It involves students predicting the result of a demonstration and
discussing the reasons for their predictions; carrying out and observing the demonstration and finally
explaining any discrepancies between their predictions and observations. The POEIS engages
students in predicting a phenomenon, observations through demonstrations or experiments, and
finally explain the results of the demonstration as well as their hypothesis. By doing this way,
acquired knowledge will be preserved in students’ memory and increase students' science processing
skills*®. By giving students three distinct tasks to complete, this strategy tests their understanding.
First, based on procedures or instructions from the teacher regarding who should do what, the student
makes predictions about how certain events will turn out. Lists of explanations are provided by
the learner to back up his/her predictions. The real-life event observation task comes next, and it can
be completed by conducting experiments or by performing some sort of demonstration. Some of
the anticipated results in this could prove to be true or false.

In order to resolve discrepancies between predictions and observations, the learner then
summarizes or clarifies what has been seen and compares the initial predictions with the actual
observations. This teaching method, which is a type of discovery learning, enables
students to independently discover ideas, theories, and facts by actively engaging in activities that
have been prepared by the teacher specifically for the class. Intellectual forecasting, justifying
forecasts, observing happenings, and providing an explanation for observations are all part of POE
activities. The role of the teacher is minor. Students learn best by "doing" and "experiencing" things
on their own, which is the basic premise underlying the POE instructional technique. Rather than
acting as a leader, he or she functions as a facilitator and lets the learner act as the main event®’. By
using POE instruction in the classroom, learners gain first-hand knowledge of science instead of
being told the results of events by their teachers.

In this instructional strategy, learners are directly involved in experiential activities and events,

which enable them to better master and remember information. There are three procedural steps in
41



Predict-Observe-Explain Instructional Strategy: prediction, observation, and explanation’®. Predict—
Observe—Explain consists of the following steps:

Prediction Phase: Prediction Phase: Learners are given some questions to which they are expected to
provide answers (predictions). It is also required that they give and discuss the reasons for their
predictions.

Observation Phase: During this phase, learners verify their predictions through experimentation.
Reading texts and carrying out experiments are among the things to do here in order to observe actual
life situations or happenings in the laboratory.

Explanation Phase: Students explain their observations and compare them to their initial forecasts.
This is where conceptual changes take place and new knowledge or ideas are generated. Learners'
initial predictions are rejected, accepted or modified, as the case may be. When using Predict-
Observe-Explain-(POE) in the classroom, the role of the teacher shall include’”:

Phase 1: The teacher provides all the important background information about the experiment/
situation so that students have the building blocks for a reasonable prediction. It is not fair for the
teacher to leave out critical details if these are central to making a prediction. Where the teacher and
the students are running a live experiment, the teacher may need to provide safety advice and
information about the equipment required

Phase 2: It is important that students participate in the observation phase attentively. It can be a
shame to ruin an otherwise great teaching moment through insufficient student attention at a critical
moment, leading to them missing the whole point. If the experiment is very brief or the key event is
easy to miss, the teacher can draw students’ attention to the essential aspect to observe, but this
should only be done after their predictions are completed.

Phase 3: After observation, the teacher facilitates a discussion where students attempt to understand
their incorrect starting assumptions or theories, and try to construct new theories that better match the

reality they have observed. Depending on the topic and any addition materials that the teacher
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provides at this stage, there may be little for the teacher to do other than guiding the general
discussion of students as they develop their new understanding; in other cases, the teacher may need
to help students articulate their initial misconceptions, and then help them place together a new theory
by drawing their attention to key observations. Some benefits of the Predict-Observe-Explain (POE)
strategy are outline as follows; it can be used to explore students’ initial ideas; generating good
discussions between students with students and students with teachers; provide motivation to students
to investigate concepts that have not been understood; and awakening the students' curiosity®®. In
order to identify students' ideas, concepts and misconceptions in science, the POE strategy is useful.
In doing so, learners will be encouraged to develop their own ideas about concepts and the teacher
will compile a list of reasons for this as well as allow them to discuss those. The instructor reserves
judgment regarding the causes until the students have seen the actual occurrence. Finally, the
consistency of learners' ideas and comparing their original forecasts to observations is useful in
understanding differences so that they can be corrected for misconceptions.

The Predict-Observe-Explain instructional approach is a type of deductive reasoning, which
involves reasoning from predictions to observations. It is important because it enables students to
participate in learning activities in small groups as opposed to the conventional teacher-led full class
setting. It allows students to work at their own pace, allowing them to go back and edit their initial
responses, allowing them to control the demonstrations. It ensures that the learners are independent
and have a thorough discussion and analysis of their predictions, reasoning and observations. The
instructional strategy's observation phase is vital because it effectively gives students feedback on
their predictions®!. It has been said that the Predict-Observe-Explain educational style is a relatively
new way to teach science™.

The Demonstrate-Observe-Explain (DOE) approach was the original design for the strategy®?.
This strategy was first employed to elicit thought processes from University of Pittsburgh first-year

Physics students. The DOE is about real-world situations or real-world experiences. The strategy
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involves formulating a question for prediction of the results of situation and then observing the effect
of the change and explaining results. The advantage of DOE strategy includes a reduction in the
quantity of verbal description and a reliance on open-ended questions which provide data to make
inferences about students' conceptualisations®>. The DOE was modified into the Predict-Observe-
Explain (POE) model by Gunstone and White in 1981. The scholars used POE strategy to probe
children’s understanding of science concepts in elementary science. The scholars opine that in POE,
the students must first predict the outcome of an event, describe their observation and then reconcile
contradictions between what they predicted and what they observed. The POE is a strategy that lets
the students explore concepts and generate investigation®'.

Furthermore, the students are given the chance to express their schema and experience the
science ideas behind the activity to satisfy their curiosity. Since then, researchers have employed the
method to help secondary school students comprehend science concepts®®. Additionally, pre-service
Physics students employed the POEIS method®. All of these studies led to a change in the students'
conceptual understanding by correcting their previous misconceptions and facilitating the acquisition
of new knowledge during the investigation. It is against this background that the current study was
designed to investigate the efficacy of an instructional strategy that could encourage active
participation of learners in the teaching-learning process and which has the ability of engendering
improved students’ practical skills. According to the given statements, Predict-Observe-Explain
(POEIS) should be able to be applied as one of the solutions to solve the problem at school regarding
the topic of Simple Harmonic Motion (SHM)

2.1.5 Gender issue in Science Education

Gender has also remained a burning issue that has relevance in education because it has been
linked to achievement and participation in certain professions®. Gender inequality is still very
prevalent. In Nigerian society, male folks are viewed as possessing superior characteristics in most

endeavours including the intellectual and that is why many girls or women were left behind in
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different sectors of Nigeria public services because of the popular belief that women education ends
in the kitchen. The issue of gender is an important one in science education especially with increasing
emphasis on ways of boosting manpower for technological development as well as increasing the
population of female in science and technology fields®®. Certain vocations and professions have
traditionally been regarded as men’s career (Medicine, Engineering, and Architecture) and others as
women’s career (nursing, catering, typing, and arts). Typically, parents call boys towl cars, cut
grass, fix bulbs, or climb ladders to fix or remove things. On the other hand, cho@h as washing
dishes, cooking, cleaning and so on, are reserved for the girls. In a nutsh%g'lét are regarded as
complex and difficult tasks are allocated to boys, whereas girls are ex Q to handle the relatively
easy and less demanding tasks. As a result of this way of thinkin@ larger society has tended to see
girls as the “weaker sex”, consequently, an average Nigef&&ld goes to school with these fixed
stereotypes. 6’6

Gender issues, both on the part of the tnd students, have been documented to affect
achievement generally®” 8. Gender differ@n Physics has remained an issue for decades®®. This
difference has persisted to the presle{cO? Gender is a socially constructed concept. Gender is all
around us’!. Tt is actually t u@&) us; from the moment we are born. Gender expectations and
messages bombard us co % though upbringing, culture, peers, community, media, and religion,
which influence th@ f our understanding of this, core aspect of identity. How we learn and
interact with @r as a young child directly influences how we view the world today. Gender
interacti(}\l%veen parent and child begin as soon as the sex of the baby is known. Like other social
constructs, gender is closely monitored by society.

Practically everything in society is assigned a gender—toys, colours, clothes and behaviour are
some of the more obvious examples. Through a combination of social conditioning and personal
preference, by age most children prefer activities and exhibit behaviors typically associated with their

sex. Gender refers to the socially determined ideas and practices of what it is to be female or male 2.
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It emerges in human life as a source of determining individual as well as social identity. Gender
refers to the social attributes and opportunities associated with being male and female and the
relationships between women and men; girls and boys, as well as the relations between women and
those between men’3. These attributes, opportunities and relationships are socially constructed and
are learned through socialization processes. Gender systems are established in different socio-cultural
contexts which determine what is expected, allowed and valued in a woman/man and %)y in these
specific contexts. O§

The main focus of great concern in the field of science educ@ ¢ the biases and
misconceptions about women and science’. Science is viewed as a ma Qrprise”. The behavioral,
cultural, or psychological characteristics that are usually linkene sex are known as gender’®.
Within this study, the term "gender" is used to differen&&tween humans who are male and
female according to the differences in their ph)@%ical structures. Everyone agreed that
socialization practices in most African enviror@’gncluding Nigeria, place enormous restrictions
on the female gender and demand from-h\' igher input of daily domestic labour than from the

N

male’’. This perception automatica%csauemes female out from any consideration for serious
°

N

professional discipline eveﬁ@s where the female appears to be more brilliant than their male
\%

counterpart. It was bel that gender discrimination in employment is one of the factors
contributing to gen@%ﬁliw in pursuit of Science, Technology and Mathematics education’®,
Many e rs of labour, sometimes including female employers prefer employing men to
womenﬁ‘%e are more men in civil and other technological courses than women®. Female gender
discrimination in all forms of likeness representation has been documented®!. Conferences like the
World Summit for Children in New York in 1990, the World Conference on Education for All (EFA)
in 1990, the Pan-African Conference on Education of Girls in Ouagadougou in 1993, and the United
Nations Conference on Women Development in Beijing, China in 1995 were organized as a result of

this discrimination®?. Based on this declaration, the 1999 constitution of the Federal Republic of
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Nigeria was amended which prohibits inter alia discrimination on the ground of gender. Sections 18
and 42 of the 1999 Nigerian constitutions provides for equal educational opportunities at all levels for
every citizenry such as free secondary education, free compulsory universal primary education, free
adult literacy, however, many factors have restricted elimination of discrimination practices against
women in Nigeria®’.

Discrimination against women can take many different forms. Professional prej% is one of
these faces®. Concerning matters of career choice, women are consist@qubjected to
discrimination or are on the receiving end of it. Female students ur&n&ﬂy call for equal
opportunities and career prospects in Physics from the Nigerian goye 85, The socio-economic
development of any nation hinges on scientific and technologdvancement, which is heavily
reliant on Physics as a prerequisite. Any country's capacity,fort€chnological advancement might be
more precisely determined by the caliber of its physic@ation, since a nation's technology culture
cannot be deeply ingrained without Physics%.@ are glaringly underrepresented in science, as
evidenced by the observation of female ger@\ science across the globe®’.

Findings from a study on W%qc?participation in science courses at Nigerian colleges of
education indicated that in th @998 academic year, only 25.95% of the 1,029 students admitted
to study Physics were fe%&d in the 1998-1999 academic year, only 36.38% of the 962 students

e

by this. Numef&besearches indicated that in Nigerian schools, there are not many female students

admitted to study ere female®®. The under-representation of women in Physics is indicated
studying\&\'cssg. It is noteworthy to emphasise that, on average, female post-secondary students
studying Physics achieve significantly the same as their male counterparts®. With constitutional
provision of equality, evidences abound of the persistent gender inequality in employment and
educational attainment®!.

Gender imbalance in enrolment and achievement is pronounced at all levels and across

disciplines and programmes in secondary and tertiary levels of education in Nigeria®. It was reported
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that consistent disparity in student’s enrolment against the female at the primary and secondary levels
of education is far reaching and has direct consequences on the gender distribution in university
enrolments and consequently in the participation of women in high-level man power occupation®.
The campaign of the human rights and freedom for women has gained support in the developed world
with United Nations intervention that women should be empowered®*.

Gender role differentiations are also encouraged in pictorial illustrations in te&[&oks which
usually portray males as doctors, lawyers, engineers and professors, while the @s are seen as
nurses, cooks, mothers among others. This creates mental picture in the @gﬁhe readers of the
role expectation from the society®®. Parents at home are not left out i nder stereotype; parents
buy ball for the male child and “teddy bear” for the female ch 1@‘ eachers also encourage gender
stereotype by giving different treatment to males and fem@gclass. Teachers often go further to
give different career guidance to males and females. T@iety also frowns at seeing a male cooking
or female climbing a tree. The males are also &\\@ leadership positions and females are to assist
or to follow, since Nigeria gained her ind\ ence, she had never produced a female president or

C.J
96
governor’°. . é

In Nigeria, a lot has no b(@hieved as a number of factors still militate against gender equity
and women achievement gnan rights. Such factors include social, economic, cultural, political
and religion beliefs@ti n a few?’. In striving to achieve gender equity in science and technology
and making relevant in all sector of the nation’s economy, efforts should as well guide
against ab&nment of our social institute, customs and cultural heritage but rather preserve them as
education should prepare us for a changing society and itself generate social change®®. Even though
women are underrepresented in Physics in Nigeria, African-American women who study the subject
have made significant contributions to their country's advancement in science and technology.
Deborah J. Jackson contributed to the creation of the Cassini space probe's photonic flying hardware.

The Atomic Energy Commission heavily relies on a book written by Ann T. Nelms to expedite its
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experiments. Rosa Clark Webster focused on maximizing the photovoltaic capabilities of ion-
implanted gallium-arsenic solar cells, the electro optical properties of p-n junction devices, and the
optical properties of ion-implanted gallium-arsenic-iridium light emitting diodes (LEDs). The first
female African American doctoral recipient from Massachusetts Institute of Technology in
Theoretical Physics was Shirley Ann Jackson. The Nuclear Regulatory Commission appointed her as
its chair in 1995%. The contributions of African-American women to the advancemen%:ience and
technology through Physics are numerous, and this is simply a brief list. OQ
2.1.6 Concept of Physics /\(J

The Greek word "Physics" means "knowledge of nature". P Qs a natural science that
studies matter and how it moves in space and time, as well as @ like force and energy that are
related to it. More broadly, it is the study of nature, us@leth the goal of comprehending the
behavior of the universe. Physics is the study of ma@physical characteristics in connection to
energy. One of the sciences that is crucial to the@%ement of technology in our country is Physics.
The goal of Physics is to explain the basie & iples underlying the universe and its functioning. This
is because Physics is very impor@‘\ca everything in the world. The science of Physics is

experimental'%, Reproduci%%\wations must be predicted and explained for any physical theory

to be accepted.
Q

The study«of ature and characteristics of matter and energy is known as Physics. A pure
science, Ph as enormous effects on the modern, globalized society. The science of observing
the envi%aﬁent around us is called Physics'”!. Science and technology consider it to be a core
subject, since it studies the essence of natural phenomena and helps people understand the rapidly
technological changing society'%?. Physics is the natural development of experiments, observations,
and theories to explain the fundamental structure of all we perceive which is crucial for effective

living in this jet age of science and technology!®. Being fundamentally the study of various forms of
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energy interactions and inter-conversions with matter, Physics is the study of the nature of our
environment and how different energies of nature can be produced, conserved, and changed to
another form!%. Physics teaching in Secondary schools has been found to include the learning of the
fundamental facts and principles of science, development of abilities and skills needed to engage in

the processes of science, inculcation of positive attitudes about and appreciation of science the and

consequence of science!%. *

The Federal Ministry of Education in Nigeria considers Physics to be atial subject for
living well in the current scientific and technological era!®. This impli each student must be
given the chance to learn some basic Physics ideas, theories, conce ,stills. The objectives of
Physics education, as enshrined in the new Senior Second ol Physics Curriculum, clearly
explain these concepts, theories, principles, and skills'?’. '@\su ject is one of the oldest disciplines
and was formally part of natural Philosophy during ﬂb@l’gﬁiﬁc revolution period. It has emerged as

a unique research subject with new ideas whicl&@ain the fundamental mechanics of other sciences

[ ]
and open new avenues for research in otlf_%ue ce areas and Mathematics.

The objectives of Physics® @%{on aim to provide a fundamental understanding of Physics

necessary for functional li ociety. It also seeks to impart elementary theories and principles of

Physics for advanc H{Q s and to acquire essential scientific skills and attitudes that prepare
e"il

individuals for %t

stimulat@ance creativity'®, Reaching these goals is crucial, and it calls for a teacher who

chnological application of Physics. Additionally, Physics education aims to

employs learner-centered teaching strategies since learning occurs when students are actively
engaged in the teaching and learning process. Therefore, the difficulties a teacher faces are in creating
meaningful instruction that will result in meaningful learning!%. The economic potential of developed
nations rests squarely on their advancement in science and technology and Physics played a major
role in that aspect.
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Physics is one of the elective subjects in the Key Learning Area (KLA) of science education'!°,
It is for functional living in society, in which students are trained in the art of finding a physical
explanation for what they experience, while also having opportunities to experience the scientific
methods that can be applied when making critical investigations. The Physics curriculum serves as a
continuation of the science, Senior Secondary One to Three (SS1-3) curriculum builds on the strength
of the current Physics curriculum. Every student is given an opportunity to acquix%)me of its
concepts, principles, and skills. Physics education is expected to develop stud@gvorld view in
terms of linking reality, putting in personal effort in the enriching ledrning“environment, and
constructing their own understanding from the available resource mater

Physics indeed is the pillar of technological and scienti@evelopment of most developed
nations in the world, for example, improved knowledge of glectsdémagnetism and nuclear Physics led
to the inventions of television, the computer, and nuc@aterials such as domestic appliances and
nuclear weapons. Advances in thermodynarm'@rgto the development of industries while the
development in calculus was based oni\& dvances in Mechanics. Thus, there is a need for
technically literate citizens with co@l@c? problem-solving skills for the purpose of taking wise
decisions and understanding h@nges that might occur in the nearest future.

The laws, principle cheories of Physics are being applied in solving many problems of
man on earth. It w@e out that Physics is the heart of science and a pillar of all technological
activities!'!. eveloped nations like the USA, Japan, France, China, and Russia attained their
positions\&ﬁrld power as a result of development in science and technology and Physics played a
key role in that direction. The discipline has proven its benefits to mankind as almost every human

activity and virtually every profession involves some elements of Physics!'!?

. Agronomy, Engineering,
Geophysics, Biophysics, Material sciences, Nuclear Physics, Medicine, and Communication

technology are just a few of the disciplines that rely on the fundamentals of Physics'!'’. Many

scientific, technological, and economic developments, including Information and Communication
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Technology, have made extensive use of the principles of Physics, which has reduced the world into a
global village through the use of smartphones, computers, iPad, and satellites. Understanding Physics
also contributes to sustainable development in the industrialization sector for the development of
materials helpful to human well-being. Through the study of Physics, students can develop their
problem-solving and scientific method skills, which will improve their ability to critically analyze
and ask insightful questions and prepare them for future, significant changes in all s of life!'4.
Hence, the teaching and learning of the subject need serious attention at the secon hool level to
enhance sustainable technological development in Nigeria. Physics teac&a 7 obligated to help
students develop the skills necessary to synthesize the nuances of a , complex society. Thus,
to enhance national development in information, science, techno and innovation, basic concepts
and principles of Physics are highly indispensable. Q

Therefore, Physics is included in the Nigerian %’b secondary school science curriculum to
build a strong technological foundation for SN\@@ There are 10 concepts of Physics''>. These
include the concept Equilibrium and lilné\& otion, Newton's laws of Motion, Momentum and
Energy, Gravity, Projectiles an%%c?ellites, Fluid Mechanics, Temperature, Heat and
Thermodynamics, Heat Tr nf@qand Change of Phase, Electrostatics and Electric Current,
Magnetism and Electrom g&c Induction, Waves, Sound, Light waves and Properties of Light,
Atoms and Quantu@eﬁ, The Atomic Nucleus and Radioactivity. However, Physics is a human
endeavor that %@es cognitive processes, manipulation, computing, and techniques used by man to
find the overning the cosmos. One of the hardest scientific subjects to study has continued to
be Physics. The curriculum for schools reveals how challenging Physics is as a subject!!.
2.1.7. Mechanics

Mechanics is the branch of Physics dealing with the study of motion when subjected to forces
or displacements, and the subsequent effects of the bodies on their environment. There are two sub

disciplines Classical Fields and Quantum Fields, Classical mechanics deals with the question of how
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an object moves when it is subjected to various forces, and also with the question of what forces act
on an object which is not moving. The word “classical” indicates that we are not discussing situations
in which an object moves with a velocity which is an appreciable fraction of the velocity of light or
phenomena on the atomic scale'!”.

The description of atomic phenomena requires quantum mechanics, and the description of
phenomena at very high velocities requires Einstein’s Theory of Relativity. Both quan mechanics
and relativity were invented in the twentieth century; the laws of classical mecha@Q/ere stated!'3.
The laws of classical mechanics enable us to calculate the trajectories of b%gﬂ(baseballs, planets
and space vehicles. Using these laws, we can predict the position-vers e relation for a cylinder
rolling down an inclined boat or for an oscillating pendulum and @ calculate the tension in the wire
when a picture is hanging on a wall''3, Q

Mechanics can also be defined as the Science %ﬂb motion of bodies. Instead of using real
objects, mechanics makes use of their models@%ral, the model of a given object (body) is an
image reflecting only those attributes of thi\\' ct that are essential to investigate the phenomena of
interest for a particular branch of SC%CG?TO the basic models applied in mechanics belong to the
S
\

A particle (material point 'Q)dy possessing mass but having such small dimensions that it can be
S

treated as a point i@

by assumptioq«&b‘hose rotational motion can be neglected are treated as particles regardless of their

dimensio\&

following ones:

ric sense. However, in practice, bodies whose angular velocities are zero

1. A system of particles: A collection of particles;
it. A rigid body: The distances between elements of such a body remain constant for arbitrarily

large magnitudes of forces acting on the body. In reality, structures, machines, and
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mechanisms are deformable bodies. However, usually their deformations are small, and hence
in many cases their effect on the statics/dynamics of the studied bodies can be neglected.

iii. A system of rigid bodies: A collection of rigid bodies. The laws of mechanics introduced by
Newton serve to illuminate the motions of material systems. They enable us to create a
mathematical model, that is, to formulate equations of motion of particles and bodies. The
main goal of mechanics is to formulate the laws of motion suitable for the inue&gation of a
variety of real bodies. It turns out that any real body, solid, liquid, or gas @%‘1 be modeled
as a collection of particles. /\C

The following branches of Mechanics deal with problems in th Qsly mentioned fields:

Mechanics of rigid bodies (statics and dynamics), Mechani deformable bodies (strength of
materials, elasticity theory, plastic theory, or rheology) @@echanics of fluids. Incompressible
(mechanics of liquids) and compressible (mechanic@ases, aeromechanics); the mechanics of
incompressible fluids such as water is known @ulics. Quantum mechanics can be thought of
roughly as the study of Physics on Ve@all length scales, although there are also certain
macroscopic systems it directly applié@cprhe descriptor “quantum” arises because, in contrast with

. A
classical mechanics, certain u@es take on only discrete values.
; : !

However, some quant still take on continuous values. In quantum mechanics, particles
have wavelike proérg\%i'ld a particular wave equation, the Schrodinger equation, governs how
these waves v@e The Schrodinger equation is different in a few ways from the other wave
equation&&these differences would not keep us from applying all of our usual strategies for
solving a wave equation and dealing with the resulting solutions.

In some respect, quantum mechanics is just another example of a system governed by a wave
equation. However, it is fairly straightforward to deal with the actual waves, there are many things
about quantum mechanics that are a combination of subtle, perplexing, and bizarre. Some of these

things are: the measurement problem, hidden variables along with Bell’s theorem, and wave-particle
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duality. Even though there are many things that are highly confusing about quantum mechanics, the
nice thing is that it is relatively easy to apply quantum mechanics to a physical system to figure out
how it behaves'’.

2.1.8 Simple Harmonic Motion (SHM)

In Mechanics and Physics, Simple Harmonic Motion is a type of periodic motion or oscillation
motion where the restoring force is directly proportional to the displacement and acts ig&e direction
opposite to that of displacement. Simple Harmonic Motion can serve as a mathel model for a
variety of motions, such as the oscillation of a spring. In addition, Q&ﬂenomena can be
approximated by Simple Harmonic Motion, including the motion o le pendulum as well as
molecular vibration. Simple Harmonic Motion is typified by the n of' a mass on a spring when it

is subject to the linear elastic restoring force given by Hoo ®w The motion is sinusoidal in time

and demonstrates a single resonant frequency. Mat@cally, such a system is described by a

simple sine or cosine wave as: &th
()= (o @ ....................................... 1

where A is the amplitude of the mo@c?is the phase angle, and o is the angular frequency. One
application of simple harm n@ion is the mass-spring oscillator, which consists of a mass
attached to one end of a spring. The equation that describes this system is governed by Newton’s
second law which @a :

S 2
where m\\t%inertial mass, and is the acceleration. When the mass is displaced from its
equilibrium position, the spring exerts a force that resists the displacement and is given by

Hooke’s Law:

where £ is the stiffness of the spring, and y is the displacement of the mass. Spring period is affected

by the spring constant (k) and mass (m). The pendulum’s period is given by
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A pendulum with a length of rope and the mass m that is fixed rotating at the pivot point. The period

of motion is given by:

Where g is the acceleration of gravity *
Since acceleration is the second derivative of position, simple harmonic motio;ned by the

following second order ordinary differential equation: /\

In addition, due to their mechanical nature, most systems expe damping; this is a force that can

either oppose or amplify the oscillatory motion of the %% nd is written as:

= ®% .................... 7

where b is the damping coefTicient, and is @ocity of the mass. Finally, the system can experience
forcing when other external forces, su@ gravity, electricity, or magnetism act upon the system.
Using Newton’s second law, th.s%dividual force equations can be combined into a single second
order ordinary differential %bion that describes the motion of the mass-spring system and is given
RS

b + + =
where \(/%ke the external forces applied to the system. For such a system, the term resonance
describes the state at which the system oscillates at its natural frequency of vibration, also known as
its resonance frequency, and absorbs a maximum amount of energy!?. Different variations of
equation (8), ranging from simple to highly complex, are used in a variety of fields including
Quantum Physic, Biology, Oceanography and Environmental Science!?’. For Simple Harmonic

Motion to be an accurate model for a pendulum, the net force on the object at the end of the
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pendulum must be proportional to the displacement. This will be a good approximation when the
angle of swing is small. Simple Harmonic Motion provides a basis for the characterization of more
complicated motions through the techniques of Fourier analysis. Simple harmonic motion is the
motion of a particle traveling in a straight line with an acceleration that is always directed toward a
fixed point on the line and whose magnitude is proportional to the distance from the fixed point.

However, if the mass is displaced from the equilibrium position, the spring CXW restoring
elastic force that obeys Hooke's law. There are many objects around us thait oscillation
behaviour such as the beatings of butterfly wing, trembling building due&gdﬁuakes, pendulum
motion of grandfather clock, and the motion of rodeo cowboy, while hopping bull. However,
most of natural oscillations are nonlinear which is formed by an i@te number of harmonics'?!.

Simple Harmonic Motion (SHM) is a basic type Qscillations where each motion is
mathematically expressed in a sinusoidal function %’tée with a single frequency!?. Although
kinematics of an object undergoing simple haw@%otion has been established, the mathematical
formulas (position, velocity, and acceleratib&e still in general solution.

Hence, students may have difﬁ%ﬁg either with the determination of its phase constant or the

.

N

initial conditions for the co@&ing kinematic quantities. Therefore, laboratory work is necessary
to support the theoretic% i
experiments. Labo<at($y\' ork is designed to provide students the opportunity to acquire the

necessary ski@ techniques in manipulating apparatus as well as ample understanding of the

erature. However, there are other problems occurring in SHM

instrumeh&mselvesm. In other words, the experiment should be carefully carried out in order to
ensure the validity of the obtained data. Thus, it would be better if the system is equipped with
apparatus to record the raw data as a function of time. This would enable students to focus on data
interpretation and analysis instead of wasting most of their time collecting data'?>.

There are several ways of observing Simple Harmonic Motion, and determining oscillation

period is one of them. Some experiments utilize photogate as a means of measurement!?*. Another
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way of observing SHM is through the trajectory of the object in which video recording is commonly
used. This method captures the object movement whose image will be processed through a certain
image processing algorithm and pixel conversion. However, this method can only produce one out of
three kinematic quantities which is position of load. The SHM is a topic present in several branches
of Physics and Engineering.

One application of Simple Harmonic Motion is the mathematical model of mood Vari% in bipolar
patients which is used to study mental disorders in the fields of psychology and 1@: e'?, Bipolar
II disorder is psychological disorder that is characterized by alternating ontafiia and depressive
episodes. By making the assumption that these mood swings are and intensify without
medical treatment, a negatively damped harmonic oscillator can @ed to model their variation. The
equation that governs the oscillatory mood variations of a&@ited patient with bipolar II disorder
is generally presented in the form: 6’6

4 2 &Q’b
where x is the patient’s emotional state,‘{ﬂg' rate of the mood changes between hypomania and
major depression, w is the natural fr@*&ncy of the oscillator, and « is the damping coefficient. This
.

mathematical approach to st )®3ipolar disorder is a valuable technique, as it offers an alternative
method for examining §ynamic characteristics of psychological illnesses. However, the
unbounded oscilla@ which result from the negative damping coefficient make the model
problematic nrealistic; such unlimited oscillations imply that untreated individuals will
experien&@ood swings that become infinitely severe over time. Nevertheless, this equation is useful
as it allows researchers to make predictions regarding various medical treatments and their potential
for controlling the mood variations of patients with the disorder. Thus, when applied to the study of
mental illnesses, harmonic motion equations prove to be valuable tools for understanding and

analyzing the oscillatory emotional behaviour of individuals suffering from bipolar II disorder.
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Simple Harmonic Motion is also used in the subject areas of Environmental Science and Agricultural
Economics when studying the vibrations and dynamic movement of trees in response to mechanical

harvesting techniques'?®.

Trees are dynamic structures that respond to forces with complex
movements that are directly related to their mass distribution and organ stiffness. When mechanically
harvesting fruit, a trunk shaker applies vibrations to the tree’s stalk.

These vibrations are transferred to the branches of the tree, causing the fruit t&&ach. Trees
use a variety of different damping techniques to dissipate energy; some sources leing include
friction generated in its stem and roots and aerodynamic drag producew%l canopy area. The
forced vibrations applied by the machine when combined with the na Qlamping mechanisms of
the tree, cause the tree to behave as a damping harmonic oscillat@ is common for students to find
SHM a difficult topic to understand. This can be att&@ to the excessive focus given to
mathematical demonstrations, to the detriment of g@l analysis of phenomena!’’. A way to
circumvent these obstacles to teaching SHM a@%rate an evolution of the concepts brought by
students can be found in the studies. ThoS\@ae Harmonic Motion (SHM) is a content usually seen
in the form of lectures only. Due to i@@?ee of abstraction, the topic is often considered difficult to
understand. .Q\
2.1.8.1 Terms in Simpl&&nonic Motion (SHM)

e Frequency, @s is the number of complete revolutions per unit of time. It is the reciprocal

of the .

e Period, T. This is the time required to make one complete revolution about a point of

reference. It is the reciprocal of frequency.

Recall that = ,ifa complete cycle is made then =360°=2 andt=T
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e Amplitude, (a). This is defined as the maximum displacement of the body from the
equilibrium position \
2.1.8.2 Energy of Simple Harmonic Motion QQ
Since force and displacement are involved in simple harmonic motion, en&ay(l{also involved. At
any instant of the motion, the system may contain some energy as ki Q)r potential or both. For

example, consider a mass suspended from the end of a sprinf @h is made to execute a simple

harmonic motion. Q

4
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Fig 2.1. Ener Simple Harmonic Motion of a mass suspended on a spring

The forchvessary to stretch the spring a distance, x is given by F= kx

Where k is the force constant or stiffness of the spring. The work done in stretching the spring is
given by

Work = Average force x displacement

_1 _1
2 1 T2
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Thus, the energy stored in the stretched spring is 5 2 . Maximum energy stored or maximum

potential energy (PE) in a stretched spring is given by

Where a, is the maximum displacement or amplitude of the motion. This maximum energy is

conserved throughout the simple harmonic motion. The kinetic energy (KE) at any &ant of the
motion is % 2 where m is the mass of the body and v is its velocity at th@nt. When the
oscillating spring is momentarily at rest at the position of maximum dis%gm{t, where v=0 and
kinetic energy equals zero, the potential energy equals % 2 Total eqer .E+PE :% 2,

At the equilibrium position where the speed is a maximum @ergy is in the form of kinetic
energy, % 2 and P.E equals zero since X is zero at this Given that the system's total energy is

always conserved, v can be found by fb6

At other positions, v = \/:( 2 @

This follows from the fe&at any position, x, from the central point, % 2 +% 2 — % 2

The energy in a:imgkﬁarmonic motion may change form, P.E to K.E, but the total energy is always
1
constant at Q’b

The total energy is always proportional to the square of the amplitude of the motion.

Considering the simple harmonic motion of a simple pendulum as another example
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Fig 2.2. Energy of a Simple Harmonic Motion le pendulum

At A or C, where the bob momentarily wﬁ@ rest, total energy is potential energy= mgh where h

N

is the height of C above the equilibrga)int B, m is the mass of bob and g is acceleration due to
gravity. At B, where the spe d@he bob is maximum and h is zero, all energy is kinetic (=§ 2).
Thus, we can find the.r@um velocity of the motion by equating maximum K.E. to P.E.

12 \B

s

At other po@ of motion, the K.E and P.E. each contribute energy where the sum is always equal

to mgh, the maximum potential energy
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2.2 Theoretical Frame Qk
221 Constructivi@én\'ﬁng Theory
Constructivist g theory provides the theoretical framework upon which this study is based.
The cons\ﬂ&ist theory was proposed by Bruner, in 1960 to describe the active nature of learning.
Constructivist is a model used to explain how people acquire knowledge. To explain constructivist
learning theory, three key principles were identified as: personal experience, active learning and

social interactions!?8.

¢ Personal Experience
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The belief is that learners construct knowledge based on experiences they have encountered in
the real world. Learners are actively creating and modifying thoughts, ideas and understanding based

on their experiences'?.

Knowledge does not look the same for every individual. It is unique and
exists in a variety of formats. To foster this type of learning environment, teachers that utilize
constructivist design theory present students with problems and activities that are relevant and
meaningful to them *
e Active Learning OQ

In an active learning environment, learners are more than passive @)gfts of information.
Learners are actively engaged in their learning by solving pr nd analyzing complex
questions!?®, Often times, the phrase “learning by doing” is a@ated with this type of learning
environment'?’. Teachers create active learning envirom@t y employing instructional models
such as cognitive apprenticeship and project-basedé%ingm. In addition, because the active
learning activities that learners engage in are gﬁ\@@f:q in realistic and relevant contexts, assessments

reflect that, instead of focusing on rote mé\% ization techniques often associated with standardized

tests, authentic assessments are oftenq‘%ﬁo

e Social Interaction Q\
N

The process of int§ g with peers as well as the teacher helps learners” construct new
understanding or r@b\én their existing ones, simply because the experiences of individuals are
different, soc'wbééractions allow learners to hear other perspectives and ideas'*°. Through these
interacti(}&mers must work to make sense of the new ideas presented as they consolidate new
information with their own experiences!?8. To foster this type of learning environment, the teacher’s
primary role is to serve as a facilitator or guide'3!. The teacher should create a collaborative learning
environment in which students feel comfortable sharing ideas and having discussions. Often times,

group projects are a key component of constructivist design theory.
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The basic idea is that problem solving is at the heart of learning, thinking and development. As
people solve problems and discover the consequences of their actions through reflecting on past and
immediate experiences, they construct their own understanding. Learning is thus an active process
that requires a change in the learner. This is achieved through the activities the learner engaged in,
including the consequences of those activities and through reflection!*2,

Constructivists believe that prior knowledge impacts the learning process. In trying to solve
novel problems, perceptual or conceptual similarities between existing knowled enew problem
can remind people of what they already know. This is often one’s first J@iﬁ towards solving
novel problems. Information not connected with a learner’s prior giences will be quickly
forgotten. In short, the learner must actively construct new infon into his or her existing mental
framework for meaningful learning to occur. According to &gory, students build new knowledge
into cognitive structure (schemata) 33, 6’6

A typology was developed to analyze th r@g impediments in terms of prior knowledge!'34.
It was suggested that, if students do not h@propriate prior knowledge, intended learning cannot
take place. This kind of learning im c?nts was labelled a ‘null learning impediments. This ‘null’
means that students do not h V@%{east do not seem to have prior knowledge that is assumed to be
what they have learnt fro prior instructions and where they start to build new knowledge. In
order to teach any @ﬁ}\ﬁ

prior knowle@ and how it affects teaching and learning'®. The role of prior knowledge in

sticcessfully in the classroom, teachers should be aware of what students’

teaching\é) learning can be considered as both foundation for learning and barrier to
understanding!*>. "It is commonly believed that having prior knowledge serves as the basis for further
learning”. It is important for the curriculum to be organized in a spiral manner, allowing students to
continuously build upon what they have learned in the past 6. It has been stated that the spiral
curriculum aids in students' mastery of material by having them review the same fundamental

137

concepts in various learning contexts based on their level of readiness for learning'’. The current
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curriculum in our educational settings is a reflection of those ideas. As a result, it is structured in a
way that progresses from simple to complex, from general to detailed, and from concrete to abstract,
ensuring that students consistently learn the fundamental ideas in every subject as they advance from
lower to higher grades. Students are able to acquire certain prerequisite information and skills as a
result. Students are able to acquire certain prerequisite information and skills as a result. Because of
the required sequencing, students can make connections between each lesson as they pxq&ss upward
in their study. When new skills and knowledge are added in subsequent lesson@ complement
what has already been learned and establish connections with previously ta@gﬂderial. The student
gains a comprehensive understanding of interconnected topics, which 1 ossible in curricula that
treat each topic as separate and isolated!'3®, 0

Learning becomes meaningful only after the new n&&s are well connected with existing
related knowledge or schemata. Individual can only l@ her / his conceptual schema provides the
framework upon which to fit new knowledge\ more the information a learner acquires, the
more the schema changes in terms of sca% structure of the network. On the contrary, learning
conflict occurs if there is a contrad@cjoetween the existing schema and new ideas, forcing the
learner to consider whether tyq' ct the new idea or discard the old'®’. For effective learning
therefore, it is important {to ‘dfaw upon relevant previous experiences of learner in teaching new
materials. In this se.sg\pri r knowledge refers to the knowledge that students have acquired from
previous less%éfore receiving further instructions. In other words, existing knowledge serves as
the basis\&bsequent learning and should be acquired before being taught new material. Students'
normal pre-instructional knowledge and a thorough conceptual examination of the subject to be
taught should be the foundations upon which the teaching sequence is built. This approach allows for
the identification of curriculum goals and the creation and evaluation of instructional activities!#!.

Therefore, what has already been learnt is crucial to any meaningful learning. For there to be

any meaningful learning, the student must have some prior information that is relevant, and the
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teacher must draw the required connection to assist the student understand the importance of that
knowledge. If one of these conditions is not met, rote learning will occur instead of meaningful
learning 2. Similarly, a great deal of cognitive learning theorists stresses the beneficial connections
between what has been learned and what still needs to be learned. They contended that because
knowledge is linked in logical and psychological ways, appropriate arrangements and presentations
would increase the likelihood of learning to transfer vertically and sequentially'#. TWplies that
learning cannot take place without any previous knowledge. "In brief, our prior gledge plays a
crucial role in determining what we learn from our experiences." /\

Many studies have been carried out to investigate the effect knowledge on students’
achievement and attitude, mostly in the tertiary institutions. @ of the studies found positive
relationships between prior knowledge and achievement'#* 145.g>vas also reported that, there was no
significant effect of prior knowledge on achievement&téudents with high prior knowledge in the
content area had higher content knowledge ga@% end of instruction, while on the other hand,
students with less prior knowledge had hij&& ntent knowledge gain at the end of their study!#7 148,
The theory played a crucial role 1@5? study by providing guidance to the researcher on the
necessary steps to follow du ir@mction. This included planning, organizing, implementing, and
evaluating the instructio &\ghout the experiment. It also helps the researcher to arrange the
materials sequentia@n own to unknown so that the teaching of productive skills in Simple
Harmonic Magtion through the application of constructivist-based learning will enhance effective
teachingﬁx&aming processes and enhance senior secondary school Physics students' performance
and also, since the study is building on the prior knowledge of students to make learning meaningful.

The application of Predict-Observe-Explain and Virtual Laboratory techniques is also within
constructivist active learning, which involves students actively participating in the teaching and

learning process. These strategies also have its activities built on critical assessment of students’
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needs to determine instructional goals. The needs assessment involves a critical appraisal of students’
prior knowledge, just as advocated by constructivists
2.3 Review of Empirical Studies
2.3.1 Virtual Laboratory and Students’ Attitude to Physics

Virtual laboratories encourage student participation in their learning and provide them the
chance to more readily grasp challenging ideas. Reviewing empirical studies on virtualdaboratories, it
was discovered that, in comparison to traditional laboratory methods, virtual tories had a
positive effect on students' achievements and attitudes!'*’. Attitude is a@gﬂsition to respond
positively or negatively to a given subject!>’. Several studies haye ed that students prefer
working with simulation programmes. Q

A study was conducted to investigate how undergra 1®Chemistry students responded to a
computer-based learning environment called Simulat%raboratory. The study found that students
enjoyed working with Simulation Laboratory a\\QfQ motivating and provided a lot of experience.
They also believed that this experience c@e remembered more easily!>!. Research stated that
students preferred the Chemistry Viﬁ@gc?oratory over the physical laboratory 3.

.

A study was conductzc@compare the efficacy of virtual laboratory with the physical

laboratory method in teaching=Physics practical to secondary school students. The study reported that
the virtual laboratoén;\}fﬁ had a positive impact on students' achievements, retention, and attitudes.
In comparisopbbﬁhe physical laboratory method, the virtual laboratory method proved more
effective&v ne's attitude has an impact on their academic performance. If a student has a positive
attitude, it can enhance their academic performance. Conversely, a negative attitude can lead to poor
academic performance. Having a positive attitude is usually the key to successful learning. One of the
variables that affects the learning of Physics is the attitude of the students. This means that a positive
attitude towards Physics could improve academic performance, whereas a negative attitude may

contribute to poor performance.
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The responsibility of every Physics teacher is to develop positive student attitudes towards the
subject. Without a positive attitude, students may struggle to learn effectively, or may not learn at all.
Active student involvement enhances positive attitudes towards learning. The Physics practical serves
as a valuable instrument for advancing a nation's technology. It is important for teachers to help
students develop a positive attitude towards practical Physics. According to a study, there is a
significant correlation between students’ attitudes and their academic performance*Physws
Having the right attitude is essential for a better understanding of the concepts in f l Physics. In
order to keep up with the constantly evolving field of science, it is impor«to ve a positive and
proactive approach towards practical activities. During practical cla tudents' attitude affects
their behavior, availability, readiness, and interaction. The a‘ of students towards Physics
practical can significantly impact their performance. Stud@@ﬁudes toward Physics as a science
subject can be improved as a result of the interactlv&‘mampulative effects of the apparatus by
students in Physics practical activities using ¢ fglnterface through virtual laboratory, which is
one of the modern teaching strategies of tex& science!.

Attitude is a determining fact%\ ysics achievement, according to studies, and it predicts
achievement. For example, stu ave found that students’ positive attitudes toward Physics had a
positive effect on their ic achievement on high school and college students!*. Students’
attitudes, together Qljautext and knowledge, are one of the factors that determine student
competency'”’ ever, an interesting result was observed from a study which posit that the
studentsx%lce attitudes do influence their actual achievement in Science and their Science
achievement does not necessary influence their attitudes'®. Thus, although, positive attitudes can
increase the students’ Science achievement, a high Science achievement does not necessarily create
positive attitudes towards science by the students. Finding shows that high achievement could serve
to predict a positive attitude but a positive attitude alone could not predict stronger achievement!>®,

Learning is challenging when one has a negative attitude toward a subject!*8. Different studies have
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shown no significant difference in achievement based on attitude. According to a study conducted on
freshman Physics students, their attitudes towards Physics did not significantly predict their Physics
achievement!.

Furthermore, a study employing affective questionnaires and conceptual tests in the field of
microscopy examined the effects of combining the use of a virtual laboratory and a research
laboratory on the knowledge, interest, and attitudes of university students'é’. The ﬁn%gs showed
that students might benefit from combining virtual and research laboratories to heir learning
beyond what either experience could provide alone, with the whole being]%g‘tﬁan the sum of its
parts. In research conducted on 45 female students and 45 male_s @s from three secondary
schools in Minna, Nigeria. It was found out that learning usin puter simulations was able to
change the attitudes of students to be more motivated towar mistry subject!®!.

A study about changes in attitudes towards Ch%% among 238 Kenya students also found
that computer simulations can change attitude@%tivate students to learn Chemistry!®2. Due to
the rapid changes in science and technolog@day’s world, new methods and techniques are needed
in science teaching. One of the mostégcatant teaching techniques is experimental techniques. This
technique involves all the sens ; enables learning to be more meaningful. This technique will be
more effective if students’&tﬁ de towards science is more positive. The uses of Virtual Laboratory in

experimental tech@ﬂ

Chemistry. Vj Laboratory experiments have a big role in education by providing a genuine

ave led to greater achievement and improve students’ attitudes toward

interacti}\%del for students. Therefore, it is proposed that virtual experiments can be used in
different contexts and steps'®.

A survey among students regarding the application of Virtual laboratories in the Physics course,
mainly related to circuits, electric fields, magnetic fields was carried out'®*. The Circuit laboratory
software was used as the training environment. Students listed their positive and negative views on

them. Among the positive gains listed were the opportunity to re-conduct experiments, to design new
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experiments, the satisfaction when working on a personal computer, the opportunity to conduct
experiments individually, having fun, among others. Among the negative experiences were not being
in a physical environment and also some students were having difficulties using the laboratory.

A study investigated the application of Virtual Laboratory for Mechanical Engineering and
Fluid Mechanics education in India'®®. Feedback was taken from the students and analyzed. The
results showed that 96% of the students were happy with the Virtual Laboratory ex@mems and
80% stated that VL shows the limitations of conventional laboratories. How@, it should be
mentioned that in courses such as Fluid Mechanics it is hard to obsew&m oncepts in a real
scenario, while Virtual laboratories have no such limitations. The also investigated the
students’ opinions regarding the ease of implementation of Virtu@boratory, the substitution of real
laboratory with Virtual Laboratory, and the integration of \%@.aboratory in the course curriculum,
which was generally positive. 6’6

A study presented the results about the tation of Physics education using a low-cost
Virtual laboratory and for Bachelor’s d@j&& udents'®®. After the training, a survey was used to
assess the student’s opinions. The res%f;‘gowed that 53% of the respondents were very satisfied and
36% were dis-satisfied. The tqé@o investigated 15 questions, regarding the students’ motivation,

ease of access, expectatk§ d benefits. The study investigated the effectiveness of virtual and
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microcomputer—bas@

found both ap%bhes useful and easy to use. Furthermore, they were positive in their attitude and

willingné\g{\se them.

Another study examined the effectiveness of virtual experiments on the students’ attitude and

tories using a questionnaire. '°/. The results showed that most students

practical skills'®?

. During the investigation, video materials, excel sheets, and simulations were used.
A control and an experimental group were used in order to assess the effect and their results were

assessed with a test. The results from the analysis showed that there is no statistical difference in the

obtained results, according to the study virtual instruments are as good as face-to-face traditional
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instructions. Another interesting result is that 60% of the students were initially stressed during their
first virtual experiment, while the level of stress and anxiety decreased significantly during the 2nd
and 3rd experiments as the students became familiar with the teaching methods.

A study investigated the role of Virtual Laboratory as massive open online courses!'®’. The
study compared results of 2019 pre-COVID students and of the 2020 students that used remote
learning. It also used survey-obtained data to assess the 2020 students’ opinions. The z%ts showed
that 95% of the students agree virtual laboratory could be used in the absence of@tructor. Even
though 79% of the students answered that virtual laboratory helped them iw%gifg practical aspects
of equipment laboratory, experience, and analysis of results, 81% of t ere quite convinced that
Virtual Laboratory can replace real laboratory. They also stthat the application of Virtual
Laboratory requires knowledge of computer usage and 2 ‘%@rhe students suggested that Virtual
Laboratory should be used as a pre-laboratory leaming@ial and 36% as self-learning material.

A study revealed the results about six la@ es for the degrees of Civil, Mining, Geology,
and Petroleum Engineering that were Vim®u5ing 3D models'”. Students’ and trainers” opinions
about the advantages and disadvantaQiqf e VL were obtained using questionnaire. More than 63%
of the students agreed that VLéeasy to use and 52% stated that they are useful for learning. The
lecturers were more in fa (&f the VL as 77% agreed with the above two statements. A computer
simulated pre- lab@}s\y,' hich aimed to prepare students cognitively to real laboratory activity
about acid- b@raﬁon was developed!”!. As a result of their study, it was concluded that the
experime\@&@oup of students showed a positive attitude towards learning.

Having the right attitude is essential for a better understanding of the concepts in practical
Physics. In order to keep up with the constantly evolving field of science, it is important to have a
positive and proactive approach towards practical activities. During practical classes, students'
attitude affects their behavior, availability, readiness, and interaction. The attitude of students towards

Physics practical can significantly impact their performance. Students' attitudes toward Physics as a
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science subject can be improved as a result of the interactive and manipulative effects of the
apparatus by students in Physics practical activities using computer interface through virtual
laboratory, which is one of the modern teaching strategies of teaching science!”2.
2.3.2 Virtual Laboratory and Students’ Academic Achievement in Physics

Several studies have been carried out about whether virtual laboratory or traditional laboratory
experiments are more effective on students’ achievement about science courses (Physids inclusive).

\J

An investigation was conducted to compare the achievement of students instruc @ ing hands-on
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Chemistry laboratory versus those instructed using a Virtual Chemistry lab%ato . There was no

significant difference in achievement gain scores between students d traditional laboratory
and those who used virtual laboratory. The study showed that sts who completed the traditional
hands-on experiment performed equally as well as those w @pleted the virtual experiments. The
performance of chemical engineering students on aé%leasuring underlying principles was not
significantly different when compared with tance of virtual and physical equipment for
measuring heat exchange, mass transfers ﬁ\umidiﬁcation”“. There is no significant difference
between virtual and physical expe@p% on tests of conceptual understanding as reported for
students designing a car or or@ergraduates learning about heat and temperature for measures of
inquiry skills!”>. Studiesy carfled out found no significant difference in virtual and physical
experiments for s‘u@ﬁ!c\'m estigating the behavior of springs!’®. These studies illustrate that, for
acquiring con@l knowledge, virtual laboratories may replace physical ones. These studies also
suggest that factile information does not appear to be a requirement for the development of
conceptual knowledge or inquiry skills with the exception of students, especially young children who
do not have previous relevant physical experience with the phenomenon or concept under study; for
example, it was found that young children (aged 5 to 6) learning about the working of the balance
beam gained more knowledge from physical laboratories than from virtual laboratories!’®. On the

other hand, some other studies reported that computer simulations are more effective. Many studies
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show the advantages of virtual interactive exploration of unobservable phenomena compared with
physical experiments of observable phenomena. For example, university students who investigated
simulated electric circuits showing moving electrons acquired more conceptual knowledge than those
using physical materials!”’.

Similarly, students using virtual optics materials displaying light rays outperformed those using
physical materials'”®. Studies showed that virtual experiments can enable students tﬂ&e complex
inquiry practices to separate variables that might be difficult to use in physical ex .@? ents. The idea
that virtual experiments support the acquisition of conceptual knowledge %S ey produce clean
data is also supported in research. For example, first-year seconda gents conducting virtual
Physics experiments outperformed those using a physical labo on conceptual understanding,
which was partly explained by the data produced by the y@l laboratory!'”®. Many studies have
found positive effect associated with technology aide@fﬂctionlgo. Students' knowledge level and

achievement in science were examined throug@gse of multimedia and computer animations'8!.

Computer simulations were found to prod&‘&' etter results than conventional methods for teaching

students. C-’\
tudents. Q‘l&

1

Also, Research was co c@d on the effect of the virtual laboratory on students' attitudes and
achievement in Chemist &e study utilized a quasi-experimental design, specifically the pretest
and posttest expel@%t\lﬁontrol—group model. Two scales were used in the study: a 15-item
knowledge SC?@S) questionnaire. The sample population consisted of 341 high school students.
Two difﬁ&t—test were conducted during the study. The study indicated that virtual laboratory
applications have a more significant impact on student achievement compared to traditional teaching

method.

The effect of virtual laboratories on student learning and motivation in science laboratory

instruction was assessed'®’. The results indicated that the interaction effect of time point and
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laboratory order group on motivation and quiz scores was not significant. The achievement of a
Virtual Science Laboratory (VSL) on middle school students’ cognitive knowledge, skill
development, and attitudes toward science was explored'®. The findings of the study revealed that
students’ cognitive knowledge and attitudes toward science were positively changed as expected.
However, the results from paired sample #-test found no statistical significance. However, the result
of the research conducted revealed statistically significant differences in students%hievement
defined by averages on quiz scores in virtual laboratories compared with tra face-to-face
laboratories and traditional laboratories'®. The result is also in conformity Mith th€ similar study that
investigates the ways in which the unique perceptual-motor fe of science laboratory
environments can affect students’ learning'6. The study emp@l several different measures to
answer the research questions, including concept tests and T&&ws. The findings indicated that the
perceptual-motor features of science laboratory ’bonments did indeed shape learners’
understanding of the underlying science conh\@%imﬂarly, the findings indicated that Virtual
Laboratory had higher learning outcomeﬁ\qgs the traditional laboratory, however there was no
significant difference in either of the %caory instructions'®’.

Many studies have s 0\®hat using virtual experiments can help students develop better
practical skills, which ¢ reflected in their performance in real laboratory settings'®®. An
investigation was c@ out on a study to explore the impact of VL software on teaching “acid-base
and neutral so ” to seventh-grade students'®. The results showed that VL software impacted the
students\q%action and efficiency and enabled them to better understand abstract concepts, and that
it was also very helpful in hypothesis verification and increasing motivation. In addition, the students
used VLs to improve their skills in a risk-free practice environment. In most studies, it is clear that
VL has a positive influence on student performance and attitudes towards science, as well as
improving student learning!®®. A virtual Chemistry laboratory was created and tested with

1 The virtual Chemistry laboratory is an efficient and exciting way to
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conduct practical. For instance, a survey design and questionnaire were used as an instrument in an
empirical study carried out in China on the sustainability innovation experiential learning model in a
virtual reality Chemistry laboratory at a secondary school'®?. The study found that students'
motivation and self-efficacy during the learning process are impacted by the virtual laboratory
technology used to conduct practical Chemistry.

Hence, students feel more interested and engaged when carrying out practicakj\the virtual
chemistry laboratory. The study found that in order for students to be familh the actual
processes involved, they should at least watch the operations through a/%tgﬁ/laboratory before
doing the practical lesson in a real laboratory. Because some of the_c Qal experiments are risky
and call for a great deal of care and safeguards, this will signiﬁca@ower the likelihood of mishaps.
A study on the academic performance of students in 6®stry using the Chemistry Virtual
Laboratory'®. 90 pupils, drawn at random from thr@inct ninth-grade courses, were split into
control and experimental groups for the study. @rgructor taught the control group practical skills
using a real chemistry laboratory, while-t\a%g the experimental group the same concept using a
virtual chemistry laboratory. Both gr ere given the Laboratory Equipment test (LET), Chemical
Changes Achievement Test C@), and Unstructured Observations. The data analysis revealed no
significant difference in %ement between the control and experiment groups. Additionally,
students in the Viﬁ@sn’y laboratory were able to identify laboratory equipment just like those
in the real Ch@y laboratory. The results showed that virtual Chemistry laboratory software was
just as eﬁbgt)% as a physical laboratory.

Also, a comparison is made between the effectiveness of a physical Chemistry laboratory and a
virtual Chemistry laboratory with respect to science students' understanding of science processes and
skills in Chemistry experiments!®*. The Science Processes and Skills Mastery Test (SPST) was the
instrument used. The design of the research was quasi-experimental with a non-equivalent control

group. A total of 147 people were selected to participate in the study. Science processes and skill
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mastery in Chemistry experiments involving confirmatory tests for cations and anions were also
effectively addressed by the Virtual Chemistry Laboratory, as evidenced by the two-way ANCOVA
analysis that showed higher performance but no significant difference between those taught in
physical and virtual Chemistry.

Furthermore, the results indicated that Chemistry learning through the virtual Chemistry
laboratory is not influenced by gender. Comparable results from numerous rese@,&es on the
effectiveness of virtual Chemistry laboratories for teaching practical Chemis@gre also been
demonstrated'®> 3%, Numerous researches were able to obtain a study ab&tgt'ﬂlirtual Chemistry
Laboratory in the Nigerian context!®>. The impact of combini and virtual Chemistry
laboratories was investigated in this study. Chemistry Practical A@Vement was the instrument used.
Students were asked to perform volumetric analysis and sp% to questions. The results showed
that students' performance was much higher when@’b’ used both virtual and real Chemistry
laboratories, as opposed to when they solely us@aboratories. Thus, it is more advantageous to
conduct Chemistry practical using a Virtu%' ratory in addition to a real one in order to improve
student comprehension and perform%éq'hus, in schools having a real Chemistry laboratory and
those without, the virtual C e@[aboratory might be used as a support system and supplement,
respectively. Based on the “aforementioned studies, it can be concluded that providing virtual

S

Chemistry laborato@

address issueg-bg inadequate space, laboratories overcrowding, student vandalism, and safety

concems\& conducting risky experiments.

2.3.3  Predict-Observe-Explain Instructional Strategy and Students’ Attitude to Physics

pplement the current laboratories in Nigerian secondary schools would

In the field of education, various methods have been embraced with the aim of attaining educational
objectives'?S. Instead of teacher-centered traditional approaches, the constructivist approach, in which
learners construct knowledge through their own decisions, has been adopted especially in science

education!’. In other words, societies reorganized their educational programs was by implementing
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the constructivist approach, in order to adapt to the changes in science and technology!®®. In this
respect, great importance has been given to various models for the implementation of the
constructivist learning approach in recent years'®. Predict-Observe-Explain (POE) strategy is one of
the methods suitable for constructivist approach and aims to identify and eliminate students’
misconceptions and increase the comprehension level of them!®®.

A study investigated the effects of predict-observe-explain strategy on studm& academic
achievement, scientific process skills and attitude towards science'®’. In thisexperimental
research design, 17 students were in the control group and 15 were in t%p mental group, for
data collection, three different scales were used. The scales were adnii ed to all participants at
the beginning and at the end of the implementation. The expe@ta group was exposed to POE
during their lessons for six weeks and the control gro ined regular instruction which is
suggested by the Turkey Ministry of National Educ he results revealed that students in the
experimental group had significantly higher sc@’gl the students in the control group in terms of
academic achievement and scientific proci&?'\(ills. However, no difference was observed in their

attitude towards science. ng

198

Another study investig t@w effect of the Prediction-Observation-Explanation (POE) method
on learning of image fo gby a plane mirror and pre-service teachers’ opinions'”®. The research
involved 20 pre—se@%ce teachers studying at the Department of Science Education in Turkey.
A one group %Q—posttest design was used. In the teaching process, carried out in accordance with
the POE\eg{)d, the pre-service teachers made their own plane mirror by using glass and mirror-
effect spray paint, and then analyzed the image of a cube by using these mirrors. It was found that
the POE method is effective in the learning of image formation by a plane mirror. 13 (65%) pre-
service teachers expressed only positive opinions about making a plane mirror by using glass and

mirror-effect spray paint; seven (35%) pre-service teachers expressed both positive and negative

opinions. The entertaining production process (learning by practicing that mirrors can be made from
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glass) and gaining experience (like preparing material, learning, and implementing safety rules) were
the most common positive opinions, although the irritating smell of the spray paint was the most
common negative opinion. 17 (85%) pre-service teachers expressed positive opinions and 3 (15%)
pre-service teachers expressed both positive and negative opinions on the organized activity in
accordance with the POE method. In consideration of the obtained positive and negative opinions, it
was found that teachers could do such activities to provide a better learning environmew,g\

Also, research was carried out on the effects of POE Learning Mode@Achievement
Motivation on the Spiritual and Social Competence of Madrasah Tsanay%lg'fMTs) Students in
Social Studies'”. The study's objectives are to ascertain the impac @leaming models Predict
Observe Explain (POE) and achievement motivation, which are@l in the experimental class, and
Direct Instruction (DI), which is used in the control class &e material excellence and barriers
among students with regard to the social and spiritua@betency of Madrasah Tsanawiyah (MTs)
students. The research is based on a scientiﬁ)\@ learning model in Social Studies learning to
improve the spiritual and social compete@ students facing the 21st century. The research was
conducted at MTsN 9 Kediri Wittéhyling techniques using simple random sampling. Data
collection techniques using u@aires and observations. The achievement motivation instrument
uses LAMB (achieveme ﬁvaﬁon questionnaire sheet). While the spiritual and social attitude
competency instrur@sus LOKSS-S (observation sheet of spiritual and social attitudes). Research
tools using sy, , RPP, textbooks and LKS. The results of the hypothesis study show: 1) that the
signiﬁcaﬁsg%ue that follows the POE and DI learning model is 0.785, which means that it is non-
significant. It is evident from this that students who use the DI learning model and those who use the
POE learning model have the same level of competency in their spiritual and social attitudes.; 2) a
significance value of 0.169 means non-significant. This demonstrates that there is no distinction in

the competence of students' spiritual and social attitudes between those who have low achievement

motivation and those who have high achievement motivation; and 3) significance value of 0.494
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means non-significant. This shows that there is no interaction between learning models (POE and DI)
and achievement motivation (low and high) on the competence of students' spiritual and social

attitudes. The conclusion of hypotheses 1, 2 and 3 is to accept H jand reject Hi.

The investigation of how a POE-based laboratory teaching affected pre-service science
teachers' conceptual knowledge of photosynthesis and plant respiration as well as their views toward
general Biology laboratories®”. Participating in the study were 122 preservice ele ry teachers
who completed the General Biology Laboratory course. Data were gathered usi -tier concept
test about photosynthesis and respiration in plants as well as an atti& scale about Biology
laboratories. The results indicated that employing the POE approach% atory instruction proved
to be a successful method for enhancing comprehension of %@ and fostering positive attitudes
towards Biology laboratory.

A research study explored how pre-service scie@&wrs’ attitudes towards teaching science
were impacted by engaging in activities focu@ plant growth and development using the POE
approach?’!. Seventy-four pre-service sci¢ chers in second grade participated in the study. The
experimental group engaged in liO @&ities, while the control group followed a traditional teacher-
centered approach. The fin '@hﬂicated that views about science teaching were significantly
different in favor of .the perimental group compared to the control group. Additionally, the pre-
service science te%Qle)\ reported that they would incorporate POE activities into their lessons
because they appy, felt better about themselves, and found them to be productive.

The\REE activity "Water can be boiled with ice" was developed?®?. A total of 44 pre-service
Chemistry teachers participated in this activity. Data was collected through observations and
interviews. The results showed that POE activities promoted preservice science teachers' attitudes

toward chemistry, their interest and motivation for the subject.
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Additionally, an extensive study has been conducted 2. The POE tasks used in general chemistry
lessons concern gases and are designed to correct preservice elementary teachers' alternative concepts
and promote their attitudes towards Chemistry lessons. The data collection methods used were a gases
concept test, an attitude scale toward chemistry, as well as POE worksheets. A total of eight POE
activities were applied for three weeks in the experimental group, and the gases subject was taught
using the traditional approach in the control group. The POE was discovered to b*successful
strategy for enhancing the academic performance, conceptual grasp of the topic 0, and attitude
toward Chemistry of pre-service elementary teachers. /\

A study of the understanding and attitudes of Chemistry Labo Pre-Service Elementary
Teachers regarding the Predict-Observe-Explain tasks was invesd %4, The purpose of the study
was to examine how pre-service elementary teachers' und@&ng and attitude towards Chemistry
lessons and laboratory work were impacted by engagi%%bredict observe-explain tasks centered on
Mixtures, Physical and Chemical Changes, an@ and Bases. For this objective, the pre-service
elementary teachers were assigned at rand the experimental group (N=26) and control (N=30)
groups. The participants in the exp%ncat were given laboratory tasks that involved predicting,

w'A

observing, and explaining, El@ﬁ control group received traditional laboratory activities designed
t

like a cookbook. This i on lasted ten weeks. Before and after the instructions, a two-tier
concept test, as Wel(;%t 1itude scales for Chemistry lessons and Chemistry laboratories, were used to
collect data. Tgbndings revealed that pre-service elementary teachers who underwent training
involving\&)ratory activities centered around the Predict Observe-Explain task achieved
significantly higher scores in both their understanding and attitude towards Chemistry lessons and
laboratory work compared to those who were taught using the traditional approach. The study also

discovered that using the Predict-Observe-Explain method for laboratory tasks was more effective in

correcting pre-existing misconceptions.
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The effect of Prediction, Observation, and Explanation Supported Project-Based Environmental
Education on the levels of attitude and behavior toward the environment was investigated®®>. The
study aims to determine the effect of Prediction, Observation, and Explanation Supported Project
Based Environmental Education (POESPBEE) on the attitudes and behaviors levels of eighth grade
students compared to teacher-centered environmental education. The study used a quasi-experimental
research design including pretest posttest and control group. The application step of%study was
carried out by the researchers in a 10-week period in 2018-2019 academic ye@ study group
included 62 students, 34 of whom were in the experimental group and&o hom were in the
control group. The experimental group was applied the Predictio ation, and Explanation
supported Project-Based Environmental Education (POESPBE the control group was applied
teacher-centered environmental education. Attitude scale (@1 environment and behavior scale
toward environment were administered as pre-test, po nd follow-up test to evaluate the attitude
and behavior levels of the students in the exp 1 and control groups toward the environment.
Data were analyzed using the independent& les t-test and repeated measures ANOVA. The study

N

found that the Prediction, Observa@f?nd Explanation supported Project-Based Environmental
Education (POESPBEE) pr V@ significant development on students’ attitude and behavior;
however, teacher centere Qonmental education could not provide a significant development on
the students. Based@s\fs' sult, it can be claimed that the methods like the Prediction, Observation,
and Explanati%ﬁported Project-Based Environmental Education (POESPBEE), which can change
individu@fitudes and behaviors toward the environment in positive way, should be used in
environmental education.

A study indicates that implementing the Predict-Observe-Explain (POE) strategy has a
beneficial impact on students' academic performance and their attitude towards Physics?*. This study

used a pretest-posttest experimental research design to examine the impact of the Predict-Observe-

Explain (POE) Strategy on students' achievement and attitude toward Physics. In this study, 59
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seventh-grade students from two intact heterogeneous classes took part. The significant differences in
attitude and achievement between the two groups as well as within each group were found using the
t-test. The findings of the study showed a significant difference in the achievement scores of the two
groups in the posttest. Furthermore, it was discovered that, although the control group continued to
have a neutral attitude toward physics, the experimental group significantly changed their attitude
toward the subject and outperformed them in the posttest. \
2.3.4  Predict-Observe-Explain Instructional Strategy and Academic Achie@ t in Physics
Student achievement is directly correlated with the teaching strateg&lgd'in the classroom;
therefore, if the subject matter is taught using the most appropriate it is likely that students
will likewise demonstrate a high level of success in the learea2°7. The POEI strategy has
proven to be highly effective in science education due t(%gphasis on hands-on learning. This
approach encourages students to actively engage@lnvestigations and develop their own
understanding of scientific concepts?®. Addi@rg it is considered a suitable instrument for
exploring students' initial thoughts or exis@otionszw. The effectiveness of the conducted studies

d210,211

in reducing students' misunderstandh@iifl_%hemistry has been confirme

Additional research has 1 Anstrated the positive impact of the POE strategy on students'
academic success in sci QZ. For example, a study focused specifically on the Chemistry
achievement of sec@}x\y' sChool students found that the implementation of the POE strategy resulted
in improved Q@\esm. The effectiveness of the POE strategy in promoting student engagement
and facih\‘t% classroom discussions is well-documented in the study?!'4. This confirms its positive
impact on enhancing practical skills in Basic Science among elementary students. The research
carried out has confirmed the success of using the POEI approach to enhance the abilities and

engagement of aspiring science teachers when it comes to conducting experiments in the

laboratories?'>.
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A recent Physics study found that implementing the POE strategy resulted in enhanced student
interest and achievement in the subject?!®. Based on the study, elementary school children' academic
performance and attitude toward science are improved when this technique is used?!”. These include
the research that demonstrated the value of metacognition in science achievement through the
Predict-Explain-Observe-Explain Approach (PEOE) and the study that validated the efficacy of the
Predict-Observe-Explain-Explore Strategy (POEE) in general Chemistry instructionm.\

The POE strategy was found to improve students' academic performance @ itude towards
Physics in a study?!"’. In this study, a quasi-experimental research design wa%ngldyed to assess how
the POE Strategy influenced students' achievement and attitude in Ph This study involved the
participation of 59 seventh-grade students from two intact hetereous classes. The control group
was taught using the engage-explore-explain-elaborate-eyaluat€ (5E’s) learning cycle, while the
experimental group was taught using the POE strateg@ t-test method was employed to identify
any notable disparities in achievement and attween the two groups, as well as within each
individual group. The study revealed indic\\?'% notable disparity in the posttest achievement scores
between the two groups. The ﬁndi@fi?dicated that the participants in the experimental group

showed superior performanc i@&posttest compared to those in the control group. Additionally, the
experimental group exper Q a notable shift in their attitude towards Physics, transitioning from a
neutral perspective@o itive one. In contrast, the control group maintained a neutral attitude
throughout th :

Anh&research was conducted to examine how the Predict-Observe-Explain and Virtual
Laboratory Instructional Strategies impact students' performance in Physics practicals??’. The
research utilized a quasi-experimental approach, specifically the pretest posttest and control group
design. The participants consisted of 74 Physics students in their second year of Senior Secondary

school. These students were chosen randomly from three co-educational schools in Osun State, using

a multistage procedure. The schools were chosen at random to form two experimental groups and one
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control group. The participants in the experimental groups were subjected to the Predict-Observe-
Explain and Virtual Laboratory Instructional Strategies, whereas the control group received
instruction through the traditional laboratory approach. In order to gather pertinent information for
this study, the researchers employed the Physics Practical Test (PPT) as their instrument. The PPT
involved a practical examination with two simultaneous tests, namely alternative A and alternative B.
The hypotheses put forth were examined using various statistical methods, such a%nalysis of
Covariance (ANCOVA), Scheffe Post Hoc Analysis, and Multiple Classiﬁcatio@%lysis (MCA).
The study's results revealed a noticeable impact on the average scores of sﬁﬂeng%erformance in all
three groups, indicating a significant teaching effect. O

The effects of the Predict-Observe-Explain instructional st @ y on students' practical skills in
Physics were investigated in another study??!. For the resg@he study utilized a pretest posttest
quasi-experimental design. The study involved a samp@B SS II Physics students from six senior
secondary schools in Ibadan, Nigeria. The Pre@rgerve—Explain instruction yielded better results
(adjusted mean = 33.37) compared to thetr&&nal practical instruction (adjusted mean = 24.42).

Also, a study on the Inﬂuenceégzdict Observe Explain (POE) Learning Model on Student
Learning Outcomes was investi . 2. The research was conducted using quasi-experimental design
with pretest posttest contrel p design, the population of the research was XI grade students. The
result showed that @ni g outcomes of the experimental group 1 was better than control group in
terms of cogniti ffective and psychomotor aspects. The results of t-test showed that there was a
signiﬁcaﬁt\d%’erence of posttest pretest value between experimental and control groups.

The implementation of Predict-Observe-Explain strategy with group investigation effect on
students’ critical thinking skills and learning achievement was carried out*?>. The study employed
quasi-experimental design type control group pretest posttest and its instrument for assessing learning

achievement was test, while critical thinking skills were measured with observation sheets. Data

analysis techniques used were independent t-test, one tail(right) test, N-gain test, analysis of
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observation sheet with checklist formular and Product Moment Correlation test. The outcome
indicated that when the POE learning strategy was applied with the GI model, it had a notable impact
on the academic performance and critical thinking abilities of the students. Critical thinking skills
were also correlated significantly to students’ learning achievements.

The study used a one group pretest posttest design to evaluate the effectiveness of the Predict-
Observe-Explain Strategy in reducing misconception in Thermochemistry??*. The ple is 33
students of XI MIA 4 at senior high school Kemala Bhayangkari 3. This rese@%vas conducted
using three tiers diagnostic test for pretest and posttest. A pretest was con%igf{er students have a
conventional learning process with their teacher. Posttest was conducte @ the student had given a
treatment using POE strategy. The result shows students' chan@ conception. Initially, student’s
conception was 21.03% and student with misconception was 57.12%. After implementation of the
learning process using POE strategy the conception ¢ g gradually becomes 93.5% and 4.61%,
respectively.  The conclusion of the study@%at POEI strategy was effective to reduce
misconception among the students. Anot@earch done on using POEIS to facilitate changes in
students' concepts in Heat energy an%aﬁ energy was carried out??>. The research used the quasi-
experimental method with O%Qulvalent control group design. The sample comprising of 80
students was selected ﬁng purposive technique sampling. The learning process in the
experimental grou@E (Predict-Observe-Explain) based teaching strategy and in the control,
group used c%é'lional one. The instruments used are the Thermal Concept Evaluation (TCE)
consistiné\g)zo multiple choice questions to measure students’ conceptual understanding and
observation sheet to observe the students’ activities during the lesson. The conclusion is the POE
(Predict-Observe-Explain) based teaching strategy was effective to improve learners’ conceptual
understanding on Heat and Temperature topics. Other studies conducted suggests that learning by

using POE is better than traditional learning to straighten a misconception about salt solubility?2.
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Similarly, studies revealed that POE can improve students' understanding of concepts in
Newton's legal material and research also shows that Predict Observe Explain (POE) strategy has

227 A study carried out to understand the

effect on the change of mental model of primary pupils
effect of Predict-Observe and Explain (POE) strategy toward students’ conceptual change about
density of water indicated that conceptual changes in students given treatment using POEI strategy
were at the construction level 2%( students were able to construct their understanding), revision
84%(students were able to make improvements(revisions) to their initial underst@g and static as
much 14%(students cannot change their understanding to a better understapding)**. The respondents
used in the study were 34 students on 5" grade pupils in one of the pri Qschools in Bekasi, while
the research method was pre-experimental method and the des@vas one-group pretest-post- test
design. The instrument used to view the level of students’ &Qmal change was a pretest and post-
test with four —tiers diagnostic test. Test response modified to reflect the five levels of
conceptual change: disorientation, compleme%onstruction, revision, and static. The results
showed that majority of students experienc@s:eptual change after learning the POE strategy

A study was carried out on rela@cgfectiveness of Predict-Observe-Explain (POE) and lecture
methods of teaching Basic§i®;on academic performance of secondary students in Akwa Ibom
State, Nigeria??. Four researcl’questions and four hypotheses guided the study. The research design
was pretest postte(é&%s'i— xperimental design. The sample of the study was made up of 300
randomly sa%@tudents from six public secondary schools in the State. The independent t-test
statistica?\'&ﬂment was used in analyzing the data at 0.05 levels of significance.

The Predict-Observe-Explain strategy was used to investigate the understanding of
electrochemistry concepts®*. The study deals with freshman students who study at the Department of
Science at the Faculty of Education in Amasya University, Turkey. The aim of the study was to
investigate the effect of teaching electrochemistry concepts using Predict-Observe-Explain (POE)

strategy. The study was quasi-experimental design using 20 students each in the experimental group
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(EG) and control group (CG). Two research questions and two null hypotheses guided the study. An
Open-Ended Test (OET) and Multiple-Choice Test (MCT) were used as pre and posttest, respectively.
Mean ( ) and Standard Deviation (SD) scores were used to answer the research questions, while
Analysis of Covariance (ANCOVA) were used to test the hypotheses. The results of the study
revealed that using Predict-Observe-Explain strategy significantly enhance students understanding in
electrochemistry concepts than lecture method. *

The effect of Predict-Observe-Explain (POE) technique on the underst of grade 11
Chemistry students about the Gases in Trabzon was investigated?!. Quﬂ—eiﬁrimental research
design was adopted in the study. Two classes in Anatolian high scho rabzon were randomly
selected for the study. One of the classes was randomly assignexperimental group (N=36), the
other was determined as control group (N=37). Gases Con&gst (GCT) consisting of 20 multiple
choice items was used. Eight activities based on PO%%ique were developed and applied to the
experimental group students. On the other han@ltrol group students were taught by traditional
approach. Mean and Standard Deviation\ﬁ@se was used to answer the research question and
ANCOVA was used to test the null h@&lcgsis. The results indicated that the students in experimental
group taught using Predic%@%Explain technique showed a higher success than the control
group students.

The effects o(I:rB&lct— bserve-Explain (POE) approach on Students’ achievement and attitudes
towards scienp&%s carried out?*2. This study was conducted in Gonzalo Gatchalian Elementary
School 1}\9 Pinas City. The participants of the study consisted of 220 in Gonzalo Gatchalian
Elementary School in Las Pinas City. The instruments used for data collection were Science
Achievement Test (SAT) and Learning Science Attitude Inventory (LSAI). The study was guided by
three null hypotheses. The study employed the repeated measures two factors design. The dependent

t-test was used for data analysis. The results revealed that the gain scores in the achievement and
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attitude of students in the experimental group (POE approach) performed better than the control
group (lecture method).

While previous studies have demonstrated the efficacy of the POE strategy in enhancing
students' performance in science, the majority of these studies have primarily examined its
effectiveness in Chemistry and elementary level Science. This study primarily sought to determine
the effects of Predict-Observe-Explain and Virtual laboratory strategies on secondary school Physics
students’ attitude and achievement in Simple Harmonic Motion (SHM) in Ogun@% The Predict-
Observe-Explain strategy can be a valuable tool for science teachers. By i&le ting this strategy,
teachers can effectively engage their students in Physics classes, leadi greater success in the

subject?>*3. Additionally, this approach provides an opportunit students to develop a genuine

Attitudes toward science may also be ir@ d by gender, according to research in science

interest in Physics?3?.

2.3.5 Gender and Students’ Attitude to Physics

education. A study has revealed that, oﬁ\(akkhe factors that could affect people's attitude about
science, gender has consistently beer@ﬁ% to have an impact>*, Studies show that boys have more
positive attitudes than girls w, Q@Vomes to science, rather than a specific field?®.

In many nations, there“has been a problem with the attitudes that boys and girls have about
Physics. In respo@h s, many researches have been carried out with mixed reports. An
investigation @en conducted on the attitudes of secondary school students from various school
types in E&ai, India toward learning science and their accomplishment in the subject?*’. Science
attitudes were assessed using the attitude toward learning science scale, and marks were obtained
from their half-year performance in Science?’.

A study was carried out on, the effects of gender on students’ attitude in Physics in senior
secondary schools in Oyo State, Nigeria?3®. It was found that there was a slight difference in attitude

among the students in favour of females in Physics. In the study to identify the relationship between
89



students’ attitude towards Physics with their achievements in Physics?*. The results showed that
there is a relationship between attitude and achievement for female students but not for male students
and also showed that there is no difference in attitude between male and female students towards
Physics.

A study showed that male and female students who achieved high grades in Mathematics do not
differ in terms of their attitudes towards Mathematics?*’. For Physics, female students_Wwho showed
positive attitude obtained better results compared to male students. A study f@ghat students’
attitude towards science, especially the female students, decreased wheQe ntered secondary
schools?*!. Female students’ attitude towards Physics was found to be d that learning Biology
was more enjoyable’*?. A study showed that there is a differf@in terms of attitude dimension
between male and female students?®. Based on findings fr&t study of attitudes and achievement
in Mathematics among indigenous African students @g in Mathematics, there is no difference
between attitude and gender?*4. ®%

A study of exploring students’ attiﬂ.& wards Physics and their association with gender was
carried out ?*, The purpose of this @&yc?vas to analyze gender differences in the attitudes towards
Physics in the framework of th, ) 1otic Cultural Psychological Theory (SCPT). A view-of-Physics
questionnaire was used a &ment to collect data with 1562 (723 females) high school students.
Using multiple cor@\t\ﬁe ce analysis and cluster analysis, four generalized meanings of Physics
were identiﬁe%% interesting and important for society; (b) a quite interesting, but badly taught
subject a}“@%ﬂ and not completely useful for society; (c) difficult to study and irrelevant for society;
and (d) a fascinating and protective niche from society. The association between gender and the
identified cluster was assessed by a chi-square test and it was reported that female high school
students were more likely to view Physics as difficult and irrelevant to society. A study to Enhancing
secondary school students' attitudes toward Physics by using computer simulations was investigated

246 The study seeks to determine whether Computer Simulations could improve the attitudes of
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Emirati secondary school students toward Physics. The study employed a quasi-experimental design
that included 90 UAE 11th-grade students from two public schools in the City of Al Ain. The
intervention included student engagement in the PhET interactive simulation of Newton’s second law
of motion. The study employed the Test of Science-Related Attitudes (TOSRA) questionnaire to
collect data before and after the intervention for the experimental and control groups. The findings
demonstrated statistically significant differences between experimental and contx&groups in
students' attitudes toward scientific inquiry, enjoyment of science lessons, am@ger interest in
physics/science. Furthermore, results showed a significant difference in w&%erceived in these
scales, with males having a more significant effect size than female s in all three scales. In a
study of scientific attitudes: gender differences, impact on P s scores and choices to study
Physics at higher levels among pre-college STEM student%@e study examined the relationships
between gender, scientific attitude (in terms of rati y, open-mindedness, confidence in the
scientific method, curiosity, and aversion to s@%n), Physics scores and students who chose to
study college Physics. The study involvad\\z"k‘(u pre-college STEM students in India. The results
revealed that girls have lower Physic%QcQs and scientific attitude than boys. The Physics scores and
scientific attitude have a stro gé@ation for girls compared to boys.  Also, in a study of Impact
of traditional or evidenc Qd active-engagement instruction on introductory female and male
students’ attitudes @aches to Physics problem solving?*®. It was found that evidence-based
active engagefbginstruction leads to better student attitudes towards Physics problem solving
compareﬁs&aditional lecture, and female students exhibit less decline in these attitudes than male.
The study of epistemological beliefs and attitudes towards Physics and Physics Learning among
Malaysian STEM Students in Selangor was investigated**’. The purpose of this study is to evaluate
the epistemological beliefs and learning attitudes among Malaysian STEM students in Selangor
towards Physics and Physics learning. The study identified 120 Malaysian STEM students who

undertook Physics from a few schools in Selangor to participate in this research. This is descriptive
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quantitative research. The Physics Epistemological Beliefs & Attitudes Test were developed. The
findings of the study indicated that Malaysian STEM students possess highly sophisticated
epistemological beliefs with the mean score of 72.61% and were favourable in learning Physics with
the mean score of 74.29%, substantial differences in both tests were absent in between male and
female students. However, significant differences between Form 4 and Form 5 students in
epistemological beliefs as well as learning attitudes existed. Pearson correlation gath%hows that
the relationships between the epistemological beliefs and learning attitudes amm@%tudents were
high, positive and very significant. /\

A multidimensional study that involved approximately 4,000 st in Grades 6 through 10
found that boys exhibited significantly more positive attitudes ab@cience than girls?**. Within each
grade level, this was true. Study results indicate that girls h@gre negative attitudes toward science
than boys, but still have higher science grades. A@’é of 1,200 students in Grades 4, 5, and 6
found that most students had a positive attitud@g science®!. All grade levels experienced this.
The experimental and control groups showi@{ferent attitudes toward sex?32. It was found that boys
had more positive attitudes toward %ﬁ% than girls in both groups. It was also reported that no
gender differences with reg&@udes toward science with gifted and average students?3. It was

found that girls showed les 254,

ihterest in physical science concepts It was explained that self-
variables accounte@%é%% to 55% of the variance in student’s attitude toward science; family
variables accoyg for 13% to 19% of variance; and classroom environment variables accounted for
46% to ’Q&f the variance?>. It has shown that students’ attitudes and feelings toward science
remain positive until the 6th or 7th grade?>°.

A study was carried out on students’ attitudes toward Introductory Physics Course?’. In the
study, there were 176 students, and they were selected through convenience sample technique from

Florida Institute of Technology, Melbourne, Florida of 125 male students, and 51 female students.

The instrument used had 18 statements relating to measure students’ attitude toward Physics. It was
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found that there was a significance difference between male and female students’ attitude toward
Physics. Male students have more positive attitude toward Physics than female students. Also, the
result revealed that there was a significance difference among the students’ attitude toward Physics.
A significant difference in gender between the cooperative and the noncooperative groups, with boys
having more positive attitudes than girls, was found in the effects of cooperative learning on students'
attitudes towards laboratory work?3. The general view is that boys have a more favou,&le attitude
towards science, than females. However, it is not always the case when studyin@giﬁc scientific
fields. Girls are said to have a more positive attitude toward Biology, whilg{guys=dre said to be more
favorable toward Physics and Chemistry?®. O

A study was conducted to investigate the impact of Biollaboratory experiences on high
school students. The findings revealed a slight but unf@@e correlation between gender and
attitude towards these experiences. In other words, it @‘bsewed that girls tend to possess a more
positive attitude compared to boys?®. A simila@as conducted in which the attitudes of middle
school pupils from Kuwait to Science lab()\Q%r work were evaluated?!. Girls were found to have
more positive attitudes towards scien%lcgaoratory work than boys?°'. However, in another study, it
was found that male students r@% a much higher positive attitude compared to female students?62,
Male students, consisten gve a more positive attitude towards science compared to female
students. This situa@k\f)r minent in Physics compared to in Biology?%3.

A study, cted at that Matriculation College showed that there is no gender difference in
attitude %&s teaching and learning of Mathematics?**. It was found that female students lack

265 Compared to males, females have a more

interest in Physics compared to male students
unfavourable attitude toward Physics. The female students argued that Physics is difficult for them
because it tends to favour the male gender. Differences in attitudes between male and female students

will lead to differences in achievement and readiness for attaining the educational objective?*®. The

study conducted revealed that Physics and Mathematics are believed to differ from the innate
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qualities associated with females, which are commonly associated with femininity?®’. Compared to
female students, who are more favorable toward courses that are more feminine, like Biology, male
students demonstrated a more positive attitude toward subjects that are perceived more masculine.
Compared to female students, male students generally exhibit a more positive attitude toward Physics.
They also have the inclination to choose a science and technical related career?%s.

Female students exhibit a more negative attitude than male pupils, based orNRSan Diego
science study that included 148 students?®®. Male students are more likely to use@%ce equipment
and participate in science activities?’?. The results showed a negative Vie\n@gﬁﬁce and careers in
science by a higher proportion of female students?’!. The majority_o le students believe that
science classes are boring, and they only need to memorize factet good grades, whereas careers
in science are thought to require a lot of work. Contr%gvhat has been known, no gender
differences were found with regard to attitudes tow%’aience among talented and average high
school students?”. It is difficult to determini@’ger there are gender differences in students'
attitudes towards science, or whether the\l\' gender differences in correlation between attitudes
towards science and achievement iégace, given the conflicting results from different studies.
Hence, the need to examine t e.&% of gender on students’ attitude in Physics
2.3.6  Gender and Students’ Academic Achievement in Physics

A number o@c reports found divergent results regarding the influence of gender on
males' and fe%Q achievement in science. A study has been conducted to examine the impact of
gender (}\&mr secondary school students' academic achievement in Basic Science using co-
operative learning teaching strategies?’?. The study involved 120 students selected from intact classes
in three selected Junior Secondary Schools in three selected local government areas in Ogun State,
South West, Nigeria. A quasi -experimental design was used for the study. In this study, the
Achievement Test for Basic Science Students (ATBSS) was used to collect relevant data. In order to

analyze the collected data, descriptive and independent sample t-test statistical methods were used.
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The findings of this study indicate that there are no significant differences in academic achievement
between male and female students at the pre-test, post-test, and delayed post-test levels.

Moreover, a study was conducted in Anambra State Secondary Schools to investigate the effect
of gender and school location on students' Chemistry achievement?’*. Three research questions and
three hypotheses guided the study. A total of 1889 responded were included in the study, including
844 males and 1045 females. Multistage sampling procedures were used to draw %ample. In
answering the research questions, mean and standard deviation were used, whileVA was used
to test the null hypotheses. For a step-by-step comparison of the means@glfeffe test was also
performed. The results of the study indicated that female students achi ore than male students,
however the difference was not statistically significant. St\@s in senior secondary school
participated in a study to examine gender disparities in ¢ p@tional Chemistry tasks?”>. A set of
achievement test items, consisting of multiple-choice @’bbns, was developed based on three topics
covered in the experiment. A test was given tI students who were selected at random from
20 secondary schools located in four loe@mment areas of Delta State. Using the t-test at the
0.05 level of significance, two hypotl%g?vere formulated and tested. Following a thorough analysis
of the data, it was discover d@a{ male students did not perform appreciably better than female
students in computational Qms in Chemistry.

A study on t@w of a constructivist teaching approach on the Physics achievement and
self-efficacy for secondary school students was conducted 2’°. One hundred and eighty- four
students\&‘our secondary schools, two boys and two girls, respectively, were employed in the
study. A modified non-equivalent control group design was used. Five research inquiries were
delineated and the study was directed by three null hypotheses. The research questions were
answered using the mean and standard deviation, and the hypotheses were tested using ANCOVA.
The academic achievement of students in Physics was discovered to be significantly impacted by

their gender.
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A study was conducted in the western senatorial district of Nassarawa State, Nigeria, to
investigate the effects of gender and school location on the accomplishment of Science and
Mathematics pupils?”’. The study was descriptive in nature and used a survey method to obtain
information. Students in senior secondary schools in Nasarawa State made up the study's population.
One hundred and ninety-eight (198) students made up the study's sample, and they were chosen at
random using the random sampling technique. The study employed a questionnaire andkhievement
test as its instruments. Using frequency counts and t-test analyses, the data collecte main study
were analyzed. The significance level for testing the hypotheses was (&(ﬂfe study's findings
demonstrated that male and female pupils' academic performanc%@ience and Mathematics
differed significantly. 0

An additional investigation was conducted to exami%&isparities in gender when it comes
to undergraduate students' use of information and com@%ation technology (ICT)??®. The study was
guided by one research question and one hypo@%he sample consisted of 100 male and female
students from the University of Nigeria Nsﬁ@s Faculty of Education. The t-test statistics and mean
scores were employed in the data ana%c?fhe findings indicated that students' ICT usage differed by
gender and that males use . ore frequently than females. Furthermore, the hypothesis
demonstrated a statistical giﬁcant difference in the mean scores of male and female students
regarding their us@% for academic purposes, suggesting that male students use ICT more
frequently thay@ﬁle students.

Anh&tudy, similar to the previous one, showed that students learning science from gender
sensitized teachers performed significantly better than those taught by non-gender sensitized
Teachers?”. In science classroom, it has been proven that learning environments using various
strategies and teaching methods which address a variety of approaches to learning have encouraged
women's success?®’. In India's class VII high school, girls outperformed males in the knowledge-

based scientific subjects when the activity-based approach was used to teach them?®!,
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A t-test comparison of the academic achievement of 300 male and 300 female secondary school
students from various socioeconomic backgrounds in the Pakistani metropolis took place in the ninth-
grade annual examination (conducted by the Board of Intermediate and Secondary Education,
Lahore)?®. In English and mathematics, it was noted that girls had significantly higher average scores
in both subjects as well as overall performance compared to boys. In science, it has also been
reported that female students have performed significantly better than their male Gg&terpartsm.
Trends in International Mathematics and Science Study TIMSS reported tk@Q 2007, males
performed significantly better than females in all areas of science, with Mighet=Scores in Biology,
Physics, and earth sciences. Additionally, the TIMSS revealed no disc difference between the
average scientific scores in Chemistry for male and female stude the United States' eighth grade.
These findings supported the TIMSS findings from 1995,&®and 2003, which showed that men
outperformed women in science?®*. 6’6

Numerous researches revealed that there iﬁcance difference between male and female
academic achievement in science. In paﬁib\\' there was no difference in the performance of male
and female tenth-grade Biology stud@s@ho participated in a simulated experiment?. Students at
private secondary schools in O@own and Ibadan city, Nigeria, who were taught utilizing the CAI
method did not exhibit g Qsensitive Biology achievement?®®, An analysis of secondary school
pupils exposed to @SC I as a science supplemental technique found no statistically significant
gender differey&éﬂ achievement?3. Eighth-standard Iranian primary school children in Ahwaz City
who We@\&h‘[ science courses using the CAI software package did not perform differently based

on their gender?®’.

The mean performance of male and female Junior Secondary three (JSIII)
students exposed to Computer Assisted Instruction (CAI) in Basic Science and Technology did not
differ significantly?s®.

A quasi-experimental pretest-posttest control group design was employed to examine the

impact of problem-solving instructional strategies and Computer Assisted Instruction (CAI) on
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students' performance in Basic Science?®. It was found that the Basic Science achievement of 120
randomly selected male and female Osun State Junior Secondary II pupils did not significantly
differ?®. Given the findings of these studies, it is obvious that there is still a lack of consensus as to
whether gender has an effect on science achievement or not. While some scholars believe that males
are superior to females, others support females, and still others have no view at all. In the light of
these controversies, the impact of gender on academic achievement in Physics w&be further
O
N

O
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24 Conceptual Framework Q

explored in this study.

A conceptual framework for the study is sh(@% figure 2.3. The following conceptual
framework explains the process by which the @fgﬂ be carried out. The independent variable is
the treatment which can be manipulateds eﬁ\q'%e levels; Predict-Observe-Explain Strategy (POES),
Virtual Laboratory Instructional S&@%CD(VLS) and Conventional Method (CM). The dependent

variables are the learning o tc@s in terms of attitude to and achievement in Physics, while the
eh

moderating variable is ge two levels; male and female.
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Fig 2.3: Conceptual Model of Predict-Observe-Explain and Virtual Laboratory strategies on attitude and achievement in Simple Harmonic

Motion

Source: Field Survey, 2024 Q\
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2.5 Summary of Literature Reviewed

The literature review was organized into four sections: conceptual framework, theoretical
framework, empirical review, and summary of the literature review. The concepts of attitude,
academic achievement, gender, the Predict-Observe-Explain strategy, the Virtual Labomy strategy,
Simple Harmonic Motion, and Mechanics were all reviewed in the conceptual fra k.

From the review, the present study was based on a review of theories, o ed cational learning.
Constructivist learning theory is examined in the review. This theory %S the active nature of
learning which involves three key principles, personal expe@&ctive learning and social
interactions. This theory is relevant to this study with its emp@ on learners’ active participation in
a learning environment. Predict-Observe-Explain and Vﬂa%aboratories instructional strategies are
in line with this theory as the strategies provide unities for learners to actively engage in a
learning environment and develop the .abigx think and make meanings as they interact and
collaborate in the learning environmen@ thers

It also helps the researcher’l&ange the materials sequentially from known to unknown so that
the teaching of productl\é ills in Simple Harmonic Motion through the application of
Constructivist-base T&@ will enhance effective teaching and learning processes and improve the
performance of @ents of Physics in Senior Secondary Schools and also, since the study is building
on the p@/@f’gledge of students to make learning meaningful.

Furthermore, there are reviews of some empirical studies on the Virtual Laboratory and
students' attitudes towards Physics, Virtual Laboratory and Students academic achievement in
Physics, Predict-Observe-Explain Instructional strategy and students attitude in Physics, Predict-
Observe-Explain Instructional strategy and students’ academic achievement in Physics , gender and

students attitude in Physics and gender and students’ academic achievement in Physics as well as
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empirical model but the literature review identifies few research findings on Predict-Observe-
Explain Instructional strategy. Thus, a strong instructional approach and effective strategies for
conducting practical are needed in order to enhance students' attitude and achievement in Physics

The review showed that there have been studies on influence of gender on students’
achievement and attitudes in different science subjects using different instructional models and
approach, research findings showed that males performed better than females, femalesa&eved more
than males and no gender disparity in students’ achievement in science, but tl@%ﬁngs of these
studies have been inconclusive. Hence, the divergent reports necessitated fldrthet=fesearch on gender
effects on learning outcomes in Physics. This study investigated effe Q”redict—Observe—Explain
and Virtual Laboratory strategies on secondary school Physics s@uts attitude to and achievement
in Simple Harmonic Motion in Ogun State. This study al&@mﬁned the influence of gender on

students’ attitude and achievement. &b
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\)
s Methodology

This chapter discus@dures employed in carrying out the study. These are discussed under the

following sub h¢adinigS: Research Design, Population, Sample and Sampling Techniques, Research
Instruments@%dation and Reliability of Research Instruments, Procedure for Data collection, and
Data Analysis Techniques

3.1 Research Design

The study adopted the pretest- posttest control group quasi-experimental design. The variables
(independent and moderator) were crossed in a 3x2 factorial matrix (two treatment groups: Predict-

Observe-Explain (POES) and Virtual Laboratory Strategies (VLS) and conventional method as
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control group; two levels of gender groups-male and female). The dependent variables were students’
attitudes towards and academic achievement in Physics.

Table 3.1: Layout of the 3x2 Factorial Matrix of the Study Design

Treatment Condition Gender

Xi: Predict-Observe-Explain Instructional Male

Strategy (POEIS) Female \
X;: Virtual Laboratory Instructional Strategy Male Q

- P
S

X3: Conventional Method Male s

Female

LA

A4

Q

The factorial design had been adopted for this study f@e of the experimental nature of the study.
Furthermore, the independent variable (instm®1 being manipulated at three levels and were
varied independently and also interacted w)@yderator variable so that their effects can be observed

on the dependent variables (attitudes @gaﬂevement).

o
(S

Model Specification
O Xi O

0O Xz Og4

Os X35 Og fb
0= Pre—%&ores in the experimental group I

O,=Post-test scores in the experimental group I
O;=Pre-test scores in the experimental 11
O4=Post-test scores in the experimental group II
Os=Pre-test scores in the control group

O¢= Post-test scores in the control group
126



Xi= Predict-Observe-Explain Instructional Strategy (POIES)

Xo= Virtual Laboratory Instructional Strategy (VLIS)

X3= Conventional Method

3.2 Population of the Study

The target population for this study was all the SSII students offering Physics in public schools of
Ogun Central Senatorial district of Ogun State, Nigeria. This comprised all the sen,jksecondary
schools that exist in the six (6) Local Government Areas. There are about 21,6@%01611& (10,687
males and 11,007 females) in SSI in the Senatorial district and 67 senio&gﬂaﬁry schools in the
area in 2022/2023 academic session who were promoted to SSII in_t @ term of the succeeding
academic session (2023/2024) when the field work was carried %reason for chosen SS2 for
the study is because the students have attained some level (@Q\ate knowledge of Physics concepts
which are mostly in SSII scheme of work and they d(é%have any external examination that could

easily distract their desirable active participation\\Q’b

)

N\
&

3.3 Sample and Sampling Te
The sample consisted of &ree public Senior Secondary schools which are government owned
(for purpose of u@ndard) and which offer Physics up to the Senior Secondary School
Certificate (S vel, using multi-stage sampling procedure.

Stage oné&ee LGAs were selected through simple random technique, where all the LGAS were
given numbers and three were selected randomly.

Stage two: One school among those that meet inclusive criteria was also chosen through purposeful
sampling technique.

Stage three: In each of the selected schools, one intact class was selected through random technique if

such school had more than one intact class.
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1.

1l

1il.

1v.

In each of the selected schools, the Physics teacher teaching the intact class was chosen as research

assistants. Altogether, three research assistants were enlisted and the total number of students was

166 Physics students.

The schools selected for the study satisfied the following conditions:
They have well- equipped Physics and Computer laboratories
They are public co-educational school with good number of male and female studeq&aecause of
the inclusion of gender as moderator variable in the study QQ
They have evidence of completion of topics that serve as prerequisite tq%gﬁerstanding of the
topic under consideration Q
Having professionally qualified and experienced Physics tea that is Physics teacher with a
minimum of B.Sc (Ed), B.Sc and PGDE Q
They have been consistently presenting candidates 6%nior Secondary Certificate Examination
(SSCE) Physics in the last past five consecuti@fg
A simple random sampling technique W@ by rolling three (3) papers to allocate the schools to
specific strategy. A total of 166 stu@é?ffering Physics (75) in the experimental group and (91) in
the control group participat d:@he study. This consisted of (70) males and (96) females having the
mean age of 15-16 yearsﬁthe range was 12-17 years and above constituted the sample for the

study. The sample< si;X\rl' ach school and the strategy used are shown in Table 3.2

Table 3.2: ']@tribution of Samples into Strategies
Q

School \/‘jMale Female Total Strategy used

School 1 20 15 35 Predict - Observe - Explain Strategy
School II 10 30 40 Virtual laboratory Strategy

School IIT 40 51 91 Conventional Method (CM)
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70 96 166

3.4 Description of the Research Instruments

The following instruments were used for the study:

. Physics Achievement Test (PAT) Q\

. Physics Attitude Scale (PAS) (/0

o Teachers’ Instructional Guides (TIG) 6\

3.4.1 Physics Achievement Test (PAT) %

This instrument consisted of 30 multiple-choice questions@qyrument was modified by the
researcher and some of the items in the PAT were a rom previous West Africa Examination
Council (WAEC) and National Examination Cou CO) senior School Certificate Examination
past questions based on the Physics contents ﬁ\gﬁt in the study. This was to basically determined the
students’ cognitive domain namely; kr&\ge, comprehension and application levels. A pool of 70

multiple choices PAT was const ~The 70 items were then subjected to item analysis to obtain its

discriminating and difﬁcul@. Thirty items with difficulty index range between 0.40-0.80 and

discrimination inde(b@ere selected for the study.

Table 3.{@ of Specification for Physics Achievement Test (PAT)

Conceptsv Knowledge Comprehension Application Total

Experiment on (3) 1;5;6 (2) 3,7 (2);2;6 7
verification of

Hooke’s Law

Determination of (2)9;12 (2) 10511 (2) 15;16 6
force constant of a

spring
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Determinatio (3) 12;13 (1) 18 (1) 20 5
n of effective

mass of a

spiral spring

by oscillation

method

Determinatio (1)24 (2)17;19 (1) 21 4
n of

acceleration

due to gravity

by means of \
the Simple Q
Pendulum Q
Acceleration (3)20;28;29 (3)22;26;27 (2);2

due to gravity

by means of

the simple O
pendulum %
from Q
inaccessible Q

height

Total 12 f8Q
fbb‘

34.2 Physics Attitude Scale (PAS) @
The Physics Attitude Scale (PAS) fro é%w a-Sherman attitude scale was adapted for use by the
researcher. It consisted of 20 @ for measuring student’s attitude towards Physics. The
questionnaire contains two% s A and B.

Section A contained-@al information and section B contains 20 attitude items towards Physics
which the parti% esponded to. It is made of 20-items on a 4-point Likert scale of Strongly
Agree (SA)@%e (A), Disagree (D) and Strongly Disagree (SD) to which respondents indicated
their degree of Agreement or otherwise to the 20-items on the scale. The constructed item was
presented to two experts to examine the suitability and the language used in terms of clarity. The
observations were noted and used to improve the scale. In scoring the attitude of the students towards

Physics, Strongly Agree (SA) rated 4marks, Agree (A) rated 3marks, Disagree (D) rated 2 marks and

Strongly Disagree (SD) rated 1 mark for positive worded items, while negative worded items rated as
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follows Strongly Agree (SA) rated 1mark, Agree (A) rated 2marks, Disagree (D) rated 3 marks and
Strongly Disagree (SD) rated 4 marks.

3.4.3 Teachers’ Instructional Guides (TIG)
These are different instructional guides uniformly used by the groups to teach the content so that the
teachers would not deviate from the procedures as outlined by the researcher. The instructional
guides are designed as control for the research assistant to effect. These guides were given to the
experts in the Physics department, Science Educators in Science and Tec y Education
department and practicing senior Physics teachers for the corrections and obiservations. These guides
consisted of notes of lesson in which the major roles of individu icipating in the study
(research assistant and Students) were clearly stated. Specific in ®otes of lesson are the following
items: subject, class, topic, instructional materials, objecti&gbe achieved, previous knowledge,
presentation and assessment. b’b
3.4.3.1 Instructional Guide on Predict-Obser\}\@rgain Instructional Strategy (POEIS)
This instructional guide was used for expé\‘(f'%ﬂal group L. It is an instructional guide made up of
four procedural steps. It includes theé(cauction, Prediction, Observation, and Explanation phases.
The researcher prepared this in?@g‘uonal guide and presented it to experts in Physics education and
experienced secondary school*Physics teachers for critique, suitability of the content and instructional
steps, language of ((e.s;\\%{ti n and workability of the steps.
3.4.3.2 Instru%%l Guide on Virtual Laboratory Instructional Strategy (VLIS)
This ins&&g%lal guide was used for experimental group II. There are web sites, where developed
virtual laboratory experiments on different topics of Physics are available. One of such sites is
Physics Education Technology (PhET) website which was created by the University of Colorado. The
researcher of the present study has gone through this website and found a virtual lab experiment on
Simple Harmonic Motion (SHM) fitting in to the purpose of the study and therefore, decided to

employ the same. The VLP contained five Physics topics, namely: experiment on verification of
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Hooke’s law (lesson 1), determination of force constant of a spring (lesson 2); determination of
effective mass of a spiral spring by oscillation method (lesson 3), determination of acceleration due to
gravity by means of the simple pendulum (lesson 4) and acceleration due to gravity by means of the
simple pendulum from inaccessible height (lesson 5). The main menu of the package consisted of
teaching resources, activities, topics, sample learning goals and system requirements. The VL is
divided into three sections, namely: Lesson Note section, where students read th%ﬁ)erimental
procedures; Video section, where the students watch a practical demonstration of |Q’ periment; and
virtual laboratory section, where the students perform the experiment. This @gﬂf)n allows students
to control inputs such as masses, length, and force, period and amon s and it allows them to
receive immediate feedback on the results of changes to therlmental set-up. With proper
guidance, students can use the simulation to construct @Qal model of the experiment. This
simulation also allows students to interactively const %e graphs commonly found in textbooks,
such as load vs. extension, length vs. period, @ ed vs. square of time. By seeing these graphs
created in real time as they change the-c\ s on the experiment, students were able to see the
relationship between the graphs and %se periment more clearly than they see when viewing static
images. The figures 3.1-3.4 r@vmual laboratories used for the Simple Harmonic Motion taught
the experimental group{§
S

O

O

\*
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Fig 3.2 virtual laboratory for determination of force constant of a spring
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3.4.3.3 Instructional Guide on Conventional Method (CM)

This guide describes the steps of the teaching/learning process by the teacher. Conventional Method
(CM) instructional guide is a step-by-step instruction given to the participants in control group. The
teacher taught the students using the conventional method (teacher-centred) of chalk and talk

The control group used this instrument, which is the most commonly used teachi pproach in
Nigerian schools for practical science teaching. The strategy involves the fo@Qg steps: The
teacher introduces the concept to be learnt and asks questions on Leamers’g%rgaf)wledge. Learners
sit down facing the chalkboard, while the teacher writes on the chalkb he teacher explains the
new concept, while learners listen to the teacher. The teacher @Jnstrates, solves numerical and
non-numerical problems and performs experiment using relevant procedural steps. The instructional

guide was peer and expert reviewed and their reaction%@estions and advice were used to improve

the instrument. ®%

3.5 Validity of Research Instrumenh\%

3.5.1 Physics Achievement T%@T)

The researcher ensured that fE@'ument “PAT” satisfies the necessary psychometric properties. In
0

order to ensure the validit e instrument it was given to two senior secondary II Physics teachers
for scrutiny to pen@\o'r er to ensure that the items actually measure what it intends to measure.
The researchey@ﬁlly generated a total of (70) test items, based on the content of the topic selected
for the st n the course of validation, these experts subjected the items to criticism and vetting as
requested by the researcher. The criteria for this were with respect to relevance, suitability, content
areas identified, repetitions, set objectives, use of language, ambiguity and any other criticism. All the

observations and corrections were put into consideration in developing the final draft.

3.5.2 Physics Attitude Scale (PAS)
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50 items were drawn at the initial stage. This instrument was then given to the researcher’s supervisor
and two experienced Physics teachers in secondary schools to assess the face validity in respect of the
language used in presenting, clarification of the ideas and their applicability to the investigation. Their
observations and suggestions were then applied in modification and production of the final copy. The
final scale consisting of 20 items was then administered on a sample of (30) SS2 students outside the
main study but similar in characteristics to the students for whom the instrument was int&&ed in order

to establish its reliability for the study. OQ

The final draft was trial-tested using a sample of (30) students nicipating in the main study but

3.6 Reliability of the Research Instruments

3.6.1 Physics Achievement Test (PAT)

similar in attributes with the participating students. KR-20 &d to analyze responses and a value
of 0.81 was obtained for its reliability. For the Physi(@ievement Test (PAT), one point (1) was
given for every correct answer and no points\‘\&re given for incorrect answers. The Physics

Achievement Test (PAT) has a total score O\@)

3.6.2 Physics Attitude Scale (PASQ"&C)

The final scale consisting of 20 ’ Awas then administered on a sample of (30) SS2 students outside
the main study but similanin ‘eharacteristics to the students for whom the instrument was intended in
order to establish @X\m‘b ity for the study. A reliability coefficient of 0.73 was obtained using
Cronbach alp ficient. In scoring the attitude of the students towards Physics, Strongly Agree
(SA) ratw%rks, Agree (A) rated 3marks, disagree (D) rated 2 marks and Strongly Disagree (SD)
rated 1 mark for positive worded items, while negative worded items were rated as follows Strongly
Agree (SA) rated 1marks, Agree (A) rated 2marks, Disagree (D) rated 3 marks and Strongly Disagree

(SD) rated 4 marks.

3.7 Method of Data Collection
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The researcher visited and sought permission from the principals of the selected schools and their
respective Physics teachers with the introduction letter from the Department of Science Education.
The teachers were trained to intimate them with the strategies and design. In the process, the purpose
of the study and the procedural steps involved in the study were fully discussed.

The following time schedule was adopted for the process:

a)  The first week for the training of research assistant *

b)  One week for pre-test Q

c¢)  Five weeks for carrying out the treatment /\(/

d)  One week for post-test s
Week One 0

Training of Research Assistants Q
The first week was for the training of research assistan@the strategies selected for the topic under

’2>

consideration

Week Two &

)
Administration of Pre-test &

All the SSII Physics studen s of the three selected schools for the study were exposed to
Physics Achievement T gT) as a pre-test and also the questionnaire on students’ attitude
towards Simple Ha@w otion in Physics were administered. This exercise lasted a week

Week Three;@

The tre@[ was carried out on the experimental and the control groups. During this period, the
researcher and the research assistants taught their students in their respective schools using the lesson
notes prepared for experimental I, experimental II and control groups
Instructional Procedure:

a) Instructional Procedure for Experimental Group I (Predict-Observe-Explain Strategy)

Step 1: Introduction
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Activity 1: Arouse students’ interest and motivates them to learn by probing into their prior
knowledge through questioning

Activity ii: Makes known to the students the teaching technique and its demand on them
Activity iii: Divides the students into groups of 4-7 ask them to assume the role of captain,
recorder, time -keeper and so on

Activity iv: Introduces the experiment to the students *

Step 2: Prediction QQ

Activity i: students attempt individual predictions of the outcome 0&&&riment

Activity ii: Students write down their predictions on a sheet er or a prediction sheet

based on the experiment 0

Step 3: Observation Q

Activity i: Instruct the students to carry out the%@tory activities
Activity ii: students record their obsewa@

Step 4: Explaining the Observath\%

Activity 1: The teacher asks tt%::?ents to write out their explanation for their observation on
°

the Predict-Observe- ix@vorksheet

Activity ii: The studerits’ compare individual explanations and collectively brainstorm to come
out with gr@s\pia ation to observation

Activi eacher goes round the various groups to supervise the activities

Ab& iv: teacher engages the students to correlate their prediction with their observations
Step S: Summary

Activity i: The teacher summarizes the important points of the topic on the board

Activity ii: students copy the important points into their notebooks

Step 6: Assignment

Students are given take-home assignment
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b) Instructional Procedure for Experimental Group II (Virtual Laboratory Strategy)

Step 1: Introduction

Activity i: The teacher introduces the lesson with the provision of relevant instructional
materials.

Activity ii: Makes known to the students the teaching technique and its demm@hem
Step 2: Presentation ‘ 0
Activity i: The teacher introduces the virtual laboratory softwa@&w students where the

experimental rules, laboratory equipment and materials are s@s shown in figures 3.1-3.4

above Q

Activity ii: The procedures to perform expermi 98&51mp1e Harmonic Motion in the virtual

laboratory are introduced to the students
Activity iii: Students are assisted wi ?E -step descriptions and screen capture images of
the simulation software as illust gures 3.1-3.4 above

Step 3: Task Performanc udents

Activity i: Students @Qﬂl experiment from the pull-down menu.

step descriptio @sereen capture images of the simulation software as illustrated

Step 5: g‘

Acti % The teacher gives a quiz on the material so that students can quickly come to
realize that their sessions are not just for fun and games but really count.

Activity ii: Teachers take note of the students’ responses.

Step 6: Summary

Activity i: The teacher summarizes the important points after which the students copy

them into their notes.
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Step 7: Assignment

Activity i: Students are given take-home assignment on related questions.

¢) Instructional Procedure for Control Group (Conventional Learning Strategy)
Step 1: Introduction
Activity i: The teacher writes the topic on the board \
Activity ii: The teacher asks questions requesting information on their prio@ ledge of
the topic. &
Activity iii: The students respond to the questions asked by the

Activity iv: The teacher establishes a link between their a@)riate responses and the

lesson for the day. Q
)

Step 2: Presentation 6

Activity i: The teacher describes/ deﬁnea@fgm the new concept for the day to students.
Activity ii: The teacher demonstrma&’fﬁw students the processes of each concept

Activity iii: The students obsv‘;ﬁacher’s demonstration and make comments on their

observations. Q\A
Step 3: Evaluatio s

Activity i: 1@&1 r examines students on the concepts taught.

Step 4@mary

Ak& i: The teacher dictated the note to the students for them to copy

Step S: Assignment

Activity i: The students are given take-home assignments against next lesson.
Week Eight

Administration of Post Test
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Physics Achievement Test (PAT) was administered as post-test on the subjects as well as the
questionnaire on students’ attitude towards Physics was administered at the end of the treatment for

the groups.

3.7.1  Data Administration of the Research Instruments *

The researcher trained the research assistants which comprises the Physics Tea Qf the schools
that were selected for the study. The researcher trained the Physics teac@gfg the lesson plans
prepared by the researcher. The teachers were trained on how @de the students in the
experimental group I in using Predict-Observe-Explain Stra (POES), which was used for
teaching the students in the experimental group I, experi@@ group II was taught using Virtual
Laboratory Strategy (VLIS), while the teachers for 6%11‘&01 group used Conventional Method
(CM). Students in the treatment and control @rbeceived the same instruction using the same
length of time (period). Each of the scho@re taught using double periods every week for five
weeks. After the training, the researt%fa?sessed the research assistants (teachers) by allowing them
to demonstrate what they h Vq&u taught in the training for 30 minutes. The research assistants
were carried on with the [;ﬁ‘nent based on the earlier discussion. Pretest was administered to the
students before the@)ﬁcemerﬁ of the experiment. The researcher also monitored the assistants
during the ex@nt. At the end of these actual teaching periods, the pre-PAT and pre-PAS were
reshufﬂe}sg%administered as post-test which lasted for one week and the post test was marked by
the researcher using the marking scheme developed by the researcher. The pre-test score constituted
the covariates to the post-test scores.

3.8 Method of Data Analysis

The procedure for data analysis in this study involved the use of descriptive and inferential statistics.

Frequency and percentage are the descriptive statistics used for the study to show socio-demographic
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characteristics of the participants. The hypotheses formulated were analyzed using Analysis of
Covariance (ANCOVA) with pre-test scores as covariates. The analysis was done at 0.05 level of
significance. Estimated Marginal Means was also used to explain the magnitude of the post-test mean

achievement in and attitude towards Simple Harmonic Motion (SHM) in Physics scores across the

different levels of strategy and gender.

Endnote Q\

1. Ogun State Ministry of Education, Science & Technology, Department of uf@n Development
and Evaluation, 2023

142



Chapter Four Q\

Results and Discussion of Findings 0
This chapter presents results of the analyses and discussion of findings. The@&/and discussion of

findings are presented based on demographic characteristics of the particip ypotheses as follow:

4.1 Demographic Data Analysis Q:
Table 4.1-4.3 are the socio-demographic characteristics of ﬂg@pants.

Table 4.1: Distribution of the Participants by Gender_ )\

Gender Frequency Percent
Male 70 42.2
Female 96 57.8
Total 166 100.0

Source: Field Survey, 2024 . \v

Table 4.1 reveals that seventy (7@%) of the participants were males, while ninety-six (96) (57.8%)
were females. This means th\*%st of the participants were females.

Table 4.2: Distribution of'the Participants by Age

Age Frequency Percent
12-14 years 59 35.5
15-16 years 94 56.6
17 years and above 13 7.8
Total 166 100.0

Source: Field Survey, 2024
Table 4.2 reveals that fifty-nine (59) (35.5%) of the participants were in the age range of 12-14 years,

ninety-four (94) (56.6%) were between 15-16 years, while thirteen (13) (7.8%) were 17 years and above.
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This means that, most of the participants were in the age range of 15-16 years, while the participants who
were over 17 years were the least.

Table 4.3: Distribution of the Participants by Groups

Treatment Groups Frequency Percent
Predict-Observe-Explain (Experimental Group 1) 40 24.0
Virtual Laboratory Strategies (Experimental Group 2) 35 21.0
Control Group 91 55.0

Total 166 100.0
Source: Field Survey, 2024

Table 4.3 reveals that forty (40) (24.0%) of the participants were exposed to Pr@sewe-Explain,
thirty-five (35) (21.0%) were Virtual Laboratory Strategies on Students’; wI@@ety—one (91) (55.0%)

participants were in control group. This means that, most of the participant% in control group, while

participants exposed to Virtual Laboratory Strategies were the least. 0

4.2 Presentation of Data Q

The following hypotheses were tested in this study. 166
Hola: There will be no significant main effect of r\e&ct-Observe-Explain strategy on students’ attitude
towards Physics in secondary schools in Ogu{6§¢\'

Table 4.4.1: Analysis of Covariance ol.@ﬂ Effect of Predict-Observe-Explain Strategy on Students’
Attitude towards Physics N (\\

Type I Sum Partial Eta

Source of Squares df Mean Square F Sig. Squared
Corrected Model 272.067 2 136.034 3.485 0.034 0.052
Intercept 5097.099 1 5097.099  130.574  0.000 0.505
Pretest 13492 1 13.492 0.346 0.558 0.003
Treatment 247.822 1 247.822 6.349 0.013 0.047
Error 4996.635 128 39.036
Total 423171.000 131
Corrected Total 5268.702 130

Source: Field Survey, 2024 < 0.05

Table 4.4.1 shows that there was a significant main effect of Predict-Observe-Explain strategy (treatment)
on students’ attitude towards Physics in secondary school in Ogun State (F(i,128=6.349, p<0.05, partial

N?=0.047). The null hypothesis was therefore rejected. This implies that the treatment was effective on
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students’ attitude towards Physics in secondary school in Ogun State. Also, the partial eta square value of

0.047 shows the contributing effect size of 4.7%.

3

Table 4.4.2: Estimated Marginal Means of Predict-Observe-Explain Strategy on @ ts’ Attitude

towards Physics (
95% Confidence Interval
Lower Upper
Treatment Groups Mean Std. Error Bound Bound
Predict-Observe-Explain Strategy 58.562 0.990 56.603 60.521
Control 55.566 0.656 54.269 56.863
Source: Field Survey, 2024 A4

O

Table 4.4.2 shows that participants exposed to Predict-O ’Q—Explain Strategy (treatment group) had
higher posttest mean (5f ) score of 58.562 on stud@tude towards Physics in secondary school in

Ogun State, than their counterparts in the control p with posttest mean score of 55.566. This means that

participants exposed to Predict-Observe-Explad \ﬁ ategy (treatment group) performed better than those in

the control group. It implies that Predic@e-Explain Strategy was an effective method that improved
a

students’ attitude towards Physics in @m ry schools in Ogun State.

Holb: There will be nos s@?cant main effect of Predict-Observe-Explain strategy on students’

achievement in Simpl%gﬂ{)nic Motion in Physics in secondary schools in Ogun State.

Table 4.5.1: Ana f Covariance of Main Effect of Predict-Observe-Explain Strategy on Students’
Achievement 1 ple Harmonic Motion in Physics
Type I Sum Mean Partial Eta

Source of Squares df Square F Sig. Squared

Corrected Model 8694.278 2 4347.139 346.357  0.000 0.844

Intercept 5501.730 1 5501.730 438.349  0.000 0.774

Pretest 1.277 1 1.277 0.102 0.750 0.001

Treatment 8570.010 1 8570.010 682.814 0.000 0.842

Error 1606.531 128 12.551

Total 39926.000 131
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Corrected Total 10300.809 130
Source: Field Survey, 2024 < 0.05

Table 4.5.1 shows that that there was a significant main effect of Predict-Observe-Explain strategy
(treatment) on students’ achievement in Simple Harmonic Motion in Physics in secondary school in Ogun
State (F(1,128=682.814, p<0.05, partial n?>=0.842). The null hypothesis was therefore rejected. This implies

that the treatment was effective on students’ achievement in Simple Harmonic Motion &Physics in

secondary school in Ogun State. Also, the partial eta square value of 0.842 shows the beu ing effect

size of 84.2%. ’\< R

Table 4.5.2: Estimated Marginal Means of Predict-Observe- ﬁ Strategy on Students’

Achievement in Simple Harmonic Motion in Physics P

95% Confidence
Interval
Lower Upper

Treatment Groups Mean Std. Error Bound Bound
Predict-Observe-Explain Strategy 27.345 0.564 26.230 28.460
Control 9.629 0.372 8.892 10.365

Source: Field Survey, 2024 C)\C )
Table 4.5.2 shows that participants exp @o Predict-Observe-Explain Strategy (treatment group) had
higher posttest mean ( ) score of 37 n students’ achievement in Simple Harmonic Motion in Physics

in secondary school in Ogun Statéythan their counterparts in the control group with posttest mean score of

performed better than.thosg in the control group. It implies that Predict-Observe-Explain Strategy was an

9.629. This means that Za)({' ants exposed to Predict-Observe-Explain Strategy (treatment group)
effective approach improved students’ achievement in Simple Harmonic Motion in Physics in

secondary scho@ gun State.

Ho2a: There will be no significant main effect of Virtual Laboratory strategy on students’ attitude towards
Physics in secondary schools in Ogun State.

Table 4.6.1: Analysis of Covariance of Main Effect of Virtual Laboratory Strategy on Students’
Attitude towards Physics

Type 111 Partial Eta
Source Sum of df Mean Square F Sig. Squared
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Squares

Corrected Model 194.302 2 97.151 2917 0.058 0.045
Intercept 4077.415 1 4077.415  122.412  0.000 0.499
Pretest 1.071 1 1.071 0.032 0.858 0.000
Treatment 177.138 1 177.138 5318 0.023 0.041
Error 4096.999 123 33.309
Total 403920.000 126
Corrected Total 4291.302 125
Source: Field Survey, 2024 < 0.05
Table 4.6.1 shows that there was a significant main effect of Virtual Laboratory stra treatment) on

students’ attitude towards Physics in secondary school in Ogun State (F(1,13\£1}, p<0.05, partial
n?=0.041). The null hypothesis was therefore rejected. This implies that t tment was effective on
students’ attitude towards Physics in secondary school in Ogun State. ®$ partial eta square value of
0.041 shows the contributing effect size of 4.1%. Q

fé\

Table 4.6.2: Estimated Marginal Means of Vir@ oratory Strategy on Students’ Attitude

towards Physics \
95% Confidence Interval
Treatment Groups Mean Std. Error ~ Lower Bound Upper Bound
Virtual Laboratory Strategy 58.373 1.029 56.336 60.410
Control 55.527 0.618 54.304 56.750
Source: Field Survey, 2024 \}

Table 4.6.2 shows that palltic ts exposed to Virtual Laboratory Strategy (treatment group) had higher
posttest mean () score OG:\ﬂ n students’ attitude towards Physics in secondary school in Ogun State,
than their counterpartséthe control group with posttest mean score of 55.527. This means that participants
exposed to Virtu ratory Strategy (treatment group) performed better than those in the control group.
It implies that\\b'ftual Laboratory Strategy was an effective strategy that improved students’ attitude

towards Physics in secondary schools in Ogun State.

Ho2b: There will be no significant main effect of Virtual Laboratory strategy on students’ achievement in
Simple Harmonic Motion in Physics in secondary schools in Ogun State.

Table 4.7.1: Analysis of Covariance of Main Effect of Virtual Laboratory Strategy on Students’
Achievement in Simple Harmonic Motion in Physics
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Type III

Sum of Partial Eta
Source Squares df  Mean Square F Sig. Squared
Corrected Model 8471.512 2 4235756  318.115  0.000 0.838
Intercept 5805.328 1 5805.328  435.994  0.000 0.780
Pretest 1.153 1 1.153 0.087  0.769 0.001
Treatment 8323.577 1 8323.577  625.120 0.000 0.836
Error 1637.765 123 13.315
Total 37419.000 126
Corrected Total 10109.278 125 \

Source: Field Survey, 2024 < 0.05 0‘(

Table 4.7.1 shows that that there was a significant main effect of Virtual Labera
students’ achievement in Simple Harmonic Motion in Physics ir@o dary school in Ogun State
(F1,1237625.120, p<0.05, partial n?=0.836). The null hypothesis w erefore rejected. This implies that
the treatment was effective on students’ achievement in Sin@l rmonic Motion in Physics in secondary
school in Ogun State. Also, the partial eta square val 2836 shows the contributing effect size of 83.6%.

S\

Table 4.7.2: Estimated Marginal Means @aual Laboratory Strategy on Students’ Achievement in
Simple Harmonic Motion in Physics, _\'

95% Confidence Interval

Lower Upper
Treatment Groups Mean Std. Error Bound Bound
Virtual Laboratory strategy 27.965 0.621 26.735 29.195
Control 9.629 0.384 8.869 10.388

Source: Field Surve)b 4

Table 4.7.2 sh%gﬁat participants exposed to Virtual Laboratory strategy (treatment group) had higher
posttest mean () score of 27.965 on students’ achievement in Simple Harmonic Motion in Physics in
secondary school in Ogun State, than their counterparts in the control group with posttest mean score of
9.629. This means that participants exposed to Virtual Laboratory Strategy (treatment group) performed
better than those in the control group. It implies that Virtual Laboratory Strategy was an effective approach
that improved students’ achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun

State.
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Ho3a: There will be no significant main effect of gender on students’ attitude towards Physics in secondary

schools in Ogun State.

Table 4.8.1: Analysis of Covariance of Main Effect of Gender on Students’ Attitude towards Physics

Type I

Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared \
Corrected Model 131.286 2 65.643 1.803 0.168 0.022
Intercept 7745.878 1 7745.878  212.706  0.000 0.566
Pretest 51.806 1 51.806 1.423 0.235 0.009
Gender 63.615 1 63.615 1.747  0.188 0.011
Error 5935.799 163 36.416
Total 542896.000 166
Corrected Total 6067.084 165

Source: Field Survey, 2024 \);5.05

Table 4.8.1 shows that there was no significant main effect %Qr on students’ attitude towards Physics
in secondary school in Ogun State (F,163=1.747, %@ partial 1>=0.011). The null hypothesis was
therefore not rejected. This implies that gencleg\' no significant effect on students’ attitude towards
Physics in secondary school in Ogun Sta‘(.c'}lso, the partial eta square value of 0.011 shows the
contributing effect size of 1.1%. 'Q\A
N
Table 4.8.2: Estimated Malg,éa\ Means of Gender on Students’ Attitude towards Physics
95% Confidence Interval

Gender Mean Std. Error Lower Bound Upper Bound
Male 56.137 724 54.707 57.567
Female 57.400 618 56.180 58.620

Source: Field Survey, 2024

Table 4.8.2 shows that female participants had a higher posttest mean score (57.400) than their male
(56.137) counterparts. This implied that female gender had a better effect on students’ attitude towards

Physics than their male counterparts.
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Ho3b: There will be no significant main effect of gender on students’ achievement in Simple Harmonic

Motion in Physics in secondary schools in Ogun State.

Table 4.9.1: Analysis of Covariance of Main Effect of Gender on Students’ Achievement in Simple
Harmonic Motion in Physics

Type Il

Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared \
Corrected Model 219.092 2 109.546 1.200 0.304 0.015
Intercept 5042.005 1 5042.005 55.212  0.000 0.253
Pretest 208.336 1 208.336 2.281 0.133 0.014
Gender 6.121 1 6.121 0.067 0.053 0.000
Error 14885.269 163 91.321
Total 67458.000 166
Corrected Total 15104.361 165

Source: Field Survey, 2024 < 005

Table 4.9.1 shows that there was no significant mai@f gender on students’ achievement in Simple
Harmonic Motion in Physics in secondary scho@gun State (F(1,163=0.067, p>0.05, partial n?>=0.000).
The null hypothesis was therefore not refé‘éfe? This implies that gender had no significant effect on

students’ achievement in Simple Ha@c Motion in Physics in secondary school in Ogun State. Also, the

partial eta square value of 0.000sh: the contributing effect size of 0.0%.

C

Table 4.9.2: Estim arginal Means of Gender on Students’ Achievement in Simple Harmonic
Motion in Physics) |
95% Confidence Interval
Gender Mean Std. Error Lower Bound Upper Bound
Male 17.984 1.143 15.727 20.242
Female 17.595 0.976 15.668 19.522

Source: Field Survey, 2024

Table 4.9.2 shows that male participants had a higher posttest mean score (17.984) than their female
(17.595) counterparts. This implied that gender had a better effect on students’ achievement in Simple

Harmonic Motion in Physics than their female counterparts.
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Ho4a: There will be no significant main effect of treatment: Predict-Observe-Explain and Virtual

Laboratory strategies on students’ attitude towards Physics in secondary schools in Ogun State.

Table 4.10.1: Analysis of Covariance of main Effect of treatment: Predict-Observe-Explain and
Virtual Laboratory Strategies on Students’ Attitude towards Physics

Type I1I Partial \
Sum of Mean Eta
Source Squares df Square F Sig. Squared
Corrected Model 371.596 3 123.865  3.523 0.016 0.061
Intercept 7071.414 1 7071.414 201.136 0.000 0.554
Pretest 20.182 1 20.182 0.574 0.450 0.004
POES*VLS (Treatment) 303.925 2 151.962 4322 0.015 0.051
Error 5695.488 162 35.157
Total 542896.000 166
Corrected Total 6067.084 165
Source: Field Survey, 2024 ‘0<0.05

Table 4.10.1 shows that there was a significant n@ct of treatments (Effect of Predict-Observe-
Explain and Virtual Laboratory Strategies) on %ts’ attitude towards Physics in secondary school in
Ogun State (F2,162=4.322, p<0.05, partiald)s=0.047). The null hypothesis was therefore rejected. This
implies that the combined treatme%\% (Effect of Predict-Observe-Explain and Virtual Laboratory
Strategies) was effective on stu Qattitude towards Physics in secondary school in Ogun State. Also, the
partial eta square value o((;)é"s ows the contributing effect size of 5.1%.

Table 4.10.2: Est% Marginal Means of Predict-Observe-Explain and Virtual Laboratory
Strategies on Students’ Attitude towards Physics

N

95% Confidence
Interval
Std. Lower  Upper

Treatment Groups Mean  Error Bound Bound

Predict-Observe-Explain Strategy (Experimental 1) 58.616 0938  56.764 60.468
Virtual Laboratory Strategy (Experimental 2) 58.102  1.041 56.046  60.157
Control 55.624 0.629 54381 56.867

Source: Field Survey, 2024
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Table 4.10.2 shows that after controlling for the effect of treatments on students’ attitude towards Physics,
the participants exposed to Predict-Observe-Explain strategy had the highest mean score (58.616), followed
by those exposed to Virtual Laboratory strategy (58.102), while the control group had a mean score of
55.624. This implies that Predict-Observe-Explain strategy was more potent in relation to students’ attitude

towards Simple Harmonic Motion in Physics in secondary schools in Ogun State.

Estimated Marginal Means of Predict-Observe- )
Explain and Virtual Laboratory to Attitude
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Predict-Observe-Explkin Virtual Laboratory Strategy Control
Strategy (Experimental 1) {Experimental 2)

School

Figure 4.1: Graphical illustration of the Q?y interaction effect of Predict-Observe-Explain and Virtual
Laboratory to Attitude

Table 4.10.3: Scheffe Pa1r-w1s Qparlsons of Attitude on Strategy

Treatment Predict-Observe-  Virtual
Groups Mean Explain Laboratory Conventional Method
Predict-Observe-
Explain (Exp.1) 58.616

Virtual
Laboratory
58.102
(Exp.2)
Control
55.624
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denotes pairs of groups that are significantly different at p< 0.05

The Result in table 4.10.3 shows that the obtained significant differences in strategy is accounted for by
the significant difference in the post-test mean attitude scores of the students exposed to the pairs of
Predict-Observe-Explain and Conventional Method on the one hand as well as Virtual Laboratory and
Conventional Method on the other. This implied that the difference between the post-test mean attitude
scores of the students exposed to the pairs of Predict-Observe-Explain strategy and Conventional Method
as well as Virtual Laboratory and Conventional Method are statistically significant at-Q¥05 level of
significance. However, the difference between the post-test means attitude scores of the gtudents exposed to
the other possible pairs (Predict-Observe-Explain and Virtual Laboratory) is not statistieally significant.
Therefore, the significant difference in the post-test mean attitude scores of the ‘students exposed to the
pairs of Predict-Observe-Explain and Conventional Method as well as VirtuaNaberatory and Conventional
Method are responsible for the obtained significant main effect of mstructional strategy on attitude to
Physics

Ho4b: There will be no significant main effect of treatmefits Predict-Observe-Explain and Virtual
Laboratory strategies on students’ achievement in Simple, Barmonic Motion in Physics in secondary
schools in Ogun State.

Table 4.11.1: Analysis of Covariance of mainnEffect of treatment: Predict-Observe-Explain and
Virtual Laboratory Strategies on Students? Achievement in Simple Harmonic Motion in Physics

Type III

Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model ~ 13297.909 3 4432.636  397.512  0.000 0.880
Intercept 10187.893 1 10187.893  913.635  0.000 0.849
Pretest 5.241 1 5.241 0.470 0.494 0.003
Treatment 13084.938 2 6542.469  586.719 0.000 0.879
Error 1806.452 162 11.151
Total 67458.000 166
Corrected Total 15104.361 165
Source: Field Survey, 2024 < 0.05

Table 4.11.1 shows that there was a significant main effect of treatment (Effect of Predict-Observe-Explain
and Virtual Laboratory Strategies) on students’ achievement in Simple Harmonic Motion in Physics in

secondary school in Ogun State (F(2,162=586.719, p<0.05, partial n>=0.047). The null hypothesis was
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therefore rejected. This implies that the combined treatment of (Effect of Predict-Observe-Explain and
Virtual Laboratory Strategies) was effective on students’ achievement in Simple Harmonic Motion in
Physics in secondary school in Ogun State. Also, the partial eta square value of 0.879 shows the
contributing effect size of 8§7.9%.

Table 4.11.2: Estimated Marginal Means of Predict-Observe-Explain and Virtual Laboratory
Strategies on Students’ Achievement in Simple Harmonic Motion in Physics A
95% Confidence .
Interval

Std. Lower Upper

Treatment Groups Mean Error Bound Bound
Predict-Observe-Explain Strategy (Experimental Group 1)  27.350 0.529 26.305 28.395
Virtual Laboratory Strategy (Experimental Group 2) 27976 0.567 26.858 29.095

Control 9.614 0352 8919 10.308

Source: Field Survey, 2024 Q\)

Table 4.11.2 shows that after controlling for the effect of trea t on students’ achievement in Simple
Harmonic Motion in Physics, the participants exposed to Vi@’btaboratory strategy had the highest mean
score (27.976), followed by those exposed to PredictQ@%e-Explain strategy (27.350), while the control
group had a mean score of 9.614. This implies that Vi\N Laboratory strategy was more potent in relation

to students’ achievement in Simple Harmonic @&m in Physics in secondary schools in Ogun State.

Estimated Marginal Means of Predict-Observe-
Explain and Virtual Laboratory on Achievement
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Figure 4.2: Graphical illustration of the 2-way interaction effect of Predict-Observe-Explain and Virtual
Laboratory on Achievement
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Table 4.11.3: Scheffe Pair-wise Comparisons of Achievement on Strategy

Treatment Predict-Observe-  Virtual
Groups Mean Explain Laboratory Conventional Method
Predict-Observe-
Explain (Exp.1) 27.350

Virtual
Laboratory 27.976 \
Control 9.614 »
C
denotes pairs of groups that are significantly different at p< 0.05 6\

The result in Table 4.11.3 shows that the obtained significant difference in strategy was accounted for by
the significant difference in the mean achievement scores éostudents exposed to the pairs of Predict-
Observe-Explain versus Virtual Laboratory and Virtua atory versus conventional method. This
implies that the difference between the mean ac.hﬁent scores of the students exposed to the pairs of
Predict-Observe-Explain and Virtual Laborat weéll as Virtual Laboratory and conventional method are
statistically significant at the 0.05 level of. {ﬁcance. However, the difference between the mean
achievement scores of the students ¢ to Predict-Observe-Explain versus conventional method is not
statistically significant. Therefore}% significant difference in the mean achievement scores of the students
exposed to the pairs of Predi&'\' erve-Explain versus Virtual Laboratory and Virtual Laboratory versus
conventional method are nsible for the obtained significant effect of instructional strategy on the

achievement in Sim rmonic Motion

HoSa: There will be no significant interaction effect of Predict-Observe-Explain and gender on students’

attitude towards Physics in secondary schools in Ogun State.
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Table 4.12.1: Analysis of Covariance of Interaction Effect of Predict-Observe-Explain Strategy and
Gender on Students’ Attitude towards Simple Harmonic Motion in Physics

Type III

Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected Model 371.950 4 92.988 2.393 0.054 0.071
Intercept 4665.217 1 4665.217 120.042  0.000 0.488
Pretest 3.035 1 3.035 .078 0.780 0.001
Treatment 243.573 1 243.573 6.267 0.014 0.047
Gender 12.356 1 12.356 0.318 0.574 0.003 \
Treatment™* Gender 41.707 1 41.707 1.073  0.302 0.008
Error 4896.752 126 38.863
Total 423171.000 131
Corrected Total 5268.702 130

Source: Field Survey, 2024 < \¥

Table 4.12.1 shows that that there was no significant interactionct of Predict-Observe-Explain
(treatment) and gender on students’ attitude towards Physi%in secondary schools in Ogun State

(F1,126=1.073, p>0.05, partial n?=0.008). The null hypothe&% therefore not rejected. This implied that
Predict-Observe-Explain and gender had no signiﬁc&@eraction effect on the students’ attitude towards

Physics in secondary schools in Ogun State. ﬂ@al eta square value of 0.008 shows the contributing

effect size of 0.8%. Q)&C—)

Table 4.12.2: Estimated Margi a@kans of Predict-Observe-Explain Strategy and Gender on
Students’ Attitude towards Ph)’s&

95% Confidence
Interval

Std. Lower Upper

Treatment Groups Gender Mean  Error Bound Bound
Predict-Observe-Explain Strategy Male 59.056 1.978 55.143 62.970
Female 58.423  1.139 56.170 60.677

Control Male 54.371  0.999 52.393 56.349
Female 56.488 0.876 54.754 58.222

Source: Field Survey, 2024
Table 4.12.2 shows that male participants in the treatment group had a higher mean score (59.056)
than their female (58.423) counterparts. This implies that the interaction of Predict-Observe-Explain and

gender had a better effect on students’ attitude towards Physics in secondary schools in Ogun State among
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male participants who were exposed to Predict-Observe-Explain strategy than their female counterparts. In
the control group, the female participants had a higher mean score (56.488) than their male (54.371)
counterparts. This implies that the interaction of Predict-Observe-Explain and gender had a better effect on
students’ attitude towards Physics in secondary schools in Ogun State among female participants in the
control group than their male counterparts.

The overall comparison shows that male participants in treatment group had the higb&nean score
(59.056), followed by female participants in treatment group with a mean score of 58.@ hile the male
participants in control group had the least mean score (54.371). It implies Uﬁgt(action of Predict-
Observe-Explain and gender had a better effect on students’ attitude toward cs in secondary schools
in Ogun State among male participants who were exposed to Predictrve—EXplain strategy than their

female counterparts; and other participants in the control group, r @vely.
o« A

Estimated Marginal Means of Predict-Observe-
Explain and Gender to Attitude
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Figure 4.3: Grm:al illustration of the 2-way interaction effect of Predict-Observe-Explain and Gender to
Attitude

HoSb: There will be no significant interaction effect of Predict-Observe-Explain and gender on students’

achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun State.
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Table 4.13.1: Analysis of Covariance of Interaction Effect of Predict-Observe-Explain Strategy and
Gender on Students’ Achievement in Simple Harmonic Motion in Physics

Type I Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected Model 8817.759 4 2204.440 187.289 0.000 0.856
Intercept 5153.772 1 5153.772  437.865 0.000 0.777
Pretest 1.373 1 1.373 0.117  0.733 0.001
Treatment 6807.717 1 6807.717 578.384  0.000 0.821 \
Gender 38.293 1 38.293 3.253  0.074 0.025
Treatment * Gender 23.650 1 23.650 2.009 0.159 0.016
Error 1483.051 126 11.770
Total 39926.000 131
Corrected Total 10300.809 130

Source: Field Survey, 2024 <0

Table 4.13.1 shows that that there was no significant interac Qect of Predict-Observe-Explain
(treatment) and gender on students’ achievement in Simple onic Motion in Physics in secondary
schools in Ogun State (F(1,126=2.009, p>0.05, partial\%% 6). The null hypothesis was therefore not
rejected. This implied that Predict- Observe-Explai a\d gender had no significant interaction effective on
the students’ achievement in Simple Hamon@ﬁm in Physics in secondary schools in Ogun State. The
partial eta square value of 0.016 shows th@tributing effect size of 1.6%.

Table 4.13.2: Estimated Marg@leans of Predict-Observe-Explain Strategy and Gender on
Students’ Achievement in Simple Harmonic Motion in Physics

95% Confidence
Interval
Std. Lower  Upper

Treatment Gender Mean Error Bound Bound

Predict-Observe-Explain Strategy Male 27.556 1.097 25385 29.727
Female 27.276 0.627  26.035 28.516

Control Male 10.940 0.543 9.866 12.015
Female 8.599 0.481 7.647 9.551

Source: Field Survey, 2024
Table 4.13.2 shows that male participants in the Predict-Observe-Explain group had a higher mean score

(27.556) than their female (27.276) counterparts. This implies that the interaction of Predict-Observe-
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Explain and gender had a better effect on students’ achievement in Simple Harmonic Motion in Physics in
secondary schools in Ogun State among male participants who were exposed to Predict-Observe-Explain
strategy than their female counterparts. In the control group, the male participants had a higher mean score
(10.940) than their female (8.599) counterparts. This implies that the interaction of Predict-Observe-
Explain and gender had a better effect on students’ achievement in Simple Harmonic Motion in Physics in
secondary schools in Ogun State among male participants in the control group tha%ir female
counterparts. QQ

The overall comparison shows that male participants in Predict—Obsery%x in group had the
higher mean score (27.556), followed by male participants in treatment grou a mean score of 27.276,
while the female participants in control group had the least mean score @9 9). It implies the interaction of
Predict-Observe-Explain and gender had a better effect on students? achievement in Simple Harmonic
Motion in Physics in secondary schools in Ogun State a@male participants who were exposed to

Predict-Observe-Explain strategy than their female c@ﬁs; and other participants in the control group

respectively. . 5\%

Estimated Marginal Means of Predict-Observe-
Explain and Gender on Achievement

.

Estimated Marginal Means

Male Female Male Female

Predict-Observe-Explain Strategy Control
School
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Figure 4.4: Graphical illustration of the 2-way interaction effect of Predict-Observe-Explain and Gender on
Achievement

Hyo6a: There will be no significant interaction effect of Virtual Laboratory and gender on students’ attitude

towards Physics in secondary schools in Ogun State.

Table 4.14.1: Analysis of Covariance of Interaction Effect of Virtual Laboratory ategy and
Gender on Students’ Attitude towards Physics

Type III

Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model 317.552 4 79.388 2.417 0.052 0.074
Intercept 3487.655 1 3487.655 106.199  0.000 0.467
Pretest 12.704 1 12.704 387 0.535 0.003
Treatment 221.315 1 221.315 6.739 0.011 0.053
Gender 63.009 1 63.009 1.919 0.169 0.016
Treatment*Gender 11.697 1 11.697 0.356 0.352 0.003
Error 3973.750 121 32.841
Total 403920.000 126
Corrected Total 4291.302 125

Source: Field Survey, 2024

&C;\\'\ < 0.05

Table 4.14.1 shows that that there W@o significant interaction effect of Virtual Laboratory strategy
(treatment) and gender on stu&% attitude towards Physics in secondary schools in Ogun State
(F1,121y=0.356, p>0.05, p i@p.oos). The null hypothesis was therefore not rejected. This implies that
Virtual Laboratory a%gender had no significant interaction effect on the students’ attitude towards
Physics in sec@%hools in Ogun State. The partial eta square value of 0.003 shows the contributing
effect size of 0.3%.

Table 4.14.2: Estimated Marginal Means of Virtual Laboratory Strategy and Gender on Students’
Attitude towards Physics

95% Confidence
Interval
Lower Upper
Treatment Groups Gender Mean Std. Error ~ Bound Bound
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Virtual Laboratory Strategy Male 58.112 1.294 55.550 60.674

Female 59.073 1.577 55.950 62.196
Control Male 54.159 0.945 52.289 56.029
Female 56.496 0.803 54.907 58.085

Source: Field Survey, 2024

Table 4.14.2 shows that female participants in the Virtual Laboratory group had a higher mean
score (59.073) than their male (58.112) counterparts. This implies that the interaction of Virtual Laboratory
and gender had a better effect on students’ attitude towards Physics in secondary schooQ%gun State
among female participants who were exposed to Virtual Laboratory strategy than tl‘er/ge counterparts.
In the control group, the female participants had a higher mean score (56.4 ’%@n their male (54.159)
counterparts. This implies that the interaction of Virtual Laboratory an er had a better effect on
students’ attitude towards Physics in secondary schools in Ogun @nong female participants in the
control group than their male counterparts. Q

The overall comparison shows that female paﬂiciy@in Virtual Laboratory group had the higher
mean score (59.073), followed by male participa tE\QQ/irtual Laboratory group with a mean score of
58.112, while the male participants in contr&%ﬂ had the least mean score (54.159). It implies the
interaction of Virtual Laboratory and, Q&Xlad a better effect on students’ attitude towards Physics in
secondary schools in Ogun State%@emale participants who were exposed to Predict-Observe-Explain

strategy than their male cou,n@s; and other participants in the control group, respectively.

\*
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Estimated Marginal Means of Virtual Laboratory
Strategy and Gender to Attitude
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Figure 4.5: Graphical illustration of the 2-way interaction effect of Vi@l.aboratory and Gender to

Attitude Q

Ho6b: There will be no significant interaction effect of Vﬁb‘@ Laboratory and gender on students’
achievement in Simple Harmonic Motion in Physics in se% schools in Ogun State.

\O

Table 4.15.1: Analysis of Covariance of % ion Effect of Virtual Laboratory Strategy and
Gender on Students’ Achievement in Sin;ﬁ\ armonic Motion in Physics

Type III

Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model 8601.351* 4 2150.338  172.549  0.000 0.851
Intercept 5841.250 1 5841.250  468.717  0.000 0.795
Preach 813 1 813 .065 0.799 0.001
Treatment 8110.455 1 8110.455 650.804 0.000 0.843
Gender 12.850 1 12.850 1.031 0.312 0.008
Treatment * Gender 65.045 1 65.045 5219 0.024 0.041
Error 1507.927 121 12.462
Total 37419.000 126
Corrected Total 10109.278 125

Source: Field Survey, 2024 < 0.05

Table 4.15.1 shows that that there was a significant interaction effect of Virtual Laboratory strategy

(treatment) and gender on students’ achievement in Simple Harmonic Motion in Physics in secondary
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schools in Ogun State (F(1,121)=5.219, p<0.05, partial n>=0.041). The null hypothesis was therefore rejected.
This implies that Virtual Laboratory and gender had a significant interaction effect on the students’
achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun State. The partial eta

square value of 0.041 shows the contributing effect size of 4.1%.

Table 4.15.2: Estimated Marginal Means of Virtual Laboratory Strategy and Gende Students’
Achievement in Simple Harmonic Motion in Physics ‘0
95% Confidence
Interval

Lower Upper

Treatment Groups Gender Mean  Std. Error Bound Bound
Virtual Laboratory Strategy Male 27.576 0.796 26.000 29.151
Female 28.476 0912  26.670 30.282
Control Male 10.942 0.559 9.836 12.049
Female 8.601 0.495 7.621 9.581
Source: Field Survey, 2024 ’b\

Table 4.15.2 shows that female participants in the M@Laboratory group had a higher mean score
(28.476) than their male (27.576) counterparts, ‘This\implies that the interaction of Virtual Laboratory and
gender had a better effect on students’ achieksa\ent in Simple Harmonic Motion in Physics in secondary
schools in Ogun State among femal@ﬁcipants who were exposed to Virtual Laboratory strategy than
their male counterparts. In the C(}kb group, the male participants had a higher mean score (10.942) than
their female (8.601) cou@&s. This implies that the interaction of Virtual Laboratory and gender had a
better effect on studenéachievement in Simple Harmonic Motion in Physics in secondary schools in Ogun
State among m@nicipants in the control group than their female counterparts.

The overall comparison shows that female participants in Virtual Laboratory group had the higher
mean score (28.476), followed by male participants in treatment group with a mean score of 27.576, while
the female participants in control group had the least mean score (8.601). It implies the interaction of

Virtual Laboratory and gender had a better effect on students’ achievement in Simple Harmonic Motion in
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Physics in secondary schools in Ogun State among female participants who were exposed to Virtual

Laboratory strategy than their male counterparts; and other participants in the control group respectively.

Estimated Marginal Means of Virtual Laboratory
Strategy and Gender on Achievement
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Figure 4.6: Graphical illustration of the 2-way interaction eﬁ@)f Virtual Laboratory and Gender on
Achievement

Ho7a: There will be no significant interaction %fe of Predict-Observe-Explain, Virtual Laboratory
strategies and gender on students’ attitude t Simple Harmonic Motion in Physics in secondary

schools in Ogun State.

Table 4.16.1: Analysis of Cm% of Interaction Effect of Predict-Observe-Explain (POES),
Virtual Laboratory Strategies ( and Gender on Students’ Attitude towards Physics

Type III Sum Mean Partial Eta

Source of Squares df Square F Sig. Squared
Corrected Model 472.681 6 78.780  2.239 0.042 0.078
Intercept 6456.083 1 6456.083 183.490  0.000 0.536
Pretest 6317 1 6.317 0.180 0.172 0.001
Treatments 323.877 2 161938  4.602 0.011 0.055
Gender 14.435 1 14.435 0.410 0.403 0.003
POES*VLS* Gender 45.649 2 22.825 0.649 0524 0.008
Error 5594.403 159  35.185
Total 542896.000 166
Corrected Total 6067.084 165

Source: Field Survey, 2024 < 0.05
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Table 4.16.1 shows that there was no significant interaction effect of Predict-Observe-Explain, Virtual
Laboratory strategies (treatment) and gender on students’ attitude towards Physics in secondary schools in
Ogun State (F2,159=0.649, p>0.05, partial n’=0.008). The null hypothesis was therefore not rejected. This
implies that Predict-Observe-Explain, Virtual Laboratory strategies and gender did not have significant

interaction effect on the students’ attitude towards Physics in secondary schools in Ogun State. The partial

eta square value of 0.008 shows the contributing effect size of 0.8%. \
Table 4.16.2: Estimated Marginal Means of Predict-Observe-Explain, Virtual La y Strategies
and Gender on Students’ Attitude towards Physics ( N
95% Confidence
Interval

Std. Lower  Upper

Treatment Groups Sex Mean Error Bound  Bound
Predict-Observe-Explain Strategy (Exp Male 59.077 1.877 55.370 62.783
Group 1) Female 58453 1.084 56.312 60.594

Virtual Laboratory Strategy (Exp Group 2) Male 57933 1.336 55296  60.571
Female 58.537 1.600 55377  61.697
Control Male 54416 0.962 52.516 56.317
Female 56.515 0.831 54.874  58.155

Source: Field Survey, 2024 . 5\\'\

Table 4.16.2 shows that male participants 'Q’gﬁgtreatment group 1 had a higher mean score (59.077) than

their female (58.453) counterparts, @plied that the interaction of treatment and gender had a better

effect on students’ attitude tov@hysics in secondary schools in Ogun State among male participants
s

who were exposed to Pre@

reveals that female tpants in the treatment group 2 had a higher mean score (58.537) than their male

rve-Explain strategy than their female counterparts. Table 4.17.2 further

(57.933) coun&&s. This implied that the interaction of treatment and gender had a better effect on
students’ attitude towards Physics in secondary schools in Ogun State among female participants who were
exposed to Virtual Laboratory strategy than their male counterparts.

In the control group, the female participants had a higher mean score (56.515) than their male
(54.416) counterparts. This implied that the interaction of treatment and gender had a better effect on

students’ attitude towards Physics in secondary schools in Ogun State among female participants who are
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in the control group. The overall comparison shows that male participants in the treatment group 1 had a
higher mean score (59.077), followed by female participants in treatment group 2 with a mean score of
58.537, while the male participants in control group had the least mean score (54.416). It implies that the
interaction of treatment and gender had a better effect on students’ attitude towards Physics in secondary
schools in Ogun State among male participants who were exposed to Predict-Observe-Explain Strategy

than their female counterparts in the same group and other participants in treatment groa&nd control

group, respectively. Q
A

Estimated Marginal Means of Predict-Observe-
Explain, Virtual Laboratory and Gender to
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Figure 4.7: Graphical illm&%ﬁ% of the 3-way interaction effect of Predict-Observe-Explain, Virtual
Laboratory and Gender t(< AM d

Ho7b: There hr{be no significant interaction effect of Predict-Observe-Explain, Virtual Laboratory

strategies and gender on students’ achievement in Simple Harmonic Motion in Physics in secondary

schools in Ogun State.
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Table 4.17.1: Analysis of Covariance of Interaction Effect of Predict-Observe-Explain (POES),
Virtual Laboratory Strategies (VLS) and Gender on Students’ Achievement in Simple Harmonic
Motion in Physics

Type III

Sum of Partial Eta
Source Squares df  Mean Square F Sig. Squared |
Corrected Model 13428.135 6 2238.023  212.290  0.000 0.889
Intercept 9765.691 1 9765.691  926.334  0.000 0.854
Pretest 4.881 1 4.881 0.463 0.497 0.003
Treatments 11818.557 2 5909.279  560.530  0.000 0.876
Gender 10.505 1 10.505 0.996 0.320 0.006
POES*VLS* Gender 72.019 2 36.010 3416 0.035 0.041
Error 1676.226 159 10.542
Total 67458.000 166
Corrected Total 15104.361 165

Source: Field Survey, 2024 r&‘ < 0.05

Table 4.17.1 shows that there was a significant in%@@m effect of Predict-Observe-Explain, Virtual
Laboratory strategies (treatment) and gender .on S %ts’ achievement in Simple Harmonic Motion in
Physics in secondary schools in Ogun State @9)#&.416, p<0.05, partial n?=0.041). The null hypothesis
was therefore rejected. This implies th %ct-Observe-Explain, Virtual Laboratory strategies and gender
had significant interaction effect\b}gstudents’ achievement in Simple Harmonic Motion in Physics in

secondary schools in Ogl{%@%he partial eta square value of 0.041 shows the contributing effect size of

4.1%.
O

Q

Table 4.17.2: imated Marginal Means of Predict-Observe-Explain, Virtual Laboratory Strategies
and Gender on Students’ Achievement in Simple Harmonic Motion in Physics
95% Confidence
Interval

Std. Lower Upper

Treatment Groups Gender Mean Error Bound Bound
Predict-Observe-Explain Strategy (Exp Group 1) Male 27.580 1.033 25.539 29.621
Female 27.272 0.593 26.101 28.443

Virtual Laboratory Strategy (Exp Group 2) Male 27.597 0.729  26.157 29.038
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Female 28.480 0.839 26.824 30.136
Control Male 10.926 0.515 9.910 11.942
Female  8.585 0.456 7.685  9.486

Source: Field Survey, 2024

Table 4.17.2 shows that male participants in the treatment group 1 had a higher mean score (27.580)
than their female (27.272) counterparts. This implied that the interaction of treatment and gender had
a better effect on students’ achievement in Simple Harmonic Motion in Physics in sec&ry schools
in Ogun State among male participants who were exposed to Predict—Obsewe—E)@Qstrategy than
their female counterparts. Table 4.18.2 further reveals that female participants nge treatment group
2 had a higher mean score (28.480) than their male (27.597) coun . This implied that the
interaction of treatment and gender had a better effect on studen@%ement in Simple Harmonic
Motion in Physics in secondary schools in Ogun State among ale participants who were exposed
to Virtual Laboratory strategy than their male counte %Q

In the control group, the male participants had aﬁ@mean score (10.926) than their female (8.585)
counterparts. This implied that the interagt@treatment and gender had a better effect on students’
achievement in Simple Harmonic Moti&ls‘}Physics in secondary schools in Ogun State among male
participants who are in the contfe@oup. The overall comparison shows that female participants in
the treatment group 2 had @her mean score (28.480), followed by male participants in the same
group with a mean @zéo 7.597, while the female participants in control group had the least mean
score (8.585). It lies that the interaction of treatment and gender had a better effect on students’
achievem%% Simple Harmonic Motion in Physics in secondary schools in Ogun State among
female participants who were exposed to Virtual Laboratory strategy than their male counterparts in

the same group and other participants in treatment group 1 and control group, respectively.
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Figure 4.8: Graphical illustration of the 3-way 't\ew ion effect of Predict-Observe-Explain, Virtual
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4.3 Discussion of Findings
Effect of Predict-Observe-Explain Strategy on Students’ Attitude in Physics *

The finding showed significant main effect of Predict-Observe-Explain s on students’
attitude towards Physics. This finding is not surprising, given the fact that@gﬁtegy is a learner-
centered instructional strategy and the students were involved in activ ing. Students learn best
when they are interested in whatever they are doing. The use @'e ict-Observe-Explain strategy
falls within the domain of active learning of constructivis%@'e learners are actively involved in
the process of teaching and learning. Interactive eXp%’ms increase attitude and attitude increase

performance’. ®%

Attitude as an individual attribute-\ developed, influence and changed over time. The
finding is in consonance with a stu@wc?lch investigated the effects of activities, based on POE,
about growth and develop en@lant on pre-service science teachers' attitudes toward science
teaching and the effect % ict-Observe-Explain (POE) Strategy on students’ achievement and

attitude towards @5\\62

investigated t Qects of predict-observe-explain strategy on students’ academic achievement,

. The finding however negates earlier finding of the study which

scientiﬁc\gr)%ess skills and attitude towards science where no difference was observed in their
attitude towards science®.
Effect of Predict-Observe-Explain Strategy on Students’ Achievement in Physics

The finding showed significant effect of Predict-Observe-Explain strategy on students’
achievement in Physics. The learners in the Predict-Observe-Explain group performed simple and

specific tasks to clarify their conceptions and make some intellectual guesses about the lesson topic,
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therefore, the Predict-Observe-Explain instructional strategy proved better than the conventional
teaching strategy. These tasks and guesses include: predicting the outcome of an event, justifying
your predictions, observing a real-life event, and explaining their observations. Specifically, learners
were required to perform the activities, identify their preconceptions, take responsibility for, and
identify any misconceptions and correct them. As a result of these intellectual guesses, learners were
able to be more involved and responsible learners in the classroom by contributing& what the
teacher taught instead of being passive listeners. Therefore, the process of te@leaming was
centered on learners. /\

As a result of the roles learners played, their self-confidence deve which removed barriers
of inferiority complexes among them, especially when handling atus and equipment. They were
also empowered to take responsibility for their own $®ng. Learning resulted in overall
improvements in learners' abilities to perform better@% practical activities they participated in
during the lesson as a result of their roles in Pm@erve—Explain Instructional strategy.

Additionally, learners' better perforﬁ\(iéf was due to the fact that Predict-Observe-Explain
Instructional strategy uses a deductiv@wcaod of reasoning drawn from prediction, otherwise known
as generalizations to observa, ioé%e reason for this is that learners' prior knowledge was revealed
through their predictions, andthey were accountable for those predictions based on the explanations

Y

provided. The accu‘acy{ox

activities, inc conducting laboratory experiments according to instructions. It is entirely the

e predictions was confirmed by putting them to the test through hands-on

leamers'x&tion to decide for themselves whether or not to accept their initial predictions. This
strategy allowed them to take complete ownership of recognizing any pre-conceived notions or
misunderstandings they held, leading to the correction of said misunderstandings. In essence, their
learning was improved and made permanent, and their potential was realized.

The finding corroborated earlier findings of the effect of POE strategy on the Chemistry

achievement of secondary school students®. The finding also agrees with the finding of the effects of
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Predict-Observe-Explain instructional strategy on students’ practical skills in Physics which reported
that POE was more effective than conventional method of teaching for high school students in
Physics®.
The participants were involved in the process of learning, they felt, touched, arranged and perform
experiments during the treatment period. A plausible reason for this outcome might be due to the fact
that students exposed to Predict-Observe-Explain strategy participated actively in&e learning
process than the conventional group. Active engagement helps the students to ¢ t knowledge
and organize information into meaningful schema’. Thus, when learners a@gﬂy involved in the
process of learning, they construct new information from their e @ mental framework for
meaningful learning to occur either through the process of accon@ation or assimilation®. This is in
line with one of the principles of learning that says students/learn well when they are actively
involved in the learning process’ 6’6
Effect of Virtual Laboratory Strategy on Stu@’bAttitude in Physics

The students' behavior, preparedneb\& the subject, and participation during practical classes
are influenced by their attitude. The S%QCQS taught Physics practical with Virtual Laboratory strategy
developed positive attitudes tov@hysics than those taught with conventional method.
This finding agrees with the €aflier findings of a computer simulated pre- laboratory, which aimed to
prepare students c@

the experimen@yup of students showed a positive attitude towards learning'®. The finding of this

to real laboratory activity about acid- base titration and concluded that

study is h&consonance with the fact that learning using computer simulations was able to change
the attitudes of students to be more motivated towards Chemistry subject!!.

Also, the finding of this study supported the finding of the effects of a Virtual laboratory and of a
microcomputer-based laboratory via a questionnaire which shows that students were positive in their
attitude and willingness to use virtual laboratory!!. The finding of this study is also in line with a

study which found out that learning using computer simulations was able to change the attitudes of
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students to be more motivated towards Chemistry subject'’. A study about changes in attitudes
towards Chemistry among 238 Kenya students which found that computer simulations can change
attitudes and motivate students to learn Chemistry also corroborated the finding of this study'>.

Effect of Virtual Laboratory Strategy on Students’ Achievement in Physics

The finding of this study agrees with a study involving university students who investigated
simulated electric circuits showing moving electrons acquired more conceptual knowled&than those
using physical materials'®. Similarly, the finding supported the study where stusing virtual
optics materials displaying light rays outperformed those using physical@g'ﬁs”. The idea that
virtual experiments support the acquisition of conceptual knowledge b they produce clean data
is a possible explanation for the significant difference in the stu(@’ achievement scores of the two
groups (treatment and control). Q

Furthermore, the finding of this study is in line v@’bﬁtudy where first-year secondary students

conducting virtual Physics experiments outperfose using a physical laboratory on conceptual
understanding, which was partly explained e data produced by the physical laboratory!®.
The study was also supported by res%glpwhich was conducted to investigate how multimedia and
computer animations affect tq@.@w knowledge level and achievement in science!”. Students who
were taught using comput Qulations performed better than those who were taught conventionally.
The result is also il@% ity with a study on students' academic success in Chemistry through the
use of the Che@ Virtual Laboratory!'®.

Ho& finding of this study contradicts an investigation carried out to compare the
achievement among students instructed using hands-on Chemistry laboratory versus those instructed
using virtual Chemistry laboratory!®. It was discovered that there was no significant difference in
achievement gain scores for the traditional versus the virtual laboratory students. The findings
obtained from the study demonstrated that students who completed the traditional hands-on

experiment performed as well as students who completed the virtual experiments.
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Similarly, the finding of virtual and physical equipment for measuring heat exchange, mass
transfer, and humidification were compared and found no significant difference in the performance of
chemical engineering students on a test measuring underlying principles which negates the finding of
the present study?’. There is no significant difference between virtual and physical experiments on
tests of conceptual understanding as reported for students designing a car or for undergraduates
learning about heat and temperature for measures of inquiry skills?!. Studies carried% found no
significant difference in virtual and physical experiments for students investigat behavior of
springs?2. These studies illustrate that, for acquiring conceptual knowledg&ghﬂf laboratories may
replace physical ones %O
Effect of Gender on Students’ Attitude to Physics 0

Studies of science in general, rather than specific &@nes, suggest that boys have more
positive attitudes towards science?*. The difference in 6’@3’ attitude in terms of gender will result
in difference in achievement and readiness to s{@ learning target®*. This finding is in support of
earlier research of science attitudes and ac\' ent of secondary school students from various types
of schools in Chennai, India®’. In %spc?ool categories, it was discovered that girls had a more

N
positive attitude toward lea 'n@ence than boys did.

Similarly, the finding of+this study conforms to a study which was carried out on, the effects of
gender on students(;tjh\l'.ld in Physics in senior secondary schools in Oyo State, Nigeria®. It was
found that thepbé a slight difference in attitude among the students in favour of females in Physics.
Addition}% e finding of this study is similar to those of high school students who were examined
for Biology laboratory experiences and found that gender had a small, negative correlation with
attitude toward Biology laboratory experiences, suggesting that girls have a more positive attitude
than boys?’. Furthermore, the finding also supported a similar study, Kuwaiti middle school students'
attitudes toward science laboratory work, it was found that attitudes of girls toward science laboratory

work are more positive than those of boys?.
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However, the finding of this study contradicts with the findings of the study on cooperative
learning's effects on students' attitudes toward laboratory work which was explored and found that
both cooperative and non-cooperative groups showed significant gender differences, with boys
having more positive attitudes than girls?’. Similarly, it did not support the finding of a study on
students’ attitudes toward introductory Physics course’. It was found that there was a significance
difference between male and female students’ attitude toward Physics. Male studeg&lave more
positive attitude toward Physics than female students. OQ

Also, this study's finding is also at variance with that of a multidimeng%ag%ﬁdy that examined
approximately 4,000 students in grades 6 through 10 and found that @had significantly higher
positive attitudes towards science than girls*!. Furthermore, the @ng of this study did not support
the finding of the study that found a correlation between st&@ attitudes towards Physics and their
academic achievement in Physics®2. The results indic@at there is a correlation between attitude
and achievement for girls but not for boys ar@;tbshowed that there is no difference in attitude
between boys and girls towards Physics. S@gﬂy, this finding is contrary to a study which showed
that male and female students who h%@cauieved high grades in Mathematics do not differ from one
another when it comes to their % es towards Mathematics®3. Also, the finding of this study did not
support the findings in th Q}/ of gender and achievement in Mathematics by indigenous African
students majoring i@e atics which showed that African students do not differ in their attitudes
and gender*. ’66
Effect the%er on Students’ Achievement in Physics

The effect of gender on students’ achievement in Physics shows no significant main effect of
gender on the students’ achievements scores in Physics. This may be due to the fact that the strategies
appealed to both male and female students. The common notion that male students are better

academically or perform better than their female counterparts in some fields such as Physics had been

challenged by the findings in this study.
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It is therefore assumed that gender stereotyping could not have significantly affected the
experimental processes involved in this study thus resulting in no significant main effect of gender on
the students’ achievement scores in Physics. The results of this study supported the finding of the
influence of gender on secondary school students' academic achievement in Basic science using the
cooperative learning strategy when examining the effect of gender on students' achievement in
Physics®®. The findings of the study showed that there was no significant difference%veen male
and female students in terms of their academic performance at pretest, posttest or test level.

The finding also agrees with the finding of 10% grade Biology stud@% were exposed to
simulated experiment and found no gender difference in achievement>® esults of this study also
corroborate those of a study that examined the biology achievef students in private secondary
schools in Oyo Town and Ibadan City, Nigeria, where the &lum was taught using CAI without
regard to gender’’. The finding of this study is in th%’éé direction with the finding of secondary
school students who who used online CAI as\\@itional scientific learning technique®’. It was
reported that there is no significant gender @ence in achievement.

Additionally, the finding corro‘%{ca those of eighth-grade pupils in Ahwaz City, Iran's higher
primary school, who were i s@ in science using the CAI software programme*®. There is no
gender difference in achieyentenht. The mean performance of male and female junior secondary three
(JSII) pupils expo@:\fz mputer assisted instruction (CAI) in Basic science and Technology did
not differ sigpi tly from one another®. Similarly, this study's finding corroborates those of
another M%xat looked into how students' achievement in basic science was affected by computer-
assisted instruction (CAI) and problem-solving instructional techniques®’. The achievement was
found not to have been significantly different. However, the present study’s finding is at variance
with that of a previous investigation into gender disparities in senior secondary school students’
computational difficulties in Chemistry*!. Analysis of the results showed that male students did not

achieve significantly higher scores in Mathematical Chemistry than their female counterparts.
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Similarly, the findings of a study on the impact of Constructivist teaching strategies in senior
high school students' achievement and self-efficacy in Physics were not supported by the finding of
this study*. Gender had a notable impact on students' Physics academic performance. Also, the
finding of this study negates the study which examined the impact of gender and school location on
science and Mathematics students’ achievement in western senatorial District of Nassarawa State,
Nigeria®. \

\J
The study revealed substantial disparities in Science and Mathematics grades betle and
female students. The study of gender disparities in ICT usage among underg%u s contradicts the
finding of this study**. The results indicated a disparity between malg a ale students' ICT use
for academic purposes, with males utilizing it more frequently th ir female peers.

Also, the results of this study were not supported by th@&s of the previous study, which
showed that students who were taught science by gend@’ésitive teachers were more successful than
students who were taught by non-gender sensiters45. In India's class VII high school, girls
outperformed males in the knowledge—base\\?'%ntiﬁc subjects when the activity-based approach was
used to teach them*®. Additionally, tl%qc.\?y's findings did not agree with the outcome of a t-test
comparison of the academic e@gance of 300 male and 300 female students from various
socioeconomic backgrou%&akistan’s metropolitan city who took the ninth-grade annual

°
examination adminéte&%

English and atics, as well as in overall performance, it was found that girls performed

signiﬁcaﬁ&&é‘tter than boys.

Interaction Effect of Predict-Observe-Explain and Virtual Laboratory Strategies on Students’

the Board of Intermediate and Secondary Education, Lahore*’. In

Attitude towards Physics
The result of the 2-way interaction effect of Predict-Observe-Explain and Virtual Laboratory
strategies on students’ attitude towards Physics shows that there was a significant main effect of

treatments (Effect of Predict-Observe-Explain and Virtual Laboratory Strategies) on students’ attitude
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towards Physics. This implies that the combined treatment of (Effect of Predict-Observe-Explain and
Virtual Laboratory Strategies) was effective on students’ attitude towards Physics. The finding of this
study showed no statistically significant difference between students' attitudes towards Physics in
both experimental and control groups during the pretest period. This implies that the pretest attitude
means scores of the students in the experimental groups (Predict-Observe-Explain Instructional
strategy and Virtual Laboratory instructional strategy) and control group (conventiona%ategy) did
not differ significantly. The three study groups were homogeneous prior to the ent. To put it
another way, the attitudes of the groups involved in the study were the sam@.\

The finding of this study also showed a statistically significant di ce in the attitude mean
scores of the groups after the treatment. The experimental group higher mean attitude than their
counterparts in the control group. This shows that after %®ing for the effect of treatment on
students’ attitude towards Physics, the participants e %to Predict-Observe-Explain strategy had
the highest mean score followed by those exp@/ irtual Laboratory strategy, while the control
group had the least. This implies that Pred{&' serve-Explain strategy was more potent in relation to
students’ attitude towards Physics ir@g%gdary schools in Ogun State. This is in agreement with a
study carried out which sugge . § the Predict-Observe-Explain strategy has a positive impact on
students' academic perfor gand attitudes towards Physics*.

Interaction Effect@ct-Observe-Explain and Virtual Laboratory Strategies on Students’
Achievement i éysics

Thé\e%:ﬁ)f the 2-way interaction effect of Predict-Observe-Explain and Virtual Laboratory
strategies on students’ attitude towards Physics shows that there was a significant main effect of
treatments (Effect of Predict-Observe-Explain and Virtual Laboratory Strategies) on students’
achievement in Physics. This implies that the combined treatment of (Effect of Predict-Observe-
Explain and Virtual Laboratory strategies) was effective on students’ achievement in Simple

Harmonic Motion in Physics in secondary school in Ogun State. The finding of this study showed
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that there was no statistically significant difference between students' performance in Physics
practical tests at both experimental and control groups during the pretest. This implies that the pretest
performance mean scores of the students in the experimental groups (Predict-Observe-Explain
Instructional Strategy and Virtual Laboratory Instructional strategy) and control group (conventional
laboratory strategy) did not differ significantly. The three study groups were homogeneous prior to
the experiment. To put it in another way, the knowledge baseline of the groups involve&l the study
were the same. OQ

The finding of this study also showed a statistically significant difﬁ%c ih the performance
mean scores of the groups after the treatment. In comparison to the_c @group, the experimental
groups performed better. This shows that after controlling for ffect of treatment on students’
achievement in Simple Harmonic Motion in Physics, the [@Qants exposed to Virtual Laboratory
strategy had the highest mean score, followed by thos@sed to Predict-Observe-Explain strategy,
while the control group had the least. This im t Virtual Laboratory strategy was more potent
in relation to students’ achievement in-@e Harmonic Motion in Physics. This corroborated
research conducted in the virtual lab@}zca which demonstrated its effects on students' performance
and attitudes towards Chemiﬁ‘i@n comparison to traditional teaching methods, the results of the

study showed that virtu oratory applications had a positive impact on students' learning

outcomes. (j\\'
Interaction @of Predict-Observe-Explain Strategy and Gender on Students’ Attitude
towards\&cs

The result of the 2-way interaction effect of Predict-Observe-Explain and gender on students’
attitude towards Physics shows that that there was no significant interaction effect of Predict-
Observe-Explain (treatment) and gender on students’ attitude toward Physics. This implies that
treatment and gender had no significant interaction effect on the students’ attitude towards Physics.

This shows that male participants in the treatment group had a higher mean score than their female
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counterparts. This implies that the interaction of treatment and gender had a better effect on students’
attitude towards Simple Harmonic Motion in Physics in secondary schools in Ogun State among male
participants who were exposed to Predict-Observe-Explain strategy than their female counterparts. In
the control group, the female participants had a higher mean score than their male counterparts. This
implies that the interaction of treatment and gender had a better effect on students’ attitude towards
Physics in secondary schools in Ogun State among female participants in the control p than their
male counterparts. This finding is in support of earlier research of attitude towar@ ing Science
and Science achievement among secondary school students from different bﬁisgf'schools in the city
of Chennai, India®. In all school categories, it was discovered that %@a more positive attitude
toward learning science than boys did. 0

Similarly, the finding of this study conforms to a stu%@h was carried out on, the effects of
gender on students’ attitude in Physics in senior sec%% schools in Oyo State, Nigeria®. It was
found that there was a slight difference in attitu@’gg the students in favour of females in Physics.
The overall comparison shows that malo@&pants in experimental 1 group had the highest mean
score, followed by female participan%e perimental group 2, while the male participants in control
group had the least. It impligs @eraction of treatment and gender had a better effect on students’

attitude towards Physics ondary schools in Ogun State among male participants who were

exposed to Predict@tve— xplain strategy than their female counterparts; and other participants in
the control grqn@&pectively.

Thé\&ing of this study supports the finding of a study on students’ attitudes toward
introductory Physics course?. It was found that there was a significance difference between male and
female students’ attitude toward Physics. Male students had positive attitude toward Physics than
female students. Also, the finding is in conformity with the finding of a multidimensional study
among approximately 4,000 students in Grades 6 through 10, where it was found that boys exhibited

significantly more positive attitudes towards science than girls*.
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Interaction Effect of Predict-Observe-Explain Strategy and Gender on Students’ Achievement
in Physics

The result of the 2-way interaction effect of Predict-Observe-Explain and gender on students’
achievement in Physics shows that that there was no significant interaction effect of Predict-Observe-
Explain (treatment) and gender on students’ achievement in Physics. This implies that treatment and
gender had no significant interaction effect on the students’ achievement in Physics. 'Eb&shows that
male participants in the treatment group had a higher mean score than their femal@Qterparts. This
implies that the interaction of treatment and gender had a better effect ow% s’ achievement in
Simple Harmonic Motion in Physics in secondary schools in Ogu mong male participants
who were exposed to Predict-Observe-Explain strategy than theale counterparts. In the control
group, the male participants had a higher mean score than their ale counterparts. This implies that
the interaction of treatment and gender had a bett&ct on students’ achievement in Simple
Harmonic Motion in Physics in secondary sc\ Ogun State among male participants in the
control group than their female counterpart@

The finding agrees with the sl@\ gender differences in the utilization of information and
communication technology I@among undergraduate students**. Result showed that there is a
significant difference bet $he mean scores of male and female students in ICT utilization for
academic activities@h}&\\'ﬁdicate that male students use ICT more than their female counterparts.
The overall c@ison shows that male participants in experimental 1 group had the highest mean
score, foh\v% by male participants in experimental group 2, while the female participants in control
group had the least. It implies the interaction of treatment and gender had a better effect on students’
achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun State among male
participants who were exposed to Predict-Observe-Explain strategy than their female counterparts;

and other participants in the control group, respectively.
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The finding of this study did not conform to the result of a t-test comparison of the academic
performance of 300 males and 300 females in the ninth-grade annual examination (conducted by the
Board of Intermediate and Secondary Education, Lahore) of secondary school students from different
socio-economic backgrounds in the metropolitan city of Pakistan undertook*. It was observed that

girls performed significantly better than boys in English Language and Mathematics as well as in the
overall achievement scores. Q*

Interaction Effect of Virtual Laboratory Strategy and Gender on Students’ Attitude towards
Physics 6’6
The result of the 2-way interaction ef@ Virtual Laboratory Strategy and Gender on
Students’ Attitude towards Physics showb\q'é‘ that there was no significant interaction effect of
Virtual Laboratory strategy (treatm@&)f?nd gender on students’ attitude towards Physics. This
.
implies that treatment and e@; ad no significant interaction effect on the students’ attitude
towards Physics. 6
This shows that feel;}\\pé icipants in the treatment group had a higher mean score than their male
counterparts. @l\plies that the interaction of treatment and gender had a better effect on students’
attitude %&s Physics in secondary schools in Ogun State among female participants who were
exposed to Virtual Laboratory strategy than their male counterparts. In the control group, the female
participants had a higher mean score than their male counterparts. This implies that the interaction of
treatment and gender had a better effect on students’ attitude towards Physics in secondary schools in
Ogun State among female participants in the control group than their male counterparts. The overall

comparison shows that female participants in experimental group 1 had the highest mean score,
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followed by male participants in experimental group 2, while the male participants in control group
had the least. It implies the interaction of treatment and gender had a better effect on students’
attitude towards Physics in secondary schools in Ogun State among female participants who were
exposed to Predict-Observe-Explain strategy than their male counterparts; and other participants in
the control group respectively.

This study corroborates previous studies on secondary school students' attitudes-about learning
science and their achievement in the subject from various school types in Che‘andlaZS. In all
school categories, it was discovered that girls had a more positive attltu%&ﬂ learning science
than boys did. Similarly, the finding of this study conforms to a stu was carried out on the
effects of gender on students’ attitude in Physics in senior secon@sc ools in Oyo State, Nigeria?S.
It was found that there was a slight difference in attitude a ghe students in favour of females in
Physics. 6’6
Interaction Effect of Virtual Laboratory S r?and Gender on Students’ Achievement in
Physics %

The result of the 2-way 1nterac@\ ect of virtual laboratory strategy and gender on Students’
achievement in Physics show, at there was a significant interaction effect of Virtual Laboratory
strategy (treatment) and g Qon students’ achievement in Physics. This implies that treatment and
gender had a sign 1c m eraction effect on the students’ achievement in Physics in secondary
schools. This v@tbat female participants in the treatment group had a higher mean score than their
male cmh\e%rts. This implies that the interaction of treatment and gender had a better effect on
students’ achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun State
among female participants who were exposed to Virtual Laboratory strategy than their male
counterparts. In the control group, the male participants had a higher mean score than their female
counterparts. This implies that the interaction of treatment and gender had a better effect on students’

achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun State among male
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participants in the control group than their female counterparts. The overall comparison shows that
female participants in experimental group 1 had the highest mean score, followed by male
participants in experimental group 2, while the female participants in control group had the least. It
implies the interaction of treatment and gender had a better effect on students’ achievement in Simple
Harmonic Motion in Physics in secondary schools in Ogun State among female participants who
were exposed to Virtual Laboratory strategy than their male counterparts; and other pa\i%ants in the
control group, respectively. OQ

The finding of this study did support the finding of the previous s‘u&&fﬁich students who
were taught science by gender sensitive teachers performed significan er than those who were
taught by non-gender sensitive teachers*®. Indian high school cl@ II girls performed significantly
better than boys on knowledge-based science items t%&&rough activity-based strategies*S.
Furthermore, the findings of this study are in accordaﬁ%ith the results of the t-test that compared
the performance of 300 males and 300 females@%mh—grade annual examinations (conducted by
the Board of Intermediate and Secondary& ation, Lahore). In the metropolitan city of Pakistan,
secondary school students of differ%g%%oeconomic backgrounds took part in the examination®’.
Girls performed signiﬁcar%@ter in English Language and Mathematics as well as overall
achievement than boys.

However, th@ﬁof this study did not support the finding that gender influences Junior
secondary stu@academic achievement in Basic Science using co-operative learning methods?>.
The ﬁndl\g/&f the study showed that there was no significant difference between male and female
students in terms of their academic performance at pretest, posttest or delayed test level. Furthermore,
the finding is in agreement with that of a study in which 10th grade Biology students were exposed to
simulated experiments and found no gender difference in achievement?®.

Interaction Effect of Predict-Observe-Explain (POES), Virtual Laboratory Strategies (VLS)

and Gender on Students’ Attitude towards Physics
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The result of the 3-way interaction effect of Predict-Observe-Explain (POES), Virtual
Laboratory Strategies (VLS) and Gender on Students’ Attitude towards Physics shows that there was
no significant interaction effect of Predict-Observe-Explain, Virtual Laboratory strategies (treatment)
and gender on students’ attitude towards Physics. This implies that Predict-Observe-Explain, Virtual
Laboratory strategies and gender did not have significant interaction effect on the students’ attitude
towards Physics. This shows that male participants in the experimental group 1 had %her mean
score than their female counterparts. This implies that the interaction of treatme @’. gender had a
better effect on students’ attitude towards Physics in secondary schools ingg'ffgtate among male
participants who were exposed to Predict-Observe-Explain strategy tha female counterparts.

This further reveal that female participants in the experimeoup 2 had a higher mean score
than their male counterparts. This implies that the interact'&gtreatments and gender had a better
effect on students’ attitude towards Physics in sec%% schools in Ogun State among female
participants who were exposed to Virtual La@strategy than their male counterparts. In the
control group, the female participants had\({%sgher mean score than their male counterparts. This
implies that the interaction of treatm%scad gender had a better effect on students’ attitude towards
Physics in secondary schools; 1 . n State among female participants who are in the control group.
The overall comparison s (%hat male participants in the experimental group 1 had a higher mean
score, followed by @e%rticipants in experimental group 2, while the male participants in control
group had th . It implies that the interaction of treatment and gender had a better effect on
students\&de towards Physics in secondary schools in Ogun State among male participants who
were exposed to Predict-Observe-Explain strategy than their female counterparts in the same group
and other participants in experimental group 2 and control group, respectively.

The finding is in consonance with a study which examined the effects of activities based on
POE, about growth and development in plants on pre-service science teachers' attitudes toward

science teaching and the impact of Predict-Observe-Explain (POE) Strategy on students' achievement
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and attitude toward Physics> 3. The finding, however negates earlier finding of the study which
investigated the effects of predict-observe-explain strategy on students’ academic achievement,
scientific process skills and attitude towards science where no difference was observed in their
attitude towards science*

Interaction Effect of Predict-Observe-Explain (POES), Virtual Laboratory Strategies (VLS)
and Gender on Students’ Achievement in Physics *

The result of the 3-way interaction effect of Predict-Observe-Explai %ES), Virtual
Laboratory Strategies (VLS) and gender on students’ achievement in Physj%&ds that there was a
significant interaction effect of Predict-Observe-Explain, Virtual La strategies (treatment)
and gender on students’ achievement in Simple Harmonic M@ in Physics. This implies that

Predict-Observe-Explain, Virtual Laboratory strategies an@r had significant interaction effect

on the students’ achievement in Simple Harmonic Metiogh/in Physics in secondary schools in Ogun
State. @
This shows that male participants in the imental group 1 had a higher mean score than their

N

female counterparts. This implies th@\e nteraction of treatment and gender had a better effect on
students’ achievement in Si @brmonic Motion in Physics in secondary schools in Ogun State
among male participants ﬁwere exposed to Predict-Observe-Explain strategy than their female
counterparts. (j\\'

This ﬁi@veal that female participants in the experimental group 2 had a higher mean score
than thei}& counterparts. This implies that the interaction of treatments and gender had a better
effect on students’ achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun
State among female participants who were exposed to Virtual Laboratory strategy than their male
counterparts. In the control group, the male participants had a higher mean score than their female
counterparts. This implies that the interaction of treatments and gender had a better effect on

students’ achievement in Simple Harmonic Motion in Physics in secondary schools in Ogun State
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among male participants who are in the control group. The overall comparison shows that female
participants in the experimental group 2 had a higher mean score, followed by male participants in
the same group, while the female participants in control group had the least. It implies that the
interaction of treatment and gender had a better effect on students’ achievement in Simple Harmonic
Motion in Physics in secondary schools in Ogun State among female participants who were exposed
to Virtual Laboratory strategy than their male counterparts in the same group and other.p&icipants in
experimental group 1 and control group, respectively. 0

The finding of this study agrees with those of a previous investigatio&o nder disparities in
senior secondary school students” Mathematical Chemistry *!. Analy$i the results showed that
male students did not achieve significantly higher scores in @emaﬁcal Chemistry than their
female counterparts. Similarly, the findings of a study Qimpact of Constructivist teaching
strategies in senior high school students' achievement @lf—efﬁcacy in Physics were supported by

the findings of this study*?, where Gender had is\\@ students' academic performance in Physics
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\/QJ Chapter Five

Conclusion
This chapter deals with information on the summary and conclusion of the study. The study goes
further by making recommendations according to its findings for effective policy implication and to
raise areas that would be requiring attention as suggestion for further studies

5.1 Summary of Findings
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(70) (42.5%) of the participants were males, while (96) (57.8%) were females. (166) (100.0%)
participants were involved in the study. (59) (35.5%) of the participants were in the age range of 12-
14 years, (94) (56.6%) were between 15-16 years, while (13) (7.8%) were 17 years and above. (40)
(24.0%) of the participants were exposed to Predict-Observe-Explain, (35) (21.0%) were exposed to
Virtual Laboratory while (91) (55.0%) participants were in control group. This study reveals the
following major findings concerning the main and interaction effects:

There was a significant main effect of Predict-Observe-Explain strategy on stud r@%itude towards
Physics (F(1,12876.349, p<0.05, partial n?>=0.047). There was a signiﬁcav%g/effect of Predict-
Observe-Explain strategy on students’ achievement in Simple ic Motion in Physics
(F1,128=682.814, p<0.05, partial n?=0.842). There was a signiﬁc@ain effect of Virtual Laboratory
strategy on students’ attitude towards Physics (F(1,123=5.318, p%<0.05, partial n>=0.041). There was a
significant main effect of Virtual Laboratory str@ on students’ achievement in Physics
(F1,1237625.120, p<0.05, partial n>=0.836). as no significant main effect of gender on
students’ attitude towards Physics (F(1,163@, p>0.05, partial n>=0.011). There was no significant
main effect of gender on stude@czhievement in Physics (F(1,163=0.067, p>0.05, partial
n?=0.000).There was a si i@ interaction effects of Predict-Observe-Explain and Virtual
Laboratory Strategies on its’ attitude towards Physics(F,162=4.322, p<0.05, partial 1>=0.047).
There was a sign@ht ifiteraction effects of Predict-Observe-Explain and Virtual Laboratory
Strategies on @\ts’ achievement in Simple Harmonic Motion (F(2,162=586.719, p<0.05, partial
n2=0.04?}\g€re was no significant interaction effects of Predict-Observe-Explain and gender on
students” attitude towards Physics (F(1,126=1.073, p>0.05, partial n?=0.008).

There was no significant interaction effects of Predict-Observe-Explain and gender on students’
achievement in Physics (F(1,126=2.009, p>0.05, partial n>=0.016).There was no significant interaction
effects of Virtual Laboratory strategy and gender on students’ attitude towards Physics(F(1,121y=0.356,

p>0.05, partial n?=0.003). There was a significant interaction effects of Virtual Laboratory strategy
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and gender on students’ achievement in Simple Harmonic Motion (F(,121=5.219, p<0.05, partial
N?=0.041). There was no significant interaction effects of Predict-Observe-Explain, Virtual
Laboratory strategies and gender on students’ attitude towards Physics(F(2,150=0.649, p>0.05, partial
n?=0.008).There was a significant interaction effect of Predict-Observe-Explain, Virtual Laboratory

strategies and gender on students’ achievement in Simple Harmonic Motion (F(2,159=3.416, p<0.05,

partial n>=0.041). *
5.2 Conclusion QQ

This study investigated the effects of Predict-Observe-Explain and Virtua)%&dtory strategies on
secondary school Physics students’ attitude to and achievement in Si rmonic Motion in Ogun
State. The instructional strategies that were employed in this stu@nphasized the participation and
active intellectual involvement of students. These learners &@d activity-based strategies (Predict-
Observe-Explain and Virtual Laboratory) proved be%’éﬁn the conventional method. This study
concluded that Predict-Observe-Explain and @b Laboratory instructional strategies enhanced
students' performance in Physics. Virtuali& atory instruction proved to be the better of the two

strategies (Predict-Observe-Explain a@c?tual Laboratory)

S

5.3 Recommendations
These findings led to the following recommendations:
1. It is important to train secondary school Physics teachers on how to use the Predict-Observe-

Explain and Virtual Laboratory strategies to improve the teaching of Physics.
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10.

The utilization of Virtual Laboratory instructional strategy by Physics teachers in secondary schools

should be encouraged.

. Predict-Observe -Explain or Virtual Laboratory strategy should be adopted by Physics teachers so

as to correct the pre-conceived notion of students about the concept (Simple Harmonic Motion).
Students of Physics irrespective of gender should be given equal opportunities in the learning
process using Predict — Observe- Explain or Virtual Laboratory instructional strategy %e two

strategies have been shown to be efficacious in addressing issues of differences i>ﬂer especially

in science education. /\

. Physics topics especially, abstract concepts should be taught by assoc hem with the daily life

of the students using simple demonstrations, class activities, tea@)rk, and home-work among
others. Q

Physics teachers should be encouraged to be comput@%ate. This will enable them to appreciate
and use virtual laboratory instruction to prom: \@tive teaching and learning

Federal, State and Local Government sho@grade the infrastructures and equip laboratories in
order for the students to be actively @ched in their learning.

Teacher education program f@gerian tertiary institutions should be improved upon to prepare
teachers who can apply i éﬁve approached (Predict-Observe-Explain and Virtual Laboratory
instructional pack@e}\w\ﬁh will promote effective teaching and learning.

The instructip&%esigners, computer programmers, instructional developers should develop
relevaﬂ%%al laboratory packages for use within the Nigerian school systems.

Teachers should expose Physics students to virtual laboratory package so as to promote active

learning, discovery learning, motivation, learning by doing and learning by experience among

5.4 Contribution to Knowledge

This study has contributed to knowledge by proving the efficacy of Predict-Observe-Explain and

Virtual Laboratory instructional strategies, thereby providing teachers with effective methods of
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teaching Simple Harmonic Motion (SHM) as students’ attitude towards and achievement, in Simple
Harmonic Motion were found to be greatly enhanced by the use of Predict-Observe-Explain and
Virtual Laboratory instructional strategies. This study has also contributed to knowledge by
establishing that the use of Predict-Explain-Observe and Virtual Laboratory instructional strategies
does not engender gender disparity in students’ attitude and achievement towards and in Simple
Harmonic Motion (SHM). This indicates that the issue of gender disparity could be%umlzed in
science education if the strategies are embraced by teachers and students. It has @Qontrlbuted by
adding to the existing pool of empirical studies in the study area /\
5.5 Suggested Areas for Further Research O
1. There is need to replicate the study using other states in I\‘a to support the validity of this
study. Q
2. These strategies can be replicated at the @y and tertiary levels to determine its
effectiveness in improving learning out(ﬁ\!@
3. It is recommended that a rephcat-eé& of this work using other secondary school subjects

apart from Physics would be @ while venture as this will increase the scope to which the

strategies could be u %
4. Apart from the % ing variable in this study, efforts could be made to investigate the

effects of the variables like numerical ability and cognitive style on students learning

outcov@Physws
\#
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.@QA

A
Physics AO@fment Test (Pre-Test)

S

Gender............. (@ ...............
Instruction: @r all the Questions. Each Question Carries Equal Mark Time: -hrs
1. What i&riod of a simple pendulum which makes 60 oscillations in one minute?
A.) 1.0s B) 10.0s C) 60.0s D) 7.75s
2. The period of a 10 kHz radio wave traveling at 1088 s
A.)3.0x107% B)1.0x10™*s C)1.0x 1044s D) 3.0 x 1044s

3. A spring of force constant 500 N ~1 is acted upon by a constant force of SON. Calculate the
potential energy stored in the spring
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10.

11.

A) 2.5] B)125] C)7.50] D) 15.0

A vertical string, suspended from a fixed point and having a small mass attached to the free end is
set into oscillations. Which of the following statements about the system are correct?

1. The potential energy of the mass is a minimum at the middle of the swing ii. Its kinetic energy is a
maximum at the middle of the swing iii. The sum of the potential and kinetic energies is constant
throughout the swing

A)i,iiandiii  B)iandiionly C)iiandiiionly D)iand iii only Q\

Two simple pendulum A and B of equal lengths and of masses 5g and 20g rﬁ( ely are located

in the same environment. The periods Ta and Ts of their respective osci are related by the
equations

A)Ta=4Ts B)Ta=14Ts C) Ta=Ts D) Ta=5Ts EO

A simple pendulum makes 50 oscillations in one minute. @me its period of oscillation
A)0.02Hz B)0.83Hz C)1.20Hz D) %H

The maximum displacement on either mdes@g equilibrium position of an object in simple
harmonic motion represents

A) Period B)amplitude C) wavele ﬂ&) frequency

The period of a simple pendulum % hat is the period of a simple pendulum Y which makes
50 vibrations in the same time it to make 20 vibrations?

A) 1255 B)25s Q) QQ ) 1.2s

Which of the following graphs correctly represents the relationship between the kinetic energy (K.E)
and the displacen¥énty (d) from point of release of a swinging pendulum bob?

ot kel K. K
[ j_ . .,I/\:d .!\/;d .Kn

A1 \B)II C) 111 D) IV

The energy stored in a spring of stiffness constant k =2000  ~* when extended 4cm is

A) 0.16] B)1.60J C)16.00J D) 160.00J

The bob of a simple pendulum takes 8.0s to complete 10 oscillations. Determine the frequency of
oscillation of the bob.
A) 0.125Hz B)1.25Hz C)7.50Hz D) 8.00Hz
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12. Frequency is measured in
A) Meter per second B) Seconds C) Hertz D) Farad
13. Which of the following will reduce the frequency of oscillation of a simple pendulum?
A). Increasing the length of a string  B). Increasing the mass of the bob C). Increasing the

amplitude of oscillation D). Decreasing the mass of the bob E.) Decreasing the length of the

string \

\J

14. Which of the following types of motion will be produced when a pair of equa @w opposite non-
collinear parallel forces acts on a body?

A) Vibrational motion B) Random motion C) Translational motion D) R;%ti motion

15. The period of a simple pendulum of length 80.0cm was found to ha led when the length of
the pendulum was increased by X. Calculate X.

A).26.7cm  B).40.0cm C). 160.0cm D). 240.0cm

~
16. A body executing simple harmonic motion has an angular speed of 2m radians. Its period of

oscillation is

\
A). 0.05s B).1.00s C).2.00s D).3.14s E.)A6.28s
\Y
A
17. The length of a simple pendulum is increased by a factor of four. By what factor is its period

Increased?

o\’
A).0.25 B).05 C).1.66 D 2‘ E.)4
« N\
18. The time ti, t> and t3 for 20 complete oscillations of a simple pendulum experiment are 32.0s, 34.6s
and 35.5s respectively. Calculate the mean period of the pendulum.

&S N
A). 1.60s B.)1.70s C).1.73s D). 1.78s E).5.11s
X~

19. The frequency of a body executing simple harmonic motion when left undisturbed is known
as frequency.

A). damped B)forced C)free D)natural E) sinusoidal
20. The motion of the prongs of a sounding turning fork is
A.)circular B) oscillatory C)random D) rotational E.) translational

21. Which of the following motions will be produced by a pair of equal, opposite and non-collinear
parallel forces acting on a body?

A) Oscillatory B) Random C) Rotational D) Translational E) Vibratory
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22

23

24

25

26

27

28

29.

. A body executing a simple harmonic motion has an angular velocity of 22 radians per second. If it
has a maximum displacement of 10cm, what is its linear velocity?

A) 1100ms! B)440 ms! C)220ms' D)22ms! E)2.2ms’

. In a simple pendulum experiment, a boy observed that the times for 30 oscillations are 70.0s, 72.0s
and 67.0s respectively. Calculate the mean period of oscillation of the pendulum.

A)0.14s B)0.43s C)2.32s D)2.40s E)6.97s
. A swinging pendulum between the rest position and its maximum displacement possessés

A) kinetic energy only B) potential energy only C) gravitational energy only DTboth kinetic and
potential energy

. A block of mass 4.0kg causes a spiral spring to extend by 0.16m from its un-stretched position. The
block is removed and another body of mass 0.50kg is hung from the same spiral spring. If the spring
is then stretched and released, what is the angular frequency of the subsequent motion? [g = 10 ms 2]

A) 105-V5 rads’ B) 522 rads’ C)5rads’ D) 5-V5 rads’

~
. An object is said to undergo oscillatory motion when it moves

ALY
A) in an erratic manner B) to and fro about a fixed-point C) in a circular path D) along a
continuous path from the starting point
AN

. Which of the following statements about simgle‘ harmonic motion is correct? The
F{EN
A) Total mechanical energy is always conserved B) linear acceleration is directed to any variable
point C) Linear acceleration varies inversely with displacement D) period of oscillation varies
linearly as acceleration due to gavvity

N\
. The frequency of a swin%g pendulum is the

PARN
A) number of complete revolutions per unit of time B) number of amplitudes the bob makes in a
second C) angle the bob swings through in a second D) distance the bob covers in a second
NS
Which of the following about an object performing simple harmonic motion is correct? Its
acceleration

A) is maximum at the extreme ends B) is constant and directed towards a fixed point

C) is zero when it is displayed from the equilibrium position D) varies linearly with the
displacement from a fixed point and is directed towards the fixed point

30. Two simple pendula x and y make 400 and 500 oscillations respectively in equal time. If the period of

oscillation of x is 1.5 seconds, what is the period of oscillation of y?
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A)0.53s B)0.83s C)1.20s D)1.50s E)1.88s

QQ Appendix B
Mc@uide for Physics Achievement Test (Pre-Test)

Q)

LA Q) 11.B 21.C
2. B \/ 12.C 22.E
3. A 13.E 23.C
4. C 14.D 24.D
5. C 15.D 25. A
6. B 16.D 26.B
7. B 17.D 27.A
8. C 18.B 28. A
9. B 19. D 29.D
10.B 20. B 30.C
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QQ Appendix C
. @ Physics Achievement Test (Post-Test)

O

Name of School...%fb .....................
\/

Instruction: Answer all the Questions. Each Question Carries Equal Mark Time: 2hrs

1. Two simple pendula x and y make 400 and 500 oscillations respectively in equal time. If the period
of oscillation of x is 1.5 seconds, what is the period of oscillation of y?
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A.)0.53s B)0.83s C)1.20s D)1.50s E)1.88s

2. Which of the following about an object performing simple harmonic motion is correct? Its
acceleration

A) is maximum at the extreme ends B) is constant and directed towards a fixed-point C) is zero
when it is displayed from the equilibrium position D) varies linearly with the displacement from a
fixed point and is directed towards the fixed point

3. The frequency of a swinging pendulum is the A
A) number of complete revolutions per unit of time B) number of amplitudes the bob makes in a
second C) angle the bob swings through in a second D) distance the bob covers in \asecond

a y ]
4. Which of the following statements about simple harmonic motion is correct? The

A) total mechanical energy is always conserved B) linear acceleration is directed to any variable
point C) linear acceleration varies inversely with displacement D) period of oscillation varies
linearly as acceleration due to gravity

(\v

5. An object is said to undergo oscillatory motion when it moves

&
\ON
A) in an erratic manner B) to and fro about a fixed-point C) in a circular path D) along a
continuous path from the starting point -

A\S)

6. A block of mass 4.0kg causes a spiral spring to extend by 0.16m from its un-stretched position. The
block is removed and another body of mass 0.50kg is hung from the same spiral spring. If the spring
is then stretched and released, what is the angular frequency of the subsequent motion? [g= 10 ms 2]

ON
A) 1055 rads™! B) 522 rads™! C) 5 rads™ D) 5-5 rads’!

\
7. A swinging pendulum between the rest position and its maximum displacement possesses

~
N A\\

A) Kinetic energy only B) potential energy only C) gravitational energy only D) both kinetic and
potential energx -

8. In a simple pendulum experiment, a boy observed that the times for 30 oscillations are 70.0s, 72.0s
and 67.0s respectively. Calculate the mean period of oscillation of the pendulum.

A)0.14s B)043s ()2.32s D)2.40s E)6.97s

9. A body executing a simple harmonic motion has an angular velocity of 22 radians per second. If it has
a maximum displacement of 10cm, what is its linear velocity?

A)1100ms' B)440ms!' C)220ms!' D)22ms! E)2.2ms’!

10. Which of the following motions will be produced by a pair of equal, opposite and non-collinear
parallel forces acting on a body?
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A) Oscillatory B) Random C) Rotational D) Translational E) Vibratory
The motion of the prongs of a sounding turning fork is
A) Circular B) oscillatory C) random D) rotational E) translational

The frequency of a body executing simple harmonic motion when left undisturbed is known
as frequency.

A) Damped B) forced C)free D)natural E) sinusoidal

A

The time t;, t2 and t3 for 20 complete oscillations of a simple pendulum experiment are 32.0s, 34.6s

and 35.5s respectively. Calculate the mean period of the pendulum. (

NN
The length of a simple pendulum is increased by a factor of four. By what factor is its period

Increased? .
)

A%
~
A body executing simple harmonic motion has an angular speed of 2m radians. Its period of
oscillation is
N
A)0.05s B)1.00s C)2.00s D)3.14s E) 6.2‘§s

A)1.60s B)1.70s C)1.73s D)1.78s E)5.11s

A)025 B)0.5 C)1.66 D)2 E)4

N\
The period of a simple pendulum of leﬂ@%m was found to have doubled when the length of
the pendulum was increased by X. Ca@ .

(0
A)26.7cm B) 40.0cm C 1§0.0cm D) 240.0cm
Which of the following t e%motion will be produced when a pair of equal and opposite non-
collinear parallel forces dcts 6n a body?
A) vibrational moti @random motion C) translational motion D) rotational motion
Which of the f@wmg will reduce the frequency of oscillation of a simple pendulum?
A) Inc eas%SQe length of a string B) Increasing the mass of the bob C) Increasing the amplitude
of oscillation D) Decreasing the mass of the bob  E) Decreasing the length of the string
Frequency is measured in
A) Meter per second B) Seconds C) Hertz D) Farad
The bob of a simple pendulum takes 8.0s to complete 10 oscillations. Determine the frequency of
oscillation of the bob.

A) 0.125Hz B) 1.25Hz C)7.50Hz D) 8.00Hz
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The energy stored in a spring of stiffness constant k =2000  ~* when extended 4cm is
A. 0.16] B)1.60J C)16.00J D) 160.00J

Which of the following graphs correctly represents the relationship between the kinetic energy (K.E)
and the displacement (d) from point of release of a swinging pendulum bob?

ot kel K. K
[ j_ . .,I/\:d .!\/;d .Kn

A)I B)II CII DIV Q\

The period of a simple pendulum X is 5s. What is the period of a simple pen 1@( which makes
50 vibrations in the same time it takes X to make 20 vibrations?
A)12.5s B)2.5s C)2.0s D)1.2s

The maximum displacement on either side of the equilibrium %% of an object in simple
harmonic motion represents
A) Period B) Amplitude C) Wavelength D) Frequenc Q

A simple pendulum makes 50 oscillations in one minute. Q&ermine its period of oscillation
A)0.02Hz B)0.83Hz C)1.20Hz D)50.00 th’b

Two simple pendulum A and B of equal len }%Qd of masses 5g and 20g respectively are located
in the same environment. The periods T B of their respective oscillations are related by the
equations

A)Ta=4Ts B)Ta=14Ts C)Ta iq'a\ D) Ta=5Ts

A vertical string, suspended fro 1xed point and having a small mass attached to the free end is
set into oscillations. Which ollowing statements about the system are correct?
1. The potential energy of ass is a minimum at the middle of the swing ii. Its kinetic energy is a

maximum at the ’d%-o the swing iii. The sum of the potential and kinetic energies is constant

throughout tl{lebéing

A) 1, i.%%l B)iandiionly C) iiandiiionly D)iand iii only
A spring of force constant 500 N ~1
potential energy stored in the spring
A)25] B)1.25] C)7.50] D)15.0J

is acted upon by a constant force of SON. Calculate the
The period of a 10 kHz radio wave traveling at 1088 ~ ~1is
A)3.0x107°s B)3.0x107% C)1.0x107%sD) 1.0x 1044s E)3.0 x 1044s

What is the period of a simple pendulum which makes 60 oscillations in one minute?
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e

A) 1.0s B)10.0s C)60.0s D)7.75s

Q Appendix D
]\@uide for Physics Achievement Test (Post-test)

O
&

C 11.B 21.B
D 12.D 22. B
A 13.B 23. C
A 14.D 24. B
B 15.D 25. B
A 16.D 26. C
D 17.D 27. C
C 18. E 28. A
E 19.C 29. B
C 20.B 30. A
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. @ Appendix E
éj Physics Attitude Scale (PAS)

Instruction:
This instrument\se¢Ks the students view about each of the statement therein. Kindly respond to the items as
correspond to your view. Your responses will be treated confidentially

Section A
NAME OF SCHOOL. ...

SEX: ...ooovn.. CLASS.....oovveeeeii
AGE RANGE (YRS): 12-14 (), 15-16 (), 17+ ()

Section B
231



Please tick (V) as appropriate in the space that corresponds to your feelings or view about each of the
Statements that follow
Key: SA= Strongly Agree, A= Agree, D= Disagree, SD= Strongly Disagree

SA A D SD
1. Tam sure that I can learn Physics
2. My teachers have been interested in my progress
in Physics
3. Knowing Physics will help me earn a living.
4. Tdon't think I could do a Simple harmonic
Motion Q
5. Physics will not be important to me in my life's Q N
work. Q
6. Males are not naturally better than females in (
Physics & ~/
7. Getting a teacher to take me seriously in Simple Q
Harmonic Motion is a problem
8. Simple Harmonic Motion is hard for me.
9. It's hard to believe a female could be a genius in C)
Physics Q
10. I'll need Physics for my future work

11. When a woman has to solve a Physics problem, Q
she should ask a man for help Egb

12. I am sure of myself when I do Physics.

13. I don't expect to use much Physics when I get @
out of school &

.&Q/

14. I would talk to my Physics te ﬂQ}‘about a
career which uses math

15. Women can do just ag s men in Physics

16. It's hard to get Phy cs’tQ rs to respect me

17. Physics is a wo ile! necessary subject.

18. I would have m%aith in the answer for a
Simple Ha otion problem solved by a

man tha an
19. I'm not t];&fpe to do well in Physics

20. My teachers have encouraged me to study more
Physics
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C}\% Appendix F

nstructional Guide for Experimental Group 1

O
\;b’b Lesson Note I

School:
Subject:
Class:

Topic:

Number in class:

As Applicable
Physics
SSII
Experiment on verification of Hooke’s Law
As applicable
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Average Age: 16 years

Sex: Mixed
Duration: 80 Minutes
Date: As applicable

Objectives of the lesson:

Students should be able to do the following at the end of the lesson:

e investigate Hooke’s Law as well as the parameters within the concept of simple harmonic motion
e graphically and analytically interpret Hooke’s Law
e understand the concept of Simple Harmonic Motion.

Instructional Materials: Spring Balance, weights of different masses,

Previous knowledge: They have been taught Elasticity of materials

Instructional Procedure/Presentation

retort stand, clam

S

N

metre rule

Content Time Teacher’s ActivitieQ Students’ Activities
Development (Mins) <\
Step 1 5 Teacher probes into studefits’ Students  answer  the
Introduction prior knowledge @h questions asked ask by
questions such state the teacher
Hooke’s la asticity and
define Si armonic
Motio
>
Qggg(es known to the students
. A e teaching technique and its
demand on them
DO
Step 2 hed Divides students into groups of | Move into different groups
Grouping/Elicitation '@ 4-7; asks them to assume the | and assume different roles

of Students’ ideas

C

/

role of captain, recorder, time-
keeper and so on.

as agreed by members

O

Step 3 5 Outlines the experiment's
Setting u[Ngl
experiment
Step 4 10 At this step, before doing the | Captain directs discussion
Predict (P) experiment. Asks the students | based on questions and the

to predict the answers to some
questions based on the earlier
introduced experiment (noting
that the answers to the
questions can be addressed
through the experiment that

follows in step 5

directives given by the

teacher to guide their
actions. Students spread
out their individually

written predictions on a
flat surface (desk), where
it can easily be read. Have
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Asks students to predict
answers to questions or events
such as;

Is Hooke’s law obey? Give
reason

Each member of the group is
expected to write out their
prediction on pieces of papers
supplied them. They are to
compare individual answers
and collectively brainstorm to
come out with group ideas on
all questions raised thus far.
Predictions are to be written
down on the POE worksheet
supplied to them by the

by the entire group
Goes round various gro@o

supervise the activitieQ

recorder are those agreed up n\§

a look at each other’s
predictions, and make
quick comments. Then, the
recorder for the group or
whoever is assigned, write
down their prediction(s) as
agreed upon by the group
and directed by the group
captain on the POE
worksheet

Q
&
S

p

Step 5
bserve (O)

35

R
'ob(
\*

Instructs the studehts to carry
out the labo activities as

follows \Q
e Suspe he spiral spring

Ve %r on the retort stand

y
ttach to the lower end the first

of the slotted weights
e Clamp the metre rule vertically
along the side of the spiral
spring so that a small pointer
(a pin) attached to the bottom
of the weights moves along
lightly against the metre rule
e Record the reading of the
pointer as e, and the weight wl
attached to the spiral spring
e Increase the force by
successive increments of 10 or
20 g and record the pointer
reading each time
e When you have taken about five
of such readings start unloading

the weights and again record the
pointer readings

e Tabulate your readings as in

Follow the teacher's
instructions. The students
follow the instructions step
by step and record their
observation

Spread out their
individually written
observations on a flat

surface (desk), where it
can easily be read. Have a
look at each other’s
observations, and make
quick comments. Then, the
recorder for the group or
whoever is assigned, write
down their observation(s)
as agreed upon by the
group and directed by the
group captain on the POE
worksheet
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the section for observations
(Teacher views the
observations written

down by the respective

groups)

Step 6
Explaining the
Observations (E)

10

Each member of the group is
expected to write out their
explanation for their observation
on pieces of papers supplied
them. They are to compare
individual  explanations and
collectively brainstorm to come
out with group explanations to
observations. explanations
their observations are to
written down on the P
worksheet supplied to the
the recorder are those
upon by the entire Goes
round  various

(While

0
supervise the actiyitics.
students are ing, i
stroll aroun as to prepare

you might

yoursel e discussion that
w111
%ks each group to
ﬁﬁ? eir POE worksheet in
class discussion, by

lacing the worksheet on a
chalkboard. (At this stage, the
POE  worksheet  contains
highlights of the predictions-
explanations-observations-
explanations for each group).
After this has been done,
teacher might discuss with the
class which observation and
explanations or reasons they
now think are best. At this
stage, teacher then engages the

students to correlate their
prediction with their
observation SO as to

reconstruct their thinking and
also reconcile any conflict
between their predictions and
observations.

bgg
rite

Ask the students to

Students spread out their

individually written
explanation to their
observatlons a flat
surface here it

can easi ad Have a
look each other’s
ana ns, and make

omments. Then, the
rder for the group
down the
explanatlon for  their
observation(s) as agreed

o upon by the group and

directed by the group
captain on the POE
worksheet

Students to share their
POE worksheet containing
their predictions,
explanation  for their
predictions, observations

and explanations for their
observation in full-class
discussion

Team leaders or selected
group representatives
makes their respective
presentations in full class
discussion

At this stage, in order to
reconcile any discrepancy
between predictions and
observations, students are
expected to compare their
predictions and
observations in a brief full
class discussion.
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disengage from their Students move to their
groupings respective sits.

Students are asked the following questions:

Teacher's evaluation of the lesson: Q\

1. How are load and extension related?
ii.  Consider oscillating spring with mass attached, if the mass of the objeﬁﬂ@led, what will happen

to period of the oscillation E

6 Appendix
N :

Instructional Guide for Experimental Group 1

Lesson Note 11

Subject:  Physics
Topic: Determination of force constant of a spring

Duration: 80 Minutes
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Objectives of the lesson:

Students should be able to determine the force constant of a spiral spring by the end of the lesson.

Instructional Materials: Spring Balance, weights of different masses, retort stand, clamp, metre rule

Previous knowledge: They have been taught Elasticity of materials

Instructional Procedure/Presentation

Content Time Teacher’s Activities Students’ Activities
Development Mins)
Step 1 5 Teacher probes into students’ | Students answer the
Introduction prior knowledge through | questions asked ) ask by the
questions such as: what is force | teacher
constant? what is the unit of force
constant? /\
Makes known to the students the$
teaching technique and its dem@b
on them Q
V _ N
Step 2 15 Divides students int ﬂﬂ}of 4- | Move into  different
Grouping/Elicit 7; asks them to assug% role of | groups and assume
ation of captain, recorder, ﬁB eeper and | different roles as agreed
Students’ ideas SO on. @ by members
\
Step 3 5 Outlin@experiment aim
Setting up the C_)
experiment o
Step 4 10 b Al this step, before doing the | Captain directs discussion
Predict (P) eriment. Asks the students to | based on questions and the

Q
&

“predict the answers to some
questions based on the earlier
introduced experiment (noting
that the answers to the questions
can be addressed through the
experiment that follows in step 5

Asks students to predict answers
to questions or events such as;

As the stretching force (i.e. the
weight attached to the spring)
increases, what happens to the
extension, give reason

Each member of the group is
expected to write out their
prediction on pieces of papers
supplied them. They are to
compare individual answers and

collectively brainstorm to come

directives given by the
teacher to guide their
actions. Students spread out
their individually written
predictions on a flat surface
(desk), where it can easily
be read. Have a look at each
other’s  predictions, and
make quick comments.
Then, the recorder for the
group or whoever is
assigned, write down their
prediction(s) as agreed upon
by the group and directed by
the group captain on the
POE worksheet

238




out with group ideas on all
questions  raised  thus  far.
Predictions are to be written
down on the POE worksheet
supplied to them by the recorder
are those agreed upon by the
entire group

Goes round various groups

to supervise the activities.

Step 5
Observe (O)

Q
&

Instructs the students to

carry out the laboratory

activities as follows

e Suspend the spiral spring
vertically on the retort stand
firmly

e Attach to the lower end
first of the slotted weights

e (Clamp the metre rule veft
along the side of the
spring so that a s

(a pin) attached O\the bottom
of the wej oves along
lightly agas e metre rule

e Record the reading of the
point % and the weight wl
at to the spiral spring

J ase the force by

&uccessive increments of 10 or

N\ 20 g and record the pointer

N reading each time

e When you have taken about five
of such readings start unloading
the weights and again record the
pointer readings

e Tabulate your readings as in
the section for observations

(Teacher views the

observations written down

by the respective groups)

thQ “teacher's
students

Follow

instructio

follow the i ctions step
by record their

ation
d out their individually
ritten observations on a

'ﬂat surface (desk), where it

can easily be read. Have a
look at each other’s
observations, and make
quick comments. Then, the
recorder for the group or
whoever is assigned, write
down their observation(s) as
agreed upon by the group
and directed by the group
captain on the POE
worksheet

Step 6
Explaining  the
Observations (E)

10

Each member of the group is
expected to write out their
explanation for their observation
on pieces of papers supplied
them. They are to compare

individual  explanations  and

Students spread out their

individually written
explanation  to  their
observations on a flat

surface (desk), where it
can easily be read. Have a
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Q
&

collectively brainstorm to come
out with group explanations to
observations. explanations to their
observations are to be written
down on the POE worksheet
supplied to them by the recorder
are those agreed upon by the
entire group

Goes round various groups to
supervise the activities. (While
students are writing, you might
stroll around so as to prepare
yourself for the discussion that
will follow).

Then, asks each group to present
their POE worksheet in full-class
discussion, by placing the
worksheet on a chalkboard. (At

contains  highlights
predictions-explanations-
observations-explanati
each group).
After this has be
might discus

e class which
observation \an& ‘explanations or
reasons® ﬁfqﬁow think are best.
At thi Gﬁge, teacher then engages
the i nts to correlate their
p &ion with their observation

as to reconstruct their thinking
Nand also reconcile any conflict

between their predictions and
observations.

Ask  the students to
disengage from their
groupings

.

look at each other’s
explanations, and make
quick comments. Then,

the recorder for the group
write down the
explanation  for their
observation(s) as agreed
upon by the group and
directed by the group

captain on the POE
worksheet %
Students to share)théir POE

workshee @1 ing their
predictioés;{ anation for
their&i ons,

ations and

ations for their

discussion

Team leaders or selected
group representatives
makes their respective
presentations in full class
discussion

At this stage, in order to
reconcile any discrepancy
between predictions and
observations, students are
expected to compare their
predictions and observations
in a brief full class
discussion.

Students move to their
respective sits.

Evaluation:

Students are asked the following questions:

1. Plot the graph of weight in Newton on the y-axis against the extension on the x-axis
ii.  Find the slope and interpret the result
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Appendix H
Instructional Guide for Experimental Group 1

Lesson Note 111
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Subject:

Physics

Topic: Determination of effective mass of a spiral spring by oscillation method
Duration: 80 Minutes

Objectives of the lesson: Students should be able to determine the effective mass of a spiral spring at the

end of the lesson

Instructional Materials: A spiral spring, a set of slotted weights, a stop watch, Retort stand and clamp,

Split cork

Previous knowledge: The students have been taught Simple Harmonic Motion

Instructional Procedure/Presentation

R

S
A

Content Time Teacher’s Activities ws’v Activities
Development (Mins)
Step 1 5 Teacher probes into students’ @:}1&‘&5 answer the questions
Introduction prior knowledge throu d ask by the teacher
questions such as: what{
oscillation movement? Q@
5 examples of o
movement
P
Makes ls&\to the
studen@_} teaching
tec and  its
| @ on them
Step 2 sftblwdes students into groups | Move into different groups and
Grouping/Elicitation of 4-7; asks them to assume | assume different roles as
of Students’ ideas * the role of captain, recorder, | agreed by members
( \ time-keeper and so on.
\
Step 3 0 5 Outlines the experiment's aim
Setting up the ’b
experlment\ Q/
Step 4 10 At this step, before doing the | Captain  directs  discussion
Predict (P) experiment. Asks the students | based on questions and the

to predict the answers to
some questions based on the
earlier introduced experiment
(noting that the answers to the
questions can be addressed
through the experiment that
follows in step 5
Asks students

to predict

directives given by the teacher
to guide their actions. Students
spread out their individually
written predictions on a flat
surface (desk), where it can
easily be read. Have a look at
each other’s predictions, and
make quick comments. Then,

242




answers to
events such as;
What is the nature of
graph of 2

give reason?

questions  or

b

Each member of the group is
expected to write out their
prediction on pieces of papers
supplied them. They are to
compare individual answers
and collectively brainstorm to
come out with group ideas on
all questions raised thus far.
Predictions are to be written
down on the POE worksheet
supplied to them by the
recorder are those agiee
upon by the entire g %
Goes round vari

groups to supervi

activities.

-3&\

&)

the recorder for the group or
whoever is assigned, write
down their prediction(s) as
agreed upon by the group and
directed by the group captain
on the POE worksheet

\
(9Q
A
Q)
S
Q)

Step 5
Observe

<
O
&

35

4
¢ students to carry

Instru,
out &l oratory activities as
b S
e Set the spiral spring

“on the retort stand rigidly by

using the split cork.

. Mark the equilibrium

position of the slotted weight

and use it as a reference point

o Give the hanger and

weight a small displacement

downwards to set the spiral

spring oscillating

J Determine the time t

for 20 complete oscillations

using 10 g mass of the slotted

weight

¢ Repeat this timing

e Increase the load by another
10 g weight and again take

Follow the teacher's
instructions. The  students
follow the instructions step by
step and  record their
observation

Spread out their individually
written observations on a flat
surface (desk), where it can
easily be read. Have a look at
each other’s observations, and
make quick comments. Then,
the recorder for the group or
whoever is assigned, write
down their observation(s) as
agreed upon by the group and
directed by the group captain
on the POE worksheet

the time for 20 complete
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oscillations twice

¢ Continue to increase the load
on the hanger for another
three sets of weights and
then determine the
corresponding time for 20
complete oscillations

(Teacher views the
observations written down by
the respective groups)

P

Step 6
Explaining

the

Observations (E)

10

Each member of the group is
expected to write out their
explanation for their
observation on pieces of
papers supplied them. They
are to compare individual
explanations and collectivel

brainstorm to come out wé

group explanations to
observations. explanati Q}

their observations be
written down o POE
worksheet s to them
by the recor are those

agreed’@' by the entire

grou
Go und various groups to
%ISC the  activities.
ile students are writing,
“ou might stroll around so as
to prepare yourself for the
discussion that will follow).
Then, asks each group to
present their POE worksheet
in full-class discussion, by
placing the worksheet on a
chalkboard. (At this stage, the
POE  worksheet contains
highlights of the predictions-
explanations-observations-
explanations for each group).
After this has been done,
teacher might discuss with the
class which observation and
explanations or reasons they|
now think are best. At this
stage, teacher then engages the

3&9 out their

Students

individu written
expla to their
ob s on a flat surface

des here it can easily be
. Have a look at each
>0 her’s explanations, and make
quick comments. Then, the
recorder for the group write
down the explanation for their
observation(s) as agreed upon
by the group and directed by
the group captain on the POE
worksheet

Students to share their POE
worksheet containing  their
predictions, explanation for
their predictions, observations
and explanations for their
observation  in  full-class
discussion

Team leaders or selected group
representatives makes their
respective presentations in full
class discussion

At this stage, in order to
reconcile any  discrepancy
between  predictions  and
observations, students are
expected to compare their
predictions and observations in
a brief full class discussion.
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students to correlate their
prediction with their
observation  so as  to
reconstruct their thinking and
also reconcile any conflict
between their predictions and|
observations.

Ask the students to
disengage from their

groupings

Students move to their
respective sits.

Evaluation:

Asks the students the following questions:

Plot the graph of T2 on the y-axis against the corresponding values of
2

Q

Calculate the value of k from slope = -

Find the intercept of the graph on the x-axis.
What is the effective mass of the spiral spring?

\
O
’Z>6

245

SN
S

N
O

the x-axis.




Appendix I
Instructional Guide for Experimental Group 1

Lesson Note IV

Subject: Physics

Topic: Determination of acceleration due to gravity by means of the Simple Pendulum.
Duration: 80 Minutes Q*
Objectives of the lesson: Students should be able to determine the value of acceler@@e to gravity by
using the Simple Pendulum at the end of the lesson

Instructional Materials: Small pendulum bob made up of lead or brass, Coad, Split cork, Meter
rule, Stop watch, Retort stand and clamp

Previous knowledge: The students have been taught Simple Harmonio@io

Q

Instructional Procedure/Presentation

V _ N
Content Time Teacher’s Activiti \\ Students’ Activities
Development (Mins) Xﬂb
Step 1 5 Teacher probes int(f&efénts’ Students answer the
Introduction prior  knowl hrough questions asked ask
questions su © what is by the teacher
accelerati \&plain what is
meant {éﬁel ration due to
gravt%
N
Q&kes known to the students
the teaching technique and its
(° @ demand on them
Step 2 E 15 Divides students into groups Move into different
Grouping/elicita } of 4-7; asks them to assume groups and assume

tion of Students’
ideas

Q0

the role of captain, recorder,
time-keeper and so on.

different roles as
agreed by members

Step 3 5 Outlines the experiment's aim
Setting up the
experiment
Step 4 10 At this step, before doing the Captain directs discussion
Predict (P) experiment. Asks the students to based on questions and the
predict the answers to somg directives given by the
questions based on the earlier teacher to guide their

introduced experiment (noting that

the answers to the questions can be

actions. Students spread out

their

individually written
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addressed through the experiment
that follows in step 5
Asks students to predict answers to

questions or events such as;
What is the nature of graph
of 2 , what is the value

of acceleration due to gravity?

Each member of the group is
expected to write out their
prediction on pieces of papers
supplied them. They are to
compare individual answers and

collectively brainstorm to come out
with group ideas on all question

raised thus far. Predictions areg
be written down on the
worksheet supplied to the

recorder are those a e% n by
the entire group

Goes round various

supervise the a@
Q)

ps to

predictions on a flat surface
(desk), where it can easily
be read. Have a look at each
other’s  predictions, and
make quick comments.
Then, the recorder for the
group or whoever is
assigned, write down their
prediction(s) as agreed upon
by the group and directed by
the group captaih on the
POE workshe

S
S

Step 5
Observe

q
&

35

InstructsCthe students to carry out
the 1 ory activities as follows

° the simple pendulum as
®own in the diagram provided

> e Hang the pendulum bob on
one end of the cotton thread and
clamp the other end firmly
between the two split corks

e Allow the pendulum to dangle
freely on the working bench

e Use the metre rule to measure
95 cm length of the thread

e Displace the pendulum
through a small displacement,
release and allow to swing

Time 20 complete swings
(A-->B->C->B->A)

is a complete swing or 1
oscillation as t1

e Repeat for another 20 swings

for the same length a time t2

Follow the teacher's
instructions. The students
follow the instructions step
by step and record their
observation

Spread out their
individually written
observations on a flat

surface (desk), where it can
easily be read. Have a look
at each other’s
observations, and make
quick comments. Then, the
recorder for the group or
whoever is assigned, write
down their observation(s)
as agreed upon by the group
and directed by the group
captain on the POE
worksheet
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¢ Find the mean time for tl

and t2

e Repeat the above procedure of
timing for other values of £ such
that {= 85 cm, 75 cm, 65 cm, 55
cm 45 cm.

e Tabulate your observations as
shown below and complete the
table for the period T and T2.

(Teacher V1ews the &Watlons

written down respectlve

Q@

R

S
S

groups) \
Step 6 10 Each méﬁeﬁ of the group is
Explaining the expect: write out their | Students spread out their
Observations exp n for their observation on | individually written
(E) e& of papers supplied them. | explanation to their
are to compare individual | observations on a flat

<
&

\t%lananons

and  collectively
bralnstorm to come out with group
explanations to  observations.
explanations to their observations
are to be written down on the POE
worksheet supplied to them by the
recorder are those agreed upon by
the entire group

Goes round various groups to
supervise the activities. (While
students are writing, you might
stroll around so as to prepare
yourself for the discussion that will
follow).

Then, asks each group to present
their POE worksheet in full-class
discussion, by placing the

surface (desk), where it can
easily be read. Have a look
at each other’s
explanations, and make
quick comments. Then, the
recorder for the group write
down the explanation for
their ~ observation(s) as
agreed upon by the group
and directed by the group
captain on the POE
worksheet

Students to share their POE
worksheet containing their
predictions, explanation for
their predictions,
observations and
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worksheet on a chalkboard. (At this
stage, the POE worksheet contains
highlights of the predictions-
explanations-observations-
explanations for each group).

After this has been done, teacher
might discuss with the class which
observation and explanations or
reasons they now think are best. At
this stage, teacher then engages the
students to correlate their prediction
with their observation so as to
reconstruct their thinking and also
reconcile any conflict between their
predictions and observations.

Ask the students to disengage

from their groupings

AN

explanations  for  their
observation in full-class
discussion

Team leaders or selected
group representatives makes
their respective
presentations in full class
discussion

At this stage, 'w&rder to
reconcile anyA, discrepancy
between l@C\ ions and
observations,=Students are
expe‘£g(3n compare their
pr: 10ns and

tions in a brief full
ass discussion.

Students move to their

respective sits.

Evaluation:

Plot the graph of T2 on the y -axis and P o®x
Determine the slope m of the graph as’\

Q
>
O
N

S
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Appendix J
Instructional Guide for Experimental Group 1

Lesson Note V

Subject: Physics Q\

Topic: Acceleration due to gravity by means of the simple pendulum from inaccessib @-t.
Duration: 80 Minutes &

Objectives of the lesson:

Students should be able to determine the value of acceleration due to @y by means of the simple
pendulum from inaccessible height at the end of the lesson Q

Instructional Materials: Small pendulum bob made up of lead or l@
hook on the ceiling of the room or laboratory, Meter rule, Stop watch,

Previous knowledge: The students have been taught Simple@onic motion

otton thread of about 3 m long, a
pair of scissors or blade

Instructional Procedure/Presentation: \\(\’b
Content Development Time Teacher’s Activities Students’ Activities
ming) < N
Step 1 5 ¢ather  probes  into | Students  answer
Introduction é)students’ prior knowledge | the questions asked
. A through questions such as: | ask by the teacher

Q\ Period of the simple
s pendulum depends on

\1\ what physical quantities
’bb Makes known to the

students the teaching

\;b technique and its demand

on them
Step 2 15 Divides students into | Move into different
Grouping/Elicitation of groups of 4-7; asks them | groups and assume
Students’ ideas to assume the role of | different roles as

captain, recorder, time- | agreed by members
keeper and so on.

Step 3 5 Outlines the experiment's
Setting up the experiment
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Step 4
Predict (P)

O
&

10

of\p
‘ﬁ arc
Nindividual

P

At this step, before doing
the experiment. Asks the
students to predict the
answers to some questions
based on the earlier
introduced experiment
(noting that the answers to
the questions can be
addressed  through the
experiment that follows in
step 5

Asks students to predict
answers to questions or
events such as;

If you increased the length

happen to the period

ction on pieces
rs supplied them.
to compare
answers and
collectively brainstorm to
come out with group ideas
on all questions raised thus
far. Predictions are to be
written down on the POE
worksheet  supplied to
them by the recorder are
those agreed upon by the
entire group

Goes round various
groups to supervise

the activities.

of the pendulum what will\

Captain directs
discussion  based on
questions and the

directives given by the
teacher to guide their
actions. Students spread
out their individually
written predictions on a
flat surface (desk), where
it can easily be read.

Have a lo at each
other’s prédigtions, and
make omments.
Then,the teCorder for the
guﬁg)m whoever s
@r d, write down

prediction(s) as

§greed

p

upon by the group
and directed by the group
captain on the POE
worksheet

Step 5
Observe (O)

35

Instructs the students to
carry out the laboratory
activities as follows:
eHang the simple
pendulum from the ceiling
using the hook such that
the bob is about 30 cm

Follow the teacher's
instructions. The students
follow the instructions
step by step and record
their observation
Spread out
individually

their
written
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N
’Z}b(/
\&

o3

gﬂ\
\

\
.$Q

from the floor.

®Measure accurately and
record the height h from
the floor of the room to
the pendulum bob
eDisplace the pendulum
bob through a small angle
O and allow it to oscillate
freely.

eDetermine the time t for
20 oscillations and record
as t

eRepeat steps (2) - (4) to
determine time t2 for 20
oscillations for the same
height h above the ground
@ Determine the mean N
time t §

eCut off 5 cm of th @d,
retie the bob as ly as
possible to t nd” of the

thread t in a new
height h the ground
and injthe time tl and t2
for w height

ermine the new mean

t for the 20 oscillations
epeat steps (7) and (8)
hree times to obtain three
ew heights h and

tl,t2 and t

Tabulate your

observations

(Teacher views the
observations written down
by the respective groups)

observations on a flat
surface (desk), where it
can easily be read. Have
a look at each other’s
observations, and make
quick comments. Then,
the recorder for the group
or whoever is assigned,
write down their
observation(s) as agreed
upon by th oup and
directed the¢ group

captai @lthe POE
Work%e/

N

Step 6
Explaining the
Observations (E)

10

Each member of the group
is expected to write out
their explanation for their

Students spread out their
individually written

observation on pieces of

explanation to their
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papers  supplied them.
They are to compare
individual explanations
and collectively

brainstorm to come out
with group explanations to
observations. explanations
to their observations are to
be written down on the
POE worksheet supplied
to them by the recorder are
those agreed upon by the
entire group

Goes  round  various
groups to supervise the
activities. (While students
are writing, you mi
stroll around so as_ 't

prepare yourself ﬁQ}

discussion th

follow).

Then, ask oup to
present POE

worksh n full-class
, by placmg the
a

@(board (At thls stage,

Mhe ©° POE  worksheet
contalns highlights of the
predictions-explanations-
observations-explanations
for each group).

After this has been done,
teacher might discuss with
the class which
observation and
explanations or reasons
they now think are best.
At this stage, teacher then
engages the students to
correlate their prediction
with their observation so
as to reconstruct their
thinking and also
reconcile any conflict
between their predictions
and observations.

Ask the students to
disengage from their

£\

observations on a flat
surface (desk), where it
can easily be read. Have
a look at each other’s
explanations, and make
quick comments. Then,
the recorder for the group

write down the
explanation for their
observation(s) as agreed
upon by th oup and
directed thh group
captai @ the POE
work%ege/
Stddents*to share their
worksheet
aining their
%redictions, explanation
for their predictions,
observations and
explanations for their

observation in full-class
discussion

Team leaders or selected
group representatives
makes their respective
presentations in full class
discussion

At this stage, in order to

reconcile any
discrepancy between
predictions and
observations, students are
expected to compare
their  predictions and
observations in a brief

full class discussion

Students move to their
respective sits.
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| groupings

Evaluation

i.  Plot the graph of T? on the y- axis and h on the x- axis.
it.  Deduce the slope m of the graph
iii.  Determine the intercept of the graph on the x-axis when T? =0

>\
Appendix K ()QQ

Instructional Guide for Experimental Group 11

Lesson Note I Q $Q
Q

School: As Applicable Q
Subject: Physics 6%
Class: SSII fb
Topic: Experiment on verification of® Xke’s Law
Number in class: As applicable é_)\§

Average Age: 16 years . AQI

Sex: Mixed \

Duration: 80 Minu

Date: s\ able
Objectives of the les é)

Students should be a@ do the following at the end of the lesson:

o Nf%gate Hooke’s Law as well as the parameters within the concept of simple harmonic
motion

e graphically and analytically interpret Hooke’s Law

e understand the concept of Simple Harmonic Motion.

Instructional Materials: Spring Balance, weights of different masses, retort stand, clamp, metre rule
Previous knowledge: They have been taught Elasticity of materials

Instructional Procedure/Presentation

| Content | Teacher’s Activities | Students’ Activities
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Development

>

Step 1 Teacher probes into students’| Students answer the questions asked by by
Introduction prior  knowledge through| the teacher
questions such as: to state
Hooke’s law of Elasticity and|
define Simple Harmonic Motion
Step 2 Outlines the experiment's aim | Observe the demonstrational experiment
Setting up the
experiment AQ
Step 3 Selects and demonstrates the Follow the teacher's instructiofis td verify
Constructing a simulated laboratory experiment Hooke's Law by per g the
table of on verification of Hooke’s law experiment
readings. from the PhET O
Step 4 Answers students’ questions | Construct tabl %ngs.
Plotting a 6
graph of load Q
against the
extension

students to
stands in

Assigns
experimental

five

&

N

i Y@ecord measured values
physical laboratory in groqgo

instructs students tgbpe’at the
procedure for® periment
as demonst: the teacher
and gencratey group readings

with a %(‘3 value of m and the

cc(e%qp ng extension
2

Ask questions when necessary.

cals with challenges faced by
€ group group

Q Evaluates students by asking
\/ them questions

Answer evaluation questions

Evaluation:

Students are asked the following questions:

i.  How are load and extension related?

ii.  Consider oscillating spring with mass attached, if the mass of the object doubled, what will happen

to period of the oscillation
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Subject:  Physics

Topic: Determination of Elastic constant of a spring

Appendix L

R

O
,\(/

Instructional Guide for Experimental Group

Duration: 80 Minutes

Objectives of the lesson: Students should be abl

end of the lesson

Instructional Materials: Spring Balance,

Previous knowledge: They are familia w :

Lesson Note 11

Q
Q
’b&b

oke’s law

Instructional Procedure/Preserr{@

4

O

e@termine the force constant of a spiral spring at the

of different masses, retort stand, clamp, metre rule

Content . \ Teacher’s activities Students’ activities
Development C ‘,\\'
Step 1 N\WTeacher probes into students’ prior Students answer the questions
Introduction b knowledge through questions such as: | asked by the teacher
’b what is force constant? What is the unit of
\ Q force constant?
Step 2 N4 Outlines the experiment's aim Observe the demonstrational
Setting up the experiment
experiment
Step 3 Selects and demonstrates the simulated | Follow the procedure as demonstrated
Constructing a table laboratory experiment on determination of | by the teacher to perform experiment
of readings elastic constant of a spring from the PhET. | determination of elastic constant of a
spring
Step 4 Answers students’ questions Construct table of readings.
Plotting a graph of
load against the
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extension

Assigns students to experimental Record measured values
stands in the physical laboratory in
groups of five

instructs students to repeat the Ask questions when necessary
procedure for the experiment as
demonstrated by the teacher and
generate group readings with a more

value of m and the corresponding \
extension ‘Q

Deals with challenges faced by the

group Q{Q
Evaluates students by asking them swer euﬂKatio questions
questions C\

\¥/

Evaluation: Q E

Students are asked the following questions: Q

1. Plot the graph of weight in Newtons on the y-axis again;b@‘extension on the x-axis
ii.  Find the slope and interpret the result
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Subject:  Physics

Appendix M

\
(9Q
A
Q)
S

Instructional Guide for Experimentz@ 11

Lesson Note I11
)

O

Topic: Determination of effective mass of a spiral sp @scillation method

Duration: 80 Minutes

Objectives of the lesson: Students should be

end of the lesson

Instructional Materials:
Split cork

é®etermine the effective mass of a spiral spring at the

A spiral spni%%et of slotted weights, a stop watch, Retort stand and clamp,

Previous knowledge: The studen\@ve been taught Simple Harmonic Motion

Previous knowledge: The s

Instructional Proced reg

have been taught Simple Harmonic motion

entation

Content Developmt&)
Q.

Teacher’s Activities

Students’ Activities

Constructing a table of
readings

Step 1 V Teacher probes into students’ | Students answer  the
Introduction prior  knowledge through | questions asked by the
questions such as what is period | teacher
of an oscillation
Step 2 Outlines the experiment's aim observe the demonstrational
Setting up the experiment
experiment
Step 3 Selects and demonstrates the | Follow the procedure as

simulated laboratory how to
conduct the experiment on

demonstrated by the teacher
to perform experiment on
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determination of effective mass
of a spiral spring by oscillation
method from the PhET

determination of effective
mass of a spiral spring by
oscillation method

Step 4
Plotting a graph of
Period of Oscillation
against Mass

Answers students’ questions

Construct table of

Assigns students to
experimental stands in the
physical laboratory in groups of
five

Record measured values

A

Asks students to repeat the
procedure for the experiment as
demonstrated by the teacher and
generate group readings with a
more value of T and the
corresponding mass

Ask questions @%n
necessary &<

$O

y __ N
Deals with challenges ( >
oup group < \
Evaluates students

them questions

by askliﬁl}ﬁer evaluation questions

Evaluation:

Students are asked the following questions:

i.  Plot the graph of T against M

N4

O

ii.  Find the slope of the graph @
N\
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Appendix N Q

Instructional Guide for Exper@al Group 11

Lesson fb
Subject: Physics \NQ

Topic: Determination of acceleration due to i@_@ means of the Simple Pendulum.

Duration: 80 Minutes
Objectives of the lesson: Student s@be able to determine the value of acceleration due to gravity by
eﬁrnﬁ th,

using the simple pendulum at th e lesson

Instructional Materials: S endulum bob made up of lead or brass, Cotton thread, Split cork, Meter
rule, Stop watch, Retort nﬁ\ lamp

Previous knowledge: Fhe students have been taught Simple Harmonic motion

Instructional Pr@relPresentation
LN

Content Deveant Teacher’s Activities Students’ Activities

Step 1 Teacher probes into students’ prior | Students answer the

Introduction knowledge through questions such as | questions asked by the

what is period of an oscillation teacher

Step 2 Outlines the experiment's aim observe the demonstrational
Setting up the experiment experiment

Step 3 Selects and demonstrates the | Follow the procedure as
Constructing a table of simulated laboratory how to conduct | demonstrated by the
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readings

the experiment on determination of
acceleration due to gravity by means
of the Simple Pendulum from the
PhET

teacher to  perform
experiment
determination of
acceleration due to
gravity by means of the
Simple Pendulum

Step 4
Plotting a graph of T?
against L

Answers students’ questions

Construct table of readings

Assigns students to
experimental stands in the
physical laboratory in groups
of five

Record mm‘\md
S

Instructs students to repeat the
procedure for the experiment
as demonstrated by the teacher

with a more value of T and theg
corresponding L

and generate group readings C

&}S ‘
%@i tions when
)

~
Deals with challenges face o

Evaluates student\g&ﬁlng
them questions
O

Answer evaluation

Evaluation of the lesson by the

i.  Plot the graph of T? on th
ii.  Deduce the slope m of t

>
'bbg
\*

=S
Q,\C)

teach'e®
ﬁ% and L on the x- axis.
h
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Appendix O&b

Instructional Guide for; ental Group 11

Lesso Nte A\
\‘9\&

Topic: Acceleration due to gravity bx@ ns of the simple pendulum from

Inaccessible height. g

Duration: 80 Minutes

Subject: Physics

Instructional objectlves< By, he end of the lesson, the students should be able to determine the value of
acceleration due to gr y using the simple pendulum from inaccessible height

Instructional Ma@ls Small pendulum bob made up of lead or brass, Cotton thread, Split cork, Meter
rule, Stop wat% rt stand and clamp, a pair of scissors or blade

Previous knowledge: The students have been taught Simple Harmonic motion

Instructional Procedure/Presentation

Content Development Teacher’s Activities Students’ activities
Step 1 Teacher  probes  into Students answer the
Introduction students’ prior knowledge questions asked by the
through questions such as teacher
what is period of an
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oscillation
Step 2 Outlines the experiment's observe the demonstrational
Setting up the experiment aim experiment
Step 3 Selects and demonstrates how to | Follow the procedure as
Constructing a table of conduct the experiment on | demonstrated by the teacher to
readings determination of acceleration | perform experiment determination of
due to gravity by means of the | acceleration due to gravity by means
simple pendulum from | of the Simple Pendulum
inaccessible height from the
PhET A
Step 4 Answers students’ questions Construct table of re »
Plotting a graph of T2
against h & (J
Assigns students to experimental | Record m@eﬁ'values
stands in the physical laboratory
in groups of five
Q
Asks students to repeat the @Eﬂ:stions when necessary
procedure for the experiment
demonstrated by the teach @
generate group readings \%
more value of T\@ the
corresponding L. =~ N\
Deals with challenges ‘faced by
the group  *° g
Evaluates @ts' by Answer evaluation questions
asking th stions
N\
N
Evaluation: g

i.  Plot the graph of
ii.
iii.

'E:i@;r- axis and h on the x- axis.
0

he graph

\%’6
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Deduce the slope
Determine th%rcept of the graph on the x-axis when T? =0




Instructiona ﬁor Control Group

N
School: C}ﬁ@qcable

Subject: 6 ics
Class: fb SSII

esson Note I

Topic: \9 Experiment on verification of Hooke’s Law
Number in class: As applicable

Average Age: 16 years

Sex: Mixed

Duration: 80 Minutes

Date: As applicable

Objectives of the lesson:
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Students should be able to do the following at the end of the lesson:

L.
II.
III.

investigate Hooke’s Law as well as the parameters within the concept of simple harmonic motion
graphically and analytically interpret Hooke’s Law
understand the concept of Simple Harmonic Motion.

Instructional Materials: Spring Balance, weights of different masses, retort stand, clamp, metre rule

Previous knowledge: They have been taught Elasticity of materials

Instructional Procedure/Presentation

Content Development

Teacher’s Activities

Students’ Ac%s
Q

Step 1 Teacher probes into students’ Students a t\ the
Introduction prior  knowledge  through questions dsked=by the
questions such as: to state teacher&
Hooke’s law of Elasticity and
define Simple Harmonic O
Motion (3%
RN,
Step 2 Outlines the experiment's ai \\ Observe the
Setting up the experiment &% demonstrational
(PN experiment
Step 3 Demonstrates ?Sf)kes Follow the teacher's
Constructing a table of law s tested real instructions to  verify
readings. apparatus. % Hooke's law by
performing the
experiment
Step 4 n® students’ questions Construct table of
Plotting a graph of load 6 readings.

against the extension

\\

O

\¥

Asmgns students to
experimental stands in the
physical laboratory in groups
of five

Record measured values

v

instructs students to repeat the
procedure for the experiment
as demonstrated by the teacher
and generate group readings
with a more value of m and the
corresponding extension

Ask questions when
necessary.

Deals with challenges faced
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Answer evaluation
Evaluates students by asking
them questions

Evaluation:

Students are asked the following questions:
i.  How are load and extension related?
ii.  Consider oscillating spring with mass attached, if the mass of the object doubled, ill happen
to period of the oscillation Q

O
A
&
. AQ/ Appendix Q

I%(@onal Guide for Control Group

Lesson Note 11
Subject:  Physics .@

Topic: Determination& tic constant of a spring
Duration: 80 Mi

Instructional }Wﬁives: By the end of the lesson, the students should be able to determine the force
constant of a spiral spring

Instructional Materials: Spring Balance, weights of different masses, retort stand, clamp, metre rule
Previous knowledge: They are familiar with Hooke’s law

Instructional Procedure/Presentation

Content Teacher’s Activities Students’ Activities
Development
Step 1 Teacher probes into students’ prior Students answer the questions
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Introduction knowledge through questions such asked by the teacher
as: what is force constant? What is
the unit of force constant?
Step 2 Outlines the experiment's aim Observe  the  demonstrational
Setting up the experiment
experiment
Step 3 Demonstrates how the experiment Follow the teacher's instructions to
Constructing a table on determination of elastic perform experiment on
of readings constant of a spring is conducted determination of elastic constant of
using real apparatus a spring X
Step 4 Answers students’ questions Construct table of rea&lgs.
Plotting a graph of
load against the Q
extension & (J
Assigns students to experimental Recc@&sured values
stands in the physical laboratory in
groups of five .\
instructs students to repeat the Q sk questions when necessary
procedure for the experiment as
demonstrated by the teacher aan
generate group readings wi%
more value of m e
corresponding extensiofy,’
Deals with challenges‘\faced by the
3\
Evaluates stud asking them Answer evaluation questions
questions
Q%
N
Evaluation: g

@ﬁem

Students are asked the fo
i

ii.

\*
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Plot the graph gf wéight in Newton on the y-axis against the extension on the x-axis
Find the slo interpret the result




Q Appendix R
.@’,structional Guide for Control Group

6 Lesson Note I1I
Subject: Physicsfb

Topic: Determination of effective mass of a spiral spring by oscillation method
Duration: 80 Minutes

Instructional objectives: By the end of the lesson, the students should be able to determine the effective
mass of a spiral spring and the spring constant

Instructional Materials: A spiral spring, a set of slotted weights, a stop watch, Retort stand and clamp,
Split cork

Previous knowledge: The students have been taught Simple Harmonic Motion

Previous knowledge: The students have been taught Simple Harmonic motion
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Instructional Procedure/Presentation

Content Development

Teacher’s Activities

Students’ Activities

Constructing a table of
readings

determination of effective mass of a
spiral spring by oscillation method is
conducted using real apparatus

Step 1 Teacher probes into students’ prior | Students answer the questions
Introduction knowledge through questions such as | asked by the teacher
what is period of an oscillation
Step 2 Outlines the experiment's aim Observe the demonstrational
Setting up the experiment
Step 3 Demonstrates how experiment on | Follow the teachet's instructions to

perform experi n determination
of effective f a spiral spring by
oscillationfm

in groups of five

Step 4 Answers students’ questions Constguct tablé of readings
Plotting a graph of &
Period of Oscillation Q
against Mass &
Assigns students to experimental Cj{e}ord measured values
stands in the physical laboratory

instructs students to repe
procedure for the experi
demonstrated by th

generate group readi
more value .
correspondln

Ask questions when necessary

Deals w1tl®h enges faced by

Evalﬁ\g\ﬁudents by asking them
e S

Answer evaluation questions

Evaluation:

O

R

Students are ax{@ ollowing questions:

1. Plotth

h of T against M

ii.  Find the slope of the graph
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Appendix S
fbb Instructional Guide for Control Group
\9 Lesson Note IV
Subject: Physics
Topic: Determination of acceleration due to gravity by means of the Simple Pendulum.
Duration: 80 Minutes

Instructional objectives: By the end of the lesson, the students should be able to determine the value of
acceleration due to gravity by using the Simple Pendulum

Instructional Materials: Small pendulum bob made up of lead or brass, Cotton thread, Split cork, Meter
rule, Stop watch, Retort stand and clamp
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Previous knowledge: The students have been taught Simple Harmonic motion

Instructional Procedure/Presentation

Content Development

Teacher’s Activities

Students’ Activities

Step 1 Teacher probes into students’ prior Students answer the
Introduction knowledge through questions such questions asked by the
as what is period of an oscillation teacher
Step 2 Outlines the experiment's aim observe the monstrational
Setting up the experiment &
-Q
Step 3 Demonstrates how  experiment on | Follow t achér's instructions
Constructing a table of determination of acceleration due to|to per experiment on
readings gravity by means of the Simple dete@a}tﬁon of acceleration
Pendulum is conducted using real avity by means of the
apparatus Pendulum
Step 4 Answers students’ questions onstruct table of

Plotting a graph of T2
against L

N

QO

NG

Assigns students to experi stands
in the physical laborato oups of

Record measured values

five
Instructs studen peat the procedure | Ask  questions  when
for the experl lsst, demonstrated by | necessary
the teacher nerate group readings
with a value of T and the
corresf ing L
D Wh challenges faced by the
e valuates students by asking them | Answer evaluation
7 N \hquestions
A

\U)
z’bb
\/

Evaluation:

i.  Plot the graph of T? on the y- axis and L on the x- axis.

ii.  Deduce the slope m of t

he graph
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\9 Appendix T
Instructional Guide for Control Group
Lesson Note V
Subject: Physics

Topic: Acceleration due to gravity by means of the simple pendulum from
Inaccessible height.

Duration: 80 Minutes
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Instructional objectives: By the end of the lesson, the students should be able to determine the value of
acceleration due to gravity by using the simple pendulum from inaccessible height

Instructional Materials: Small pendulum bob made up of lead or brass, Cotton thread, Split cork, Meter
rule, Stop watch, Retort stand and clamp, a pair of scissors or blade

Previous knowledge: The students have been taught Simple Harmonic motion

Instructional Procedure/Presentation

Content Development

Teacher’s Activities

Students’ Activities

A\

Step 1 Teacher probes into students’ prior | Students ans he questions
Introduction knowledge through questions such as | asked by cher

what is period of an oscillation P
Step 2 Outlines the experiment's aim obserye Wv demonstrational
Setting up the exe%%nt
experiment N
Step 3 Demonstrates how  experiment on

Constructing a table of
readings

determination of acceleration due
gravity by means of the sim

pendulum from inaccessible height Ji
conducted using real apparatus Q

\D

@W the teacher's instructions
perform experiment on
) determination of acceleration

due to gravity by means of the
Simple Pendulum

Step 4
Plotting a graph of T2
against h

- A4
Answers students’ questio,

X

Construct table of readings

Assigns studergéédz})erimental stands in

the physical atory in groups of five
o)

Record measured values

Instru'tQ\lﬁents to repeat the procedure
fo xperiment as demonstrated by
the, teacher and generate group readings

ith a more value of T and the
ncarresponding L

Ask questions when necessary

Deals with challenges faced by the

Evaluates students by asking them

questions

Answer evaluation

Evaluation of the lesson by the teacher:

i.  Plot the graph of T? on the y- axis and h on the x- axis.
it.  Deduce the slope m of the graph
iii.  Determine the intercept of the graph on the x-axis when T2 =0
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Appendix U
Summary of Item Analysis of Physics Achievement Test (PAT)
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S/N Level of Ineffective |Lower Difficult |Discriminating| Item Decision
objective distracter 27% index index after
analysis
1 K 11 8 0.86 0.27 Satisfactory
2 K 9 6 0.68 0.27 ) “
3 C 10 7 0.77 0.27 ~\ “
4 C 11 5 0.73 055 40 N “
5 K B 5 8 0.59 - > Adjustment
027 (N
6 H 9 4 0.59 045 7 |2 [Satisfactory
7 H 4 7 0.50 . S “
8 K 11 5 0.73 ,\§ 55 3 “
9 C 11 0 o.sg § Y | 036 “
10 K 7 7 0. 0.63 “
11 H 11 7 82 0.36 “
12 C 6 5 %50 0.09 “
13 C 11 10 .0.95 0.09 “
14 K 8 3~ 0.05 0.45 4 “
C 7 6\ 0.59 0.09 “
15 <\
16 H 11 ;{\6‘3 0.77 0.45 5 “
17 K 2 \‘1)‘ 5 0.32 - “
@ 0.27
18 H A NN 7 0.82 0.36 Adjustment
19 C AR 2 0.45 0.54 6 |Satisfactory
20 C C N3 6 0.36 - Adjustment
. @. 0.27
21 K C \ 8 0 0.36 0.73 Satisfactory
22 C 2 10 3 0.59 0.73 7 “
23 K QY 7 2 0.41 0.45 8 “
ON
24 C [0} 9 6 0.68 0.27 “
25 K NV 6 1 0.32 0.45 “
26 H 9 0 0.41 0.82 9 “
27 K 6 4 0.45 0.18 “
28 K 5 2 0.32 0.27 “
29 C 5 1 0.27 0.36 “
30 C 9 0 0.41 0.82 1 “
0
31 H 10 1 0.50 0.82 1 “
1
32 K 9 2 0.50 0.63 1 “
2
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33 H 10 2 0.55 0.73 1 g
3
34 K 9 0 0.41 0.82 1 “
4
35 K 6 2 0.36 0.36 “
36 K 10 2 0.55 0.73 1 “
5
37 K 7 0 0.32 0.64 “
38 H 6 3 0.41 0.27 “
39 C 5 3 0.36 0.12 . “
40 C 10 1 0.50 0.82 ‘é\ g
41 C 9 1 0.45 0.73 \' N g
~ (Gt
42 C 6 3 0.41 029 «
43 H D 2 0 0.09 @8‘ Adjustmen
<N t
44 H 11 8 0.86 L 0.27 Satisfactor
-\ y
45 H 10 6 0.7\) 0.36 “
46 K 8 0 036 0.73 “
47 C 11 5 f@% 0.55 1 g
_,b 8
48 H 10 1 0.50 0.82 1 “
NS 0
49 K A 5 . \K ; 0.32 0.27 Adjustmen
t',\\' t
50 C 7 \“,)‘ 4 0.50 0.27 Satisfactor
. \Q y
51 C 6\\\ 2 0.45 0.55 2 «
N\ 0
52 C 3 0.55 0.55 2 g
. @ 1
53 C C \ 5 1 0.27 0.36 “
54 C \ 7 6 6 0.55 0 «
55 C O 8 1 0.41 0.64 2 “
¢R 2
56 C 11 4 0.68 0.64 2 g
\J 2
57 H B 3 1 0.18 0.18 Adjustmen
t
58 K 8 3 0.50 0.45 2 Satisfactor
4 y
59 C 6 3 0.41 0.27 “
60 H 9 3 0.55 0.55 2 g
5
61 C 7 2 0.41 0.45 2 g
6
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62 K 6 2 0.72 0.36 “
63 H 8 2 0.45 0.55 2 “
7
64 C 11 2 0.59 0.82 2 “
8
65 C 5 4 0.41 0.09 “
66 C C 5 0 0.23 0.45 Adjustmen
t
67 K 11 3 0.64 0.73 2 Satisfactor
9. y
68 K 9 0 0.41 0.73 ‘@ “
69 C 9 4 0.90 045 , “
70 C 6 4 0.45 0.18 J “

index of 0.4-1.0 is considered GOOD

NOTE: Difficulty index of range between 0.40-0.80 is considereg h‘@ and Discrimination
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Bio- data
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Nationality: Nigeria

Marital Status: married &
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Flat 2, Redeemer’s High School, Redemption Camp M@gun State funmec@yahoo.com &

07060220204) &b‘
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Educational Institutions Atsewqa&with Dates and Qualification:

Primary Education

L.A Primary Scho@, Ondo State

1992
Secondary tion

Adegbolh‘émorial Grammar School Akure, Ondo State
1998

Higher Educational Institutions Attended with Dates & Qualification

Lead City University Ibadan, Oyo-State (LCU)
2024

Olabisi Onabanjo University Ago-Iwoye (OOU)
2021

278

1987-

1992-

2021-

2016-


mailto:tadepoju@ymail.com
mailto:funmec@yahoo.com

National Open University of Nigeria, (NOUN)
2016

Usman Danfodiyo University Sokoto (UDUS)
2013

Obafemi Awolowo University, Ile-Ife (OAU)
2011

National Open University of Nigeria (NOUN)
2022

The Federal Polytechnic Offa, Kwara State
2006

2003 E
Awards and Fellowships: 0
Doctor of Philosophy (PhD) (Physics Education) Q

Master of Philosophy/ Doctor of Philosophy M. Phil/P D‘@nce Education)
Masters of Science Education M.Sc. (Ed) - (4.26 fb

Bachelor of Science, B.Sc. (Hons) Physics (Seco lass) (3.39)

Post Graduate Diploma (PGDE) (Educa o"&( per Credit)

Post Graduate Diploma (PGD) (T@s y Management) (Distinction)

Credit)

National Diploma (Scig&,aboratory Technology) (Upper Credit)

Senior School C rt@ (SSCE)
Primary Scho@ing Certificate
Work Eﬁ&nce:

¢ Akoko-Edo Local Government Council Igarra, Edo State (NYSC)

2008

Department: Works Post Held: Electronics Engineer
e Anglican Science College Igarra, Edo-State

2008

Department: Science Post Held: Physics, Mathematics, Electronics Tutor

279

The Federal Polytechnic Offa, Kwara State ’\(J

R

Higher National Diploma (@&;lence Laboratory Technology)- Physics/Electronics) (Upper

2013-

2012-

2010-

2019-

2005-

1999-

2024

2021
2015
2022
2012
2020

2006
2003
1998
1991

2007-

2007-



Comprehensive High School Igarra, Edo-State 2007-

2008

Department: Science Post Held: Physics, Mathematics, Electronics Tutor

. Living Spring Comprehensive College 2008-
2012 Abaranje,

Ikotun, Lagos

Department: Science Post Held: Physics and Mathematics Tutor

Membership of Academic Professional Bodies:

American Psychological Association (APA)
2024
Science Teachers Association of Nigeria(STAN)
2024
Teachers Registration Council of Nigeria (TRCN)
2017

Nigeria Institute of Science Laboratery Technology (AISLT)
2010
Association of Behavioural Research Analysfs\ and Psychometricians (AB-ReAP)
2021

Publications:

Thesis/Dissertation/Project

Adepoju, T.M. (2024). Effectiof Predict-Observe-Explain and Virtual Laboratory Strategies
on Secondary School Physies™Students’ Attitude and Achievement in Simple Harmonic
Motion, Ogun State

Adepoju, T.M. (2023)y Assessment of Heavy Metals in Agricultural Soil and Vegetable
Samples within Qgun State, south-west, Nigeria

Adepoju, TAM\(2015).” The Effects of Virtual Laboratory on the Academic Achievement and
Attitude of Rhysits Students in Nigerian Colleges of Education” M. ED Dissertation, National
Open Ungversity of Nigeria (NOUN)

Adepojiy, T.M (2012).”The Level of Improvisation and Organization of Learning Resources
for the,Teaching of Computer Science in Lagos State Secondary Schools” An unpublished
PGBE Dissertation

Adepoju T.M (2006).”Design and Construction of Diodes and Transistor Tester

Adepoju T.M (2003).” Phyto-chemical Analysis of Medicinal Plants such as Pinnatum and
Combretum.

Journal Articles:
e Adepoju, T.M & Yara, P. O (2024). Effect of Predict-Observe-Explain on Secondary School
Physics Students’ Attitude in Simple Harmonic Motion in Ogun State, Nigeria
e Adepoju, T.M & Yara, P.O (2024). Effect of Virtual Laboratory Strategy on Secondary School
Physics Students’ Attitude in Simple Harmonic Motion in Ogun State, Nigeria

280



Adepoju, T.M (2021). Assessment of the use of Technology in the Classrooms by Secondary
School Teachers in Obafemi- Owode Local Government Area, Ogun state, Nigeria. Journal of
Research in Humanities and Social Science, volume 9, issue 5, 41-49 (2321-9467)

Adepoju, T.M (2021). Adoption of E-learning as a Panacea to the Effects of Covid-19 Pandemic
on Teaching and Learning of Science in Nigerian Secondary Schools.International Journal of
Research and Innovation in Social Science (IJRISS), volume v, issue iv,115-119(ISSN 2454-
6186)

Adepoju, T.M (2020). Effect of Teachers' Use of Improvised Instructional Materials on Students’
Achievement and Interest in Mensuration

Adepoju, T.M (2018). Analysis of Reading Habits of Secondary School Students: Implications for
Physics Teaching and Learning in Ogun State. The International Journal of Humanities & Social
Studies, volume 6, ,109-114 (ISSN 2321-9203)

Adepoju, T.M (2018). The Effects of Virtual Laboratory on the Academic\ Achievement and
Attitude of Physics Students in Nigerian Colleges of Education.

Technical Reports:

Adepoju T.M (2022). A Technical Report on Student Industrial Wierk® Experience undertaken at
Ibadan Electricity Distribution Company (IBEDC), Leme, Abeokuta,\Ogun State

Major Conferences/Workshops Attended
e Diversity & Inclusion: Driving force to innovatiop{or Sustainable Development, Postgraduate
College Lead City University, Ibadan, NigeriagInternational Council for Education, Research
and Training (May 21, 2024)
e Dynamics of a Good Research ProblennStatement and Plausible Recommendations for New
Knowledge (1% Faculty of Education Syniposium, Lead City University Ibadan) (13Th June,

2024)
Services outside the University (local,,State or National or International)
e National Youth Service Corp (I ¥SC) 2007-2008

Status: Participating Mefmbeh
¢ Independent NationalsElec¢toral Commission (INEC)

Status: Party Agent
2006
e National Population Commission (NPC) 2005

Status:  SupervaSor/Enumerator
e Internatignial Journal of Research and Innovation in Social Science (IJRISS) 2022- till date
Status? A reviewer of Articles (17)

Extra-Cuxricular Activities:
Reading, playing table tennis, attending to people /students

Names and Addresses of Referees

Prof. Tunde Yara
Lead City University (LCU), Ibadan, Oyo- State
08034715891

Dr Sam-Kayode
Lead City University (LCU), Ibadan, Oyo- State

281



08165357640
Adewole Akeem (PhD)

Tai Solarin University of Education
07034271071

Signature........cocooeviiiiiiiiinnn.

16™ December, \ 2024

O
0,\(/
Q

QQ

2
®%
S
o)

The @rsity Compliance Certificate
N

This is to certify that this sis by Temitope Matthew ADEPOJU with the Matric number

LCU/PG/002629 in the @tment of Science Education, Faculty of Education, Lead City University,

Ibadan, Oyo State isrb compliance with the approved University format and style.

\*

282



Date

Sign

283



	Chapter Four
	Results and Discussion of Findings
	4.1 Demographic Data Analysis
	 4.2 Presentation of Data

