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ABSTRACT

The low level of performance of pre-service teachers in Integrated Science has been a recurrent
problem in science education. Poor instructional strategies employed by lecturers in colleges of
education have been adduced as one of the reasons for this low level of performance in Integrated
Science. Previous researches have focused on collaborative teaching and self-regulation strategy
without considering opportunity for reflection before, during and after lessons which the
Reflective-Reciprocal Peer Tutoring (RRPT) addresses. This study, therefore, determined the
effect of Reflective-Reciprocal Teaching (RRT) and Reflective-Reciprocal Peer-Tutoring
strategies on pre-service science teachers’ achievement in Integrated Science and Science Process
Skills. It also determined the moderating effect of mode of entry and numerical ability on the
dependent variables.

The pretest-posttest, control group, quasi experimental design with a 3x3x2 factorial matrix was
used. Three colleges of education were purposively selected from each of the state and federal
colleges in Southwestern Nigeria. One intact class of Nigeria Certificate in Education year two
was selected from each of the six colleges making a total of 295 pre-service teachers. Six
instruments were developed, namely: Pre-service Teachers’«Achievement Test (r= 0.85); Pre-

Service Teachers’ Science Process Skills Rating Scale (r=0.82), Pre-Service Teachers’ Numerical
Ability Test (r=0.79); Operational Guides for RRT, RRPT and Modified Conventional Teaching
Strategy (r=0.75, 0.72 and 0.77 respectively). Seven hypotheses were tested at 0.05 level of
significance. Data were subjected to Analysis of Covariance and Scheffé Post-hoc test.

Treatment had a significant effect on pre-service teachers’ achievement in Integrated Science
(F2.276) = 56.15; p<.05) and science process. skills (F .7 = 33.53; p< 0.05), Pre-service teachers
exposed to RRPT obtained a higher achievement score (X =24.8) than those in the RRT (X =
21.02) and control group (X = 18.89). For Science Process skills, the RRT group had a higher
achievement score (X = 57.50) than those in the RRPT (X = 49.28) and control (X = 47.04)
groups. Mode of entry and numerical ability had no significant effect on pre-service teachers’
achievement in Integrated Science and science process skills. The interaction effects of treatment
and mode of entry, treatment and numerical ability, as well as the interaction effect of treatment,
mode of entry and numerical ability on pre-service teachers’ achievement in Integrated Science
and science process skills were not significant.

The Reflective-Reciprocal Teaching and Reflective-Reciprocal Peer Tutoring strategies enhanced
pre-service science teachers’ achievement in Integrated Science and science process skills. When
employed by the teachers of the subject, the two strategies could help pre-service Integrated
Science teachers to gain more in achievement and science process skills, enhance their
professional development and encourage social interaction in the learning environment. These
strategies are therefore, recommended for teaching Integrated Science at the college of education
level.

Key words:  Reflective-reciprocal teaching, Reflective-reciprocal peer tutoring, Colleges of
education, Achievement in integrated science, Science process skills
Word count: 449
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CHAPTER ONE
INTRODUCTION
1.1 Background to the Study

Science as a discipline stands out as a major factor in developmental effort of a
nation. Its knowledge is used in the production of materials that reduce people’s stress,
suffering and hunger, protects as well as make life more enjoyable and secured. It iss also
a necessary factor for the economic development of a nation (Adepitan,2003; Olagunju,
Adesoji, Iroegbu, & lIge 2003). It therefore, implies that for any meaningful national
growth and development to be achieved, Science and Technology must be an essential
part of the nation’s culture (Nwagbo, 2003; Olagunju et al, 2003; Adeniyi, 2005). Science
is also one of the ways through which human beings search for the truth and achieves
understanding of the environment and the universe.

The Nigerian government realized the importance of science education as the
basic requirement for economic and social development, hence, science education forms
the major part of the country’s education at all levels (FRN, 2004). Indeed, science is one
of the core subjects offered at all levels of the Nigerian education system.

Natiopal standard and goals for reforming science education have placed a
demand for more academic rigor in the teaching and learning of complex subject- matter
(National Research Council, 2000; American Association for the Advancement of
Science, 1989). Embedded in the science education community’s reform effort is a belief
that rigorous standards backed by quality curricula and effective teaching, often identified
as a form of inquiry, will translate into a robust learning and high levels of achievement

for all students. Modern science was established in the Nigerian school curriculum in the



late 1940s. Long before this period, traditional objects and processes were based on
scientific knowledge and principles. Indigenous education was in place and Awokoya
(1976 in Akinyemi 1987), identified seven areas of knowledge existing in traditional
education. These are:

» Traditional technology and production

» Traditional science and speculation

A\

Traditional language and communication
Traditional social studies and assessment

Traditional aesthetics studies

vV YV Vv

Traditional arithmetic and calculation
» Traditional physical education-and prowess.

In 1843, Nature Study took the place of science in primary schools in the country
where each class had a nature corper. In 1920, science teaching was given a boost
through a prospect of Phelp-Stoke commission tour of the British West African Colonies
such that by1926, Nature Study has become a popular subject in primary schools
(Abdullahi.1982). Around late 1950s, when Nigeria was preparing for her independence,
the place and-importance of science education becomes glaring as Nigerians were about
to be called upon to man their affairs towards becoming independent in her quest for
technological development. By the 1960s, there was a world-wide review of the
philosophy of science teaching in schools. Primary science was identified as the
foundation of Science and Technology (Bajah, 1978). In later years, what looked like
science was taught in the form of general science or elementary science in primary and

secondary school. After independence, African Primary Science Programme (APSP) was



launched in Kano and this spurred the state governments and interest groups into
developing primary curriculum. By 1978, the primary science curriculum programmes
were developed for both primary and secondary school. Also, the Primary Reference
Committee of the Joint Consultative Committee (JCC) by NERC set up a panel to
produce a “core-curriculum” for science education. The panel with the Science Teacher
Association of Nigeria (STAN) came up with the Nigerian Integrated Science Project
which was published around 1982. In recent years, due to educational reform efforts,
Nigeria had a metamorphosis of the science curriculum as the Universal Basic Education
Commission (UBEC) changed Integrated Science to Basic Science (NERDC, 2007). This
implies that the Integrated Science offered at the primary and Post-primary levels
metamorphosed into Basic Science and Technology and Basic Science respectively.

Integrated Science is offered at the various levels of education i.e. primary,
secondary and tertiary level including colleges of education. Integrated Science has been
defined variously by different authorities. The Federal Ministry of Education (FRN,
2004) operationally defined Integrated Science as that science course which is presented
in a way that pupils gain the concepts of the fundamental unit of science as well as the
commonality of approach to problems of scientific nature and the understanding of the
roles and functions of science in everyday life and the whole world. The subject
integrates perspectives from various disciplines including biology, chemistry, physics,
earth science and others together.

There are three categories of NCE science teachers at the Nigerian junior
secondary school level. They are those who major in Integrated Science (not all colleges

of education offer Integrated Science Major). The second categories of teachers are those



who study integrated science as minor teaching subject. Most colleges of education offer
courses in this area. The third are those who study other sciences but were asked to teach
basic science in junior secondary schools due to shortage of Basic Science teachers.

Integrated Science study started in Nigerian Colleges of Education in 1990/1991
session as Integrated Science. The curriculum provides for single and double major
courses for the pre-service teachers. The single major programme enables the pre-service
teacher to offer Integrated Science courses in addition to other single subjects. It is a 34
credit course load in Integrated Science with the remaining load for any other subject
whereas the double major programme requires 72-credit course load for the pre-service
teachers which is spread over duration of three years. But with effect from 2009/2010
session the double major programme has been scraped, leaving only the single major
programme.

Today, Integrated Science.is offered in all colleges of education in Nigeria. The
programme has helped in producing manpower for the teaching of basic science at the
primary and junior secondary school levels of education. However, research reports show
that the programme.has not been quite successful (Olarewaju, 1996). Some reasons were
adduced for this, such as absence of science laboratories in preparing pre —service
science teachers in Nigeria Colleges of Education, fear and dislike of the physics aspect
of Integrated science as highly mathematical and abstract in nature (Owolabi, Ogunleye
& Adeyemo, 2008), lack of adequate supply of expert teachers of Integrated Science at
college level, lack of adequate facilities for teaching Integrated Science using activities
oriented method and ineffective methods used by the teacher of Integrated Science.

The Federal Government of Nigeria in its quest for scientific inquiry formulated

goals in the national policy on education (FRN, 2004) which reflect, amongst others, the

4



acquisition of appropriate skills and the development of mental, physical and social
abilities and competencies as requirement for the individual to live in and contribute to
the development of the society. Educational activities, therefore, are expected to be
centered on the learner for maximum self- development and self -fulfillment. In view of
these, the junior secondary school is made both pre- vocational and academic. The
science teacher at this level is expected to teach science in order to enable the students
acquire further knowledge about nature and acquire necessary skills-to address life
challenges.

The quest for the literacy of future generations.led the Federal Government of
Nigeria to come up with the National Commission for Colleges of Education (NCCE).
This body is saddled with the responsibility of producing teachers with Nigeria
Certificate in Education (NCE) to teach in primary and junior secondary schools. This
programme with the sole aim of producing teachers to teach these levels of education
effectively are mostly confronted with a lot of problems which account for the poor
performance as shown in Table-1 and Figure 1 containing the final-year results of
Integrated science students from Osun State College of Education, Ila, Federal College of
Education, Abeokuta, Emmanuel Alayande College of Education, Oyo and Federal
College of Education (Special), Oyo between 2005 and 2011. For the three sessions
indicated in the table, a total of 3802 students in the final year took the final
examinations, 1266 passed the examination and 2536 failed. This implies that only 33.3%
graduated while 66.7% did not graduate. This is not good enough when one considers the
importance of the subject to the scientific literacy and technological development of the

country.



Table 1: Integrated Science Final N.C.E. Result for Selected Colleges of

Education
Year College No No Pass % Pass | No failed | % failed
examined
2005-2006 School 1 190 42 22.1 148 77.9
School 2 234 117 50.0 117 50.0
School 3 206 73 35.4 133 64.6
School 4 46 18 39.1 28 60.9
2006-2007 School 1 152 34 22.4 118 77.6
School 2 142 67 47.2 75 52.8
School 3 229 88 38.4 141 61.6
School4 56 20 34.7 36 64.3
2007-2008 School 1 174 48 27.6 126 72.4
School 2 136 67 49.3 69 50.7
School 3 266 101 37.9 165 62.1
School 4 48 19 39.6 29 60.4
2008-2009 School 1 181 53 29.3 128 70.7
School 2 176 59 335 117 66.5
School 3 289 60 20.8 229 79.2
School 4 58 20 33.5 38 65.5
2009-2010 School 1 194 75 38.7 119 61.3
School 2 60 26 43.3 34 56.7
School 3 191 36 18.9 155 81.7
School 4 60 18 30 42 70
2010-2011 School 1 289 60 20.8 229 79.2
School 2 79 35 44.3 44 55.7
School 3 283 106 37.5 177 62.5
School 4 63 24 38.1 39 61.9
Total 3802 1266 33.3 2536 66.7
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Fig. 1: Integrated Science Final NCE Result for selected Colleges of Education
Sources: Academic Records Section of Osun State College of Education lla.
Academic Records Section of Federal College of Education, Abeokuta
Academic Records Section of Emmanuel Alayande College of Education, Oyo.
Academic Records Section of Federal College of Education (Special), Oyo.
Key
School 1: Osun State College of Education Ila, Osun State
School 2: Federal College of Education, Abeokuta, Ogun State
School 3: Emmanuel Alayande College of Education, Oyo, Oyo State
School 4: Federal College of Education (Special), Oyo, Oyo State.

Researchers have identified some probable causes of poor performance in the

subject. These range from student factors like their poor attitudes to science (Showers &

Shrigley, 1995), lack of interest in science (Adepitan, 2003), lack of role models in the



subject (Ivowi & Oludotun, 2001), poor mathematical background (Ogunleye, 2001).
Government factors in the area of policy making, infrastructural provision and teacher
welfare (Ogunleye, 2001), teacher factors such as teaching methods employed (Kalijah,
2000, Adepitan, 2003) and unhealthy teacher-student relationship (Aysan, 1996).

There seems to be a general consensus of opinion among science educators
concerning the vital role played by teaching methods or instructional strategies adopted
by the teacher as these and other variables affect students’ achievement and attitude to
science (Gbolagade, 2009). He emphasized the importance of appropriate teaching
method in the development of skills required for making science content relevant to the
growth and development of both the individual and the society. He called for the
adequate training of teachers, which should include the introduction of appropriate
methods of teaching the subject-matter. Iroegbu (1998) observed that learners tend to
derive maximum benefits in learning cognitive skills when the teaching strategy adopted
involves the use of a mixture of different methods, while at the same time, creating
opportunity for the learners to practice skills as meaningful whole. Learners must,
therefore, be exposed. to situations, which demand the knowledge and skills they are
required to acquire and use.

Pre-service teachers’ science process skills are aspects to be given considerable
attention during the training period. This is necessary as they are being trained to teach
others later. Integrating the science process skills into the teaching, requires no drastic
changes in teaching style but merely involves making the processes of science to be more
explicit in lessons, investigation and activities already in use in science curriculum

(Wetzel, 2008).



In 2009, the Oyo State Universal Basic Education Board (SUBEB) undertook
monitoring and assessment of all the teachers in the primary school in the state and
reported that the primary school teachers are performing poorly in all school subjects and
even worse in the sciences (OYO SUBEB News, 2009). The report shows that the
primary school teachers are not doing well academically both in pedagogy and in
knowledge of the subject- matter. For the situation to be rescued there should be a
reformation at the NCE level of education. Indeed, the pre - _service teacher training
programme in science should be properly looked into. They should be exposed to various
teaching strategies that can arouse and sustain student interest, build up self-efficiency
and positively change the attitude of pre-service teacher to integrated Science. Many
instructional strategies have been developed. and found effective in teaching science.
Examples are the collaborative group strategies for pre-service teachers by Gbolagade
2009 and Adedigba (2002), problem solving and concept mapping by Orji (1998),
reform-based instruction by Barak and Shakhman (2008), meta-cognition strategy by
Eldar (2008), self-regulation strategy by Arsal (2010) and Predict-Observe-explain
strategies by Babajide (2010) to mention but a few.

In spite of all these efforts towards improved teaching strategies, the performance
of pre-service teachers in integrated science is still very low since all these laudable
methods do not translate into use by classroom teachers some of who are not ready to
change their classroom practices acquired during training. Also, most of these novel
strategies are not recommended in the curriculum. So, the researcher is of the opinion that
if these improved teaching strategies are emphasized and used in training the pre- service

teachers, they would be familiar with these teaching strategies in the course of their



training and find it more convenient and easy to use when they are in the field practising
as teachers.

The National Commission for Colleges of Education (NCCE) recommended
various teaching methods that can be used to teach Integrated Science course which
includes demonstration, discussion, project, field trip, group discussion and lecture
methods. Of all these, lecture method is the most popular, commonest and mostly abused
in Nigerian classrooms (Duyilemi, 2005). It is mostly used -in tertiary institutions.
According to Oludipe (2003), persistent and remarkable expansion in student enrolment
at all levels of education as well as shortage of classroom accommodation and other
necessary facilities may be responsible for the popularity of lecture method in Nigerian
science classes.

Ogunsola- Banidele (1996) has remarked that lecture method is the most abused
of all teaching methods and the least effective in many respects. This implies that the
aims and objectives of Basic Science cannot be attained with lecture method; hence, there
is the need for more involving methods of instruction. That is, if Basic Science at the
basic level of education is to achieve its stated objectives, an activity and student oriented
approach should be used in line with the role of teacher which has gradually shifted from
traditional disseminator to that of mentoring or tutoring. Here, the teacher assists students
with sources of information and provides them with guidance. The teacher provides
structural, supportive and professional role to the students in analysis, interpretation and
reporting of findings (Sampson & Yeoman, 2010). Every educator has ethics and moral
obligation to assist all students to realise their full potentials (Orlich, Harder, Callahn,

Travisan & Brown, 2010).
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Students need to be given opportunity to be actively involved in the learning
process (Duyilemi, 2005). Teaching is not simply standing in front of a class talking, the
best teachers contemplate the manner in which they will present a topic and have a wide
variety of instruction models at their disposal (Orlich et al, 2010). It is, therefore,
imperative to create room for further search for instructional models that could appeal
and arouse learners’ interest and at the same time help to achieve the objectives of
science education.

To achieve desired educational goals, teachers need to reflect on their teaching
goals and how these interface with the demographics and abilities of their students. This
process will, according to Clarke (2007), allow the teacher to clarify their knowledge
base, the content, and their students’ learning styles and crystallized the pedagogy to be
implemented. In choosing instructional - strategies, teachers need to consider the
challenges that the students may encounter and strategies to assist the students in
overcoming them. Teachers need to evaluate the lesson goals and the action of both
themselves and their students as well as define the point at which difficulties emerged. A
way of doing this.is through constructivism which is learning in an active situation
through which new knowledge is acquired by building on prior knowledge and
metacognition which involves monitoring students’ thinking and behaviors as they
regulate what they do and think while having an experience in teaching (Hart, Dixon,
Drummond & Mclintyre, 2004).

Reflective Teaching is grounded in constructivism and metacognition where
students and teachers are exposed to teaching and learning experience under the scrutiny

of their peers and mentor or college supervisor who critiques their ideas (Clarke, 2007).
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Reflection, according to Clarke (2007), refers to thinking about the actual teaching which
involves the thought teachers have before, during and after a lesson. This teaching
strategy has not been given adequate attention in classrooms, especially in science related
subjects but perhaps, could be used to achieve the objectives of basic science curriculum.
At the pre-service level, it will be useful to train teachers who would adopt them when
they will be practicing later in their career.

Reflective teaching means looking at what you do in the classroom, thinking
about why you do it, and thinking about if it works or not. It is a process ‘of self -
observation and self-evaluation. It is a means of professional development which begins
in our classroom. It is paying critical attention to the practical values and theories which
inform everyday action, by examining practice reflectively and reflexively (Bolton,
2010). Reflective practice was introduced by Donald Schon in his book: The reflective
practitioner in 1983. However, the concepts underlying reflective practice are much
older. It focuses on the ways people think about their experiences and formulate
responses as the experiences happen. This approach makes a clear distinction between
“thinking on action” and “thinking in action”. Thinking on action is the way of analyzing
experiences as they happen while thinking in action determines how responses are
formulated (Krause, 2004). This whole idea is considered as “thinking on your feet”.

Reflective practice occurs at all stages of the teaching process, in planning, action
(execution) and in evaluation. A reflective practice leads to reflective teaching which
refers to the process of the teacher studying his or her own teaching method and
determining what works best for the students. It involves the consideration of the ethical

consequences of classroom procedure on student (Larrivee, 2000). As teaching and

12



learning are complex, and there is not one right approach, reflecting on different versions
of teaching and reshaping past and current experience will lead to improvement in
teaching practices. Reflective teaching is in three phases which are; the planning,
teaching and debriefing phase. During the planning stage the teacher must use
strategy(ies) like cooperative learning techniques, hands-on activities etc (Clarke, 2007).
Based on these, the researcher use two cooperative teaching strategies with reflective
teaching.

Cooperative Learning, according to Orlich et al (2010), is a learning strategy
based on small-group approach to teaching that holds students accountable for both
individual and group achievement. It takes many forms within the classrooms. Its
essential characteristic is that it fosters positive interdependence by teaching students to
work and learn together in small group setting (Orlich, et al, 2010). Traditional
Cooperative Learning groups consist of four to six students who work on an assignment
or a project together in such a way that each group member contributes to the learning
process and learns all the basic concepts being taught in the process. It improves
students’ academic learning and social skills and aids teachers’ classroom management
and instruction (Evertson, Emmer & Worsham, 2006). It also enhances a student’s
enthusiasm for learning and their determination to achieve academic success (Mueller &
Flaming, 2001; Roman, 2007 in Orlich, et al, 2010). There are different types of
cooperative learning models some of which are: brainstorming, role playing, reciprocal
teaching, reciprocal peer tutoring, scaffolding, and thinking aloud among others. Two of
these cooperative learning strategies: Reciprocal Teaching (RT) and the Reciprocal Peer

Tutoring (RPT) was adopted in this study.
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Reciprocal Teaching (RT) is a student-centered instructional strategy in which
students and teachers switch roles in a lesson. It is a cooperative learning instructional
method in which natural dialogues model reveal learners’ thinking processes about a
shared learning experience (Foster & Rotoloni, 2005). Teachers foster reciprocal teaching
through their belief that collaborative construction of meaning between themselves and
students lead to a higher quality of learning (Allen, 2003). Students take ownership of
their role in reciprocal teaching as they feel comfortable expressing their ideas and
opinions in open dialogue. They take turns articulating. with each learning strategy
employed. The learning community is able to reinforce understanding and to see, hear
and correct misconceptions that otherwise might not have been apparent. All members of
the community have shared responsibility for leading and taking part in dialogue during
learning experience (Hashey & Connor, 2003).

Furthermore, Reciprocal Teaching increases students’ confidence and success in
their understanding and use of strategies and in their enjoyment of the lesson. However,
there is not enough literature on the use of RT in Science Education. According to
Garderen (2004), a modified version of reciprocal teaching can benefit students who
struggle to comprehend mathematical word problems. The four major component of this
modified approach are clarifying, questioning, summarizing and planning. The RT could
be of help in teaching Dynamics which is a physical aspect of Integrated Science and
being mathematics oriented course. Reciprocal teaching is an instructional strategy based
on modeling and guided practical in which the instructor first models a set of reading
comprehension strategies and then gradually cedes responsibility for these strategies to

the students (Palincsar & Brown, 1984; Palincsar, 1986).
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Reciprocal Teaching consists of three main components: (a) the teaching and
learning of specific concept and the strategies (b) the dialogue between an instructor and
students where the instructor models why, when, and where to use the strategies and (c)
the appropriating of the role of the instructor by the students, i.e. students begin to model
the strategy for other students. Thus, the goals of RT are for students to learn the
strategies, learn how and when to use the strategies and become self-regulated in the use
of these strategies.

Reciprocal Peer Tutoring (RPT) is also an intervention in which one student
provides instruction or academic assistance to another student. RPT is a form of
cooperative learning, which has been found to be an effective technique for increasing
students’ academic achievement (Sharman,.1991; Slavin, 1991). Conceptually, Peer
Tutoring is similar to many activities ranging from the informal encounters of play to the
most complex activities of cooperation in which people help one another and learn by
doing so. This process transforms learning from a private to a social activity by making
learners to be responsible for their learning and that of others. Researches have shown
that both tutors and tutees gain immensely from participating in reciprocal peer tutoring
(Forman, 1994; Slavin, 1996; Griffin & Griffin, 1997). In this process, students function
reciprocally as-both tutors and tutees. This dual role is beneficial because it enables
students to gain from both the preparation and instruction in which tutors are engaged and
from the instructions that tutees received (Griffin &Griffin, 1997). Successful peer-
tutoring interventions have been carried out in school settings and have typically
provided supplementary practice for fundamental skills such as reading, spelling, or

mathematics (Mayfield &Vollmer, 2007). In addition, these interventions often involve
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extensive training (4 to 8 hours) prior to implementation, the use of structured formats
and predesigned materials to guide instruction and precise methods of delivering
feedback (Fuchs &Fuchs, 2005; Saenz, Fuchs & Fuchs, 2005).

The mode of entry of students into the NCE programme is an index of students
‘previous knowledge or entry behavior. The Joint Admission and Matriculation Board
(JAMB) was established by the Federal Government of Nigeria through Act 2 of 1978 to
regularize the intake of students into universities and later polytechnics, monothechnics
and colleges of education to solve the problem of multiple admission given to some
candidates at the expense of others, (JAMB,1998). The mode of entry into NCE
programme is in two forms: the direct entry handled by JAMB and prelimary studies
handled by the colleges of education themselves. Daniels and Schouten in Adeyemi
(2009) is of the opinion that a prediction of a future examination result could be made
with reasonable success on the basis of the result of an earlier examination and that grade
may serve as predictive measure and as a criteria measure.

Numerical ability of the Pre-service science teachers is an important factor in
effective science teaching. Nunnally (2004) defines Numerical ability as the ability to
relatively solve problems in number sequencing, make accurate mathematical deductions
through .advanced numerical reasoning, interpret complex data presented in various
graphical forms, deduce information and draw logical conclusions. According to
Gunderson, Ramirez, Beilock and Levine (2011), improving children’s spartial skills may
have positive impact on their future success in Science Technology and Mathematics
(STEM) disciplines not only by improving the spartial skills that are necessary in many

sciences and engineering fields but also by enhancing the numerical skills which form the
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backbone of the advanced mathematics critical to all STEM fields. Here in lies the need
for this study.
1.2 Statement of the Problem

Pre-service teachers’ poor performance in Integrated Science has been an issue
attracting the attention of researchers and science educators. This is crucial for a subject
as important as Integrated Science and effective teaching and learning of Basic Science in
Nigerian schools. Several factors have been adduced to be responsible for this trend.
These include the instructional strategy used in teaching the subject at the NCE level
which does not make a good level of achievement and science process skills on the part
of the pre-service teachers. This is more so as those strategies are not based on self —
construction of knowledge, self-assessment.and  social interaction among learners.
Pre-service teachers fear and dislike® dynamics and some other allied concept in
Integrated Science for being mathematical oriented and abstract in nature. As a result, the
teacher needs to be reflective and explored cooperative strategy in teaching it. Previous
researchers have focused on various strategies such as Reform-Based Instruction, Self-
regulation Strategy Collaborative Learning, and Hands-on activities as means of
improving pre-service teacher’s achievement in science. However, all these laudable
methods. do not translate into use by classroom teachers some of who are not ready to
change their classroom practices acquired during training. So if these improved teaching
strategies are emphasized and used in training the pre- service teachers, they may be
familiar with them and find it easier to use when practising as teachers.

This study, therefore determined the effects of reflective-reciprocal teaching and

reflective-reciprocal peer tutoring strategies on pre-service teachers’ achievement in
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Integrated Science and science process skills in Nigerian Colleges of Education. The
study further investigated the moderating effects of mode of entry of pre-service teachers
into the college and their numerical ability on the two dependent measures.
1.3 Hypotheses
The following null hypotheses were tested in the course of this study at 0.5 level of
significance.
Hol: There is no significant main effect of treatment on pre-service teachers’

(@) Achievement in Integrated Science, and

(b) science process skills
Ho2: There is no significant main effect of mode of entry on pre-service teachers’

(@) achievement in Integrated Science, and

(b) science process skills
Ho3: There is no significant main effect of numerical ability on Pre-service teachers’

(@) achievement in Integrated Science, and

(b) science process skills
Ho4: There is no significant interaction effect of treatment and mode of entry on pre-

service teachers’

(a) « achievement in Integrated Science, and

(b) science process skills
Ho5: There is no significant interaction effect of treatment and numerical ability on pre-
service teachers’

(@) achievement in Integrated Science, and

(b) science process skills
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Ho6: There is no significant interaction effect of mode of entry and numerical ability on
pre-service teachers’
(@) achievement in Integrated Science, and

(b) science process skills

Ho7: There is no significant interaction effect of treatment, mode of entry and numerical
ability on pre-service teachers’
(@) achievement in Integrated Science, and

(b) science process skills

1.4 Scope of the Study

This study covered six colleges of education in the Southwestern Nigeria. All
available NCE Il Integrated science students from these colleges were allowed to take
part in the programme. Some aspects of Integrated Science with course code ISC 223 was
used as contained in the NCE course outline. The course is one of the Physics aspect of
Integrated Science and highly numerical in nature.
1.5  Significanceof the Study

It is expected that findings from this study would add to the numerous efforts
made by educators in Nigeria to make pre-service teachers, science teachers,
parent/guardians, school administrators, curriculum planners, researchers and government
see the need for a more effective method in the teaching of science. Specifically the

findings from this study would be useful to the following stake holders in education
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To Science Educators

The findings from this study would provide lecturers of science courses with
relevant information on relevant skills needed as a teacher and how to make teaching
more vibrant and flexible. It would also provide them with information on how to have
meaningful dialogues with their students and colleague. Findings from the study would
enable curriculum planners to include appropriate teaching strategies in the curriculum
especially for the NCE programme. The study also provides reference materials on the
prospects of these strategies to science teaching for science educators and researchers to
be carried out in the area of science teaching strategies. Specifically, model instructional
guides developed in this study would be useful to Integrated Science teachers in lesson
preparation and instructional delivery using RT and RPT in the teaching of the subject in
schools.
To Pre-service Science Teachers

The study would equipped the pre-service teachers with the knowledge of the role
of socialization in teaching, and will become aware of different cooperative teaching
models especially Reciprocal Teaching and Reciprocal Peer Tutoring that they can use
when they are practicing.
To the Government

The government at various levels, concerned with the provision of quality
science and technology education to citizens would find this work useful, as it provides
information on the ways of giving quality science education to its citizen through
effective teaching and learning using strategies which foster reflection and cooperation in

learning.
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1.6 Operational Definition of Terms

Achievement in Integrated Science: This is the level of students’ knowledge as
measured by the Integrated Science Achievement Test. It is the score of the students
being exposed to instructional treatment groups. The score of the students on the test is
used as a measure of such students’ achievement in Integrated Science.

Cooperative Learning: This refers to an instructional strategy in which- pre-service
teacher works in small group and interacts with one another during teaching and learning.
Mode of Entry: Refers to the manner through which the pre-service teachers were
admitted into the NCE programme either through pre-NCE or direct entry.

Numerical Ability: Refers to individual ability of pre-service science teachers to perform
tasks requiring knowledge of numbers.

Pre-service Teacher: These are college of education students who are being trained as
teachers in the integrated science department.

Reflective Teaching: This is a classroom practice in which a teacher looks at what he
does in the classroom, thinking about why he does it, and thinking about if it works, i.e a
process of self-observation and self-evaluation. It involved both reflective-in-action and
reflective-on-action.

Reflective-Reciprocal Teaching: This is an instructional strategy, which involves a
dialogue between a teacher and students in which both the student and teacher shift roles,
thereafter, the teacher and pre-service teachers reflects on the lesson as a form of
observation and evaluation.

Reflective-Reciprocal Peer Tutoring: This is a strategy in which students function

reciprocally as both tutors and tutees with the teacher acting as a facilitator, thereafter, the
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teacher and pre-service teachers reflect on what happen in the classroom as a form of
self-observation and self-evaluation.

Science Process Skills: These are per-service science teachers’ abilities of observing,
classifying, measuring, communicating and predicting in Integrated Science activities

measured by pre-service teachers’ science process skills rating scale.
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2.0

CHAPTER TWO
REVIEW OF LITERATURE

This chapter provides a review of available literature that are relevant to the

subject of this study. It also provides empirical support for the theoretical framework as

well as shedding more light on the background and the major concepts involved in the

study.

2.1

211
212
2.1.3
2.2

221
2.2.2
2.2.3

224

2.2.5

2.2.6

2.2.7

2.3

The review focuses on the following subheadings:

Theoretical framework

John Dewey (1859-1952) Theory of Reflective Thought

Kolb (1984) Theory of Reflective Teaching

Vygosky (1896-1934) Theory of Developmental Learning

Empirical Studies

Students’ Achievement and Science Process skills

Reflective Teaching and the Development of Teaching skills

Cooperative Learning and Students Learning Outcomes in Science

Effects of Reciprocal Teaching on Students’ Achievement and Science Process
Skills

Effects of Reciprocal Peer Tutoring on Students’ Achievement and Science
Process Skills.

Mode of Entry and Its Influence on Achievement and Science Process Skills
Numerical ability and its Influence on Achievement and Science Process Skills.

Appraisal of Literature Review.
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2.1  Theoretical Framework

This study was based on constructivist approach to teaching and learning and the
cognitive learning theory. Constructivist theories are concerned with the social nature of
learning i.e. how learners create their own conceptual structures in order to make sense of
the world. Constructivism is a theory to explain how knowledge is constructed in the
human being when information comes into contact with existing knowledge that had been
developed by experiences. It is a learning theory based on the-idea that knowledge is
constructed based on the knower mental activity. According to. Dougiamas (1998) the
major faces of constructivism are:

+ Trivial constructivism

Radical constructivism
Social constructivism or socio constructivism
Cultural constructivism

Critical constructivism

- + + & F

constructionism

The cognitive theory which is also referred to as social constructivism (Harrison,
2008) focuses on the cognitive processes that occur as people learn through social
interaction, such as listening to and working with others as in reciprocal teaching and
reciprocal peer tutoring. The relationship between learners and teacher is a crucial
relationship to consider in this regard. The leading constructivist includes:
+ John Dewey (1859-1952)
+ Maria Montessori (1870-1952)

+ Wladyslaw Strzeminski (1893-1952)
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Lev vygotsky (1896-1934)

Jean Piaget (1896-1980)

George Kelly (1905-1967)

Heinz von Foerster (1911-2002)
Emst von Glasersfeld (1917-2010)
Paul Watzlawick (1921-2007)
Edgar Morin (1921-)

Humberto Maturana (1928-)

Laszlo Garai (1935-)

- F F F + F F + +

David A Kolb (1939-)

In this research study, the works of John Dewey, Kolb and Vygosky were
considered.
2.1.1 John Dewey’s (1859-1952) Theory of Reflective Thought
John Dewey was an educational philosopher and pragmatist who made major
contributions to education. This could be seen in his belief in what education and
teaching are. John Dewey believes that children are socially active learners who learn by
exploring their environment (Eggen & Kenchak, 2006). Dewey (1897) wrote
| believe that all education proceed by the participation of the
individual in the social consciousness of the race. | believe that the
only true education comes through the simulation of the child’s
powers by the demands of the social situation in which he finds
himself, through these demands he is stimulated to act as a
member of a unity, to emerge from his original narrowness of

action and feeling and to conceive of himself from the standpoint
of the welfare of the group to which he belongs.pp.142
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Schools should take the advantage of this mutual curiosity by bringing the
outside world into the classroom making it available and accessible for students. He
believes that there should be an integration of theory and practice, the cyclic pattern of
experience and the conscious application of that learning experience.

Dewey proposed his concept of reflective thinking in his book, How We Think
(1897; 1933). He substituted the word “inquiring” for “reflective thinking” in his later
work, Logic: The Theory of inquiring (1933). Inquiring, according to Dewey (1933) is
the active, persistent, and careful consideration of any belief of supposed form of
knowledge in the light of the grounds that support it and the further conclusion which it
intends. Inquiring in this perspective seems to connote something more active and
operational than thinking. It refers to the activity engaged in to overcome a situation of
doubt to generate knowledge, with provisional and tenuous results, posited in the light of
new experience and insight.

To Dewey, reflective activity occurs when a person decides to face a perplexed,
troubled or confused situation and prior to a clear-up unified and resolved situations. He
listed five phases or aspects of reflective thought which are:

e  suggestion

e intellectualization of difficult or perplexity that has been felt (direct

experience) into a problem to be solved, a question for which the answer
must be sought.

e the use of one suggestion after another as leading idea

e mental elaboration of the idea or suppositions
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e testing the hypothesis by overt or imaginative action to give experimental
corroboration or verification of the conceptual idea. (Ross & Hannay, 1986;

Dewey, 1933 as edited by Boydston).

Furthermore, Dewey views thinking as a part of a process that culminated in
plans, with the objective of altering life conditions to improved ways. It involves a look
into the future, a forecast, anticipation or a prediction (Dewey, 1933). He also advocated
flexibility in his approach to problem solving:

The five phases, terminals, or functions of .thought that we have
noted do not follow one another in a set.order. On the contrary,
each step in genuine thinking does something to perfect the
formation of a suggestion and promote its change into a leading
idea or directive hypothesis. It does something to promote the
location and definition of problem. Each improvement in the idea
leads to new observation-that yield new facts or data and help the

mind judge more accurately the relevancy of facts already at
hand pp. 206

Dewey believes that the teacher’s place and work in the school is not to impose
certain ideas or to form certain habits in the child, but is there as a member of the
community to select the influences which shall affect the child and to assist him in

properly responding to these influences.

2.1.2_Kolb’s Theory of Reflective Teaching

Kolb reflective model highlights the concept of experimental learning and is
centered on the transformation of information into knowledge. This takes place after the
situation has occurred and entails a practitioner reflecting on the experience, gaining a
general understanding of the concepts encountered during the experience and then testing

these general understandings on a new situation. In this way the knowledge that is gained
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from a situation is continuously applied and reapplied building on a practitioner’s prior

experience and knowledge (Kolb & Kolb, 2005).

Concrete experience

TN

Active Experimentation Observations and
reflections

\ Formation of abstract /

concepts and
generalisations

Kolb, 1984

Fig. 2 Kolb Reflective Teaching Model

In Kolb’s framework for reflection, the Concrete Experience refers to the teaching
situation in-the-moment, and the teacher is focusing on and noticing in terms of her
teaching, the students, and the learning process. The Reflection and Observation stage,
refers to the ability to think back to a teaching situation and describe in detail what
happened during the lesson. At this stage, the teacher tries to answer the question “What
happened”? In the Abstract Conceptualization stage, a teacher tries to understand what
happened.in the classroom and investigates reasons for it. At this point, he/she tries to
answer the question “Why did it happen”? Based on emotion, teaching experience, and
personal and theoretical knowledge in the final stage, Active Experimentation, the
reflective practitioner decides on what her next step will be, given the information
gathered in the description and analysis of the situation. “What will I do next? What will

I do about this situation”? Is what the teacher plans. This cyclical step of Kolb’s
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reflection is applicable to reflective teaching and it’s the one adapted in this research

work.

2.1.3 Vygosky’s Theory of Developmental Learning

Vygosky’s theory of learning is basically on cognitive development (Vygosky,
1978). Two processes are involved in cognitive development, namely, the biological and
physiological processes. According to him, children’s behaviour emerges at the
intersection of these two processes. The theory states that biological processes are
quantitatively transformed into higher psychological- functioning in developmental
processes. According to him, all the physical changes.are series of transformation, which
were brought about by developmental processes. Children's development is as a result of
the social and cultural processes. He also emphasis the social genesis of knowledge. To
him every function in the (student’s) cultural development appears twice: first, on the
social level, and later, on the individual level. This social genesis of knowledge
construction is comprised of three primary assumptions: (a) knowledge and meaning are
active creations of socialization; (b) knowledge and meaning are social creations and as
such reflect social negotiation and consensus; and (c¢) knowledge and meaning are
constructed for the purposes of social adaptation, discourse, and goal achievement
(Dooalittle, Hicks, Triplett, Nichols, & Young; 2006). These three assumptions are evident
in Cooperative Teaching. Specifically Reciprocal Teaching and Reciprocal Peer Tutoring
are based on active socialization with both instructor- student and student- student
interaction.

Vygosky believes that development is as a result of combination of speech and

practical activities. His ideas also led to the notion of scaffolding which is a process of
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helping learners to move from a point of his initial difficulties on a topic, to a point where
he received “help” they are able to perform. The theory also states that children are ready
to learn a concept when their cognitive structures are able to incorporate some aspects of
that concept. For example, different learners who are ready to learn a concept may learn
different things about the concept from the same experience. He also conceptualized
learning and development as a social and collaborative activity that cannot be “taught” to
anyone. Rather, the learner constructs his own understanding in his own mind while the
teacher acts as a facilitator just as in Reciprocal Teaching and Reciprocal Peer Tutoring,
which designs appropriate situations and support for learners to learn meaningfully from
one another. This includes incorporating classroom activities in which students work in
group and providing learners with a sense of oneness between their community and
learning.
2.2 Empirical Studies.
2.2.1 Students’ Achievement and Science Process SKkills

The science process skills are the foundation of problem solving in science and
the scientific method. Padilla (1990) in Aktamis & Ergin, (2008) defines science process
skills as transferable skills that are applicable to many sciences and that reflect the
behaviors of scientists. They are the skills that facilitate learning in physical sciences,
ensure. active students’ participation, have students develop the sense of undertaking
responsibility in their own learning, increase the permanence of learning, and also have
students acquire research ways and methods, that is, they ensure thinking and behaving
like a scientist (Ergul; Simsekli. Calis. Ozdilek Gocmencelebi & Sanli, 2011). They are

inseparable in practice from the conceptual understanding that is involved in learning and
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applying science. While the process skills are viewed as central to elementary school
science education and important enough to be taught in their own right, they are often
combined with science content, enabling children to learn both science process and
content at the same time-in a seamless learning experience (Menchling et al. 1994). For
instance children may practice the skill of observation while identifying the properties of
rock. Learning science goes beyond scientific knowledge acquisition since it includes the
acquisition of cognitive skills such as the science process skills. They are an important
method in teaching science lessons and also the building-blocks: of critical thinking and
inquiry in science. Learning science lessons by apprehending requires using science
process skills. Having science process skills acquired, at the same time, means preparing
future scientists, having scientific literacy acquired, that is, enabling students to use
science information in daily life (personal, social and global) (Harlen, 1999 in Ergul et al
2011).

Science process skills are based on scientific inquiry and teaching science by
inquiry involves teaching students science process skills as well as critical thinking and
scientific reasoning.skills used by scientist. They are acquired through training and direct
experiences (Njoku, 2002). They are intellectual skills with learned capabilities which
scientists used as self-management procedure in carrying out their scientific activities
(Shaibu & Mari, 1997). They are also acquired during practical teaching of science in the
laboratory (Oginni, 2009). Njoku (2002) explained that these science process skills are
cognitive and psychomotor skills which scientists use in problem identification, objective
inquiring, data collection and analysis. These skills are retained after the cognitive

knowledge of science has been forgotten.
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Integrating the science process skills as one of teaching strategies requires no
drastic changes in one’s teaching style (Wetzel, 2010). It merely involves making the
processes of science more explicit in lessons, investigations and activities you are already
using in your science curriculum. The science process skills, according to Wetzel (2010),
are the methods used by students to conduct investigations and understand how we know
about the world in which we go beyond the textbook and supplementary the core-content
within textbooks with hands-on mind-on activities. It also means using your course
content as a means for exposing students to the real processes of science.

The science process skills are separated into two categories-Basic Science Process
Skills (BSPS) and Integrated Science Process Skills (ISPS) (Wetzel, 2008).The skills
listed under the basic science process skills are:

e Observing — using the 5 senses to find out information about objects: an objects’
characteristics, properties, similarities and other identification features

e Classifying — the process of grouping and ordering objects

e Measuring — Comparing unknown quantities with known quantities, such as:

Standard of unit of measuring and estimation of errors. This information is

considered quantitative data. Measurements are to be recorded in an orderly and

systematic fashion with labeled units of measure.

e communicating — using multimedia, written, graphs, images, or other means to
share findings. This is needed to reflect the true nature of science.

e Inferring — forming ideas to explain observations i.e. interpreting or explaining

observation. More than one inference may be presented to explain an observation.
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e Predicting — forecast a future event based on prior experience, i.e. observation,
interference, or experiments. It is forming an idea of an expected result-not a
guess-but a belief of what will occur based upon present knowledge and
understandings, observations, inferences. A prediction is to clarify ideas and

reveal any misconception or missing information.

Basic science process skills provide the intellectual groundwork in scientific inquiry
(Beaumont-Walters & Soyibo, 2001). These skills are those which must be acquired and
fundamental to the teaching and learning of science.

For integrated science process skills, the skills are:

evaluating information

controlling of variables

defining operationally

hypothesizing, and

experimenting (Ong & Kenneth, 2005).

The integrated science process skills are structured on basic skills. They are the terminal
skills for solving problems or doing science experiments (Karamustafaoglu, 2011). The
ability to carry out integrated science process skills is attributed to hypothetico-deductive
reasoning ( Huppert, Lomask and Lasarowitz, 2002).

The Curriculum Development Centre (CDC) of the Malaysian Ministry of Education
also listed seven (7) and five (5) skills respectively for BSPS and ISPS in all its science
syllabuses for primary, secondary and post secondary levels. The twelve (12) skills and
their precise definition according to Ong and Kenneth (2005) were listed in table Il

below. Students are expected to be familiarised with the language of science process
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skills right from the start as they experience the practical and the theoretical aspects of

science.

Table 2.1: Definition of Science Process Skills as stipulated in all the Malaysian

science syllabuses

No

Skill

Explanation

1

Observing

Process of gathering information about an object or
phenomenon using all or some of the senses. Instruments
could be used to assist the senses. The observation could
be quantitative, qualitative or change.

Classifying

Observing and identifying  similarities and differences
between objects or phenomena, and gather them in terms

of similar characteristics.

Measuring and using numbers

Observing <quantitatively using instruments  with
standardized units. Ability to use numbers is central to the

ability to'measure.

Inferring

Giving explanation to an observation of event or object.
Usually, past experiences and previously collected data are
used as a basis for the explanation, and it could be correct

or otherwise.

Predicting

Process of conjecturing a coming event based on
observation and previous experience or availability of

valid data.

Communicating

Presenting idea or information in varied modes such as
orally, in written form, using graphs, diagrams, models,
tables, and symbols. It also involves ability to listen to

other’s idea and respond to the idea.

Using space and time relation

Describing changes in parameter with time. Examples of
parameters are location, direction, shape, size, volume, and

mass.

Interpreting data

Process of giving rational explanation of an object, event
or patterns from the gathered information. The gathered

information may come in different forms.
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9 Defining operationally Making definition of a concept or variable by stating what

it is, and how it could be carried out and measured.

10 | Controlling of variables Identifying the fixed constant variable, manipulated
variable and responding variable in an investigation. The
manipulated variable is changed to observe its relationship
with the responding variable. At the same time, the fixed
variables are kept constant.

11 | Hypothesising Ability to make general statement that explains a matter or
event. This statement must be testable to prove its validity.

12 | Experimenting This is an investigation that tests a hypothesie. The process
of experimenting involves all or combination of the other

processes.

Source: Ong & Kenneth (2005)

These methods (i.e. science process skills) involve making explicit references to the
science and allowing students time to reflect on-how they participated in the process. It
also helps ensure students make the connection between science processes involved
within an investigation and science content (Karen, 2009). Science process skills are
special skills that simplify learning science, activate students, develop students’ sense of
responsibility in their own learning, increase the permanency of learning, as well as teach
them the research methods (Karamustafaoglu, 2003 in Karamustafaoglu, 2011). They are
the thinking skills that we use to get information, think on the problems and formulate the
results. Scientist use them in their studies. These skills are appropriate for all fields of
science, and they reflect on the correct behaviors of scientists while they are solving a
problem and planning an experiment. They constitute the essence of the thinking and
research within science. It is more important for the students to learn how to apply
science than learning reality, concepts, generalizations, theories and laws in science

lessons. Therefore, it is necessary for them to pick up the habit of science process skills.
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These skills according to Preece & Brotherton, 1997 in Karamustafaoglu, 2011 are
considered to be efficient in learning and teaching, engage a significant place in various
countries’ teaching programs. Such as ‘Science-A Process Approach’ (SAPA) developed
by the American Association for the Advancement of Science between 1963 and 1974. In
this approach the teaching of science process skills was specifically focused on in
elementary and high school science curricula. For in the nature of many children is
already the curiosity for searching and this curiosity leads them to search. That is to say,
the skills and processes students use and develop are the same as those that scientists use
while studying. This implies that the ways of thinking in science are called science
process skills. When we are doing science we ask questions and find answers to
questions, these are actually the same skills that we all use in our daily lives as we try to
solve everyday questions. When we teach students to use these skills in science, we are
also teaching them skills that they will use in the future in every area of their lives
(Ergul, et al, 2011). The American Association for the Advancement of Science (AAAS)
classified the science process skills into fifteen (Bybee et al., 1989). These are: observing,
measuring, classifying, communicating, predicting, inferring, using number, using
space/time relationship, questioning, controlling variables, hypothesizing, defining
operationally, formulating models, designing experiment and interpreting data. The skills

(both basic and integrated) were listed in the table below:
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Table 2.2: The American Association for the Advancement of Science (AAAS)

Science Process Skills

Process Skills Definition
Observing Using all five senses
Classifying Grouping object and event according to their

properties

Space/time relation

Vitualising and manipulating object

Using Numbers

Using quantitative relationship

Measuring Expressing the amount of an object in
guantitative terms

Inferring Giving an explanation for a particular object or
event

Predicting Forecasting a future occurrence

Integrated skills

Defining operationally

Concrete description

Formulating models

Constructing images, objects or mathematical

formulars

Controlling Variables

Manipulating and controlling properties in

order to make comparison

Interpreting Data

Arriving at explanations, inferences or

hypotheses from data

Hypothesising

Stating a tentative generalization of

observations or inference

Experimenting

Testing a hypothesis
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The use of science process skills by students increases the permanence of learning. For
learning by doing according to Minner, Levy and Century (2010), student uses almost all
of his or her senses and learning becomes more permanent and hands-on activities get
them to acquire experience. Research skills not only get students to learn some
information about science, but also learning these skills helps them to think logically, ask
reasonable questions and seek answers, and solve the problems they encounter in their
daily life.

Literatures suggests that there are various factors that influence the acquisition of
cognitive skills such as science process skills which is one of the variable of interest in
this study. Teachers play an important role in learning, including acquisition of science
process skills. Marzano, Pickering and Pollock (2001) asserts that although schools make
little difference, that is approximately 10% in students’ achievement, the most important
factor affecting students learning is the teacher. According to them, teachers can have a
profound influence on students’ learning even in schools that are relatively ineffective.
Also, Harlen (2000) identifies three main aspects of the teacher’s role: (1) setting up the
learning environment, (2) organizing classroom activities, and (3) interacting with
students. Among these three aspects, the most important aspect is teachers’ interaction
with students during their teaching. Apart from teachers’ factors readiness is another
factor that influences the acquisition of science process skills. Driscoll (2000) opined that
students’ readiness is perceived as learner’s developmental level of cognitive functioning.
It is the cognitive maturity that is assumed to determine the extent to which learners are
capable of learning. This therefore implies that students’ cognitive level should be taken

under consideration in teaching students.
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Research studies done in the 70s and 80s tends to support the link between active
student involvement and the development of science process skills (Wideen, 1975 in Ong
& Kenneth, 2005). Shaw, (1983) in Ong and Kenneth, (2005) studied 83 sixth grade
students randomly assigned to four science classes (2 classes in experimental group and 2
in control group). The experimental group received science instruction with an emphasis
on process skills while the control group emphasized strictly science content. Two
teachers taught the four classes alternating between the control and experimental to
reduced teacher effect. Using t-test to determine the significant difference between the
two groups, it was found that the experimental group had a significantly higher mean
score on the process skill test compared to the control group. Also, Beaumont-Walters
and Soyibo (2001) determined the level of performance on science process skills among
Jamaican ninth and tenth-graders who participated in the Reform of Secondary Education
as compare to those that did not. He found that the mean of those participated in the
reform was slightly higher than those that did not. Jusoh (2001) in Ong and Kenneth
(2005) in his own study investigated Form 2 and 4 students’ performance on science
process skills test using the translated version of the instrument developed by Burns,
Okey, and Wise (1985). Comparing the performance on science process skills level by
level, it was found that there was a statistically significant difference between forms 2
and.forms 4 students with the form 4 students performing better than the form 2 students.
2.2.2 Reflective Teaching and the Development of Teaching Skills

Over the years, Dewey’s theories of reflective thought and the principles of
pedagogy it inspired were stated again and again by educators and have taken a revered

place in theories of learning and teaching. By the middle of the 1980s researchers
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confidently claim that reflection (inquiring or crucial thinking) is again in “Vogue” in
teacher education as a useful teaching strategy. It was emphasized that perhaps never
before in the history of education practice has there been a greater push to teach children
to think critically (Poblete Sr., 1999). Yet, in spite of this, it was difficult even to achieve
definitional clarity to the construct due to a variety of perspectives and current
conceptualization offered by different authors on what it means to be reflective about
teaching (Lesley, 1989; Tanner, 1988; Ross & Hanny, 1986)

Corollary to this, reflective teaching as an inquiring-oriented approach in teacher
education is considered an ambiguous term signifying a wide variety of meanings (Tom,
1985; Henderson, 1989). This could be attributed mainly to three reasons.

e The wvarying perspective authors -assume in examining reflection
(Lesley, 1989)

o The teacher’s education rationales designed to help habits of inquiring are
grounded in diverse images of the teacher, with little consensus’s on the
meaning of particular images, e.g., teachers as innovators, teachers as
participant observers, teachers as continuous experimenters, adaptive teachers,
teachers as action researchers, teachers as problem solvers, teachers as
political craftsmen, etc. (Tom, 1985).

e Comparing inquiring-oriented approach to teacher education to alternative
views in order to generate a definition of the paradigm limits inquiring as a
function of other perspectives which in themselves are not fully developed

frameworks (Feiman-Nemser, 1990).
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Reflective practice was introduced by Donald Schon in his book: The reflective
practitioner in 1983. However, the concepts underlying reflective practice are much
older. It focuses on the ways people think about their experiences and formulate
responses as the experiences happen. This approach makes a clear distinction between
“thinking on action” and “thinking in action”. Thinking on action is the way of analyzing
experiences as they happen while thinking in action determines how-responses are
formulated (Krause, 2004). This whole idea is considered as “thinking on your feet”

Griffiths and Tam (1992) in Problete (1999) categorised reflection into two:
reflection —in —action and reflection —on —action. Reflection —in —action refers to what
happens when ones is presented with novel puzzles, the resolving of these puzzles in the
context of action, according to Schon (1983) unites means and ends, research and
practice, and know and doing. This type of reflection is personal and private. It occurs as
an action is going on and the reaction is.rapid i.e act and reacts. Reflection — on —action
on the other hand is seen as a procedure for studying immediate, at-hand events in order
to understand them and develop-a conceptual framework for useful practice. It involves
recalling one’s teaching after the class. This is interpersonal and occurs after an event
might have taken place. Reflection on action includes:

e Involvement in a scenario (an action);

Recording of the scenario (for getting stable idea);

o . Determinations, interpretations and evaluation;

e Formation of educational construal; and

e Confirmation to determine whether the construal has meaning to other

practitioner Garman (1989) in Problete (1999).
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Another type of reflection is reflection —for- action which occurs before an event is
taken place. All is embedded under reflective practice

Reflective teaching stems from John Dewey’s concept of “reflective inquiry”
(Dewey, 1938). He viewed the students as an inquirer and an active participant in
learning. He assumed that the interaction of subject-matters and method of inquiry could
not be ignored in schooling. Following this line of thinking, the reflective teacher makes
decision based on a problem-solving paradigm (Orlich, et al, 2010). Problems are not
viewed as obstacles to overcome but as opportunities to be met. Teachers reflect on
problems, and as part of a learning community, they call on others (i.e. their peer and
senior colleagues) to reflect on identified problems..In such cases, they collectively list a
series of alternatives that they can take. Ultimately, such list is narrowed down to a set of
actions that are ethical, just and educationally sound. Reflective teaching can be thought
about in terms of asking searching questions about experience and conceptualized as both
a state of mind and an on-going type of behavior. Being a reflective practitioner at any
stage in teacher development involves constant, critical look at teaching and learning and
at the work of the teacher (Harrison, 2008). Reflective Teaching deals with active
research, critical thinking and professional enquiry. It also deals with thinking deeply to
solve a given problem and in doing this you ask a lot of thought provoking questions. A
reflective teacher, according to Dewey (1933) is willing to engage in constant self
appraisal and development. Among other things, it implies flexibility, rigorous analysis
and social awareness. Also, Orlich, et al (2010) reported that with reflective teaching,
student can work harmoniously together, foster their own learning strategies and create
an atmosphere in which information sharing can take place .With reflective teaching,
students will be good thinkers thereby making them a responsible citizens and good
learners. For an effective teaching session, it is necessary both to stimulate pupil’s
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interest and provide structure for the subsequent activities (Pollard, 2008) as reflective
teaching according to Strouse (2001) is ideally the more efficient way to reach every
student in the classroom.

In spite of the confusion about what is meant by the use of the term reflective
teaching, “the slogan of reflective teaching has been embraced by teachers, teacher
educators, and researchers all over the world” (Zeichner & Liston, 1996). Reflective
teaching means looking at what you do in the classroom, thinking about why you do it,
and thinking about if it works, a process of self-observation ‘and self-evaluation. It is a
conscious attempt to think before, during and after instruction for the betterment of the
end product on the part of the students (Taghilou, 2007). Reflective teaching is therefore
a means of professional development which begins in our classroom. In practical terms,
this means giving careful consideration or thought to teaching and students’ learning to
make it dynamics. It is adopting an analytical approach to teaching, which involves
examining, framing, attempting to solve dilemmas of classroom and questioning
assumptions, values and beliefs-about teaching (Minott, 2009). It also involves taking
part in curriculum development, being involved in changes occurring in the college and,
taking responsibility for own professional development. Bailey (1997) defined reflective
teaching as signifying a movement in teacher education, in which student teachers or
working teachers analyze their own practice and its underlying basis, and then consider
alternative means for achieving their ends. It involves recognizing, examining,
ruminating over the way an individual teaches. Teachers think metacognitively about
what works for them and what needs improvement. Through reflection, teachers gain the
personal and professional knowledge (Grossman, et al, 2001).

Reflection or “critical reflection” refers to an activity or process in which an
experience is recalled, considered, and evaluated, usually in relation to a broader purpose.
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It is a response to past experience and involves conscious recall and examination of the
experience as a basis for evaluation and decision making and as a source for planning and
action (Jack, 1990).

The term “reflective practice” coined by Schon (1987), focuses on the ways
people think about their experiences and formulate responses as the experience happen.
This approach makes a clear distinction between “thinking on action” and “thinking in
action”. (Clarke, 2007) Thinking on action is the way of analyzing experiences as they
happen while thinking in action determine how responses are formulated (Krause, 2004).
Reflective practice leads to reflective teaching.

The concept of reflective practice centers on the idea of life-long learning where a
practitioner analyses experiences in order to-learn from them. Reflective practice is used
to promote independent professionals who are continuously engaged in the reflection of
situations they encounter in their professional worlds.

Models of Reflective Practice

There are several models of reflection used to draw lesson out of experiences some of
which are presented below:

Argyris and Schon Model of Reflective Teaching

Argyris-and Schon pioneered the idea of single loop and double loop learning in
1978. The theory was building around the recognition and amendment of a perceived
fault or error. Single loop learning is when a practitioner or organization, even after an
error has occurred and a correction is made, continues to rely on current strategies,

technique or policies when a situation again comes to light. Double loop learning
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involves the modification of personal objectives, strategies or policies so that when a

similar situation arises a new framing system is employed (Argyris &Schon, 1978)

Polices, Strategies Employment Consequences

techniques v\
Analyses

Analyses and
Adapt

Fig. 3 Adaptation of the Argyris and Schon Double loop Learning Model

Schon himself introduced some years later the concept of Reflection-in-action and

Reflection-on-action the summary of which was presented in the figure below:

REFLECTION IN ACTION REFLECTION IN ACTION
- thinking ahead Schon’s - thinking through

- analy;mg. N Reflection - sgbsquenceto situation
- experiencing - discussing

- critically responding - reflective journal

Fig. 4 Schon concept of reflection-in-action and Reflection-on-action

Gibbs Model of Reflective Teaching

Its own model is a circular process of reflection where practitioners must not only
describe the experience but include an evaluation and analysis of how they were feeling
during the experience. This examination of the emotion associated with the situation
allows a practitioner to make sense of the situation and come to a conclusion of what also
could be done, or what other options could have been taken. The important aspect of
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Gibbs’ model is the final stage whereby Action Plan is formulated to examine what

actions would be employed if the situation arose again (Gibbs, 1988)

Description _
/ What happened? ———_,  Feelings
what were you

thinking and feeling?

W

Action Plan Evaluation
If it arose again what what was good and bad
would you do about the experience?
Analysis
What else could : /
Analysis

you have done?

\ What sense can you

make of the situation

Fig. 5 Adaptation of the Gibbs Reflection model.

(Source: Gibbs, 1988)

Rolfe Model of Reflective Teaching

Rolfe’s reflection model i1s based around Bolton’s (1970) developmental model
(Bolton, 1970). A simplistic cycle composed of 3 questions which asks the practitioner,
what, so what and now what. Through this analysis, a description of the situation is given
which leads into the scrutiny of the situation and the constitution of knowledge that has
been learnt through the experience. Subsequent to this, ways in which to personally

improve and consequence of one’s response to the experience are reflected on.
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Fig. 6 Rolfe’s reflection model

(Source: Rolfe, G., Freshwater, D. & Jasper, M. (2001)

Kolb’s Reflective Model.

Kolbs’ reflective model highlights the concept of experimental learning and is
centered on the transformation of information into knowledge. This takes place after the
situation has occurred and entails a practitioner reflecting on the experience, gaining a
general understanding of the concepts encountered during the experience and then testing
these general understandings on a new situation. In this way the knowledge that is gained
from a situation is continuously applied and reapplied building on a practitioner’s prior

experience and knowledge (Kolb & Kolb, 2005).

/ Concrete experience \

Teaching implications of Observations and
concepts in new situation reflections

\ Formation of abstract /

concepts and
generalisations

Figure 7. Kolb’s reflective model Kolb. 1984

(Source: Kolb, 2005)
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This study adopts the Kolb (1984) reflective model. Reflective practice occurs at
all stages of the teaching process, planning, action (execution), and evaluation (Clark,
2007). That is, the thinking about teaching, which involves the thoughts teachers have
before, during, and after the actual enactment of a lesson. This construct is parallel to the
thinking processes identified by Polya (1945). In his concept of mathematical problem
solving, there are three phases: (a) Understanding, (b) Planning, and (c) Looking back.

According to Clarke (2007), teachers should engage in similar types of thinking
before they teach a lesson. To achieve desired results, teachers should reflect on their
teaching goals and method and how these interface with the demographics and abilities of
their students. This process would allow them to clarify their knowledge base, the
mathematics content, and their students’ learning styles and to crystallize the pedagogy to
be implemented (Clark, 2007). Teachers must consider the challenges that students may
encounter and strategies to assist.students in overcoming them. Polya’s “looking back”
phase is the reflective thinking that teachers engage in after they teach a lesson
(Artzt & Armour-Thomas, 2002). At the end of the lessons, teachers evaluate the lesson
goals and the actions of both themselves and their students as well as define the points at
which difficulties emerged. Methods of reflection include the following:

e Reflective journal
e Videotaped lesson / peer conference
e Students input and lesson evaluations

e Student can provide structural evaluations of a lesson

They must consider the strategies employed and when necessary make modifications.

The self-assessment helps identify what was not addressed and the unexpected
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challenged of the lesson. Failure to acknowledge these challenges could impede teachers’
self-improvement and their students’ achievement (Harrison, 2008). The stages of the
reflective teaching adopted are a model-experience-reflect format which is as follows:
e Facilitators model an exercise, such as planning, teaching, or problem solving —
plan
e Next, the facilitator (i.e. the teacher) experience the activity — teaching

e Finally, at the close of each activity, everyone reflect — debrief (Hart, et, al, 2004)

Orlich, et al (2010) lists the following as characteristic of a reflective teacher:
e  Cares about students
e  Understands the social context of schooling
e  Questions assumptions
e  Knows content
o Identifies Problems orissues
e  Collects relevant data
e  Constructs a plan of operation
o Uses many instructional strategies
o Practices problem-solving strategies
e . Thinks prospectively and retrospectively
o Realizes that reflection is cyclical

o Evaluates the results and process used.

Leitch and Day (2000) submitted that the appeal of the use of reflective teaching by

teachers is that as teaching and learning is complex, and there is not one right approach,
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reflecting on different versions of teaching, and reshaping past and current experiences
will lead to improvement in teaching. As larrivee, (2000) argues, Reflective practice
moves teachers from their knowledge base of distinct skills to a stage in their careers
where they are able to modify their skills to suit specific contexts and situations, and
eventually to invent new strategies. In implementing a process of reflective practice
teachers will be able to move themselves, and their schools, beyond existing theories in
practice (Leitch & Day, 2000).

Clarke, (2007) use the reflective teaching model with student teachers pairmate
as part of a microteaching experience and found out that as they continue to use the
Reflective Teaching model, student teachers discovered that it provides them with a
structural approach that enabled them to add.ideas and details to their lesson. The student
teachers also found out that it engaged their students in activity that required cooperative
learning and group interaction
Reflective teaching involves asking oneself questions like the following:

e why do I teach the way | do?

e What principle and beliefs inform my teaching?

e Should I do it differently?

e What is the greatest single challenge | face in my teaching?

e Why does a particular teaching method work well for one student but not for
another?

e What are my unconscious teaching routines?

e What am | doing right in my classroom?

e What am | doing that is not right?
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e How can I do it better if given second chance?

e What made my lesson seem so successful/not successful?
The following are the advantages of reflective teaching:

e |t develops the quality of teaching through continuous improvements.

e |t gives educators new opportunities to reflect on and assess their teaching.

e |t enables teachers to explore and test new ideas, methods, approaches, and
materials.

e |t provides opportunity to assess how effective the new approaches were.

e Teachers share feedback with fellow team members.

o They make decisions about which new approaches to include in the school’s
curriculum, instruction, and assessment plans.

o Itsignificantly increases student motivation for learning

e ltrecognises individual progress

« Itenhance and develop forms of collaborative learning

e ltincrease learner independence

« It enhance confidence Donald, (1985).

Taghilou, (2007) also listed the following as part of benefit a teacher stand to enjoy from
being a reflective teacher:

e It provides time for calm review of the days happening.

e Self-reinforcement of things that worked,

e Space for devising strategies for improvement,

e Put teachers in control and allows them to grow professionally from their own

expertise, daily experience and understanding of what student’s needs.
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2.2.3 Cooperative Learning and Students Learning Outcomes in Science

Though, there are a lot of articles written about cooperative learning in recent
years, busy secondary school teachers contending with heavy curricular and teaching
demands might not know much about the instructional method. Equipped with only a
partial understanding of cooperative learning, some teachers may view it as aseries of
forced artificial constructs. It is simply separating students into groups for an activity
(Lin, 2006). Cooperative learning is an instructional method in which students work in
small groups to accomplish a common learning goal under the guidance of a teacher. The
method is characterized by the following features, which are distinct from other forms of
group work:

e Learners positively depend on one another in a team to achieve a mutual learning
goal.

e Learners engage in face-to-face interactions.

e Learners are assessed individually-and held accountable for equally sharing and
contributing to the mastery of learning goals.

e Learners reflect and assess the effectiveness of group functioning for future
learning (Johnson, Johnson & Smith, 1991; Bonwell & Eison, 1991). Johnson,
Johnson, and Smith defined cooperative learning as "the instructional use of small
groups so-that students work together to maximize their own and each other's
learning. Learners use and develop appropriate collaborative and interpersonal
skills to teach and encourage one another to learn. Prince (2004) list five essential
components that must be present for small-group learning to be truly cooperative:
1. clear positive interdependence between students
2. face to face interaction
3. individual accountability
4. emphasize interpersonal and small-group skill

5. processes must be in place for group review to improve effectiveness.
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Cooperative learning processes lessen individual competitiveness and foster
cooperative small problem-solving group behavior (Johnson, Johnson, & Smith, 1991;
Slavin 1991). By having learners treat one another as resources and requiring learners to
go beyond only superficial engagement with learning materials, cooperative ‘learning
provides the social context for students to actively learn and make deeper connections
among facts, concepts, and ideas.

Three primary purposes of using cooperative learning are to develop students'
social and communication skills, increase tolerance and acceptance of diversity, and
improve academic achievement. Researchers found that students who participated in
cooperative learning exhibited less competitive behavior and more cross-ethnic
cooperation than those who participated..in ‘whole-class teaching (Slavin, 1991).
Researchers also found that cooperative learning promotes better relationships among

students (Slavin, 1991).

2.2.4  Effects of Reciprocal Teaching on Students’ Achievement and Science

Process SkKills

Reciprocal Teaching refers to an instructional activity that takes place in the form
of a dialogue or conversation among students regarding a concept. According to Palinscar
(1984), during reciprocal teaching, the teacher and students take turns assuming the role
of teacher in leading this dialogue, which leads to an interacting group learning
experience. Reciprocal teaching stems from the concern for content interacting which
have been given educators greater insight into how to help student read for meaning and

monitor their comprehension. This approach was successfully developed by Palinscer
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and Brown. It is a cooperative process that infuses cognitive and metacognitive skills
with schema activation in the context of shared dialogues among teachers and student.
Foster and Rotoloni (2005) also defines reciprocal teaching as a cooperative learning
instructional method in which natural dialogue models reveals learners’ thinking
processes about a shared learning experience. Teacher foster reciprocal teaching through
their belief that collaborative construction of meaning between themselves and students
leads to a higher quality of learning (Allen, 2003). Students take ownership of their roles
on reciprocal teaching when they feel comfortable expressing their ideas and opinion in
open dialogue. They take turns articulating and talking through their thought. The
learning community is able to reinforce understanding and to see, hear, and correct
misconceptions that otherwise might not have been apparent (Foster & Rotoloni, 2005).
All members of the community have shared responsibility for leading and taking part in
dialogue during learning experience, (Hashey & Connors, 2003).

Reciprocal teaching is based on Vygotsky’s theory of fundamental role of social
interaction (dialogue) in the development of cognition. Palincsar, Brown, and Comprone
(1989) in Foster and Rotoloni (2005) defined reciprocal teaching as a dialogue between
teacher and student. This dialogue is described as reciprocal because each learner acts in
response to another. This interaction may occur between teacher and student or between
students.

RT has been used successfully with middle level students. As reported by Foster
and Rolotoni, 2005 RT strategy was used by Mrs Clark with her third grade class to teach
reading comprehension with her class which has several students who are reading well
below grade level. The students see themselves as poor reader but after exposing them to

reciprocal teaching they feel comfortable to take part in discussions and engaging with
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both fiction and non-fiction grade level texts. Palincsar & Brown (1986), as cited in
Oczkus (2003), observed that reciprocal teaching used with a group of student for 15-20
days unproved reading comprehension on assessments by 30 to 80 percent.

As earlier stated, reciprocal teaching is based on Vygotsky’s theory of the
fundamental role of social interaction (dialogue) in the development of cognition.
Vygotsky’s theory of Zone of Proximal Development (ZPD) is critical to identify
appropriate text and scaffolding activities to support student success (Vygotsky, 1978).
Text must be at a level that can be effectively shared, not too difficult. Appropriate
support and feedback must be given to facilitate learning during reciprocal teaching
activities (Oczkus, 2003). The procedures are first modeled by the teacher then they are
practiced and coached with peer and teacher feedback.

Finally, the leadership of the group work strategy is handed over to the students
(Allen, 2003). The teacher monitors and evaluates to determine where scaffolding is
needed to help students to be successfulin using strategies. Students become aware of
their own learning process and think critically about them.

The dialogue is structured by the use of four strategies, sometime known as the
“Fabulous four” (Oszkus, 2003), which are predicting, questioning, clarifying and

summarizing. See figure bellow:

PREDICTING <> OUESTIONING
RECIPROCAL
TEACHING
CLARIFYING <l SUMMARISING

Figure 8. Oszkus’ Fabulous four
(Source: Oszkus, 2003)
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Basically the reciprocal teaching is in two phases which are as follows:

Phase One: Teacher Instruction of Strategies

Step One: Here teacher provides students with instruction and practice of four

comprehension strategies are:

1. Predicting: students are encouraged to make a guess on what the text is going to be
about e.g. what kind of problems can we solve with equation of motion?

2. Questioning: what, why and how questions should be asked about the section to build
a shared understanding. What do you think about the motion of an object in a straight
line?

3. Clarifying: clear up any misunderstandings or misconceptions unclear vocabulary or
concepts.

4. Summarizing: help students get the main idea of the section, text or concept by
summarizing it e.g. what did we learn? What are the important concepts or ideas we

learned in this

Step Two:  Students practice these strategies in small group of not less than six and
through whole class discussion. The teacher monitors these discussions
and provides feedback.

Phase Two: Students ownership and use of strategies

Step Three: After students have become comfortable with the strategies, there is a shift
in roles with the students working in pairs and small groups and
exchanging the role of teacher. The teacher still monitors the discussion

but takes a less active role in the learning.
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According to Rosenshine & Meister (1994), there are four important instructional
practices embedded in reciprocal teaching:
e Direct teaching of strategies, rather than reliance solely on teacher questioning
e Student practice of reading strategies with real reading, not with worksheets or
contrived exercises
e Scaffolding of instruction: students as cognitive apprentices

e Peer support for learning

Instructional techniques involved in it according to Palincsar, Ransom and Derber, (1988)
are: demonstrate, or model and explain, practice with feedback, dialogue or "simple
conversation with a purpose™ (scaffold or provide students with temporary support and
take turns leading text dialogues.

Reciprocal teaching involves a high degree of social interaction and collaboration,
as students gradually learn to assume the role of teacher in helping their peers construct
meaning from the text.

The procedure of reciprocal teaching, according to Palinscar (1984), is as follows:

e A dialogue between students and teacher, each taking a turn in the role of
dialogue leader;

e . “Reciprocal” interactions where one person acts in response to the other;

e Structured dialogue using four strategies: questioning, summarizing clarifying,
predicting:

They also state how the four strategies should be introduced as follow:

e During the initial phase of instruction, the teacher assumes the strategies
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e Through modeling the teacher demonstrate how to use the strategies while
reading text.

e During guided practice the teacher supports students by adjusting the elements of
the task based on each student’s level of proficiency.

e Eventually the students learn to conduct the dialogue with little or no teacher

assistance

The teacher assumes the role of a coach\facilitator by providing students with evaluative
information regarding their performance and prompting them to higher levels of
participating.

Advantages of reciprocal teaching are: students are actively engaged in learning;
reading strategies are used in an integrated, coordinated way in a meaningful context;
students enjoy working together and being "teacher”; students are able to learn with the
benefit of repeated tutor modeling and learn to take responsibility for their own and each
other's learning.

Following are research-based guidelines for effective reciprocal teaching:

1. Shift gradually. The shift from teacher control to student responsibility must
be gradual.

2. Match demands to abilities. The difficulty of the material and the
responsibility given to students™ must match the competencies of each student
and grow as these competencies develop.

3. Diagnose thinking. Instructors should carefully observe the “teaching” of each
student for clues about how the student is progressing in mastering the strategies

and whether or what kind of follow up instruction is needed.
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The review of research on the relationship between reciprocal teaching and
student’s ability to construct meaning from text has shown a variety of positive results.
For instance, over time reciprocal teaching instruction has produced positive changes in
students’ reading comprehension, as measured by experimental — designed and
standardized texts (Brady, 1990; Carter, 1997, Taylor & Frye, 1992). Reciprocal teaching
also helps to improve the quality of student-generated questions (Palinscar, 1984) and
enables students to write summaries consisting of mostly main-ideas (Taylor & Frye,
1992, Dermody, 1988, Paliscar, 1987).

Most importantly, these results have been documented with a wide range of
students including those considered low readers, those with learning disabilities, and
those for whom English is not their first language (Brady, 1990, Klingner & Vaughn,
1996).

A significant body of research (Carter, 1997; Palinscar, 1984, Palinscar & Klenk,
1991) has shown that students who have been struggling with reading and are taught how
to think about text in this'way are able to feel comfortable taking part in discussions and
engaging with both fiction and non-fiction grade level texts. They begin to understand
how to make sense of what they are reading whether it is in the context of pleasure
reading, -classroom reading, social studies text, science text, or even in Mathematics
word. Paliscar and Brown (1986, as cited in Oczkus, 2003), observed that reciprocal
teaching used with a group of students for 15-20 days improved reading comprehension
on assessments by 30 to 80 percent. Paliscar and Klenk (1991) concluded that students
improved reading skills immediately and also exhibit that they had maintained these skills

on texts performed a year later. Also, in a study by Hashey, and Connors, (2003), the
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teachers saw increase in students’ confidence and success, in their understanding and use
of strategies, and in their enjoyment of the lesson.

Also, Garderen (2004) opined that a modified version of reciprocal teaching
(i.e. clarifying, questioning, summarizing and planning) can benefit students who. struggle
to comprehend mathematical word problems. In a reciprocal teaching -mathematics
lesson, one student is assigned to be group leader. The student leads the. other students
through each of the four steps as follows

e the group first clarifies any words or phrases that are not understood

e then the leader uses questions to guide the group-into identifying the key

parts of the problem
e next, the leader summarizes the purpose of the word problem and
e finally guides the group in creating a plan to solve the problem

e each person in the group takes turn being the leader.

While positive effects. of reciprocal teaching are well document
ted, limitations in past research exist, for example, most reciprocal teaching studies were
conducted using experimental designs involving statistically comparable groups of
students and controlled variables. Yet this does not reflect typical classroom situations.
Even when-more naturalistic designs were used, most studies were conducted during a
time when practice was influenced by more traditional models of learning emphasizing
transmission of knowledge rather than construction of knowledge. However, very few
studies have analyzed the dialogue of reciprocal teaching to determine how well the
intervention was taught and what effect, if any; it had on students’ abilities to construct
meaning (Rosenshine & Meister, 1994). Also, most research works on reciprocal

teaching was based on reading comprehension, its effect on science related course are not

60



documented and this, the present research intends to do. It would also examine reciprocal
teaching in typical classroom, where teachers had previous exposure to constructivist

thinking.

2.2.5 Effects of Reciprocal Peer Tutoring on Students’ Achievement and

Science Process Skills

Peer tutoring is an interaction in which one student provides instruction or
academic assistance to another student. It is a form of cooperative learning which has
been found to be an effective technique for increasing students’ academic achievement
(Bargh & Schul, 1980; Sherman, 1991; Slavin, 1991). Peer tutoring can take many forms
in the classroom setting. The most effective form of the peer tutoring was a reciprocal
method where the students reverse roles of tutor and tutee regularly. When students are
required to explain their thought process in such a way that the other students will
understand, they get a deeper understanding of the concept themselves (Spencer, 2006).
Reciprocal Peer Tutoring has a structured format where “students prompt, teach, monitor,
evaluate and encourage each other” (Fantuzzo, King & Heller, 1992).

Research on tutoring has also demonstrated educational benefits for tutors and
tutees of various ages and abilities, ranging from kindergarten to secondary (e.g. Fuchs &
Fuchs, 2003 etc.). Tutors, however, usually benefit most from peer tutoring, perhaps
because they engage in rehearsal of course content while preparing to teach tutees
(Bargh & Schul, 1980). Studies have shown that peer tutoring can improve performance
in a variety of subjects including spelling, mathematics but there is not much evidence to

show its effect on science related subjects, hence, this research work.
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Noting the benefits students derived from acting as a tutors, Fantuzzo and his
associates (Pigott, Fantuzzo, & Clement, 1986; Wolfe, Fautuzzo & Wolfe, 1986)
developed a procedure that enable both members of a peer tutoring pair to participate in
the tutoring role. In this technique, known as Reciprocal Peer Tutoring (RPT), students
function reciprocally as both tutor and tutee. This dual role is beneficial because it
enables students to gain from both the preparation and instruction in which tutors
engage,, and from the instruction that tutee receive.

Previous research on PRT has tested its effectiveness for elementary students
(Frantuzzo, King & Heller, 1992) and undergraduates’ psychology students
(Frantuzzo,Riggo, Conmelly,& Dimeff, 1989). These studies demonstrated that PRT
improved the academic achievement of both groups. In addition, the findings of three
experiments with both undergraduates suggest that RPT reduce their level of stress and
anxiety (Griffin & Griffin, 1997). Walker (2007), Mesler (2009), and Spencer (2006)
observed different types of children and they all discovered that pairing students in the
form of peer tutors increased the achievement of both students

RPT has a structured format where students prompt, teach, monitor, evaluate and
encourage each other (Fantuzzo, King & Heller, 1992). Students are part of the
educational process and are able to prepare instructional materials and receive feedback
from peers. The alternating structure is designed to utilize group reward and
interdependence to maximize learning and motivation. In the context of peer tutoring, the
role of the teacher is to facilitate, observe, question, and guide the learning of their
students. However, it is still necessary to include some whole group instruction so the

students have a base of knowledge. As according to Fernandez-Santander, (2008),
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“Maintaining short periods of lecturing in every session was very helpful in the
development of the pupil’s trust in the new learning methodology and in the success of
it” After the content has been given, then the teacher can roam the room to listen to
discussions that students are having about the material. This will help them begin to
understand the thought processes that their students are following and may intervene if
they feel it is necessary.
Format for a PRT lesson
e  Peer tutors present tutees with a problem to solve using a flashing card with
the answer at back, the student computes the problem in writing on a
worksheet.
e  Tutee responds correctly or incorrectly
e  After ten minutes, the pairs switch role and continue for another 10 minutes
e Once the tutoring is completed a 16-problem quiz covering what was
practiced is given.
e Individual goals are combined with group goals and are rewarded if they met

or surpassed the predetermined goals (Fantuzzo, Davis & Ginsburg, 1995).

2.2.6 Mode of Entry and its Influence on Achievement and Science Process SKills
Pre-service teacher can be admitted into a college of education either through
direct entry (when all the requirement are met) or through preliminary study (when there
is a deficit in the admission requirement and such deficit must be available before the end
of the programme). Mode of entry into NCE programme depends on the student
performance in General Certificate in Education and/or Secondary School Certificate

Examination result and their performance in UTME scores. The academic success of a
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student at a given moment refers to how an individual is able to demonstrate his or her
intellectual abilities .Daniel and Schouten (1970) in Adeyemi (2009) argued that a
prediction of a future examination result could be made with reasonable success on the
basis of the results of an earlier examination and that grades may serve as prediction
measures and as criterion measures. Findings made by Peers and Johnson (1994)
confirmed the validity of the number and grades of passes in the Scottish Certificate of
Education in predicting first year and final year university performance. Also, in a study
carried out by Gay (1996) in USA, it was confirmed that high school grades are good
predictors of college grades.

Previous studies on the effect of mode of entry on performance of students in
Medical School have reported no difference between concessional and Direct Entry
students, better performance by UME/JAMB students, against Direct Entry and Remedial
(Pre-degree) science student (Olaleye & Salami, 1997). The study carried out by Afolabi,
et al. (2007) on 200 level medical students of Ladoke Akintola University of Technology
shows that the students admitted through JAMB performed better in 200 level Physiology
examinations but that there was no correlation between the University Matriculation
Examination (UME) scores and the O-Level aggregate. Houltram, (1996) carried out a
study into.the relationship between entry age, entry qualification and academics
performance on the common foundation programme which lasted for 18 month found out
that performance of most matured students, whether qualified or not, was above average,
with the qualified group higher.

Simeon, Irtwanger and Nancy (2010) also carried out a comparative analysis of

academic achievement of UME and ex-Remedial students with University of Agriculture,
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Markudi. The result of their research work shows those ex-Remedial students were found
to have higher consistent and predictable achievement than UME. In a similar way Keith
(1989), in its research on influence of mode of entry, sex and secondary science
background on the attitude and knowledge score reported that mature age
students(especially women), despite lower science entry scores on the measure used,

appear to develop more positive attitude toward science.

2.2.7 Numerical Ability and its Influence on Achievement and Science Process
Skills.
Studies have shown that numerical skills are necessary factors that support mathematics
and science achievement. Nunnally (2004) .defines Numerical ability as the ability to
relatively solve problems in number sequencing, make accurate mathematical deductions
through advanced numerical reasoning, interpret complex data presented in various
graphical forms, deduce information and draw logical conclusions. It is design to
measure the students ability to use numbers to correctly solve problems. Such test
according to Olatoye and Aderogba (2011) signify basic arithmetic prowess in an
individual. He went further that numerical ability test can be given directly to candidates
or administered as subsets of other test. Numerical ability has been shown to influence
students’ achievement. Adu (2002) tested the influence of quantitative ability among
other independent variables on students’ academic achievement in Economics. The study
found a significant influence of quantitative ability on student’s academic achievement.
Also Emeka and Adegoke (2001) examined the effect of students’ numerical ability on

the cognitive achievement of senior secondary school Physics student. The study revealed
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that the higher the numerical ability of students, the better their performance in the
physics achievement test. This may be expected in the sense that physics is quantitative
in nature therefore students with high numerical skills are likely to record higher
performance in physics achievement tests than their counterparts with low numerical
ability. Falaye (2006) on the other hand carried out a research on final year Senior
Secondary School Students in Nigeria to investigate the influence of gender, course study
and numerical ability on the student’s achievement in practical Geography. The study
revealed that the impact of student’s numerical ability on their achievement is not
significant. Also Ursos and Bauyot (2006) carried out a study on Mathematical Modeling
of Numerical Ability test and achievement test in college algebra. The result of the study
showed that a moderate correlation exists between numerical ability test and achievement

test.

2.3 Appraisal of Literature Review.

Studies on reflective practice to teaching and learning were examined in the
review. It has been observed that majority of the studies were conducted in disciplines
other than those of science. Most literature on reflective teaching, focused mainly on it’s
used by pre-service teachers during teaching practice exercise. Also, literature on both
reciprocal teaching and reciprocal peer tutoring are mainly on reading comprehension,
social studies text, spelling, and so on, its effects on mathematics and science related
courses are not documented. Also there is no enough literature on the use of reciprocal
teaching and reciprocal peer tutoring strategies with the pre-service teachers. The review

was devoid of an empirical base for using reflective teaching in teaching and learning of
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science. This necessitates the need to adapt the model to focus primarily on the
effectiveness of reflective teaching with reciprocal teaching and reciprocal peer tutoring
on the teaching of science concepts. This is why, in this present study, it is intended to
make an empirical investigation on the effect of reflective teaching coupled with
reciprocal teaching and reciprocal peer tutoring on pre-service teachers achievement in

selected science concepts and science process sKills.
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CHAPTER THREE
METHODOLOGY
This chapter presents the research design, variables in the study, selection of
participants, instrumentation, research procedure as well as method of data analysis
3.1 Research Design
The pretest- posttest, control group, quasi-experimental research -design was

adopted for this research. This is schematically represented as follows:

Experimental group | 071 X104
Experimental group 11 02 X205
Control group 03 Og
where 01, 0, and 03 represent the pretest observations of experimental I, 11 and control

groups respectively.

04, 05 and Og represent the posttest observations for experimental groups I, 11 and control
group respectively.

X1 is experimental treatment of Reflective-Reciprocal Teaching

X, is experimental treatment of Reflective-Reciprocal Peer Tutoring

This design employed the use of 3x3x2 factorial matrix presented on Table 2
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Table 3.1 Schematic Diagram of the Factorial Matrix

Treatment Numerical ability Mode of entry
Prelim Direct
Reflective-Reciprocal Low
Teaching Medium
High
Reflective-Reciprocal Low
peer tutoring Medium
High
Conventional Teaching Low
Medium
High

3.2  Variables in the study

The independent variable is the teaching strategy manipulated at three levels:
1. Reflective- Reciprocal Teaching,
2. Reflective -Reciprocal Peer Tutoring,
3. Conventional Teaching.
The Moderator variables are two:
a. Pre-service teachers’ numerical ability at 3 levels
1. Low
2. Medium
3. High
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b. Pre-service teacher’s mode of entry

1. Preliminary Study

2. Direct Entry

Dependent Variables: These are:

I Pre-service teacher’s achievement in Integrated Science.

ii. Pre-service teachers ‘acquisition of science process skills.

These are summarized in the figure below:

Independent Variables

l

Moderator Variables

Dependent Variables

Treatment at three levels

1. Reflective-Reciprocal
Teaching

2. Reflective-Reciprocal
Peer Tutoring

3. Conventional Strategy

!

l

1. Numerical ability at 3

levels
- Low
- Medium

- High

2. Mode of Entry at 2 levels

- Prelim
-Direct Entry

1. Pre-service Teachers
achievement in
Integrated Science

2. Pre-service
Teachers’ acquisition
of science process
skills.

Figure 9i: Schematic diagram of Variables in the Study

3.3. " Selection of Participants

The participants for this study was taken from N.C.E Il Pre-service teachers

studying Integrated Science as teaching subject in the government owned eleven (11)

colleges of education (four owned by the Federal government while the remaining seven

by the State government) in Southwestern Nigeria. From these Colleges, Six (three

federal and three state) was purposively selected based on their relative distance from one
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another. The colleges were randomly assigned to treatment and the control group. Two
colleges were exposed to Reflective-Reciprocal teaching another two to Reflective-
Reciprocal Peer Tutoring and the remaining two to the Conventional Teaching.
From the selected colleges, intact classes of N.C.E Il Integrated Science were
used for the study.
3.4  Selection of topic/concept
N.C.E Il Integrated Science students offer five courses in-their second semesters.
Of the entire five courses, Dynamics which is the only physics related course among
them was chosen for this study. The code is ISC 223. This is because the students have
done the Pre-requisite to this course in their first year.as Man and Energy 1, which gives
the course a very good background. The content of the course includes:
I. Speed and acceleration
ii. Linear momentum

iii. Work, energy and power

3.5  Instrumentation
Six instruments were used in the study. These include:
1. Operational Guide for Reflective-Reciprocal Teaching Strategy (OGRRTS)
2... Operational Guide for Reflective-Reciprocal Peer Tutoring Strategy (OGRRPTS)
3. Operational Guide for Conventional Teaching Strategy (OGCTYS)
4. Pre-service Teachers’ Numerical Ability Test (PTNAT)
5. Pre-service Teachers’ Achievement Test in Integrated Science (PTATIS)

6. Science Process Skills Rating Scale (SPSRS)
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3.5.1 Operational Guide for Reflective-Reciprocal Teaching Strategy (OGRRTYS)

This operational guide was used for teaching experimental group 1. It is an
instructional guide based on the philosophy of cooperative work among learners and
reflection on the part of the research assistance and the pre-service teachers. This
operating guide is made up of four RT strategies of ‘Predicting’ ‘Questioning’
‘Clarifying’ and ‘Summarising.

The research assistance models the four RT strategies, and then provides
examples of meaningful dialogue in which text ideas were elaborately connected to
previous knowledge and applied in new ways. Next, the research assistance provides
guided practice for their students; gives them feedback on their use of RT strategies and
allows them to take ownership of the strategy:.

Validation of OGRRTS

The Reflective- Reciprocal Teaching Guide was given to three experience
Integrated Science lecturers in‘a College of Education to rate and examine its content and
face validity. The recommendations given were used to reconstruct some of the guide.
The inter-rater reliability was then estimated using Scott’s n. The inter rater reliability
index obtained was 0.75.

3.5.2 Operational Guide for Reflective-Reciprocal Peer Tutoring Strategies

(OGRRPTYS)

This operational guide consists of five lessons that were used for treatment group
I1. The lesson plan was based on the steps listed by Utley and Mortweet (1997) as well as

Fuchs and Fuchs, (2001). The main features of the guide are; general information,
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procedure, general objective, tutor training, peer tutoring, peers shifting of roles and the
content of the subject-matters.
Validation of OGRRPTS

The guide was given to three experienced Integrated Science lecturers in a
College of Education to rate and examine its content and face validity. The
recommendations given were used to reconstruct some of the guide. The inter-rater
reliability was then estimated using Scott’s m. The interrater reliability index obtained
was 0.72.

3.5.3 Operational Guide for Conventional Teaching Strategy (OGCTYS)

The instructional guide consists of six lessons that were used to teach pre-service
teacher in the control group. The lessons were based on normal ways of writing lesson
note. The main feature of the guide is: general information, the procedure, the teacher,
general objectives, content for each lesson, summary and conclusion.

Validation of OGCTS

The operational guide was given to three experience Integrated Science lecturers
in a College of Education to rate and examine its content and face validity. The
recommendations given were used to reconstruct some of the guide. The inter-rater
reliability was then estimated using Scott’s . The inter rater reliability index obtained
was 0.77.

3.5.4 Pre-service Teachers’ Numerical Ability Test (PTNAT)

This instrument was administered to the pre-service teachers before exposing

them to treatment. The instrument developed by the researcher consists of two sections.

The section A seeks for demographic information of the respondents such as name,
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college, sex and mode of entry while section B consists of 30 items which the pre-service
teachers will solve on the space provided on the question paper to test their numerical
ability level.

Validation of PTNAT

To validate PTNAT, the instrument was given to two experts in Science
Education. Their advice was incorporated into the items. The modified test items was
administered to thirty five pre-service teachers not involved-in the main study to
determine the reliability and internal consistency of the scores using Split-half method.
The reliability index obtained was 0.79.

3.5.5 Pre-service Teachers’ Achievement Test in Integrated Science (PTATIS)

This instrument tests the Pre-service teachers’ intellectual achievement in speed
and acceleration, linear momentum work, energy and power. The test contains fifty
multiple-choice objective test items. It has two sections with Section A containing
demographic information such as name, college, sex and mode of entry while section B
containing the test items constructed as presented in Table 3. The alternatives for the
questions range from A to D. One mark goes for each corrects option and zero for wrong
option. This means that the total marks obtainable is 50. The test items were generated to
cover the cognitive domain of knowledge, Understanding and Thinking in accordance

with Okpala; Onocha and Oyedeji(1998).
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Table 3b: Table of Specification for PTATIS

Topic Knowledge | Understanding Thinking Total

Speed 3 11 6

and Acceleration (1,11, 15) (255 7,912, 14, 16,|(3,4,8,1017,18) |20
19, 21, 51, 58)

Linear momentum 1 11 5

(48) (35, 37, 38, 40,41, | (44,45, 46,51,64) | 17

42,43, 47, 49, 61, 63)

Work, Energy and 2 7 4

Power (24, 25) (6, 23, 26, 29, 30, |(27,33,52,67) 13
32,,55)

Total 6 29 15 50

Validation of PTATIS

To determine the face validity of the instrument, copies of the initial draft of sixty
eight multiple choice items were given to three research students in science education
who are teaching Integrated Science in‘Colleges of Education for necessary comments, as
regard to suitability and language used. Based on their comments, some items were
reworded and ten items were dropped. The draft of the test was also given to two experts
in Science Education who went through it and made necessary corrections and suggested
that five items be reframed. The test was further administered to thirty-five pre-service
teachers from a College of Education which is not part of those chosen for the study. The
discriminating indices for each of the items and difficulty levels were also computed by
the researcher. The items with moderate difficulty indices of 0.4 to 0.6 were retained
while ensuring that such items had positive correlation with the entire test. The responses
were used to determine the reliability using Kuder-Richardson formular 20 (KR-20). The

KR-20 value of 0.85 was obtained.
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3.5.6 Pre-service Teachers Science Process Skills Rating Scale (PTSPSRS)

This is made up of thirty two items on a 5-point rating scale to measure pre-
service teachers’ science process Skills. The thirty two items were distributed among the
six basic science process skills which are observing, classifying, measuring,
communicating, inferring and predicting. The rating scales used are: Very Good=5,
Good=4, Very Fair=3, Fair=2 and Poor=1.

Validation of PTSPSRS

To validate this, the instrument was given to two lecturers in Science Education
for review. Their opinions and advice were used to either discard or rework the items.
The instrument was used by three independent raters to observe and rate the pre-service
teachers during the activity session. The inter-rater reliability was then estimated using
Scott’s m. The inter-rater reliability index obtained was 0.82.

3.6 Research Procedure
The following time schedule was used for the study
1% -2" weeks: Training of Research Assistant
3" week: Visitation tothe Colleges used as control
4™ week: Administration of Pretest and numerical ability test
5™ -9™ weeks: Application of treatment on experimental and control group
10" week: Administration of Posttest and process skill rating scale
1. Training of Lecturers (3 weeks)
2. The researcher personally visit the participating lecturers who are the lecturers
handling the course in their respective colleges and train them on how to

implement the steps involved in the guides designed. Two lecturers were trained
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for each experimental group 1and experimental group Il. The training covers one
week each for each of the groups. One week was use to visit the colleges used as
control group.

3. The fourth week was used for pretest administration for all pre-service teachers
participating in the study using the achievement test and numerical ability test.

4. The fifth to tenth week was used for the implementation of the treatment
(including pre-service teachers ’science process skills rating scale) for each of the
two experimental and control groups. The pre-service teachers were rated during
the first and the last activities class using the Pre-service Teachers’ Science

Process Skills rating scale with the activities recorded using video recorder.

Procedure for Experimental Group I: Reflective-Reciprocal Teaching Strategy
(RRT)

Phase One: Preliminary Plan (Teacher dominates)

Step 1: Pre-Service Teachers are-paired into heterogeneous small groups.

Step 2: The research assistance provides Pre-Service Teachers with instructions on the
content of the topic.

Step 3: He teaches them how to use the four RT strategies:

i Predicting: Here the pre-service teachers are encouraged by the research
assistance to make guesses on what the text or topic is going to be about e.g.
what problems can we solve with equations of motion? What is the role of
climate in an ecosystem? What do you think will happen next?

ii. Questioning: ‘What’, ‘why’ and ‘how’ questions will be asked by the research

assistance about the section or text to build a shared understanding.
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iii. Clarifying: Misunderstandings, misconceptions, vague vocabularies and
concepts are cleared by the research assistance.

iv. Summarizing: At this stage the research assistance help the pre-service teachers
to get the main idea of the section, text or concept by summarizing it. e.g.
what did we learn? What are the most important concepts or idea we learned
in this topic?, predicting, questioning, clarifying and summarizing strategies

of reciprocal teaching.

Step 4: Pre-Service Teachers practise the usage of the strategies in small groups
while research assistance facilitates or.monitors their discussions and
make necessary corrections where applicable.

Phase Two: Students dominate i.e. Pre-Service Teachers claim ownership of the usage
of the strategies while the research assistance takes less active role and

monitors discussion.

Phase Three: Briefing / Reflection

Step 1: The research-assistance reflects on the teaching immediately after the class, write
reflective notes on any areas that needed improvement. Changes were then made to the
next lesson plan based on the reflective note.

Step 2: the pre-service teachers also discuss their self assessment of the lesson with their
mate immediately after the lesson, write reflective notes on any areas that needed
improvement.

Step 3: they describe what happen in the class and what the general step of the lesson is.

Step 4: they react on how well/badly the lesson went.
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Step 5: general comment are made about the group and the class as a whole and
suggestion were made for modification against next class.
Procedure for experimental group I1: Reflective-Reciprocal Peer Tutoring Teaching

Strategy (RRPT).

Phase one:  Pre-experimental skills assessment and instruction

Stepl:  Here the research assistance assesses the pre-service teacher by administering a
ten minutes quiz.

Step 2 He tells the pre-service teachers that they will be learning to work in teams to
help each other do well in the course.

Step3:  He gives them instruction and explanations of how to solve problems and
modeled correct solutions. He also explains the content of the subject matter to
the pre-service teacher

Phase two: Tutoring stage.

Stepl:  Pair the pre-service teachers into group of mixed ability based on the result of
the quiz in phase one.

Step2  Gives the materials needed to each group (that is sheets of paper divided into
four sections: “try 17, “try 27, “help”, “try 3”; problem drill sheets with 10
problems; flash cards and answer sheets.

Step3  Tell the pre-service teacher to choose who will act as tutor first.

Step4:  Tutor training session.

Step5:  Peer tutoring which consists of the following steps:
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1.

10.

Peer tutors present tutees with a problem to solve using a flash card or writing
such problem on the chalkboard with the answer on the back of the flash card.
The pre-service teacher computes the problem in writing on the Worksheet.

If the problem is solved correctly, the tutors praise the tutees and present.the next
problem. If the solution is incorrect, the tutors reads the question again and tell the
tutees to try again in the worksheet section marked “try 2”

If the tutees do not solve the problem correctly on the second try, tutors help them
by computing or solving the problem in the “help” section of the worksheet. As
the tutors work the problem, they explain what they are doing at each step and
answer tutee’s questions. Then the tutors tell the tutees to work the problem again
in the “try 3” section.

If tutors have trouble answering tutees’ questions, they can ask the research
assistance for help.

After ten minutes the pairs switch roles and continue for another ten minutes.
During tutoring sessions, the research assistance work around the room
supervising.and identifying strategies tutors can use to help their tutees.

Once the tutoring is completed, a ten-problem quiz covering what was practiced is
given and the pre-service teachers work on their own for 20 minutes.
The pre-service teachers switch papers with their partner within the group. They
use an answer sheet to correct their partners work.

Individual goals are combined with group goals and are rewarded if they met or
surpassed the predetermined goals.

The research assistance then gives them the next topic and instructs them to
prepare against next lesson.
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Phase Three: Briefing / Reflection
Stepl; The research assistance reflects on the teaching immediately after the class, write
reflective notes on any areas that needed improvement. Changes were then made to the
next lesson plan based on the reflective note.
Step 2: the pre-service teachers also discuss their self assessment of the lesson with their
mate immediately after the lesson, write reflective notes on any areas that needed
improvement
Step 3: they describe what happen in the class and what the general step of the lesson is.
Step 4: they react on how well/badly the lesson went.
Step 5: general comment are made about the group-and the class as a whole and
suggestion were made for modification against next class.
Procedure for conventional teaching strategy
The procedure is as follow:
Stepl: The research assistant introduces the lesson
Step 2: The research assistant explains theoretical bases on the topic
Step 3: The research assistant solves problems if any with example and application

Step 4: The research assistant solicits questions from the class and give class work

Step 5: The research-assistant marks students’ work

Step 6: The research assistant concludes the lesson with corrections to students work.

5. The eleventh week: A post-test of one hour Integrated Science Achievement Test was
administered to the pre-service teacher with the assistance of the research assistance
who is the facilitator in their respective schools. The study lasted for eleven working

weeks.
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Method of Data Analysis

Data collected were analyzed using Analysis of Covariance (ANCOVA). The
Multiple Classification Analysis (MCA) aspect of ANCOVA was used to determine the
magnitude of the performance of the various groups. Where there were significant main
effects, the Scheffé Post-hoc Analysis was used to determine the sources of such
significant differences. For significant interaction effects, graphical illustrations were

used to explain such effects.
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CHAPTER FOUR
RESULTS AND DISCUSSIONS

4.0  This chapter is on the results of this study. These were presented in line with the
seven hypotheses formulated for the study. Also the summary of findings was presented.
4.1  Pre- and Posttest Achievement and Science Process Skills of the Participants.

The descriptive report on the performance of the pre-service teachers along the
divides of treatment, mode of entry and numerical ability are presented. in this section.
Table 4.1 Descriptive Statistics of Pre- and Posttest Achievement and Science

Process Skills across Treatment Groups

TREATMT | STATISTICS | PRE- POST- PRE- POST- Mean Gain
ACHVT | ACHVT | SKIL SKIL Achievement | Skills

Reflective- | Mean 17.54 23.09 50.49 65.95 5.55 15.46

Reciprocal | Std.Dev. 5.03 5.74 6.95 8.01

Teaching

Reflective- | Mean 12.64 23.15 30.28 43.22 10.51 12.94

Reciprocal | Std.Dev. 5.82 5.92 3.49 3.97

Peer

Tutoring

Control Mean 14.05 17.88 30.43 41.43 3.83 11.05
Std. Dev. 3.79 3.52 3.26 3.02

From Table 4.1, participants exposed to the reflective- reciprocal peer tutoring had the

highest mean gain (10.51) in achievement having obtained 12.64 and 23.15 respectively
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at pre- and posttests. This group was followed by those exposed to the reflective-
reciprocal teaching (mean gain =5.55) while the control group had a mean gain of 3.83.
This table also reveals that the mean gains in science process skills is in favour of
pre-service teachers in the reflective-reciprocal teaching group (mean gain =15.46)
followed by those in the reflective-reciprocal peer-tutoring group (mean-gain =12.94)
while the control group obtained the lowest mean gain (11.05). These relative mean

gains are represented on figure 4.1
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Figure 10: Mean Gains in the Two Experimental and Control Groups
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Table 4.2 Descriptive Statistics of Pre- and Posttest Achievement and Science

Process Skills by Mode of Entry.

MODE | STATISTICS | PRE-ACHVT | POST- PRE- POST- Mean Gains
ACHVT | SKIL SKIL
Achievement | Skills
Direct | Mean 14.58 22.11 38.07 51.60 7.53 13.53
Std. Dev. 5.67 5.86 11.11 1242
Prelim | Mean 16.50 21.38 40.79 54.43 4.88 13.64
Std. Dev. 4.80 5.63 11.33 14.73

Table 4.2 shows that the mean gain in achievement score was higher for pre-service

teachers who had direct entry into the program (7.53) compared to those through the

prelim (mean gain =4.88). The trend is however, different for science process skills

where the prelim group slightly. performed better (mean gain= 13.64) than their direct

counterparts (mean gain =13.53).

Figure 4.2 presents the findings pictorially.
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Figure 11: Mean Gains in Achievement and Science process skills by Direct and
Prelim Entry Modes
Table 4.3 Descriptive Statistics of Pre-and Posttest Achievement and Science

Process Skills Based on Numerical Ability

NUMERICAL | STATIS- | PRE- POST- PRE- POST- Mean Gain

ABILITY TICS ACHVT ACHVT | SKIL SKIL

Achievement | skills

Low Mean 14.10 20.22 34.53 47.74 6.12 13.21
Std. Dev. | 4.09 5.15 9.00 11.71

Medium Mean 14.17 21.81 38.13 51.95 7.64 13.82
Std. Dev. | 5.69 6.19 10.54 12.37

High Mean 16.53 23.77 42.93 56.56 7.24 13.63
Std. Dev. | 6.27 5.54 12.18 13.20
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Table 4.3 shows that on achievement, the pretest and posttest mean scores for the low
numerical ability group of pre-service teachers are 14.10 and 20.22 respectively with a
mean gain of 6.12. This represents the lowest mean gain. This was followed by the high
numerical ability group with a mean gain of 7.24 while the medium numerical ability
group had the highest mean gain (7.64).

On science process skills, the mean gains had the medium ability group on the
highest point (13.82) with the high ability (mean gain =13.82) and the low ability group
(mean gain =13.21) following in that order.

Figure 4.3 represents the relative standing of the ability groupings on achievement

and science process skills.
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Figure 12: Mean Gains in Achievement and Science Process SKills by Different

Numerical Ability Groupings
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4.2 Test of Hypotheses
Ho 1a: There is no significant main effect of treatment on pre-service teachers’
achievement in Integrated Science

Table4.4:  Summary of ANCOVA of Post Test Achievement by Treatment,
Numerical Ability and Mode of Entry

Source of varicose Sum of | df | Mean square | F Sig
square

Covariates PRE-ACHVT 3939.219 |1 3939.219 262.297 | .000

Main effects (combined) 1751.708 |5 350.342 23.328 .000
TREATMENT 1686.517 2 843.258 56.149 .000
MODE 1.735 1 1.735 115 123
NUMUMERICAL ABILIT 63.456 2 31.728 2.113 734

2-way interactions (Combined) 75.086 8 9.386 .625 757
TREATMENTx MODE 5.232 2 2.616 174 .840
TREATMENTx
NUMERICAL ABILITY 41.233 4 10.308 .686 .602

MODEx NUMERICAL

ABILITY 37.853 2 18.296 1.260 .285

3-Way Interaction TREATMENTxMODEXx 11.566 4 2.892 193 942

NUMERICAL ABILITY

Model 5777.579 18 | 320.977 21.373 .000
Residual 4145.011 276 | 15.018
Total 9922.590 294 | 33.750

* Significant at p<.05
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Table 4.4 shows that there is significant effect of treatment on pre-service teachers
achievement in integrated science (F, 276)= 56.149; p<.05). This means that there is
significant difference in the posttest achievement scores of those in the Reflective-
Reciprocal Teaching, Reflective-Reciprocal Peer Tutoring and those in the control group.
The null hypothesis la is, therefore, rejected.

Table 4.5 presents the respective performance of the treatment and control groups.

Table 4.5: Multiple Classifications Analysis of Achievement Mean Scores by
Tteatment, Numerical Ability and Mode of Entry

Variable + category N Predicted Mean Deviation Eta Beta
Unadjusted | Adjusted for | Unadjusted | Adjusted for
factors  and factors and
covariates covariates
TREATMT | REF REC 375 406
TEACHG 121 23.09 21.02 1.13 -94
REF REC
PEER 109 23.15 24.84 1.18 2.88
CONTROL 65 17.8 18.89 -4.09 -3.07
NUMABILI | Low 96 20.22 21.31 -1.74 -.65 251 .086
Med 98 21.81 22.02 -16 5.43
High 101 23.77 22.53 1.81 .57
MODE Direct 237 22.11 22.00 14 4.03 .050 .014
Prelim 58 21.38 21.79 -.58 -.16
R=.757
R*= 574
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From table 4.5 pre-service teachers in the Reflective-Reciprocal Peer Tutoring had higher
adjusted achievement mean score (X =24.8; Dev. =2.88) than those in the Reflective-
Reciprocal Teaching group (X =21.02; Dev. = -.94) and the control group (X =18.89I;
Dev.= -3.07). The treatment has therefore impacted more on the experimental groups
than the control in terms of achievement in Integrated Science.

In order to trace the actual sources of the significant effect of treatment on
achievement, Table 4.6 presents the summary of Scheffé post hoc tests.

Table 4.6:  Scheffé Post hoc Tests of Achievement by Treatment

Treatment N X Treatment
1. Reflective- | 2. Reflective- | 3 control
Reciprocal Reciprocal.
Teaching. Peer. Tutoring
Reflective- Reciprocal 121 ] 21.02 *
Teaching
Reflective-Reciprocal Peer | 109 | 24.84 *
Tutoring
Control 65 18.89 * *

* Pairs of groups significantly different at p<.05

Table 4.6 shows that the Reflective-Reciprocal Teaching (¥=21.02) significantly differs
from the control group (1= 18.89). Also, the Reflective-Reciprocal Peer Tutoring group (
X=24.84) differs significantly from the control group. These significantly pair wise
differences were therefore, responsible for the significant effect of treatment on

achievement in Integrated. Science
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Ho 1p: There is no significant main effect of treatment on pre-service teachers’ science

process skills.

Table 4.7: ANCOVA of Posttest Science Process Skill Score of Pre-service
Teachers by Treatment, Numerical Ability and Mode of Entry

Source of varicose Sum of square Df Mean F Sig
square

Covariates PRE-SKIL 41773.420 1 41773.420 2058.886 | .000

Main effects (combined) 1416.579 5 283.316 13.964 .000
TREATMENT 1360.388 2 680.194 33.525 .000"
MODE 20.898 1 20.898 1.030 311
NUMUMERICAL ABILIT 35.294 2 17.647 .870 420

2-way interactions (Combined) 218.994 8 27.374 1.349 219
TREATMENTx MODE 71.418 2 35.709 1.760 74
TREATMENTx
NUMERICAL ABILITY 112.159 4 28.040 1.382 .240

MODE x NUMERICAL

ABILITY 20.366 2 10.183 502 .606

3-Way Interaction TREATMENTxMODEXx 120.664 4 30.166 1.487 .206

NUMERICAL ABILITY

Model 43529.656 18 2418.314 119.191 | .000
Residual 5599.856 276 | 20.289
Total 49129.512 294 | 167.107

Significant of p<.05
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Table 4.7 shows that there is significant effect of treatment on pre-service teachers
science process skills (F, 276y= 33.525, p<.05). This implies that the difference in the
science process skills of pre-service teachers exposed to Reflective-Reciprocal Teaching,
Reflective-Reciprocal Peer Tutoring and control are significant. Hypothesis 1b is hereby
rejected.

Table 4.8:  MCA OF Science Process Skills by Treatment, Numerical Ability and

Mode of Entry
Variable + N Predicted Mean Deviation Eta Beta
Category Unadjusted | Adjusted Unadjusted | Adjusted
For Factors For Factors
and and
Covariates Covariates
TREATMENT REF REC
TEACH 121 | 65.95 57.50 13.79 5.34
REF REC
PEER 109 |43.22 49.28 -8.94 -2.88 893 | .351
CONTROL | 65 41.48 47.04 -10.68 -5.12
NUMERICALA | Low 96 47.74 52.47 -4.42 31
BILITY Med 98 51.95 52.38 -21 22 -.280 | .029
High 101 | 56.56 51.65 441 -51
MODE Direct 237 | 51.60 52.02 -.56 -14 .087 | .022
Prelim 58 54.43 52.73 2.27 57

R=.938

R%=.879
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From Table 4.8, the Reflective-Reciprocal Teaching group had higher adjusted posttest
science process skills mean score (X=57.50; Dev =5.34) than their counterpart exposed to
the Reflective-Reciprocal Peer Tutoring (¥=49.28; Dev. = -2.88) and those in the control
group (¥=47.04; Dev. 5.12). To this end, the Reflective-Reciprocal Teaching proved
more effective than the Reflective-Reciprocal Peer Tutoring and the control.

Table 4.9 tests the pairs of groups for significance so as to trace the control source(s)

of significance.

Table 4.9:  Scheffé Post hoc Tests of Science Process Skills by Treatment

Treatment N X Treatment
1.Reflective- | 2.Reflective- 3 Control
Reciprocal Reciprocal
Teaching Peer Tutoring

1.Reflective- 121 57.50 * *

Reciprocal

Teaching

2.Reflective- 109 49.28 *

Reciprocal

Peer Tutoring

3.Control 65 47.04 *

* Pair of groups significantly different at p<.05
Table 4.9 shows that the significant effect of treatment on the pre-service teachers science
process skills is due to the significant pair wise difference between RRT (¥=57.50) and
RRPT (¥=67.04) as well as between RRT (¥=57.50) and the control group (1=47.04).
Ho2a: There is no significant main effect of mode of entry on pre-service teachers’

achievement in Integrated Science.
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Table 4.4 shows that mode of entry has no significant effect on the pre-service teachers
achievement in Integrated. Science (F, 276)= .115; p>.05). Based on this, hypothesis 2a is
not rejected.

Table 4.5 has also shown that the adjusted posttest mean achievement score is slightly
higher for the pre-service teachers admitted through direct entry (¥=22.00; Dev= 4.03 E-
02) than the mean score of those through the prelim (¥=21.79; Dev. =-.16).

Ho2b: There is no significant main effect of mode of entry on pre-service teachers

science process skills.

Table 4.4 shows that there is no significant effect-of mode of entry on pre-service
teachers’ science process skills (F(1, 276y =1.030; p>.05). Hypothesis 2b is therefore, not
rejected.

From Table 4.5, the MCA shows that the adjusted posttest science process skills
mean scores place the pre-service teachers through prelim at an edge (Y= 52.73;
Dev.=.57) over those through direct (¥=52.02; Dev.= -.14).

Ho3a: There is no significant main effect of numerical ability on Pre-service teachers’
achievement in Integrated Science.

From Table 4.4, there is no significant effect of numerical ability on the
achievement of the pre-service teachers (F, 276y =2.113; p>.05). The null hypothesis 3a is
therefore not rejected.

Table 4.5 also shows that the high numerical ability group had higher adjusted
posttest mean achievement score (¥=22.53; Dev. =.57) than the medium ability (¥=22.02,

Dev. =5.43E-02) and the low numerical ability group (X=21.31; Dev.= -65) respectively.
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Ho3b: There is no significant main effect of numerical ability on Pre-service teachers’
Science Process skills.

Table 4.7 shows that numerical ability has no significant effect on pre-service teachers
science process skills (F, 276)= 870; p<.05). On this basis, hypothesis 3b is not rejected.

From Table 4.8 pre-service teachers with low numerical ability had higher
adjusted posttest achievement mean score (¥=52.47; Dev. =.31) than their contempt’s
with medium ability (¥=52.38; Dev.=.22) and high ability (X= 51.65; Dev. =-51)
respectively.

Ho4,: There is no significant interaction effect of treatment and mode of entry on pre-
service teachers’ achievement in Integrated Science.

From Table 4.4, there is no significant interaction effects of treatment and mode of entry
on pre-service teachers achievement in integrated science (Fp.276= .174; P>.05).
hypothesis 4a is, therefore, not rejected.

Ho4b: There is no significant interaction effect of treatment and mode of entry on pre-
service teachers’ science process skills.

Table 4.7 shows that the 2-way interaction effect of treatment and mode of entry
on science process skills is not significant (F276= 1.760; p>.05). Hence, hypothesis 4b
is not rejected.

Hob5a: There is no significant interaction effect of treatment and numerical ability on pre-
service teachers’ achievement in Integrated Science.

From Table 4.4, treatment and numerical ability has no significant interaction effect on
pre-service teachers in integrated science (Fuo276= .686; p>.05). Hypothesis 5a is

therefore, not rejected.
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Ho5b: There is no significant interaction effect of treatment and numerical ability on pre-
service teachers’ science process sKills.

Table 4.7 shows that there is no significant 2 way interaction effect of treatment and
numerical ability on pre-service teachers science process skills (F, 276)= 1.382; p>.05).
On this basic, hypothesis 5b is not rejected.

Ho6a: There is no significant interaction effect of mode of entry and numerical ability on
pre-service teachers’ achievement in Integrated Science.

Table 4.4 shows that mode of entry and numerical ability has no significant interaction
effect on pre- service teachers’ achievement in integrated science (F,276= 1.260, p>.05).
Hence, hypothesis 6a is not rejected.

Ho6b: There is no significant interaction effect of mode of entry and numerical ability on
pre-service teachers’ science process skills:

From Table 4.7 the interaction effects on mode of entry and numerical ability on pre-
service teachers science process skills is not significant (F276)=. 502; p>.05). Hypothesis
6b is therefore, not rejected.

Ho7a: There is no significant interaction effect of treatment, mode of entry and
numerical ability on pre-service teachers’ achievement in Integrated Science.

Table 4.4 shows that the 3-way interaction effect of treatment, mode of entry and
numerical ability on pre-service teachers’ achievement in integrated science is not
significant (F, 276)=. 193; p>.05). Hypothesis 7a is therefore not rejected.

Ho7b: There is no significant interaction effect of treatment, mode of entry and

numerical ability on pre-service teachers’ science process skills.
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From Table 4.7, it was obtained that the 3-way interaction effect of treatment, mode of
entry and numerical ability on pre-service teachers, science process skills is not
significant (F, 276= 1.487; P> .05). Hypothesis 7b is therefore not rejected.

4.3 Discussion of findings

4.3.1 Effect of Treatment on Pre-service Teacher’s Achievement

The major finding of this study is that there is a significant difference in the
achievement of pre-service teachers exposed to Reflective-Reciprocal Peer Tutoring,
Reflective-Reciprocal Teaching and the Conventional Teaching strategies. The
Reflective-Reciprocal Peer Tutoring was the most effective strategy followed by the
Reflective-Reciprocal Teaching with the Conventional strategy been the least effective.
The superiority of Reflective-Reciprocal Peer Tutoring may be due to the fact that it had
a structured format where pre-service teachers taught, monitored, and evaluated one
another. That is, pre-service teachers were part of the educational process and were able
to prepare instructional materials, plan the lesson, deliver the lesson receive feedback
from peers and reflect after the lesson to identify where problems arose with probable
solutions provided against other classes. They functioned both as tutor and as tutee while
the teacher acted as a facilitator.

Also the pre-service teachers monitored their academic progress in a group
context, setting team goal and managing their own group reward. These assist the pre-
service teachers to improve their perceptions of their own academic competence and self-
control. It also made the pre-service teachers to be responsible for their actions in the
class, monitoring their academic progress rather than being passive learners. The pre-

service teachers were at the center of the teaching and learning process. The bulk of the
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responsibility lied on them with the classroom teacher only monitoring and providing
help when the “teacher” had trouble answering students’ questions. The pre-service
teachers played the major and important roles in the classroom setting. These roles
developed their self-confidence and made them to possess sense of self-direction and
self-control in teaching. It also empowered them to take responsibility for their own
action and that of their group.

Pre-service teacher’s better performance in Reflective-Reciprocal Peer Tutoring
may also be due to the fact that they worked cooperatively with their peers thereby
providing the social context for the pre-service teachers to actively learn and make deeper
connections among facts, concepts and ideas. This developed their social and
communication skills, increased cooperation-and tolerance of one another as pre-service
teachers were from diverse background working together to achieve group goal and
aspiration. This made learning to be more permanent. The improvement in achievement
with the use of Reflective-Reciprocal Peer Tutoring over the two other strategies may
also be due to the fact that it utilized group reward system and interdependence that
maximized learning and motivation. The pre-service teachers were active learners in the
classroom. They took active part in the planning and delivering of a lesson thereby
acquitting them with the role of a teacher. This finding is in agreement with the earlier
research results obtained by Fantuzzo, King and Heller (1992), Slavin (1991) Griffin and
Giffin (1997), Fuchs and Fuchs (2003) and Mayfield and VVollmer (2007).

The Reflective-Reciprocal Teaching was more effective than the Conventional
Strategy. This may be as a result of its shift from the instructor-centered to student-

centered style where there was a construction of meaning between the Lecturer and the
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pre-service teachers which consequently led to high quality learning. The Pre-service
teacher swapped roles with the Lecturer thereby increasing their confidence and level of
understanding. This strategy encouraged the pre-service teachers to feel comfortable
expressing their ideas and opinion in open dialogue. This dialogue included discussions,
questions and answers, with feedback after which both the lecturer and the pre-service
teachers reflected on what happened in the classroom. They identified common problems,
thought about possible solutions and attempted an action plan to use against the
forthcoming class.

Also, in Reflective-Reciprocal Teaching the pre-service teachers thought before,
during and after the lessons and this made them to consult different texts before the
lesson and this in turn widened their horizon.on the topic. This also helped the pre-service
teachers to forge connections between theory and practice. The improvement on pre-
service teachers’ performance in the strategy over the Conventional strategy may also be
as a result of pre-service teachers checking their understanding of materials they
encountered by generating . questions, clarifying concepts, summmarising important
information from text and ruminating over all these after the class. This gave the pre-
service teachers opportunity to monitor their learning and thinking processes. The
Reflective-Reciprocal Teaching required the pre-service teachers to interact and
participate actively in the class. This fostered healthy relationships and helped to create
an ideal learning and social environment. The superiority of this strategy over the
conventional strategy may also be as a result of the topic used being mostly in text with
minimal mathematical operations as Reflective-Reciprocal Teaching strategy was most

effective with text. This result is in agreement with the findings obtained by Lavariee
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(2000), Rosenshine and Meister (2003), Oczkus (2003), Hashey and Connors (2003) ,
Foster and Rotoloni (2005), Peter, David, Cheri, William and Carl (2006) and Clarke
(2007) who all found Reflective-Reciprocal Teaching as effective in the teaching of science.
4.3.2. Effects of Treatment on Science Process Skills in Integrated Science

The result obtained showed that there was a significant main effect of treatment
on pre-service teachers’ science process skills. The Reflective-Reciprocal Teaching was
more effective than the Reflective-Reciprocal Peer Tutoring-and. the Conventional
teaching strategy. The superiority of the Reflective-Reciprocal Teaching at improving
science process skills may be as a result of the nature of the strategy which involved a
little input by the lecturer since both the lecturer and the pre-service teacher shifted role
during the lessons. The lecturer in this group brought their expertise to bear based on the
training that the researcher gives them which took to. Hence, the science process skills
acquired by the pre-service teachers in this group were higher than those acquired by pre-
service teachers in the two other groups. This finding is in agreement with the results
obtained by Harlen (2000) as well as Marzano, Pickering and Pollock (2001) that
teachers’ role have positive influence on the science process skills.

The Reflective-Reciprocal Peer Tutoring was more effective than the
Conventional Teaching Strategy probably because pre-service teacher in this group were
in full control of the activities involved in the practical class. Pre-service teachers in this
group therefore acquired some skills and still retained those skills. This accounted for
their higher adjusted posttest science process skills mean score and hence, the
effectiveness of the Reflective-Reciprocal Peer Tutoring strategy over the Conventional

Teaching Strategy. This finding is in line with the finding of Driscoll, (2000), Ong and
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Kenneth, (2005) who found that learners readiness, their interaction with others and
active participation and involvement were major factor in development of science process
skills.
4.3.3 Effect of Mode of Entry on Achievement and Science Process Skills

The result obtained in this study showed that there was no significant effect of
mode of entry on both achievements in integrated science and science process skills in
integrated science. However, there is still a difference in adjusted posttest mean
achievement score of the direct entry group of pre-service teachers. The direct entry
group performed better than their prelim counterpart in achievement but the prelim group
performed better than direct entry group in science process skills. On achievement,
increase in the performance of the direct entry student over their prelim counterpart might
be as a result of their possessing more entry requirement than the prelim student. That is
they possess the minimum entry requirement needed for them to be admitted directly for
the 3-year course. The increase in performance of prelim group in science process skills
may be as a result of their spending one year ahead of the direct entry group in the
college. Also, they might have been exposed to some skills during their first year in the
college as a preliminary student. That is, the duration of their stay in the college might
have contributed to their improved performance in science process skills. This is also in

agreement with the finding of Simeon and Nancy (2010).

4.3.4 Effects of Numerical Ability on Achievement and Science Process Skills
The result of the study showed that there was no significant effect of numerical

ability on pre-service teachers’ achievement in integrated science and science process
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skills. Although on achievement, the pre-service teachers with high numerical ability
performed better than those with medium numerical ability and those with low numerical
ability (that is high >medium> low), on science process skills those with low numerical
ability perform better followed by those with medium numerical ability and those with
high numerical ability (that is low> medium > high). This may be as a result of the fact
that the topic and the practical activities and problems in the study did not involve much
mathematical calculation such that if the student missed the few that involved calculation,
this might not have significant impact on their performance. This is in agreement with the
finding of Falaye (2006) that the impact of student’s numerical ability on students’

achievement is not significant.

4.3.5 Two-Way Interaction Effects ~of Treatment and Mode of Entry on
Achievement and Science Process Skills

The result obtained showed that the two-way interaction effects of treatment and
mode of entry in integrated science achievement and science process skills were not
significant. This implied that irrespective of pre-service teachers’ mode of entry into the
programme the Reflective-Reciprocal Peer Tutoring is still the most effective strategy in
terms of achievement, followed by Reflective-Reciprocal Teaching and the Conventional
Teaching Strategy. While the Reflective-Reciprocal Teaching is still the most effective
strategy in terms of science process skills, followed by Reflective-Reciprocal Peer
Tutoring and the Conventional Teaching Strategy. Pre-service teachers that entered
through prelim perform better than those that entered through direct entry in science

process skills but this difference is not significant. While on achievement the pre-service
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teachers admitted through direct entry performed better than those admitted though the

preliminary study

4.3.6 Two-Way Interaction Effects of Treatment and Numerical Ability on Pre-
service Teachers’ Achievement in Integrated Science and Science Process SKills

The two-way interaction effects of treatment and numerical ability on pre-service
teachers’ achievement in integrated science and science process skills were not
significant. The implication of this non-significant interaction effect showed that being of
high, medium or low numerical ability does not affect the pre-service teachers’
achievement and science process skills. That is irrespective of the level of numerical
ability, the Reflective-Reciprocal Peer Tutoring is still the best followed by the
Reflective-Reciprocal Teaching and the Conventional Teaching Strategy in terms of pre-
service teachers’ achievement. While the Reflective-Reciprocal Teaching is the best in
terms of science process skills followed by the Reflective-Reciprocal Peer Tutoring and

then the Conventional Teaching Strategy.

4.3.7 Two-way Interaction Effects of Mode of Entry and Numerical Ability on
Integrated Science Achievement and Science Process Skills.

The result obtained showed that the two-way interaction effect of pre-service
teachers’ mode of entry into the programme and their numerical ability on achievement
and science process skills were not significant. This result implies that if effective
teaching strategies such as the Reflective-Reciprocal Peer Tutoring and Reflective-
Reciprocal Teaching were used, the pre-service teachers either direct or prelim of high,

medium or low levels of numerical ability would perform better in Integrated Science
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achievement and science process skills. Although there may be some differences in the
achievement and science process skills of prelim and direct entry pre-service teachers of
high, medium and low levels of numerical ability, these differences would not be high
enough to attract serious consideration.
4.3.8 Three-Way Interaction Effects of Treatment, Mode of Entry and Numerical
Ability on Integrated Science Achievement and Science Process Skills

The result obtained in the three-way interaction effects-of treatment, mode of
entry and numerical ability were not significant on both Integrated Science achievement
and science process skills. This implies that if the same treatment is given to pre-service
teachers with high, medium and low levels of numerical ability that are admitted into the
college through either prelim or direct programme similar result would be achieved in
Integrated Science achievement and science process skills as have found in this study.
That is irrespective of the mode of entry of pre-service with high, medium or low
numerical ability level the reflective-reciprocal peer tutoring is still the most effective
follow by the reflective-reciprocal teaching and the conventional teaching strategy.
Whereas on science process skills the reflective-reciprocal teaching is the most effective
followed by the reflective-reciprocal peer tutoring with the conventional teaching strategy

been the least irrespective of their mode of entry and numerical ability level.
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5.0

CHARPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS

This chapter discusses the summary for the study. It also presents relevant

recommendations and conclusion.

5.1

Summary of Findings

The findings of this study could be summarized as follows:

There were significant main effects of treatment on pre-service teachers’
achievement and science process skills. On achievement the Reflective-
Reciprocal Peer Tutoring was more effective.than the Reflective-Reciprocal
Teaching and control while on science process skills, the Reflective-Reciprocal
Teaching was more effective than the Reflective-Reciprocal Peer Tutoring and
control.

There was no significant main effect of mode of entry on both achievement and
process skills in integrated science. However, direct entry group of pre-service
teachers perform better than their prelim counterpart in achievement but the
reverse is the case for process skills.

Numerical ability-had no significant effect on pre-service teacher’s achievement
and science process skills in integrated science. The trend on achievement is high
>medium> low while on science process skills it is low> medium > high.

There was no significant interaction effect of treatment and mode of entry on
achievement in integrated science and science process skills.

There was no significant interaction effect of treatment and numerical ability on
pre-service teachers’ achievement in integrated science and science process

skills.
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6  There was no significant interaction effect of mode of entry and numerical ability
on pre- service teachers’ achievement in integrated science and science process
skills.

7 There was no significant interaction effect of treatment, mode of entry and
numerical ability on pre- service teachers’ achievement in integrated science and
science process skills.

5.2 Implications of the Findings
Based on the findings of this study, the effectiveness of Reflective-Reciprocal
peer Tutoring strategy on pre-service teachers’ achievement in_Integrated Science has
been established. This study also established that Reflective-Reciprocal Teaching was
more effective than the Reflective-Reciprocal Peer Tutoring and the Conventional
teaching at improving pre-service teachers’ acquisition of science process skills. The use
of the two strategies will help to improve social interaction among the pre-service
teachers. It will also help in shifting the role of teacher in the classroom to that of a
facilitator. The strategy could be used to empower the pre-service teachers to take
responsibility for their own action. It will also help the pre-service teachers to see
Integrated Science as one of the best teaching subject as well as allowed the pre-service

teachers to have good grade and reduced the level of failure in the course.

The use -of Reflective-Reciprocal Peer Tutoring and Reflective-Reciprocal
Teaching could help improving the professional development of pre-service teachers
thereby making them better teachers when they are in the field practicing as teachers. It

will also reduce the effort of lecturers in training the pre-service teachers.
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5.3 Conclusion

The study has established that the Reflective-Reciprocal Peer Tutoring and
Reflective-Reciprocal Teaching Strategies are both effective at improving pre-service
teachers’ achievement in Integrated Science and science process skills at the College of
Education level. This is due to the fact that both strategies allowed the pre-service
teachers to meet their classroom needs, made teaching and learning to be more flexible
allowing room for change and growth, allow social interaction.among the lecturer and
pre-service teachers and within the pre-service teachers, encouraged self-regulation,
provided both lecturer and pre-service teachers feedback and empowered pre-service
teachers in self-confidence in terms of their abilities and efforts.
54  Recommendations
Based on the results obtained and discussed in this study, the following recommendations
are hereby made:

1. The use of Reflective-Reciprocal Peer Tutoring Strategy and Reflective-
Reciprocal Teaching were recommended to lecturers for the teaching of
Integrated Science in the colleges of education for better achievement of pre-
service teachers in integrated science.

2. The pre-service teachers should be encouraged by the lecturers by using the
strategies to teach them so that the pre-service teachers will be familiar with both
strategies and find it convenient and easy to use when practicing as a teacher.

3. The use of Reflective-Reciprocal Teaching is recommended to be used by the
lecturers in practical class for pre-service teachers’ better acquisition of science

process skills
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5.5

4. The pre-service teachers should be made to use both strategies by the lecturers

and supervisors when on teaching practice to improve the achievement of their
students.

The lecturer and pre-service teachers should be encouraged by their college
management to be a reflective teacher as this would be a form of professional

development.

6. Government should organize a form of in-service and re-training programme for

teachers in the effective use of the Reflective-Reciprocal Peer Tutoring and
Reflective-Reciprocal Teaching Strategies through organization of seminars,
workshop, and conferences for science teachers to improve their teaching skills as
well as improving the achievement and acquisition of science process skills of

their student.

Contribution of the Study to Knowledge

This study has contributed-to knowledge in the following ways:

It has been established that the Reflective-Reciprocal Peer Tutoring followed by
the Reflective-Reciprocal Teaching is effective in improving pre-service teachers’
achievement in Integrated Science. The result has provided a basis for curriculum
innovation in training the lecturers through in-service programmes to expose them
to these teaching strategies. Also the curriculum planners can also include the
strategies in training pre-service teachers so that they can be familiar with the
strategies and find them easier to use when practicing as teachers.

Also both strategies encourage social interaction among pre-service teachers as

they participated actively in planning and teaching, and also encourage group
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5.6

work as the pre-service teachers received help from their pair mate. This will help
all categories of pre-service teachers to participate actively during the lesson
thereby turning the learning of Integrated Science to be fun.

By learning with one another both strategies improve the pre-service teachers’
acquisition of science process skills as they have the opportunity of learning from
one another. This also improves their level of confidence at facing the class and
their communication skills.

The Reflective-Reciprocal Peer Tutoring and the Reflective-Reciprocal Teaching
gives the pre-service teachers opportunity to teach, monitor, evaluate one another
and reflect after the lesson to identify where problems arise with probable
solutions provided against other classes. This serves as a form of professional
development to the pre-service teachers.

Suggestions for Further Studies

Future research should focus on the use of Reflective Teaching Strategies by the

pre-service teachers in Colleges of Education in Nigeria during teaching practice

exercise. The study should also be replicated in other regions of the Federal Republic of

Nigeria and in other science subject areas such as Chemistry, Biology and Agricultural

Science.  Other moderator variables such as students’ cognitive style, self-efficacy and

attitude should also be investigated.
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APPENDIX 1

Operational guide for Experimental group 1
Reflective-Reciprocal Teaching
Duration: 2hours
Behavioral Objectives: At the end of the lesson, pre-service teachers should be able to:
1. Understand predicting, questioning, clarifying and summarizing strategies of
reflecting teaching
2. Apply the strategies in teaching the concept of speed, velocity and acceleration.
3. Predict the concept of speed, velocity and acceleration
4. Perform simple calculations on them
5. Derive the three equations of motion
6. State the differences between speed, velocity and acceleration
7. Clarify some misunderstanding and misconceptions on the concept.

8. Summarise the content of speed, velocity and acceleration.

Teaching Procedure

Phase One: Research assistant model this section

Pre-service teachers are grouped into heterogeneous small groups. The research
assistant provides instruction / teaches pre-service teachers on how to use the strategies.
(a) Predicting: pre-service teachers are encouraged to make the guess on the topic of the
lesson.

(i) predict what you think average speed is all about
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(i) what will happen when a car moving at a top speed suddenly saw a
school boys crossing

(iii) what makes a stationary object to move

(b) Questioning

(i) what is average speed?

(if) how would you determine the distance travelled from average
speed?

(iii) what are the differences between speed and displacement?

(iv) what happen to a body whose velocity increases?

(v) when does a body has uniform acceleration?

(vi) given initial velocity (u) acceleration (a) and distance travelled(s)

calculate the final velocity (v)

(c) Clarifying:

(i) Speed is the rate of change of distance moved with time while velocity
is the rate of change of displacement moved with time.
(ii) displacement is the distance covered by a body in a specified direction.

(i1i) average speed = distance travelled

Time taken

Unit = m/s
Distance = average speed x time taken
S.I unit of distance ism
S.1 unit of time is sec

(iv) Velocity = distance moved in a specified direct

Time taken
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Velocity = Displacement (x)

Time taken
Displacement x = vt

Average velocity = v + u = final velocity + initial velocity
2 2

(4) Summarizing

(i) Speed, velocity and acceleration are used in motion.

(ii) Speed is a scalar quantity while velocity and acceleration are vector
quantities.

(iii)Increase in velocity given rise to.acceleration while decrease in
velocity gives rise to deceleration. If the velocity of a body does not
change the body is said to move with uniform or constant velocity.

(iv) A body that starts from rest has zero initial velocity and body that

comes to rest hasa final velocity of zero.

Phase Two: Pre-service Teacher dominates.
The pre-service Teacher learn how to use predicting, questioning,
clarifying and summarizing strategies respectively as taught by research
assistance.

Phase Three: The research assistant reflects on the lesson:
Step 1: The research assistant discusses his/her self assessment with colleague
after the class.
Step 2: the pre-service teachers also discuss their self assessment with their mate

after the lesson.
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Step 3: they describe what happen in the class and what the general step of the
lesson is.

Step 4: they react on how well/badly the lesson went.

Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.

UNIT TWO
Duration: 3 HOURS
Topic: Graphical treatment of Speed, Velocity and Acceleration.
Behavioral Objectives: At the end of the lesson, pre-service teachers should be
able to:
Q) Understand predicting, questioning classifying and summarizing strategies
of reflective teaching.
(i) Apply the strategy in teaching the graphical aspects of speed, velocity and
acceleration.
(iii)  Predict the shapes of the following graphs (a) distance plotted against time
for uniform and non uniform speed
(b) displacement plotted against time for uniform and non uniform
velocity.

(c) Velocity plotted against time for uniform and non uniform velocity.

(iv) use the graphs in calculating speed, velocity acceleration as well as
instantaneous speed, velocity and acceleration.

(iv)  Use the graph to calculate total distance travelled in each case.
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Teaching Procedure
(a) Phase One: The research assistant model this section.
Pre-service teachers are grouped into small heterogeneous small groups. The
research assistant provides instruction and teaches pre-service teachers on the use
of the strategy.
(b) Predicting: Pre-Service teachers are encourage to make right guesses-on the topic
of the lesson
Q) Predict the shapes of graphs to be obtained in the each of the following
cases.
a. Distance plotted against time
b. Displacement plotted against time

c. Velocity plotted against time.

Questioning
(1) Explain how you would-obtain the speed, velocity and acceleration from each
graph plotted above.
(2) Discuss how-you would calculate the speed velocity, and acceleration at any
given instant.

(3) How would you calculate the total distance travelled in each of the above cases?

Clarifying
Speed of motion is obtained from a distance time graph. If a graph of distance (s) is

plotted against time (t) two graphs are possible to be obtained.
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Figure 13a : Graph of Uniform Speed
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Figure 13b: Graph of Non-Uniform Speed

The graph on fig. 13a shows that the speed is uniform, and it is obtained by /A,

While the graph in fig. 13b represents that the speed is non uniform, hence speed at any
given instant can be calculated which is known as instantaneous speed. Example:

instantaneous speed at x = “/x,, while that at point y is “%/x; etc. Velocity of motion is
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obtained from a displacement time graph. If a graph of displacement is plotted against

time, two different graphs are possible fig. 14a and 14b show the types.

A
Uniform Velocity
displacement AS
N | It |
| |
i |
} time | >
fig. 14a
Figure 14a: Graph of Uniform Velocity
A
Non Uniform Velocity
displacement }
\
\
\
\
\
\
\
| \
| | >
. tme |
t; t2
fig. 14b

Figure 14b: Graph of Non Uniform Velocity
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Fig. 14a shows a straight line meaning that the change in displacement per change in time
is constant hence velocity is uniform/constant.

It is obtained by calculating the slope of the graph in fig. 14a.

While figure 14b shows that the velocity is not constant, hence the velocity at a given
point can be calculated by drawing a target to the curve at that particular point from
these, draw a big triangle fig. 13b and calculate the velocity at that point. Also,
instantaneous velocity at point x = “*/, = instantaneous velocity atpoint x

Total distance travelled is the area under the graph. Acceleration of a body can also be
obtained from a velocity time graph. If velocity is plotted against time, three graphs are

possible.

A

Velocity Uniform Acceleration

/\v
v

—— — acceleration

At

At

\
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Fig.15c: Graph of Constant Velocity

Fig.15a Show a straight line passing through the origin implying that change in velocity
over change in time is constant. Therefore, from fig. 15b, the slope of the graph is
acceleration.

i.e 2V/, = acceleration and the acceleration is uniform.
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Fig. 15b shows a curve meaning that the acceleration varies, it is not uniform, here
acceleration at any given point is known as instantaneous acceleration example of
instantaneous acceleration at point x is “*/,; (fig. 15b)

Fig. 15¢ shows a straight line parallel to the x-axis indicating that the velocity is constant
hence acceleration is zero.

Total distance travelled is the total area under the graph.

Summarizing

Speed can be obtained from the graph of distance plotted against time.

Velocity can be obtained from a displacement time graph.
Acceleration is the slope of a velocity time graph. For uniform speed, velocity and
acceleration the graph is a straight line while it is a curve for non uniform speed, velocity
and acceleration.
The area under the distance, displacement and velocity time graph represent the total
distance travelled.
Phase Two
Pre-service teacher dominates
The pre-service teacher learn the above strategies i.e. predicting questioning clarifying
and summarizing respectively as taught by the research assistant.
Phase Three: Briefing/ Reflection
Step 1: The research assistant discusses his/her self assessment with colleague
after the class.
Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.
Step 3: they describe what happen in the class and what the general step of the
lesson is.
Step 4: they react on how well/badly the lesson went.
Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.
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UNIT THREE
Duration: 2 hours Topic: Linear Momentum
Behavioural Objectives: At the end of the lesson
Pre-service teachers should be able to:
Q) Understand predicting, questioning, clarifying and summarizing strategies of
reflective teaching.
(i) Apply the strategy in teaching the concept of linear momentum.
(iii)  Predict the concept of momentum, impulse, inertia and collision
(iv)  Solve simple calculation on linear momentum
(v) State Newton’s laws of motion
(vi)  List the three types of collision
(vii)  Explain each type of collision with example
Teaching Procedure
Phase One: The research assistant model this section
Pre-service teachers are grouped into heterogeneous
small groups. The research assistant provides instruction for pre-service
teachers on how to use the strategy.
(@) Predicting: Pre-service teachers are encouraged to make the following guesses:
Q) A body of mass (m) moving with velocity (v) will have......... ?
(it) . When a body collide with another body what happen to two bodies?
(iii)  Predict the unit of inertia and that of momentum

(iv)  Predict what happen to momentum when a gun is fired.
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(b) Questioning:

Q) Define linear momentum of a body

(i) Distinguish between momentum and impulse

(i) State Newton’s laws of motion

(iv)  Explain inertial of a body

(v) State the law of conservation of linear momentum

(vi)  State the three types of collision you know and explain them.

() Clarifying:

Q) Linear momentum (p) of a body is defined as the product of mass (m) of the body
and the velocity (v) at which the body is moving: Its unit is kgms™, it is a vector
quantity. Its magnitude is Mv and its direction is the direction of the velocity (v).

(i)  Momentum is associated with motion, a body in motion can have momentum
while impulse (1), is associated with collision. When a body collides with another
body, each receives an impulse or blow. The impulse consists of a large force
acting for a very.short time. |=Ftand P = Mv
Unit of I is Ns'while unit of P is kgms™. 1 is also a vector quantity.

(iii) ~ Newton laws of motion
Sir-Isaac, Newton discovered the relationship between force and motion. He
stated three important laws to explain motion. Newton’s Law 1, states that every
object continues in its state of rest or of uniform motion in a straight line unless it
is acted upon by external force.

Newton’s Law 2 states that the rate of change of momentum is proportional to the

applied force and takes place in the direction of the force. i.e.

141



F o change in momentum

Time taken for the change

F a mv - mu
t

F a m (r —u)
t

F a ma

F = Kma

K is a constant
witha value of 1
F = ma
F is in Newton

M is in Kilogram
ais inm/s’

The Newton is a unit of force which gives a mass of 1kg an acceleration of 1ms™.
The second equation of motion gives a measure of force as the product of mass and
acceleration of a body.

Law 3 states that to every action there is an equal and opposite reaction. This law
is applicable to collision. Example, if a body, A collides with a body B. It follows that
body A-exerts a force Fa €.g. 10N on body B in turn body B exerts a force Fg on body A
(10N). These two forces Fa and Fg are equal in magnitude (10N) each but opposite to
each others.

(iv). Inertia of a body is the tendency of a body to remain in its rest position or to

continue its motion in a straight line once it has started moving in the absence of
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external forces. This implies that inertia is inherent in a body at rest or in a
moving body with constant velocity. Inertia is a property of matter.
(v). Law of conservation of linear momentum states that in a closed system of
colliding objects the total momentum is conserve.
Note: That a closed or isolated system is a system where there is no external forces
acting.
Consider two objects of masses m, and m, moving with initial velocities u; and u;
in the same direction collide with one another.
Applying Newton’s 3" law action and reaction are equal but opposite.
M1 (V1 —Ug) =-mz (V2 — Up)

Momentum change of objects are equal but opposite

mivi—mu; = moVo + Mol
mivy + mpvo = mqUq + MoUy
muug + melUp, = mqVvy + Moo

Momentum is conserved total momentum before collision is equal to total

momentum after collision when there is no external force acting.

Types of Collision

1) Perfect Elastic Collision

2) Inelastic Collision

(3) Explosion

1) Perfect Elastic Collision: is the one with total kinetic energy and momentum are
conserved. Example: consider two objects of masses m; and m, moving with

initial velocities u; and u, collide elastically with each other the velocity of m; is
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reduced and that of m, is increased applying the principle of conservation of

energy and momentum, K.e and momentum are conserved.

Examples of elastic collision are a ball bouncing off the ground back to its
original height.

Inelastic collision

Momentum is conserved but kinetic energy decreases as it is converted to heat,
sound and elastic.

Potential energy in it also causes deformation. Example: an object dropped into a
mud. In inelastic collision the two objects stick together after collision, they then move
with the same common velocity.

Explosion

Momentum is conserved but Kinetic energy increases. Example when two cars are
made to fly a part after colliding with one another (both of them experience impact). The
impact of the first is equal and opposite to the impact of the second body. For examples,
if a body of mass in with velocity v collides explosively with another body moving with
velocity

mv = MV
Such that:
mv=-MV
my + MV=0

Summarizing:
Linear momentum is defined as the product of mass and velocity of a body. It is a
vector quantity. Impulse is the product of a large force and a short interval of time; unit is

Ns.
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1)

()

(3)

There are three laws of motion propounded by Sir Isaac Newton:

Every object remains in its position of rest or of uniform motion in a straight line
unless it is acted by external forces.

The rate of change of momentum is directly proportional to the applied force and
take place in the direction of the force.

To every action there is an equal and opposite reaction.

The three types of collision are elastic, inelastic and explosion:

Phase two: pre-service teacher dominates. The pre-service teacher learn how to use

predicting, questioning, clarifying and summarizing strategies respectively as taught by

the research assistant .

Phase three: Briefing / Reflection

Step 1: The research assistant discusses his/her self assessment with colleague
after the class.

Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.

Step 3: they describe what happen in the class and what the general step of the
lesson is.

Step 4: they react on how well/badly the lesson went.

Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.

UNIT FOUR

Duration: 2 hrs

Topic: Work, Energy and Power

Behavioral Objectives: At the end of the lesson, pre-service teachers should be able to:
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(1) Understand predicting, questioning, classifying and summarizing strategies of
reflecting-reciprocal teaching

(2) Apply the strategies in the teaching of work, energy and power

(3) Predicting the concept of work, energy and power

(4) Perform simple calculations on them

(5) Derive the formula for kinetic energy and potential energy

(6) Clarify some misunderstanding and misconceptions on the conecept.

(7) Summarizes the concept of work, energy and power.

Teaching Procedure
Phase One: The research assistant model this section
Pre-service teachers are grouped into heterogeneous small groups. The research
assistant provides instruction/teaches pre-service teachers on how to use the strategies.
(a) Predicting: pre-service teachers are encourages to make a guess on the topic of the
lesson.
Q) When is work said to be done?
(i) Did a boy holding a pile of book does any work
(iii) - ~What do you need to do work?
(iv) " What are the different forms of energy?
(v) What are the unit of work, energy and power?
(b) Questioning
0] What is work?
(i) What is its unit?

(i)  What is its mathematical definition?
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(iv)  What is energy?

(v) Mention different forms of energy

(vi)  Differentiate between K.E and P.E

(vii)  Deduce the formula for K.E and P.E

(viit)  State law of conservation of energy

(c) Clarifying

Q) Work is said to be done only when a force causes movement
Work= Force x distance moved in the direction of force

(i) Its S.I unit is Joule

(i) Insymbolsisw="fxs

(iv)  Energy is what people or machines must have before they can do work. It is
define as the ability to do work. Its S.1 unit is Joule.

(V) Forms of energy includes:

e Chemical energy, nuclear energy, solar energy mechanical energy
Mechanical energy can be potential or kinetic energy. Potential energy ils
energy-a body has because of its position while Kinetic energy is the energy a
body possess as a result of its motion

(vi) « Derivation of K.E and P.E formula
I Kinetic energy: suppose a body of mass m is at rest and is acted on by
a steady force f which gives it a uniform acceleration a, so that the
velocity of the body is v after it has moved a distance s. we can use the
equation v¥ = u® + 2as and, since u = 0

V2 =u? + 2as
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V2= 2as
a=v’/2a
substituting in f = ma

f=m (v¥/25) or FxS = */,mv?

f x s is the work done on the body to give it velocity v and therefore eguals to its
K.E. Hence
Kinetic Energy = K.E =/, mv?

ii. Potential Energy: A body above the earth’s surface is considered to
have an amount of gravitation P.E. equal to the work that has been
done against gravity by the force used to raised it. To lift a body of
mass m through a vertical height h needs a force equal and
opposite to the weight mg of the body, where g is the earth’s
gravitational field strength at the place.

Hence,
Work done by force = force x vertical height
.. P.E=mgh
(vii)  Poweris the rate at which work is being done or the rate at which it changes

energy from one form to another

.. Power = work done = energy change
Time taken = time taken

Unit of power is Walt (w) which is a rate of working of 1 joule per second
w  =1j/s
1 kw =1000w
1 mw =1,000,000w
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(viii) Calculation, under work, energy and power

(a) How much work is done when a force of 10N moves an object a distance of

5.0m.
Solution f = 10N, s=5.0m
Work =fxs
=10x5.0
=50Nm =50J

(b) What is the velocity of an object of mass 1.0kg which has 200J of Kinetic
energy
Mass = 1.0kg

K.E =200J

From K.E = Y/, mv?
200="/, 1.0 x v
100= v/,
VZ =100
V. =4100=10 m/s

(c) Calculate the P.E of a 5kg mass when it is 3m above the ground.

P.E=mgh  m=5kg, g=10m/s, m=3m
PE=5x10x3
=150

(d) A boy of mass 40kg runs up a flight of stairs of vertical height 5.0m in 8.0s.
what is his average power?

m = 40kg s=5.0m t=8.0s
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p=  work done
time take

but work = force x distance
= mass X acceleration x distance
=40x10x5
=2000J

.. Average power = 2000/8.0 = 250w

(ix)  Law of conservation of energy state that energy cannot be created or destroyed

but it can be changed from one form into another.

(d) Summarizing

Work is done when a force causes motion while energy is the ability or capability
to do work. Both are measured in joule

Work = Force x distance

K.E =',mv?i.e energy-abody posses as a result of its motion while P.E = mgh
which is the energy a body posses as a result of its position.
There are different forms of energy.
Power is the rate of doing work and its measured in watt.
Power = work done

Time taken

Phase Two: pre-service teacher dominates. The pre-service teacher learn how to use
predicting, questioning, clarifying and summarizing strategies respectively as taught by
the research assistant.

Phase three: Briefing / Reflection
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Step 1: The research assistant discusses his/her self assessment with colleague
after the class.

Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.

Step 3: they describe what happen in the class and what the general step of the
lesson is.

Step 4: they react on how well/badly the lesson went.

Step 5: general comment are made about the group.and the class as a whole and

suggestion were made for modification against next class.

UNIT FIVE

Duration: 3 hrs

Topic: Determination of (g) using simple pendulum bob

Behavioral Objectives: At the end of the lesson, pre-service teachers should be able to:

1. Understand predicting, . questioning, clarifying and summarizing strategies of
reflective-reciprocal teaching.

2. Apply the strategies in the determination of acceleration due to gravity (g) using
pendulum bob

3. .State the necessary precaution to be taken in performing the experiment.

4. Perform some calculations under the acceleration due to gravity (g)

Teaching procedure

Phase One: Research assistant model this section.
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Pre-service teacher are grouped into small groups. The research assistant provides
instruction on how to use the strategies.
a. Predicting: pre-service teacher are encouraged to make guess on the topic of the
lesson e.g
I.  What do you think will happen when an orange is drop from a tree?
ii. If a piece of paper and a mango were drop from the top of building which of
them do you think will first hit the ground
iii. What do you think responsible for your answer in (ii) above?
iv. In determining acceleration due to gravity (g) using simple pendulum, what
materials do you think will be needed

v. Do you think it will be necessary to take any precaution?

b. Questioning

i.  What is acceleration?

ii.  What is acceleration due to gravity?

iii. On what does the acceleration of a free fall of an object depends

Iv. What are the different method that can be used to determine the acceleration
due to gravity

v. What materials do you need to determine acceleration due to gravity (g) using
simple pendulum bob?

vi. What are the experimental steps to be taken in the determination of
acceleration due to gravity?

vii. What are the theory and calculation involved in the experiment?
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c. Clarifying
I. Acceleration is change in velocity in unit time

a. Acceleration due to gravity is the acceleration of a freely falling body denoted
by the italic letter g and the value is 9.8mls? (approximately 10mls?) but does
varies slightly from one place on earth to another, this implies that where air
resistance is negligible, the velocity of a falling body increase by 9.8mls every
second. On the other hand, an object short straight upward decelerates by 9.8mls
every seconds till it reaches its highest point. In calculation using the equation
of motion, g replaces a. It is given a positive sign for falling bodies and a
negative sign for a rising bodied since they are decelerating.

Acceleration due to gravity (g) can be determined using the following method

i Using steel ball and electric stop clock with the equation of motion S=1/,gt>

ii Using pendulum bob with the periods, T=2m\I/g

Materials needed: Pendulum bob-(e.g a metal sphere with a hook attached or with a hole
bored through its centre), cotton or thread, stop-watch, metre scale or metre rule, stand
and clamp, small improvised vice.

Methods:

- Tie a-metre length of the cotton or thread to the pendulum bob and suspend the
cotton from the jaws of an improvised vice, such as a two small metal plates held
in a clamp. Alternatively, two coins, two halves of a cork split length wise or the
jaws of a pair of pliers serve equally well for the point of suspension when

gripped in a clamp.

153



- Place a piece of paper with a vertical mark on it behind the pendulum so that
when the later is at rest it hides the vertical mark from an observer standing in
front of the pendulum.

- Set the pendulum bob swinging through a small arc of about 10°. With a stop-
watch measure the time for 20 complete oscillation setting the watch going when
the pendulum passes the vertical mark and stopping it 20 complete oscillations
later when it passes the mark in the same direction. Repeat the timing and record
both times.

- Measure the length 1 of the cotton thread from the point of suspension to the
middle of the bob. Shorten the length of the pendulum by successive amounts of
5cm by pulling the cotton thread through the vice and for each new length take
two observations of the time for 20 oscillations.

Tabulate the readings as follows:

Table 5: Determination of “g”

Length of Time for 20 oscillations Time for 1| T%/S?
pendulum I/m oscillation
T/s
t1/s Tols Mean t/s
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- Plot a graph with values of T%/S? as ordinates (y-axis) against the corresponding

values of I/m as the x-axis.

TS

v

l/m

Fig. 16: Graph of Period against Time
Calculation:
The periodic time T of a simple pendulum is given by
T=2m\1/g
Where g is the acceleration of free fall
2 T?=4nll g
From which it is seen that the graph of T2 against | will be a straight line whose slope
PN/QN measured from two convenient and well-separated points P and Q on the line, is
numerically equal to 4n’/g ,
Thus PNs*/QNm = 4n%/g

. g =4n* QN/PN ms™
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Precautions:
The following necessary precaution needs to be taken for accurate result and to
minimized error
- The counting of the oscillations most be correct
- Be careful to count complete oscillation
- Varying the lengths of the pendulum between 100cm to 30cm but do not go
beyond these limit. Length exceeding 100cm are difficult to measure and the
experiment becomes increasingly inaccurate. The shorter the length of the
pendulum the more accurate the result.

- Try to minimize error in timing.

Spit cork
Point of H:

suspension

Thread

Bob a;%]
Tape

Fig. 17: Experimental set-up of Determination of “g” using Simple Pendulum Bob
d. Summarizing

- acceleration due to gravity is the acceleration of a freely falling object
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- it is denoted by (g) and measured in ms™
- it can be determine using simple pendulum bob
- it can be calculated from the formular of a periodic time T = 2nV1/g
- when carryout the experiment some precaution needs to be taken.
Phase Two: Pre-Service teacher dominate.
The pre-service teacher learn how to use the strategies of predicting, questioning,
clarifying and summary as taught by the research assistance. They are allowed to carry
out the experiment within their various groups, plot the graph and determine the value of
g
Phase Three: The research assistant and the pre-service teachers reflect on the lesson
thus
Step 1: The research assistant discusses his/her self assessment with colleague
after the class.
Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.
Step 3: they describe what happen in the class and what the general step of the
lesson is.
Step 4: they react on how well/badly the lesson went.
Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.
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APPENDIX 11
Operational Guide for Experimental group 11
Reflective-Reciprocal peer tutoring Teaching strategies
Duration: 2hours
Topic: Speed and Acceleration
Behavioral objectives:
At the end lesson, pre-service teachers should be able to:
(1) Explain the strategy of reflective —reciprocal peer tutoring
(2) Apply the strategies in teaching the concept of speed, velocity and acceleration.
(3) Explain the concept of speed, velocity and acceleration
(4) Perform simple calculations on them
(5) Derive the three equations of motion
(6) State differences between speed, velocity and acceleration
Teaching Procedure
Phase One: Administration of test (The research assistant dominates)
Step 1: The research assistant administer a ten minutes quiz to pre-service teachers
Questions: (1) what is motion?

(2) When is a body said to be in motion?

(3) What is the major cause of motion?

(4) What stops a body from motion?

(5) Distinguish between contact force and non contact force

(6) Is mass and weight the same? Justify your answer.

(7) Mention one instrument for measuring weight of an object
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Step 2: The research assistant presents instruction on how to solve problems and also
explains the content of the subject matter as:

Speed is the rate of change of distance moved with time while velocity is the rate of
change of displacement moved with time.
Displacement is the distance covered by a body in a specified direction

Average speed = distance moved

Time taken

Unit m =ms

S
S.1 unit of distance is metre
S.1 unit of time is second

S.1 unit of speed = ms™

Velocity = distance moved in a specified direction

Time taken
=  displacement
time taken

S.lunit=m=ms*
S

Acceleration = increase in velocity = v-u

Time taken t

S.I unitofa= ms™ = ms? or m/s?
Equation of motion: If a body is moving with uniform acceleration (a) and its velocity
increase form u 1% equation to v in time t,

Acceleration (a) =v-u
t
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2" equation
If velocity of a body moving with uniform acceleration increases steadily. Its average
velocity therefore equals half the sum of its initial and final velocities
That is average velocity = u+v
2
If s is the distance moved in time (t), then since average velocity =

Distance or displacement.

Time

ut+v_=d but from equation (1) v=u + at

2t
J.utv becomesu+u+at =  distance
2 2 t
Becomes = 2u + at = distance
2 t
Becomes= u + 1/2at = distance = s
t t
s = u+1/2at
t
S= (utteat) t
2
S=ut+'at? ... second equation of motion

3" equation of motion

Form equation (1) v=u + at
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Form equation (2)  average velocity =u +u + at = 2u+at
2 2

Eliminate t from equations (1) & (2)
Procedure: square equal (1)
To give V2 = (u*+at )?
V2 = (u+at) + at (u+at)
V2= u? + uat + uat + a’t?
V2 = U+ 2uat + a® t?
V2 = u? +2a (ut+'/, at®)
ButS=ut+Y/;at?2
Substitute S = ut + /5, at® to get
v2 = U +2as 3" equation of motion
Summary
Speed, velocity and acceleration-are used in motion; speed is a scalar quality while
velocity and acceleration” are vector quantities. Increase in velocity gives rise to
deceleration .
A body is said to be'moving with uniform velocity whenever the velocity of the body is
constant it does not change, it covers the same distance or displacement in equal interval
of time.
A body from rest has initial velocity (u) equal to zero. A body come to rest has a final

Velocity v =0

161



Pre-service teachers

Phase two: grouping of pre-service teachers

Step 1: the pre-service teaches are mixed into small, mixed ability groups based on their
performance from the quiz

Step 2: Tutor training section, the research assistant train each groups on how to

(1) Introduce the lesson

(2) Explain basic concepts

(3) Provide examples, derive formulas

(4) Solve some problems.

Step 3: peer tutoring section

(a) Peer tutors present tutees with worksheets and problems to solve. Problem: A
body starts form rest and accelerates at 1.0m/s2 for 20 seconds, it then travel
with constant velocity for .1 minute and finally decelerates at 2.0 m/s2 until it
stops. Find the maximum velocity and the total distance travelled.

(b) Tutees are allowed to solve the problem.

(c) Tutors _mark tutees solution to problem; correct answer attract praise and
movement to the next problem stage while incorrect answer attract tutors
structural help and coaching.

Such coaching is as follows:
Solution

Body starts form rest, initial Velocity u =0

Solution: First stage (acceleration)

u=0, a=1.0m/s> t=20s, v="
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Using v=u+at

V=0+1.0x20=20m/s

To find distance s moved in the first stage we use s=ut+1/2at?

S=0%20+1/2x1x20°

S=200m

Second stage: v=20, t=60

Distance=velocity x time (since velocity is constant)
=20%60
=1200m

Third stage: using v’=u’+2as

S=v:-u’

2a
S=0-400/-4 =100m

Total distance travelled=200+1200+100 =1500m.

(d) Tutees try the solution again, correct answer attract praise and movement to

the next stage while in correct answer attract the attention of the research

assistant who is to coach and help the tutees in their weak areas. The tutees are

giving another chance to try the problem.

Step 4: peers shift roles and continue tutoring following (a) (b), (c) (d) till every member

has completed to be a tutor
Step 5: A 10 problem quiz is giving tutee participants
(1) What is speed?

(2) What is velocity?
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(3) Identify one difference between speed and velocity.

(4) What is the S.I unit of velocity?

(5) What is the value of initial velocity for a body that starts form rest?
(6) What is the value of final velocity for a body that comes to rest?

(7) When does a body accelerate?

(8) When does a body decelerates

(9) What is the S.I unit of acceleration?

(10) state the first equation of motion

Step 6: individual goals are combined with unit/ group goals.

Phase three: Briefing / Reflection
Step 1: The research assistant discusses his/her self assessment with colleague
after the class.
Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.
Step 3: they describe what happen in the class and what the general step of the
lesson is.
Step 4: they react on how well/badly the lesson went.
Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.
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UNIT TWO

Topic: Graphical treatment of speed, velocity and acceleration

Duration: 3hrs

Behavioural Objectives by the end of the lesson, pre-service teachers should be able to:

1.

2.

explain the strategy of reflective-reciprocal peer tutoring

apply the strategy in teaching graphical treatment of speed, velocity and
acceleration.

plot the graphs of distance against time, displacement against time, and
velocity against time.

calculate speed, velocity acceleration and total distance travelled from the
graphs plotted.

distinguish between speed, velocity acceleration and instantaneous speed,
velocity and acceleration graphically.

explain the various shapes of speed, velocity and acceleration graphs

Teaching procedure

Phase One: Administration if quiz (The research assistant dominates)

Step 1: The research assistant administer a ten minutes quiz to pre-service teachers

Questions (1) 'when a graph of distance, displace and velocity are plotted against time

what are the various shapes of graph likely to get

(2) explain the shapes of each graph

(3) explain how speed, velocity and acceleration of the motion can be calculated from

each graph.

(4) what is instantaneous speed, velocity and acceleration?

(5) how would (4) be obtained from graphs?
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Step 2: The research assistant presents instruction on how to solve the questions above
and present the content of the lesson/subject matters to pre-service teachers as:

If a graph of distance is plotted against time the following shapes are the graphs

Distance

/X uniform

slope — At = speed

\/

Time

fig. 18a

Fig. 18a: Shape of uniform speed
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A
Non Uniform Velocity
Distance
instanteneous /X
speedatx At
[x
[t tme

fig. 18b

Fig18b : Shape of Instantaneous speed

In fig. 18a the shape of the graph obtained shows that distance moved with time is
constant, hence a straight line graph is obtained. Hence the shape of the graph in fig. 18a
A%, is a uniform speed

While in fig. 18b, a curve is obtained when a graph of distance is plotted against time, the
curve shows that distance moved with time is not constant, hence, speed calculated at
different points‘on the graph are not constant, it varies. The speed at any given point is

called instantaneous speed at that particular point.

Step 11

Graphical treatment of velocity from displacement time graph

If a graph if displacement is plotted against time, the following graphs are obtained.
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Displacement

Ix
slope = —

At

Time

fig. 19a

fig. 19a: Graph of Uniform Velocity

Displacement

/it

X instantaneous

At — velocity at point y

fig. 19b

fig.19b: Graph of Instantaneous Velocity

\j

time



The research assistant explains each of the graph obtained and how to calculate velocity

and instantaneous velocity as in fig.19a&b and total distance covered.

Step 111
Graphical treatment of acceleration from velocity time graph.
If a velocity is plotted, against time, the following graphs are obtained

Fig.290a

Velocity

v uniform

A\t — acceleration

\j

Time
fig. 20a

Fig. 20a: Uniform Velocity / Time
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Velocity

acceleration

\j

Time
fig. 20b

Fig. 20b.:Instantaneous Velocity

A
Velocity

Uniform Velocity

distance travelled

70

Time

fig. 20c

Fig. 20c.: Constant Velocity i.e acceleration=0
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Note: if the graph is a curve, to calculate instantaneous speed velocity or acceleration at
any given point, draw a target to the curve at that particular point from it you can then
draw a large triangle ABC and calculate the slope. The

total distance travelled can be calculated as the total area under the graph.

Summary

(1) For uniform speed, velocity and acceleration their graphs against time are straight
line graphs.

(2) If a curve is obtained the instantaneous speed, velocity and acceleration are
calculated by drawing a target to the curve at a particular place from these, a large
triangle can be constructed and the slope of the triangle at that instant gives
instantaneous speed velocity and acceleration at that point.

(3) The area under the distance, displacement and velocity graphs gives the total

distance travelled.

Phase Two:

Grouping of pre-service teachers

Step 1: the pre-services teachers are grouped into small mixed ability groups based on
their performance in the pretest.

Step 2:tutor training section:

The research assistant train each groups on how to:

Tintroduce the lesson

2 explain basic concepts

3 provide examples, plot graph

4 solve some simple problems using graph
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Step 3: peer tutoring section

(a) Peer tutors present tutees with worksheets and problem to solve.

Question: A body starts from rest and accelerates at 1.oms-? for 20 second then travels
with contact velocity for 1 minute and finally decelerates at 2.oms-2 until it stops. Sketch
the graph of motion and calculate the maximum velocity and total distance traveled from
the graph

(b) Tutees are allowed to solve the problem.

(c) Tutors mark tutees solution, correct answer permits movement of tutees to the next
stage while incorrect answer attract the attention of the research assistant who is the

coach and help the tutees in their weak areas.

Step 4: peers shift roles and continue tutoring following (a), (b), (c), (d) till every member
has completed tutoring.
Step 5: tutees are giving test on displacement, and velocity and acceleration.
1. when graphs of distance are plotted against time what are the shapes of the graph
one is likely to get?
2. explain the shapes of each graph.
3. explain-how speed, velocity and acceleration of the motion could be obtained
from each graphs.
4. what is instantaneous speed, velocity and acceleration?

5. How would (4) be obtained from the plotted graph?
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Step 6: individual goals are combined with group goals

Phase 3: Briefing / Reflection

Step 1: The research assistant discusses his/her self assessment with colleague
after the class.

Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.

Step 3: they describe what happen in the class and what the general step of the
lesson is.

Step 4: they react on how well/badly the lesson went.

Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.

UNIT THREE

Duration: 2 hours Topic: Linear Momentum

Behavioral Objectives: At the end of the lesson, Pre-service teachers should be able to:

(i)

(ii)
(iii)
(iv)
(V)

Define and explain the concept of momentum, impulse, inertia, collision and
weightlessness.

Solve simple calculation on linear momentum

State Newton’s laws of motion

List the three types of collision

Explain each type of collision with example

Teaching Procedure

Phase one: Administration of test (research assistant dominates)

Step 1: research assistant administers a ten minutes quiz to pre-service teachers.
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Questions:

1) Define linear momentum of a body

2 Distinguish between momentum and impulse

(€)) State Newton’s laws of motion

4) Explain the concept inertia

5) State the laws of conservation of linear momentum

(6) List the three types of collision you know

Step 2: The research assistant presents instruction on how to solve problems and also
explains the content of the subject matter as:

Linear Momentum (p) of a body is defined as the product of mass (m) of the body
and the velocity (v) at which the body is moving. Its unit is Kgms™. It is a vector quantity
its magnitude is M and its direction s the direction of velocity (v). Momentum is
associated with motion, a body in.motion is said to have momentum while Impulse (1) is
associated with collision. Whenever a body collides with another body, each receives an
impulse or consists of large force acting for a very short time.

Impulse = Ft and P = Mv unit of Impulse is Ns while unit of P is Kgms™. | & P
are vector quantities.

Newton’s laws of motion, Sir Isaac Newton discovered the relationship between
force and motion. He formulated three important laws to explain motion.

Newton’s first law of motion states that every object continues in its state of rest
or of uniform motion in a straight line unless it is acted upon by external force. Second
law states that the rate of change of momentum is proportional to the applied force and

take place in the direction of the force.
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The second equation of motion gives a measure of force as the product of mass and

acceleration of a body.

This law is applicable to. collision. Example, if a body, A collides with a body B. It
follows that body A exerts a force Fa e.g. 10N on body B in turn body B exerts a force Fg

on body A (10N). These two forces Fa and Fg are equal in magnitude (10N) each but

F « Change in momentum

time taken for the change

F a mv —mu
t

F a m(v—-u
T

Fa ma

F=Kma

K = a constant with a value of 1
F =ma, Fisin Newton
M is in Kilogram

aisin ms?

The Newton is a unit of force which gives a mass of 1kg an acceleration of 1ms™.

Newton’s Law 3 states that to every action there is an equal and opposite reaction.

opposite to each others.

().

Inertia of a body is the tendency of a body to remain in its rest position or to
continue its motion in a straight line once it has started moving in the absence of
external forces. This implies that inertia is inherent in a body at rest or in a

moving body with constant velocity. Inertia is a property of matter.
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(i).  Law of conservation of linear momentum states that in a closed system of
colliding objects the total momentum is conserve.
Note: That a closed or isolated system is a system where there is no external forces
acting.
Consider two objects of masses m, and m, moving with initial velocities u; and u;
in the same direction collide with one another.
Applying Newton’s 3" law action and reaction are equal but opposite.
my (V1 — Vo) = -my (V2 — Up)

Momentum change of objects are equal but opposite

mivi—mu; = moVo + Mol
mivy + molU, = miVvy + Mol
muug + molUp, = miVvy + Moo

Momentum is conserved. total momentum before collision is equal to total
momentum after collision when there is no external force acting.
Types of Collision
1) Perfect Elastic Collision
2) Inelastic Collision
3) Explosion
1) Perfect Elastic Collision: is the one in which the total kinetic energy and
momentum are conserved. Example consider two objects of masses m; and m, moving
with initial velocities u; and u, collide elastically with each other the velocity of My is
reduced and that of M, is increased applying the principle of conservation of energy and

momentum, K.E and momentum are conserved.
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Examples of elastic collision are a ball bouncing off the ground back to its

original height.

Inelastic collision

Momentum is conserved but kinetic energy decreases as it is converted to heat,
sound and elastic.

Potential energy and heat also causes deformation. Example: objects dropped into
a mud. In inelastic collision the two objects stick together after collision, they then move
with the same common velocity.
Explosion

Momentum is conserved but Kinetic energy increases. Example when two cars are
made to fly a part after colliding with one another (both of them experience impact). The
impact of the first is equal and opposite to the impact of the second body. For examples,
if a body of mass m with velocity v collides explosively with body of mass M with
velocity v.

mv =- MV
Such that:
mv =- MV
mv+ MV=0
Summary:

Linear momentum is defined as the product of mass and velocity of a body. It is a
vector quantity. Impulse is the product of a large force and a short interval of time; unit is

Ns.
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There are three laws of motion propounded by Sir Isaac Newton:

1) Every object remains in its position of rest or of uniform motion in a straight line
unless it is acted by external forces.

2 The rate of change of momentum is directly proportional to the applied force and
take place in the direction of the force.

3) To every action there is an equal and opposite reaction.

Phase two: grouping of pre-service teachers

Step 1: The pre-service teachers are grouped into small mixed ability groups based on

their performance on the quiz.

Step 2: Tutor training section: The research assistant train each groups on how to train

using the following formulae:

1) Introduce the lesson

2 Explain basic concepts

3) Provide example on how to derive formula

4) Solve simple questions

Step 3: Peer Tutoring Section

@ Peer tutors present tutees with worksheet and problems, they are required to solve
problem.

Question 1: A reluctant force of 15.00N acts for 6.0s on a body of mass 4kg. Calculate

the change in momentum of the body within this period.

Question 2: A ball of mass 200g, traveling with a velocity of 100ms-1, collides with

another ball of mass 800g, moving at 50ms™ in the same direction. If they stick together,

what will be their common velocity?

178



(b) Tutees are allowed to solve the problem

(c) Tutors mark tutees solution to problem; correct answer attract praise and
movement to time next problem stage while incorrect answer attract tutors structural help
and coaching.

Such coaching is as follows:

Solution:

1) Given resultant force = 15N
t=6.0 Sec
m = 4kg

Change in momentum

Mv — Mu
t
Mv — Mu

1]
Tn

Ft

Change in momentum is Mv — Mu

= Ft
= 15X 6
A 90kgms™
= 0.2kg
(2). GivenM =200g, = 0.2kg
u; = 100ms-1
m, =800g =0.8kg
uz = 50ms-1

Find common velocity:
Apply muu; + mpu, = v (Mg + my)

V1 =V, common velocity
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Hence myu; + myu, = r(ml + Mz)

\ = myu; + mpu

mq +my
0.2 x 100 + 0.8 x 50
0.2 +0.8
v = 20 +40
1
V = 60ms™

(d).  Tutees try the solution again, correct answer attract praise and movement to the
next stage while in correct answer attract the attention of the research assistant who is to
coach and help the tutees in their weak areas. The tutees are giving another chance to try
the problem.
Step 4: Peers shift roles and continue tutoring following (a), (b), (c), (d) till every
member has completed tutor.
Step 5:
1) What do you understand by the form linear velocity?
(2 What is inertial of a body?
3) Define impulse of a force
4) State the unit of momentum, and impulse of a force.
(5) State Newton’s laws of motion
(6) List three types of collision and give example of each.
Step 6: Individual goals are combined with unit /group goals
Phase three: Briefing / Reflection
Step 1: The research assistant discusses his/her self assessment with colleague

after the class.
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Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.

Step 3: they describe what happen in the class and what the general step of the
lesson is.

Step 4: they react on how well/badly the lesson went.

Step 5: general comment are made about the group and the class as a whole and
suggestion were made for modification against next class.

UNIT FOUR

Topic: Work, Energy and Power

Behavioral Objectives: At the end of the lesson, pre-service teachers should be able to:

(1) Explain the strategies of reflective-reciprocal peer tutoring

(2) Apply the strategies in teaching the teaching of speed, velocity and acceleration.
(3) Explain the concept of work, energy and power.

(4) Perform simple calculations on them

(5) Derive the formula for kinetic energy and Potential Energy

(6) State law.of conservation of energy

Teaching Procedure
Phase One: Administration of test (The research assistant dominates)
Step 1: The research assistant administer a ten minutes quiz to pre-service teachers
Questions: (1) what is motion?
(2) when does a body said to be in motion?

(3) what is the major cause of motion?
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(4) what stops body from motion?
(5) Distinguish between contract force and non contract force
(6) Is mass and weight the same? Justify your answer.

(7) Mention one instrument for measuring weight of an object

Step 2: The research assistant presents instruction on how to solve problems-and also

explains the content of the subject matter as:

Work is said to be done only when a force causes movement
Work= Force x distance moved in the direction of force
Its S.I unit is Joule
In symbolsisw =fxs
Energy is what people or machines must have before they can do work. It is
define as the ability to do work. Its S.1 unit is Joule.
Forms of energy includes:
Chemical energy, nuclear energy, solar energy mechanical energy
Mechanical energy can be potential or kinetic energy. Potential energy ils
energy-a body has because of its position while Kinetic energy is the energy a
body possesses as a result of its motion
Derivation of K.E and P.E formula
iii. Kinetic energy: suppose a body of mass m is at rest and is acted on by
a steady force f which gives it a uniform acceleration a, so that the
velocity of the body is v after it has moved a distance s. we can use the
equation v¥ = u® + 2as and, since u = 0

vZ = u? + 2as
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V2= 2as
a=v’/2a
substituting in f = ma

f=m (v¥/25) or FxS = */,mv?

f x s is the work done on the body to give it velocity v and therefore eguals to its
K.E. Hence
Kinetic Energy = K.E =/, mv?

iv. Potential Energy: A body above the earth’s surface is considered to
have an amount of gravitation P.E. equal to the work that has been
done against gravity by the force used to raise it. To lift a body of
mass m through a vertical height h needs a force equal and
opposite to the weight mg of the body, where g is the earth’s
gravitational field strength at the place.

Hence,
Work done by force = force x vertical height
.. P.E=mgh
. Power is the rate at which work is being done or the rate at which it changes

energy from one form to another

energy change
time taken

.. Power = work done

Time taken
Unit of power is Walt (w) which is a rate of working of 1 joule per second

w  =1j/s
1kw =1000w

1 mw =1,000,000w
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Calculation, under work, energy and power

(a) How much work is done when a force of 10N moves an object a distance of

5.0m?
Solution f = 10N, S=5.0m
Work =fxs
=10x5.0
=50Nm =50J

(b) What is the velocity of an object of mass 1.0kg which has 200J of Kinetic
energy
Mass = 1.0kg

K.E =200J

From K.E = * mv?
200="/, 1.0 x v
100= v/,
VZ =100
V. =4100=10 m/s

(c) Calculate the P.E of a 5kg mass when it is 3m above the ground.

P.E=mgh  m=5kg, g=10m/s, m=3m
PE=5x10x3
=150J

(d) A boy of mass 40kg runs up a flight of stairs of vertical height 5.0m in 8.0s.
what is his average power?

m = 40kg s=5.0m t=8.0s
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p=  work done
time taken

force x distance

but work

mass x acceleration x distance

40x10x5

2000J

.. Average power = 2000/8.0

= 250w
. Law of conservation of energy state that energy cannot be created or destroyed

but it can be changed from one form into-another.

Summary

Work is done when a force causes motion while energy is the ability or capability
to do work. Both are measured in joule

Work = Force x distance

K.E =',mV?i.eenergy a body posses as a result of its motion while P.E = mgh
which is the energy a body posses as a result of its position.
There are different forms of energy.
Power is the rate of doing work and its measured in watt.
Power = work done

Time taken
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Phase two: grouping of pre-service teachers

Step 1: the pre-service teaches are mixed into small, mixed ability groups based on their
performance from the quiz

Step 2: Tutor training section, the research assistant train each groups on how to

(1) Introduce the lesson

(2) Explain basic concepts

(3) Provide examples, derive formulas

(4) Solve some problems.

Step 3: peer tutoring section

(a) Peer tutors present tutees with worksheets and problems to solve problem.

(b) Tutees are allowed to solve the problem.

(c) Tutors mark tutees solution to problem; correct answer attracts praise and
movement to the next problem stage while incorrect answer attract tutors
structural help and coaching.

(d) Tutees try the solution again, correct answer attract praise and movement to
the next stage while in correct answer attract the attention of the research
assistant who is to coach and help the tutees in their weak areas. The tutees are

giving another chance to try the problem.

Step 4: peers shift roles and continue tutoring following (a) (b), (c) (d) till every member
has completed tutoring
Step 5: A 10 problem quiz is giving tutee participants

(1) What is work?

(2) What is energy?
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3)
(4)
()
(6)
(7)
(8)
(9)

Identify one difference between K.E and P.E.

What is their S.1 unit?

What is power?

What is its S.1 unit?

State the law of conservation of energy

List 6 forms of energy

A 500kg mass is lifted through a vertical height of 20m in 25s by a crane.

Calculate the power output of the motor driving the crane.

(10) A force F acting on a body increases its K.E by 400j over a distance of 2.0m.

(a) Neglecting friction, how much work was done on the body? (b) What is

the value of F?

Step 6: individual goals are combined with unit/ group goals.

Phase three: Briefing / Reflection

Step 1: The research assistant discusses his/her self assessment with colleague

after the class.

Step 2: the pre-service teachers also discuss their self assessment with their mate

after the lesson.

Step 3: they describe what happen in the class and what the general step of the

lesson is.

Step 4: they react on how well/badly the lesson went.

Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.
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UNIT FIVE
Duration: 3 hrs
Topic: Determination of (g) using simple pendulum bob
Behavioral Objectives: At the end of the lesson, pre-service teachers should be able to:
1. Define acceleration due to gravity, g.
2. ldentify the materials needed for the determination of acceleration due to gravity.
3. Determine acceleration due to gravity using simple pendulum baob.
4. State the necessary precaution to be taken in performing the experiment.

5. Perform some calculations under the acceleration due to gravity (g)

Teaching procedure
Phase One: Administration of quiz (The research assistant dominates)
Step 1: The research assistant administers a ten minutes quiz to pre-service teachers.
Questions:

[ What is acceleration?

il differentiate between velocity and acceleration

i list all the'equations of motion and define all the terms in it.
Step 2: The research assistant presents instruction on how to solve problems and also
explains the content of the subject matter as:
Acceleration is change in velocity in unit time
Acceleration due to gravity is the acceleration of a freely falling body denoted by the
italic letter g and the value is 9.8mls® (approximately 10mls?) but does varies slightly
from one place on earth to another, this implies that where air resistance is negligible, the

velocity of a falling body increase by 9.8mls every second. On the other hand, an object
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short straight upward decelerates by 9.8mls every seconds till it reaches its highest point.

In calculation using the equation of motion, g replaces a. It is given a positive sign for

falling bodies and a negative sign for a rising bodied since they are decelerating.

Acceleration due to gravity (g) can be determined using the following method

Using still ball and electric stop clock with the equation of motion S=1/,gt?

Using pendulum bob with the periods, T=2m\1/g

Materials needed: Pendulum bob (e.g a metal sphere with a hook-attached or with a hole

bored through its centre), cotton or thread, stop-watch, metre scale or metre rule, stand

and clamp, small improvised vice.

Methods:

Tie a metre length of the cotton or thread to the pendulum bob and suspend the
cotton from the jaws of an improvised vice, such as a two small metal plates held
in a clamp. Alternatively, two coins, two halves of a cork split length wise or the
jaws of a pair of pliers serve equally well for the point of suspension when
gripped in a clamp.

Place a piece of paper with a vertical mark on it behind the pendulum so that
when the later is at rest it hides the vertical mark from an observer standing in
front of the pendulum.

Set the pendulum bob swinging through a small arc of about 10°. With a stop-
watch measure the time for 20 complete oscillation setting the watch going when
the pendulum passes the vertical mark and stopping it 20 complete oscillations
later when it passes the mark in the same direction. Repeat the timing and record

both times.
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Measure the length 1 of the cotton thread from the point of suspension to the
middle of the bob. Shorten the length of the pendulum by successive amounts of
5¢cm by pulling the cotton thread through the vice and for each new length take
two observations of the time for 20 oscillations.

Tabulate the readings as follows:

Table 5: Determination of ‘g’ using simple pendulum bob

Length  of | Time for 20 oscillations Time for || T%/S?
pendulum oscillation
I/m T/s

t1/s Tols Mean t/s

Plot a graph with values of T%/S? as ordinates (y-axis) against the

correspondingvalues of I/m as the x-axis.
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75

l/m

Figure 21: Graph of Period against Time
Calculation:
The periodic time T of a simple pendulum is given by
T=2ml/g
Where g is the acceleration of free fall
2 T?=47%/ g
From which it is seen that the graph of T2 against I will be a straight line whose slope
PN/QN measured from two convenient and well-separated points P and Q on the line, is
numerically equal to 47°lg,
Thus PNS?/QNm = 47°/g

g =4n° QN/PN ms™
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Precautions:
The following necessary precaution needs to be taken for accurate result and to
minimized error
- The counting of the oscillations most be correct
- Be careful to count complete oscillation
- Varying the lengths of the pendulum between 100cm to 30cm but do not go
beyond these limit. Length exceeding 100cm is difficult to measure and the
experiment becomes increasingly in accurate. The shorter the length of the
pendulum the more accurate the result.

- Try to minimize error in timing.

Spit cork
Point of H:
suspension
Thread
Bob yﬁ%]
Tape

Fig. 22: Experimental set-up of Determination of “g” using Simple Pendulum Bob
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Phase two: grouping of pre-service teachers
Step 1: the pre-service teaches are grouped into small, mixed ability groups based on
their performance from the quiz
Step 2: Tutor training section,
The research assistant train each groups on how to set-up the experiment
Step 3: peer tutoring section
(a) Peer tutors present tutees with recording sheets
(b) Tutees are allowed to watch and record experimental reading.
Step 4: peers shift roles and continue with the experiment till every member has
completed tutor
Step 5: each member of the group tabulate their readings and use it to plot a graph
Step 6: from the graph the group calculate the acceleration due to gravity g
Step 7: individual goals are combined with unit group goals.
Phase three: Reflection
Step 1: The research assistant discusses his/her self assessment with colleague
after the class.
Step 2: the pre-service teachers also discuss their self assessment with their mate
after the lesson.
Step 3:they describe what happen in the class and what the general step of the
lesson is.
Step 4: they react on how well/badly the lesson went.
Step 5: general comment are made about the group and the class as a whole and

suggestion were made for modification against next class.
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APPENDIX THREE
Operational Guide for Conventional Teaching Strategy (OGCTYS)
Topic: Speed and Acceleration
Duration: 2hours
Behavioral objectives: At the end lesson, pre-service teachers should be able to:
(1) Explain the concept of speed, velocity and acceleration
(2) Perform simple calculations on them
(3) Derive the three equations of motion
(4) State differences between speed, velocity and acceleration
The procedure is as follows:
Stepl: Research assistant introduces the lesson
Step 2: Research assistant explains theoretical bases on the topic as follows:
Speed is the rate of change of distance moved with time while velocity is the rate of
change of displacement moved with time.
Displacement is the distance covered by a body in a specified direction

Average speed = distance moved

Time taken
Unit m =ms?
S
S.1unit of distance is metre

S.l unit of time is second
S.1 unit of speed = ms™

Velocity = distance moved in a specified direction

Time taken
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= displacement

time taken

S.lunit=m=ms*
s

Acceleration = increase in velocity = v-u

Time taken t

a=v-u S.lunit is

S.1 unit of a= ms™ = ms or m/s?

Equation of motion: If a body is moving with uniform acceleration (2) and its velocity
increase form u 1% equation to v in time t,

Acceleration (a) = v-u
t

V-u=at

2" equation
If the velocity of a body moving with uniform acceleration, increase steadily, its average
velocity therefore equals half the sum of its initial and final velocities

That is average velocity = u+v
2

If S is the distance moved in time (t), then since average velocity =
Distance or displacement.
Time

u+v = d from equation (1) v=u + at
2t
J.ut+vbecomes ut+utat=d
t 2 t
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Becomes = 2u + at = distance

2 t
Becomes= u + 1/2at = distance = s
t t

s = u+1/2at

t
S= (u+'foat) t

2

S= ut+1/2at 2 . second equation of motion

3" equation of motion
Form equation (1) v=u + at

Form equation (2)  average velocity =u+u+at = 2u+at
2 2

Eliminate t from equations (1) & (2)
Procedure: square equal (1)
To give V2 = (u?+at )?
v2 = (u+at) + at (u+at)
v2 = U’ + uat + uat + a’t?
V2 = U+ 2uat + a° t2
V2 = u? +2a (ut+'/, at®)
ButS= ut+/, at 2
Substitute S = ut + %/, at® to get
v = U +2as 3" equation of motion

Step 3: Research assistant solves problems on the application of the equations of motion

e.g.
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A body starts form rest and accelerates at 1.0m/s* for 20 seconds, it then travel with
constant velocity for 1 minute and finally decelerates at 2.0 m/s? until it stops. Find the
maximum velocity and the total distance travelled.
Solution: First stage (acceleration)
u=0, a=1.0m/s> t=20s, v=?
Using v=u+at
v=0+1.0x20=20m/s
To find distance s moved in the first stage we use s=ut+1/2at?
S=0x20+1/2x1x20°
S=200m
Second stage: v=20, t=60
Distance=velocity x time (since velocity is constant)
=20%60
=1200m
Third stage: using v’=u’+2as

S=v?-u

2a
S=0-400/-4 =100m
Total distance travelled=200+1200+100 =1500m.

Step 4: Research assistant solicit questions from the class and give class
work

Step 5: Research assistant marks students work

Step 6: Research assistant concludes the lesson with corrections to students
work.
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UNIT TWO
Topic: Graphical treatment of speed, velocity and acceleration
Duration: 2hrs
Research assistant presents the topic of the lesson on the chalkboard.
Research assistant introduces the lesson to the student. As speed, -velocity and

acceleration can be obtained from graphs just as from equation.

Step 1: Research assistant sketches the various graphs possible if a graph of distance is

plotted against time.

Distance

\j

Time
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A
Distance

Time

Fig.23: Various Shape of Distance Time Graph

Research assistant explains the shape of the two graphs and demonstrates how to obtain
speed from the plotted graphs.

Step 2: plotting of displacement time graph

Research assistant sketches the graph of displacement against time.
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Uniform Velocity
Displacement

\j

Time
fig. 23a
Figure 23a.: Uniform Velocity
A
Non Uniform Velocity
Displacement
velocity at x — instantaneous
~ velocity
/v
It
Time :
fig. 23b
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. Uniform Acceleration
Velocity

\/

Time
fig. 23c
Fig.23c: Uniform Acceleration
A
Non Uniform Acceleration

Velocity A
instantaneous ~ AB
acceleration BC

C B

v

Time
fig. 23d

Figure 23d. Graph of instantaneous Acceleration
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Step 4: Research assistant solve problem for student as an example:
An object is working with a velocity of 2ms-' For 10 minutes, after which its
accelerates at the rate of 5m/s for 10 minutes after which velocity decrease at the
rate of 5m/s for another 20 second when it finally comes to rest.

Sketch the graph of motion and calculate its total distance traveled.
Solution

A
Velocity

20

10

Total distance traveled =Area of A of trapezium + Area of A=L+B+' (5+25) 10+)2bh
5% 10 + 15x% 10 + %2 x 20 x 25

50+150 +10 x 25

50+.150 + 250

=450M

Teacher concludes the lesson.
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UNIT THREE

Duration: 2 hours Topic: Linear Momentum
Behavioral Objectives: At the end of the lesson the pre-service teachers should be
able to:

(1) Define the concept of momentum, impulse, inertia, collision and weightlessness.

(i) Solve simple calculation on linear momentum

(i) State Newton’s laws of motion

(iv)  List the three types of collision

(V) Explain each type of collision with example

Step 1: Research assistant introduces the lesson with the concept of linear momentum

Q) Linear momentum (p) of a body is defined as the product of mass (m) of the body
and the velocity (v) at which the body is moving its unit is kgms™. It is a vector
quantity. Its magnitude is MV and its direction is the direction of velocity (V).

(i) ~ Momentum is associated with motion, a body in motion cell have momentum
while impulse (1), is associated with collision. When a body collides with another
body, each receives an impulse or blow. The impulse consists of a large force
acting for a very short time. 1=Ftand P = Mv
Unitof I is Ns while unit of P is kgms™. 1 is also a vector quantity.

Step 2: Research assistant states and explains Newton’s laws of motion

(iif).. Newton laws of motion
Sir Isaac, Newton discovered the relationship between force an motion. He stated

three important laws to explain motion law | states that every object continues in
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its state of rest or in a uniform motion in a straight line unless it is acted upon by

external force.

Law 2 states that the rate of change of momentum is proportional to the applied
force and takes place in the direction of the force. i.e.

Fo = change in momentum

Time taken for the change

Fa = mv - mu
t
Fo = m(v—u)buta=v-u
t t
Fa = ma
F =Kma

K is a constant
with a value of 1
F = Ma
Fis in Newton
M is in Kilogram
aisin m/s
The Newton is a unit of force which gives a mass of 1kg an acceleration of 1ms™.
The second eguation of motion gives a measure of force as the product of mass and
acceleration of a body.
Law 3 states that to every action there is an equal and opposite reaction. This law
is applicable to collision. Example, if a body, A collides with a body B. It follows that

body A exerts a force Fa €.9. ION on body B in turn body B exerts a force Fg on body A
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(10N). These two forces Fa and Fg are equal in magnitude (10N) each but opposite

direction to each others.

Step 3: Research assistant explains, concept of inertia, law of conservation of linear

momentum and types of collision.

(iv)  Inertia of a body is the tendency of a body to remain in its rest position or to
continue its motion in a straight line once it has started moving in the absence of
external forces. This implies that inertia is inherent in-a body at rest or in a
moving body with constant velocity. Inertia is a property of matter.

(V) Law of conservation of linear momentum states. that in a closed system of
colliding objects the total momentum is conserve.

Note: That a closed or isolated system is a.system where there is no external forces

acting.

Consider two objects of masses m, and m, moving with initial velocities u; and u;
in the same direction collide with one another.

Applying Newton’s 3" law action and reaction are equal but opposite.
my (Vi —Vz2) = -my (V2= Up)

Momentum change of objects are equal but opposite

mivi —muy = moVsy + Mol
mivy+ mol, = mqVvy + Mol
mqius +mol, = mivi + movs

Momentum is conserved total momentum before collision is equal to total

momentum after collision when there is no external forces acting.
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Types of Collision

D).
Q).
3).
D).

Perfect Elastic Collision

Inelastic Collision

Explosion

Perfect Elastic Collision: is the one with total kinetic energy and momentum are
conserved. Example consider two objects of masses m; and m, moving with
initial velocities u; and u; collide elastically with each other-the velocity of m; is
reduced and that of m, is increased applying the principle of conservation of
energy and momentum, K.e and momentum are conserved.

Examples of elastic collision are a ball bouncing off the ground back to its

original height.

Inelastic collision

Momentum is conserved but kinetic energy decreases as it is converted to heat,

sound and elastic.

Potential energy and heat also causes deformation. Example objects dropped into

a mud. In inelastic collision the two objects stick together after collision, they then move

with the same common velocity.

Explosion

Momentum-is conserved but Kinetic energy increases. Example when two cars are

made to fly a part after colliding with one another (both of them experience impact). The

impact of the first is equal and opposite to the impact of the second body. For examples,

if abody of mass in with velocity v collides explosively with body N, most with velocity

Mv = MV
Such that:
Mv = MV

Mv + MV=0
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Step 4: Research assistant solves problem

Question 1: A reluctant force of 15.00N acts for 6.0s on a body of mass 4kg. Calculate
the change in momentum of the body within this period.

Question 2: A ball of mass 200g, traveling with a velocity of 100ms-1, collides with
another ball of mass 800g, moving at 50ms™ in the same direction. If they stick together,

what will be their common velocity?

Solution:

(1).  Given resultant force = 15N
t=6.0 Sec
m = 4kg

Change in momentum

mv — mu = f
t
mv-mu = ft
Change in momentum is mv —mu

= . Ft

15x 6
90kgms™

0.2kg

(2). - Given M =200g, = 0.2kg

u; = 100ms-1
m, = 800g
U, =50ms-1 = 0.8kg
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Find common velocity:

Apply muug +mal; = r(mg + my)
V1 = I, common velocity

Hence myu; + mauy = r(my + My)

\ = myU; + mpu

m; + m;

0.2x 100+ 0.8 x50

0.2 +0.8
v o= 20 +40

1
(VAR 60ms™

Step 5: Research assistant asks question from pre-service teachers

Question 1:

The property of a body to remain at rest, or to continue to move in a straight line is
KNOWN @S, i e,

Question 2:

A body of mass 10kg, moving with velocity of 10ms™, hit a stationary body and had its
direction reversed and velocity changed to 7.5ms™ in 5 seconds. Calculate the force of
impact.

Step 6: Research assistant marks pre-service teachers work

Step 7: Research assistant concludes the lesson with corrections to pre-service teachers’

work
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UNIT FOUR

Topic: Work, Energy and Power

Duration: 2 hours

Behavioral Objectives: at the end of the lesson, pre-service teachers should be able to:

(1) Explain the concept of work, energy and power.
(2) Perform simple calculations on them
(3) Derive the formula for kinetic energy and potential Energy

(4) State law of conservation of energy

Teaching Procedure
Step 1: Research assistant introduces the lesson with the concept of work, energy and
power
Step 2: Research assistant gives explanation on the topic as follows:
" Work is said to be done only when a force causes movement

Work= Force x distance moved in the direction of force

. Its S:1 unitis Joule
. In'symbolsisw =fxs
. Energy is what people or machines must have before they can do work. It is

define as the ability to do work. Its S.1 unit is Joule.
. Forms of energy includes:

e Chemical energy, nuclear energy, solar energy mechanical energy
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e Mechanical energy can be potential or kinetic energy. Potential energy is
energy a body has because of its position while kinetic energy is the energy a
body possess as a result of its motion

Derivation of K.E and P.E formula
i Kinetic energy: suppose a body of mass m is at rest and is acted on by
a steady force f which gives it a uniform acceleration a, so that the
velocity of the body is v after it has moved a distance s. we can use the
equation v = u® + 2as and, since u = 0
v2 = u? + 2as
V2 = 2as
a=v/2a
substituting in f = ma
f=m (v¥/25) or FxS = */,mv?
f x s is the work done on the body to give it velocity v and therefore equals to its
K.E. Hence
Kinetic Energy = K.E = '/, mv?

ii. Potential Energy: A body above the earth’s surface is considered to
have an amount of gravitation P.E. equal to the work that has been
done against gravity by the force used to raised it. To lift a body of
mass m through a vertical height h needs a force equal and
opposite to the weight mg of the body, where g is the earth’s
gravitational field strength at the place.

Hence,
Work done by force = force x vertical height

.. P.E=mgh
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Power is the rate at which work is being done or the rate at which it changes

energy from one form to another

.. Power = work done = energy change
Time taken time taken

Unit of power is Walt (w) which is a rate of working of 1 joule per second
w  =1j/s
1kw =1000w
1 mw =1,000,000w

Step 4 Research assistant solves problem.

(@ How much work is done when a force of 10N moves an object a distance of

5.0m?
Solution f =10N, S=5.0m
Work =fxs
=10x5.0
= 50Nm =50J

(b) What is-the velocity of an object of mass 1.0kg which has 200J of Kinetic
energy.
Mass = 1.0kg
K.E =200J
From K.E = * mV?

200 ="/, 1.0 x V?

100 = v?/,

v> =100

v =+100=10m/s
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(c) Calculate the P.E of a 5kg mass when it is 3m above the ground.

P.E =mgh m=5kg, g=10m/s, m=3m
PE=5x10x3
=150J

(d) A boy of mass 40kg runs up a flight of stairs of vertical height 5.0m in 8.0s.
what is his average power?

m = 40kg s=5.0m t=8.0s

p=  work done
time take
but work = force x distance

= mass X acceleration x distance
=40x 10x5
= 2000J

.. Average power = 2000/8.0 = 250w

Step 5 Research assistant asks question from pre-service teachers
(1) What is work?
(2) What is energy?
(3) . Identify one difference between K.E and P.E.
(4) What is their S.I unit?
(5 What is power?
(6) Whatis its S.I unit?
(7) State the law of conservation of energy

(8) List 6 forms of energy
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(9) A 500kg mass is lifted through a vertical height of 10m in 25s by a crane.
Calculate the power output of the motor driving the crane.

(10) A force F acting on a body increases its K.E by 400j over a distance of 2.0m.
(a) Neglecting friction, how much work was done on the body? (b) What is

the value of F?

Step 6: Research assistant marks pre-service teachers’ work
Step 7: Research assistant concludes the lesson with corrections to pre-service’s

work

UNIT FIVE
Duration: 3 hrs
Topic: Determination of (g) using simple pendulum bob
Behavioral Objectives: At the end of the lesson, pre-service teachers should be able to:
1. Define acceleration due to-gravity, g.
2. ldentify the materials needed for the determination of acceleration due to gravity.
3. Determine acceleration due to gravity using simple pendulum bob.
4. State the necessary precaution to be taken in performing the experiment.

5. Perform some calculations under the acceleration due to gravity (g)

The procedure is as follow:
Stepl: Research assistant introduces the lesson
Step 2: Research assistant explains theoretical bases on the topic as follows:

Acceleration is change in velocity in unit time
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Acceleration due to gravity is the acceleration of a freely falling body denoted by the
italic letter g and the value is 9.8mls® (approximately 10mls?) but does varies slightly
from one place on earth to another, this implies that where air resistance is negligible, the
velocity of a falling body increase by 9.8mls every second. On the other hand, an object
short straight upward decelerates by 9.8mls every seconds till it reaches its highest point.
In calculation using the equation of motion, g replaces a. It is given a positive sign for
falling bodies and a negative sign for a rising bodied since they are decelerating.
Acceleration due to gravity (g) can be determined using the following method

i Using still ball and electric stop clock with the equation of motion S=1/,gt*

i Using pendulum bob with the periods, T=2mVI/g
Step 3: Research assistant list the materials needed for the experimental determination of
g using simple pendulum as follows:

Materials needed: Pendulum bob (e.g a metal sphere with a hook attached or with a hole
bored through its centre), cotton or thread, stop-watch, metre scale or metre rule, stand
and clamp, small improvised vice.

Step 4: Research _assistant demonstrates the experimental method to the pre-service
teacher thus:

Methods:

- . Tie a metre length of the cotton or thread to the pendulum bob and suspend the
cotton from the jaws of an improvised vice, such as a two small metal plates held
in a clamp. Alternatively, two coins, two halves of a cork split length wise or the
jaws of a pair of pliers serve equally well for the point of suspension when

gripped in a clamp.
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- Place a piece of paper with a vertical mark on it behind the pendulum so that
when the later is at rest it hides the vertical mark from an observer standing in
front of the pendulum.

- Set the pendulum bob swinging through a small arc of about 10°. With a stop-
watch measure the time for 20 complete oscillation setting the watch going when
the pendulum passes the vertical mark and stopping it 20 complete oscillations
later when it passes the mark in the same direction. Repeat the timing and record
both times.

- Measure the length 1 of the cotton thread from the point of suspension to the
middle of the bob. Shorten the length of the pendulum by successive amounts of
5cm by pulling the cotton thread through the vice and for each new length take
two observations of the time for 20 oscillations.

Tabulate the readings as follows:

Table 5: Determination of ‘g’ using simple pendulum bob

Length  of Time for 20 oscillations Time for || T%/S°
pendulum oscillation
I/m T/s

ty/s Tals Mean t/s

- Plot a graph with values of T%S? as ordinates (y-axis) against the corresponding

values of I/m as the x-axis.
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T%/S?

v

I/m

Figure 24: Graph of Period against Time

Calculation:

The periodic time T of a simple pendulum is.given by
T=2m\1/g
Where g is the acceleration of free fall
2 T?=4n%/ g
From which it is seen that the graph of T2 against | will be a straight line whose slope
PN/QN measured from two convenient and well-separated points P and Q on the line, is
numerically equal to4n’/g.,
Thus PNS*QNm = 47°/g
. g =4n®* QN/PN ms™
Precautions:
Thefollowing necessary precaution needs to be taken for accurate result and to
minimized error

- The counting of the oscillations most be correct

- Be careful to count complete oscillation
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Varying the lengths of the pendulum between 100cm to 30cm but do not go
beyond these limit. Length exceeding 100cm are difficult to measure and the

experiment becomes increasingly in accurate. The shorter the length of the

pendulum the more accurate the result.

- Try to minimize error in timing.
- .
é-’yu_' Sp!t cork '
Point of suspension
thread
= = tape
bob

using Simple Pendulum Bob

Figure 25: Experimental set-up of Determination of “g”
Step 5: Research assistant allows the pre-service teacher to carry out the experiment in

groups
Step 6: Each member of the group tabulate their readings and use it to plot a graph

Step 7: From the graph the group calculate the acceleration due to gravity g
Step 8: Research assistant concludes the lesson with corrections to pre-service teachers’

work.
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APPENDIX FOUR

Pre-service Teachers ‘Numerical Ability Test (PTNAT)

SECTION A

INSTRUCTIONS:

1. This test is aimed at testing your numerical ability. So work through the problems very
well and gives the solution on the space provided on the question paper.

2. Pleased kindly indicate the following:

(d) Sex: Male{} Female{ }

(e) Mode of Entry: Direct{}  Prelim{}

TIME ALLOWED: 50 Minutes

SECTION B

1, Express 0.00000265 in standard form.

2. Simplify (-35) x (-5) +(-7).

3. Divide 2800 in the ratio 1 :3.
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4. Remove brackets and simplify: 3(3a-b) — 5(a — 4b).

5. Expand (5x -2y) (2x — 3y).

6. Factorise 9x +6 — 3x% -2x

7. Solve the equation 6x +1= 26 — 2x.

8. Solve the equation 3x -8 < 5x.

9. Simplify (3m*)?

10. Simplify (-c)* x ¢ *

(-¢)°

11. Simplify 9 *
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12. Simplify (1/27) 23

13. Simplify 21/2 + 33/4

21/6 —11/3

14. Determine which is the greatest of 7/9, %, 10/13

15. What is the product of 17/9 and 3 3/4?

16. Express 21/50 in decimal

17. Evaluate 0.725 x 1000

18. Add 18.058, 0.302, 7.82,.and 0.004 and give your answers correct to 3 significant

figures.

19. Evaluate 0.047 x 70 correct to 1 decimal place.

20. Make x the subject of the equation a = 2b + 3x
3b — 2x
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21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Make s the subject of the formula v = u® — 2as

Find x if x>~ 7x+10=0

Find the sum of the first eight terms of the progression 3, 5, 7,..............

Evaluate 6.3 x 10°
8.1 x10°

Find the arithmetic means of the following scores 24, 6, 30, 13, 11, 20, and 36

A workman is paid 815200 for a 40 hr week. Calculate his hourly rate of pay

Divide 576 in theratio 1: 3: 5

Expand (p + 3)°

Evaluate 81

Simplify 3* x3°x 3°
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APPENDIX FIVE A

Pre-service Teachers ‘Achievement Test in Integrated Science (PTATIIS)
INSTRUCTIONS:
This test is aimed at testing your achievement on Integrated Science. So work: through

the problems very well and do not guess the answers.

SECTION A
Pleased kindly indicate the following:
(1) Collee:. et e
(1) NGIDC: ..o,
(111) Matric NO: .. et e e
(iv) Sex:  Male{ } Female{ }

(v) Mode of Entry: Direct{ } = Prelim{ }
SECTION B
Circle the correct letter from a, b, ¢, and d of the item you have chosen in the answer

sheet provided. Please do not write on this question sheet.

TIME ALLOWED: 60 Minutes

1. Which of the following is a displacement?
(@) 10 metres south
(b) 10 metres per second
(c) 10 metres per second south

(d) South
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A body starts from rest and accelerates uniformly at a rate of 5m/s?. Calculate its
velocity after moving 90m
(a) 18m/s
(b) 30m/s
(c) 225m/s
(d) 450m/s
A mango falling vertically downward falls with
(@) uniform velocity
(b) non-uniform velocity
(c) constant acceleration
(d) constant deceleration
When a body is moving with a constant force which of the following is correct?
(a) Its acceleration is constant
(b) its velocity is constant
(c) its momentum is constant
(d) its power is not necessarily constant
Which of the following is a vector quantity?
(a) Speed
(b) Distance
(c) Energy

(d) Momentum
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6. A body of mass 10kg falls from a height of 5m above the ground. What is the
kinetic energy of the body just before it strikes the ground? (Neglect loss of
energy and take g=10m/s)
(a) 625J
(b) 500J
(c) 250J
(d) 25J

7. The speedometer of a car gives you a reading of the car’s
(a) Constant speed
(b) average speed
(c) instantaneous speed
(d) total speed

8. For a trip of several hours duration, a ratio of the total distance traveled to the
total time elapsed is a (an):

(a) Instantaneous speed
(b) average speed
(c) constant speed
(d) total speed
9. The symbol v is used to represent
(@) Instantaneous speed
(b) average speed
(c) constant speed

(d) total speed
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10.

11.

12.

13.

14.

If v=d/t, then d=?
(a) vit
(b) tiv
(c) vt
(d) (v)/(1t)
The size of a quantity is called
(a) vector
(b) scalar
(c) ratio
(d) magnitude
A quantity of 15m/s to the north is a measure of
(a) velocity
(b) acceleration
(c) speed
(d) directional distance in the metric system
A quantity of 5m/s2 is a measure of
(a) metric area
(b) acceleration
(C) speed
(d) velocity

A ratio Av/At is a measure of motion that is

(@) speed

(b) acceleration
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(c) mass density
(d) Displacement
15. You can find average velocity by adding the initial and find velocity and dividing
by 2 only when the acceleration is
(a) changing
(b) uniform
(c) increasing
(d) decreasing
16.  Two objects are released from the same height at the same time, and one has
twice the weight of the other, ignoring air resistance:
(a) the heavier objects hits the ground first
(b) the lighter objects hits the ground first
(c) they both hit the same time
(d) which ever hits first depends on the distance dropped
17.  The distance that an object in free fall has covered is proportional to the square of
the:
(a) Weight of the object
(b) mass of the object
(c) time of fall
(d) distance of the fall
18.  What is the average speed in km/hr for a car that travels 22km in exactly 15min?
(a) 0.011km/hr

(b) 88km/hr
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19.

20.

21.

22.

(c) 5.5km/hr
(d) 40km/hr
Suppose a radio signal travels from the earth and through space at a speed of 3.0 x
10® m/s®. How far into space did the signal travel during the first 20.0 minutes?
(a) 1.50 x 10"'m
(b) 3.80"m
(c) 3.60 x 10"'m
(d) 40 x 10°m
Which of the following is a combination of unit called watt?
(@ N. m/s
(b) kg m?/s?/s
(©)ils
(d) all the above
Power is
(@) the rate at which work is done
(b) the rate at which energy is expended
(c) work per unit time
(d) any of the above
According to the scientific definition of work, pushing on a rock accomplishes no
work unless there is
(a) movement
(b) a net force

(c) an opposing force
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(d) movement in the same direction as the direction of the force
23.  The most widely used source of energy today is
(a) Coal
(b) petroleum
(c) nuclear
(d) water power
24, How much work is done in raising a 10.0 kg backpack from one floor to a shelf
1.5m above the floor?
(a) 150J
(b) 15J
(c) 1.5]
(d) 1500J
25.  What is the velocity of a 1,000 kg car if its kinetic energy is 200 Kj?
(@) 40 m/s
(b) 20m/s
(c) 400 m/s
(d) 200 m/s
26. How long will it take an electric motor of power output 25KW to raise a lift of
mass 1000 kg through 20m?
(@ 1.25s
(b) 4s
(c) 8s

(d) 16s
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27.

28.

29.

30.

A worker climbs a hill 400m high. If his mass is 50kg, what work does he do on
lifting himself to the top of the hill?
(a) 200kJ
(b) 20KJ
(c) 0.2 KJ
(d) 2000KJ
Which of the following is not a source of energy?
(@) Fossil fuel
(b) wave energy
(c) Nuclear energy
(d) chemical energy
What is the impulse of a force of 5N acting for 2s?
(@) 2.5N
(b) 0.4N
(c) 10N
(d) None of the above
A football of mass 0.50kg has a velocity of 20m/s after a kick lasting 0.025s. The
gainin momentum of the ball is:
(@) 100kg m/s
(b) 0.50Kg m/s
(c) 10kg m/s

(d) 16kg m/s
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31.

32.

33.

34.

A trolley of mass 2kg collides with a stationary trolley of mass 1kg and sticks to
it. If they move on together with a velocity of 4m/s, what was the original velocity
of the 2kg trolley?

(a) 5m/s

(b) 6m/s

(c) 5m/s

(d)24m/s

What is the momentum of a 100kg football player who is moving at 6m/s?

(a) 16.6kg m/s

(b) 106 Kg m/s

(c) 600kg m/s

(d) 0.6kg m/s

A 15g bullet is fired with avelocity of 200m/s from a 6kg rifle. What is the recoil
velocity of the rifle?

(@) 50m/s

(b) 5m/s

(c) 0.5 mis

(d).0.05m/s

What is momentum of 50kg person walking at a speed of 2m/s?

(a) 100kg m/s

(b) 25kg m/s

(c) 25kg m/s?

(d) 1000kg m/s
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35.  Which of the following represent mass in the English system of measurement?
(@ 1b
(b) Lb/ft/s?
(c) kg
(d) 1kg/b
36. The force that accelerates a car over a road comes from
(a) the engine
(b) the tires
(c) the road
(d) the gear
37. Ignoring all external forces, the momentum of the exhaust gases from a flying jet air
plane that was initially at rest is:
(@) much less than the momentum of the air plane
(b) equal to the momentum of the air plane
(c) somewhat greater than the momentum of the air plane
(d) greater than the momentum of the air plane when the aircraft is accelerating
38.  From the equation K.E =1/2 mv?, v is equal to
(@)Y 2K.E/m
(b) bVK.E/2m
(c) (K.E) 2/2m

(d) d (2K.E/m)?
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39.  Which of the following is the correct unit of weight?
(@) Kilogram
(b) Newton
(c) kg. M/s
(d) N/Kg
40. Massis:
(a) a measure of inertia
(b) a measure of how difficult it is to stop a moving_.object
(c) a measure of how difficult it is to change the direction of travel of a moving
object
(d) all of the above

41. The law of inertia is another name for Newton’s
(a) Law of motion
(b) first law of motion
(c) Second law of motion
(d) third law of motion
42. The extent of resistance to a change of motion is determined by an object’s
(a) Weight
(b) mass
(c) density

(d) inertia
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43. For a trip of several hours duration, a ratio of the total distance traveled to the
total time elapsed is a (an)
(a) instantaneous speed
(b) average speed
(c) constant speed
(d) total speed
44.  About how many watt are equivalent to 1 house power
@75
(b) 75
(c) 750
(d) 7500
45.  Which of the following is not anequation of motion?
@v=u+at
(b) V2=V + 2as
(c) s = ut + “at®
(d) f=ma
46. If a body: traveling at 20m/s is subjected to a steady deceleration of 5.0m/s?, how
long will it take to come to rest?
(@) 4s
(b) 8s
(c) 100s

(d) 0.25s
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47.  What is the mathematical statement of Newton second law of motion?
(a) f=ma
(b) m=ft
(c) f=m(v-u)/t
(d) f=m(v-u)/a
48.  What is the name of the force needed to keep a body moving in a circle?
(a) Resistant force
(b) resultant force
(c) centripetal force
(d) centrifugal force
49. If an object moves with a constant speed.round a circle, it has an acceleration
which is:
(a) constant in magnitude and varying, indirection
(b) varying in magnitude and constant in direction
(c) varying in magnitude and direction
(d) constant.in‘magnitude and direction
50.  Whichof the following cases is not doing work?
(a) astationary tree
(b) @ moving car with certain velocity
(c) an airplane in motion

(d) a women hawking with basket of orange on her head
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APPENDIX 5B

ANSWER SHEET FOR PTATIS

(1) NaMC: ..ttt e e e e

(111) Matric NO . ..t e

(iv) Sex:  Male{ } Female{ }

(v) Mode of Entry: Direct{ }  Prelim{ }

1. ABCD 18 ABCD 3. ABC D
2. ABCD 199ABCD 35A B C D
3. ABCD 20A BCD 36.A B C D
4. ABCD 206ABCD 37. AB C D
5. ABCD 22.ABCD 38.A B CD
6. A BCD 23.ABCD 39.AB CD
7. ABCD 24 ABCD 40.AB C D
8. ABCD 25.ABCD 41. AB C D
9. ABCD 26 ABCD 42. AB C D
10,A BCD 2. ABCD 43.A B C D
11.A B CD 2. A BCD 4 A B C D
12.A - BCD 2. A BCD 45. A B C D
13.A BCD 30. ABCD 46. A B C D
14.A BCD 31.A BCD 47. A B C D
15,.A BCD 32.A BCD 48. A B C D
16,.A BCD 33. ABCD 49. A B CD
1/.A BCD 3. A BCD 50. A B C D
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10.
11.
12,
13.
14,
15.
16.
17.

KEY TO PTATIS

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

APPENDIX 5C
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.



APPENDIX 6
PRE-SERVICE TEACHERS’ SCIENCE PROCESS SKILLS
RATING SCALE (PTSPSRS)
Dear Sir,

Your responses to the underlisted items are expected to help in carrying out a
research in the area of science process skills. The information is purely for academics
work and your responses will be treated with utmost confidence.

SECTION A
Student Teachers’ NamME. ..........ooiiiiiiii i e e,

ISt UL ON . .o,

Sex: MALE[] FEMALE [ ]

Kindly rate the student teacher in each of the skills listed below using the 5 point scale

ranging from 1=poor, 2=fair, 3=very fair, 4=good, 5=very good.

SECTION B
SKILLS RATING SCALE
1 2 3 4 5
A. Observing
1. Selecting
2. ldentifying
3. Describing
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Listing

Using formula

6.

Distinguishing

7.

Reporting

B. Classifying

1.

Sorting

2.

Classifying

3.

Grouping

4.

Ordering

5.

Arranging

C. Measuring

1.

comparing

2.

differentiating

Using formula

Calculating

Summarizing data

Recording

D. Communicating

1.

Reporting

2.

Communicating

3. Using graph

4.

Drawing
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E. Inferring

1.

Concluding

2.

Explaining

Interpreting

Formulation of idea

Predicting

Analysing

Developing question

Generalising

Identifying relationship

Applying principle

Recognising patterns
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