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Abstract
This study addresses the question what school-based factors influence enrolment and attainment

in physics in the senior school certificate examinations in Rivers State, Nigeria?

In Nigeria, low enrolment in physics is coupled with concerns about levels of attainment. One

outcome of this situation is interest in effective teaching and learning in the subject in Nigeria.

Purposive sampling was utilized to select 8 schools in high and low performing local government
areas of Rivers State to ensure boys’, girls’ and co-educational schools were represented. All 14
physics teachers in the schools participated in the study, together with 248 physics students and
116 non-physics students.

A mixed methods research design was adopted for the study. The research instruments
comprised questionnaires for teachers and students, interviews, classroom observations and a
Physics Attainment Test developed specifically for the study. Descriptive statistics and
correlations were utilised for quantitative data analysis alongside qualitative data coding and

analysis.

The study found that teachers’ qualifications, resource availability and utilization and the
teaching strategies that teachers adopt all significantly influence students’ physics enrolment and
attainment. However, particularly for attainment, teachers’ years of teaching do not significantly
influence student attainment. Also, there was no significant difference in the correlations of

teacher and resource factors with attainment and enrolment by gender.

The study proposes a number of recommendations. To boost students’ interest in physics,
teachers need to present content in ways that connect physics ideas to the everyday experiences
of students. Policy makers should consider making the study of science compulsory in all
classes in secondary schools with the introduction of ‘science for arts’ for the non-science
oriented students. Of particular importance is the need for a consistent and conscientious
government policy to provide schools with qualified physics teachers and science laboratory

facilities.
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Chapter 1. Introduction

1.1 Background to theresearch study

This research, ‘Investigations of school-based factors that affect the enrolment and
attainment of senior secondary school physics students’, is carried out to examine how school-
based factors might affect the enrolment and performance of physics students in the Senior
Secondary School Certificate Examination (SSCE) in Nigeria. School-based factors here include
availability and utilization of teaching and learning resources, teacher availability, teacher
quality, teacher experience, teaching strategies, workspace, availability of textbooks,
computers/internet facilities and classroom interactions. Resources here include both human and
material resources such as the physics teacher, laboratory technician, laboratory, laboratory

apparatus, online learning resources, library, and text books.

Despite the relevance of Physics and Physics education, the teaching and learning of
physics is still bedeviled by several challenges. Physics is relevant in the pursuant of courses
such as medicine, pharmacy, all fields of engineering, applied mathematics, space science and
information and communication technology. There has been a growing concern about the
teaching and learning of science subjects in Nigerian secondary schools in recent time. Studies
on the state of teaching and learning of sciences in Nigeria have shown that most students learn
by rote with little or no engagement in science classes as most teachers find it difficult to utilize
skills acquired during their training in their lesson delivery (Patrick, 2009; Ogunmade, 2005). In
Nigeria, that al is not well in the teaching and learning of Physicsin particular is captured in the
curriculum document which states that:

‘physics is crucia for effective living in the modern age of science and
technology. Given its application in industry and many other professions, it is
necessary that every student is given an opportunity to acquire some of its
concepts, principles and skills. Unfortunately, the teaching and learning of
physics has been fraught with chalenges which prevent many students from
performing well in external examinations (Federal Ministry of Education
2009:ii).
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From the statement above, it is clear that the curriculum devel opers acknowledged the relevance
of the knowledge of physics and desire that most students reasonably get involved in the study of
the subject and that teaching and learning associated problems have discouraged young people
from performing well in the subject. Generally in literature, the challenge of the effective
teaching and learning of physics and sciences in general has been attributed to the nature of the
subject that appears to have a high difficulty perception, shortage of qualified teachers,
inadequate teaching facilities and irrelevance of some of the content to the everyday experience
of the learners (FME, 2009; Angell, Guttersrud & Henriksen, 2004; Williams, Stanisstreet, Spall,
Boyes & Dickson, 2003; Freedman, 1996). Freedman (1996) noted that “the dominant public
perception of Physicsis that it is tedious, abstract and fundamentally irrelevant”. Students tend
to be interested and motivated in learning subjects that make them link classroom experiences
with situations they encounter in the real world around them and outside the school environment.
In an attempt to make the curriculum relevant and appropriate in its content and context, and to
address the challenges of effective teaching and learning of physics in Nigeria, the generd

objectives of the physics curriculum were stated as follows:

1. providebasic ‘literacy’ in physicsfor functiond living in the society;

2. acquire basic concepts and principles of physics as a preparation for further
studies;

3. acquire essential scientific skills and attitudes as a preparation for
technologica application of physics; and

4. stimulate and enhance crestivity. (FME, 2009:ii)

For students to acquire ‘basic concepts’, ‘essential skills' and *attitudes’ for technological
application and to stimulate creativity, it is important that they get involved with hands-on
activities with adequate resources provided. The curriculum has made clear learners and
teachers activities specifically for the various lessons and concepts in the curriculum. Whether
teachers actually implement the curriculum and have teaching and learning resources to teach

physicsis of interest in this study.

The chalenge of effective delivery and learning of science subjects is aso closaly followed
by the problem of low enrolment. In Nigeria, many researchers have decried the low level of
enrolment in science subjects, especially in the secondary schools (Aina & Adedo, 2013; Aina &

2|Page



Akintunde, 2013; Bello, 2012; Akanbi, 2003). Akanbi (2003) observed that the trend in the
enrolment and performance of senior secondary school students in science related subjects,
especially physics, has assumed threatening and frightening dimension. Bamidele (2004)
observed that students’ lack of interest in physics as a result of preconceived ideathat physicsis

adifficult subject has affected the enrolment and performance of students.

The situation on the enrolment and performance in physics appears not different in some
other countries. Some researchers also agree that of the three core science subjects of biology,
chemistry and physics, the enrolment rate for physics is generally lower (Williams, et al., 2003;
Angell, Guttersrud, Henriksen & Isnes, 2004).In Kenya, Musasia, Abacha & Biyoyo (2012)
investigated the effect of practical work in physics on girls' performance, attitude change and
skills acquisition, and observed that physics was the least studied science subject at the fina
form level of secondary schools. They opined that “Interest in high school physicsis decreasing,
learning motivation is declining, and the examination results are getting worse” (p.152).
Williams et al. (2003) carried out a study to determine why fewer year 10 school students are
interested in physics than in biology in schools in England and observed that secondary school
students ‘ decreasingly see physics as able to contribute to solutions to environmental or medical
problems, and increasingly see physics as requiring mathematical ability’ (p.325). Smilarly, Gill
& Bdl (2013) in their study on factors determining the uptake of A-level physics noted the
concern expressed in severa quartersin the UK about the number of students studying physicsin
post-compulsory education beyond age 16. Angell et al (2004) investigated pupils and teachers
views of physics and physics teaching in Norway and expressed the widespread concern for the
decline in the enrolment of school physics. They argued that “the number of physics pupilsistoo
small to cover estimated future demands for a skilled labour force and may be aso too small to

ensure a sufficient number of informed citizens in ademocracy” (p 702).

The enrolment and performance of students in the senior secondary school certificate
examination in the science subjects in Nigeria from 2004 — 2013 is presented in Table 1(a) and
(b) below.
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Table 1(a): Showing enrolment of studentsin Biology, Chemistry and Physics at the
SSCE in Nigeriafrom 2004-2013.

Y ear Total Biology Chemistry Physics
SSCE % % %
Enrolment | Enrolment | Enrolment | enrolment | Enrolment | enrolment | Enrolment

2004 | 1051246 | 1044445 99.4 340570 32.4 333783 318
2005 | 1091763 | 1084914 99.4 361566 33.1 355633 32.6
2006 | 1184223 | 1175639 99.3 394027 33.3 221494 18.7
2007 | 1275330 | 1267572 994 434462 34.1 424147 333
2008 | 1369142 | 1360636 994 468299 34.2 464199 33.9
2009 | 1373009 | 1362724 99.3 478136 34.8 475001 34.6
2010 | 1351557 | 1342730 99.3 483998 35.8 481830 35.6
2011 | 1540250 | 1530793 99.4 574854 37.3 572143 37.1
2012 | 1695878 | 1685051 99.4 640493 37.8 637712 37.6
2013 | 1689188 | 1679249 994 649709 38.5 647358 38.3

(Source: West African Examinations Council, Lagos, Nigeria)

Table 1(b): Showing performance of studentsin Biology, Chemistry and Physics at the
SSCE level in Nigeriafrom 2004-2013.

Y ear Subjects

Biology Chemistry Physics

Total sat | % Tota | % Total %
credit | sat credit | sat credit

pass pass pass
2004 | 1044445 | 28.7 | 340570 36.5 | 333783 47.8
2005 | 1084914 | 35.0 | 361566 49.8 | 355633 40.8
2006 | 1175639 | 48.3 | 394027 44.0 | 221494 56.9
2007 | 1267572 | 32.8 | 434462 45.1 | 424147 429
2008 | 1360636 | 33.3 | 468299 43.3 | 464199 47.1
2009 | 1362724 | 27.7 | 478136 42.5 | 475001 46.2
2010 | 1342730 | 48.5 | 483998 49.5 | 481830 50.2
2011 | 1530793 | 37.5| 574854 48.0 | 572143 62.6
2012 | 1685051 | 34.7 | 640493 42.2 | 637712 67.2
2013 | 1679249 | 50.8 | 649709 71.2 | 647358 46.0
Mean 37.7 47.2 50.8

(Source: West African Examinations Council, Lagos, Nigeria.)
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A look at Table 1(a) shows that only about 33.4% on the average of students enrolled for
the SSCE choose physics. Chemistry is aso seen as not popular among students with an average
enrolment of 35.1%, while Biology with an average enrolment of 99.4% appears to be the most
popular and chosen science subject among the core sciences. In terms of performance, Table 1(b)
shows the poor performance of students in science subjectsin Nigeriafor the period under study.
The erratic nature of the performances with dips and peaks that are not consistent poses a great
challenge in describing the attainment of students in these subjectsin Nigeria. Between 2004 and
2013, Biology and Chemistry recorded only one year (2013) when more than 50% of students
enrolled in SSCE passed with credit level or higher grades, while Physics had four years (2006,
2010, 2011 and 2012). All these show that the teaching and learning of sciences in general and

physics of particular interest is not well in Nigeria.

Williams et al.,(2003) reported that ‘the major genera reasons for finding physics
uninteresting are that it is seen as difficult and irrelevant’ (p.324). According to Adeyemo
(2010a), physics is perceived a difficult subject because of its abstract nature. What has
generated this public perception and how this perception can be reversed so that many of our
young boys and girls will develop interest in physics at both the secondary school level and
beyond is the concern of most science educationists. Unfortunately, the current trend in the
teaching and learning of physics in Nigeria, where most public schools that are attended by the
majority of the school age population lack the supply of adequate materials and facilities for
teaching and learning of the subject (Onwioduokit, 2001), has forced most teachers to use the
traditional lecture method in teaching physics (Dayal, 2007; Alamina, 2008). This has greatly
impacted on the performance of students, particularly in Physics, and more generally in the
science subjects as several studies have associated students’ attainment with resource availability
and utilization. (Berghel, Day & Lavelle, 1984; Hussain, Azeem & Shakoor, 2011;
Vesdinovska, Gudeva & Djokic, 2011; Hussain, Ahmed, Mubeen & Tariq, 2011; Béllo,
2012;Thomas & lIsrael, 2013). For instance, Berghel, Daly & Lavelle (1984) reported the result
of a 6-year study ‘on the effects of different teaching methodologies on student performance in a
computer literacy program’. The study revealed that ‘ noticeable changes in student performance
are related to the teaching method in use’ (p 9). In another study, Veselinovska, Gudeva &
Djokic (2011) investigated the effect of teaching methods on cognitive attainment in biology
using laboratory, slide demonstration and lecture methods. They used 3 groups with the first
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group starting the course with experiments in the laboratory, followed by relevant theory taught
by lecture method and then the slide show. The sequence of the methods was rearranged for the
2nd and 3rd groups. Their result showed that the ‘academic attainment in lessons began with
experiment or slide demonstration was higher than lesson beginning with lecture method’
(p2526). Similar studies have shown the effectiveness of guided-inquiry and laboratory related
methods over traditional methods especially in the sciences (Oludipe & Oludipe, 2010; Quarcoo-
Nelson, Buabeng & Osafo, 2012; Dauba, 2013; Uside, Barchok & Abura, 2013; Koksa &
Berberoglu, 2014).

On the performance of Physics students in SSCE examinations, Adolphus (2013)
examined the performance of students enrolled for physics in the SSCE in Nigeria between 2001
and 2009 and observed that apart from 2006, candidates who registered for the SSCE made less
than 50% credit level passes. The implication is that more than 50% of these candidates cannot
gain university admission for courses like engineering, medicine and others that require physics
as aprerequisite for admission.

It is worthwhile at this point to give a brief of the structure of education, particularly
secondary education in Nigeria. This will help guide readers, especially those not conversant

with the educational system in Nigeria.

1.2 Theeducational system in Nigeria

Nigeriais the most populous country in Africa with an estimated population of over One
hundred and Eighty Million — 180,000,000 (CIA World Factbook, July 2015). Of this
population, about 19.4% are between ages of 15 — 24 years. The population that falls between 15
— 19 years within that group (15-24) is where most of the students in the senior secondary classes
of the three - year secondary education in Nigeria are located. Nigeria was one of the British
colonies in the West coast of Africa. Consequently, English Language is officially used as the
mode of instruction in the formal school system in the country from age six (6) when formal,

basic and compul sory education begins.

Presently, Nigeria adopts the 6 — 3 — 3 — 4 system of education. That is, 6 years of Basic
primary school, 3 years of Junior Secondary School, 3 years of Senior Secondary school and 4

years of university education (even though courses in engineering and medicine or their alies
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take 5 and 6 years respectively). Basic and formal education begin at age 6 for six (6) years of
primary education. Thereafter, children are expected to proceed to the first three (3) years of
secondary education which is referred to as the Junior Secondary School (JSS) at about age 12.
The 6 years of primary school and the 3 years of Junior Secondary school comprise 9 years of
basic, compulsory and free education as enshrined in the national policy on education (FRN,
2004: 13). These 9 years of mandatory schooling within the 6-3-3-4 system is now what is
referred to as the Universal Basic Education (UBE). The UBE was launched as a strategy by the
Federal Government of Nigeria intended to fulfil the am of Education For All (EFA) as
sanctioned by the World Conference on Education held at Thailand in 1990. The position of the
World Conference on Education is that Basic education be made free and compulsory

irrespective of gender, class or religion.

Basic Scienceis taught in primary schools while Basic Science and Technology is taught
at the JSS level. After a successful completion of the 3 years of Junior Secondary School,
students' progress to the last three years of secondary education referred to as the Senior
Secondary School (SSS) at about age 15 which is equivalent to the secondary KS 4 in England
and Wales. This is where students make choice of subjects and science taught separately as
Biology, Chemistry and Physics from SSS 1. Because the age of schooling is not strictly
enforced in the country, the age of studentsin SSS 1 will normally range between 13-16 years.

The subjects offered at the senior secondary school level as stated in the new senior
secondary education curriculum structure are divided into five (5) groups of ‘compulsory cross-
cutting core subjects’, ‘senior secondary science and mathematics', ‘senior secondary business
studies’, ‘senior secondary humanities and ‘senior secondary technology’. Subjects in the
compulsory cross-cutting core group are English Language, General Mathematics, one trade with
entrepreneurship studies, computer studies/ICT and Civic education. In the science and
Mathematics group are Biology, Chemistry, Physics, Further Mathematics, Agriculture, Physical
Education and Health Education. According to the policy document,

‘All students must offer all 5 compulsory core crossing subjects. Students will
offer 3 — 4 subjects from their field of specialization. One (1) elective may be
offered outside their field of specialization provided the total number of subjects
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is not more than nine (9), the minimum number of subjects is eight (8)" (FRN,
2008:1).

The implication from the foregoing is that no science subject other than genera
mathematics is made compulsory for students at the senior secondary school level. Only students
who are in the science and mathematics and technol ogy specializations may study science related
subjects. Thisisin contrast with the earlier policy which divided subjects in the senior secondary
school into three (3) groups of ‘core’, ‘vocationa electives and ‘non-vocationa electives'.
Subjects in the ‘core’ group were English language, Mathematics, A maor Nigerian Language,
one of Biology, Chemistry, Physics or Health Science, one of Literature-in-English, History,
Geography or Religious Studies and a vocational subject (FRN, 2004:21). According to the
National policy on education,

‘Every student shall take all the six (6) core subjects in group A and a minimum
of one and a maximum of two (2) from the list of elective subjects in groups B

and C to give a minimum of seven (7) and a maximum of eight (8) subjects
(p.21).

The implication from the above condition was that every student offered at least one science
and one vocational subject which have been reviewed with the focus on speciaization in the new

senior secondary school curriculum structure.

1.3 Thehistory of science education in Nigeria

Formal education (or western education as is commonly referred to) started in Nigeria
through the activities of Christian missions at about 1842 when Rev. Thomas Birch Freeman
arrived in Badagry together with Mr & Mrs William de Craft as assistants (Fafunwa, 1974;
Abdullahi, 1982). The main goals of the missionary education then was to teach the native
converts basic rudiments of English language - reading and writing so as to enable them read the
bible and communicate effectively. Subsequently, the missionaries saw the need of training their
converts to become catechists and lay preachers to assist them in the evangelistic work. The
curriculum of the mission schools was the 4Rs, namely Religion, Reading, Writing and
Arithmetic. There was no standard or regulation of the content of instruction of the different

missions. There was aso no particular consideration for teacher quality as the missionary and his
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wife in most cases were the teachers in the schools that were usually organized in the same
building that was used for worship services (Oni, 2009). So far, the missionaries where only
running primary schools maorly in the south west Nigeria like Badagry, Abeokuta, Ibadan,
Lagos and later Calabar in the south south of Nigeria with no content of science. Ogunleye
(1999) citing Omolewa (1977) posited that:

“before 1859, all educationa institutions in the country taught primary school
subjects such as languages, writing, geography, drawing, hygiene, singing and
history to the exclusion of science (and that) geometry and agebra were
introduced at a later stage into the primary school curriculum but science

continued to be absent in school s teaching programmes’ (p. 1).

Although Omolewa (1977) has argued that science was not taught in primary schools before
1859 (when the first secondary school was opened in Nigeria), the citation, may suggest that
some elements of ‘science’ were possibly taught in the primary schools though not as ‘ science’
as a subject, but as in the subject ‘hygiene’ which may have some rudiments of biology and
possibly chemistry. It is difficult to find in available literature when science was actually
introduced into primary schools in Nigeria. It may however be argued following Omolewa's
(1977) assertion that pupils in primary schools in Nigeria started learning some rudiments of
‘science’ with the identification of ‘hygiene in the curriculum of primary schools before 1859.
In line with the argument of Omolewa (1977), Abdullahi (1982) posited that the teaching of
some form of science in Nigeria started between 1861 and 1897 when some of the missionary

secondary schools and teacher training colleges began the teaching of some elements of science.

Although the missionaries were only concerned with the running of primary education,
some of the missionary converts who had gained some form of enlightenment through the
exposure to formal education started demanding for the provision of secondary education that
would enable their wards and children aspire to careers and professions such as medicine,
engineering, law, science and technology which eventually led to the inauguration of the Church
Missionary Society (C.M.S) grammar school, Lagos in 1859, and later on, the C.M.S. Girls
School, Lagos (1869), St Gregory college, Lagos (1876) opened by the Roman Catholic
Mission, the Methodist Boys high school, Lagos (1878), and a few others (Fafunwa, 1974,
Adeyinka, 1988; Ogunleye, 1999; Ojebiyi & Sunday, 2014). Between 1851 and 1970, the

9|Page



missions opened many schools some of which were grammar schools, teacher training, pastoral,
vocationa and agricultural colleges. As said earlier, current literature seem to suggest that the
teaching of rudiments of science began in secondary schools in Nigeria after 1859. According to
Ogunleye (1999), science teaching developed in Nigeria with the establishment of more and
more schools by the missions. However, Bajah (1982) cited by Ogunleye (1999) claimed that
what was taught in schools in Nigeria as science at the time was ‘Nature study’ where the
students learnt “about the environment in form of outdoor observation of plants, animals and

non-living things” (p. 2).

It is obvious that at the time the missionaries, most of whom were British, started with
primary education in Nigeriain 1842 and later secondary schools from 1859, the content of the
primary and secondary school curricula and science were fully developed and used in British
schools both to develop the learners and prepare them to tackle future societal needs. This was
not the case in Nigeria. Gbamanja (1999) noted that:

“The colonial masters in many parts of Africa, did not concern themselves much
with the teaching of science in the schools. The main objective of the educational
system in the British-oriented countries, for example, was to train catechists’ (p.
32).

Ogunleye (1999) observed that science teaching and learning in Nigerian schools between 1859
and 1882 was characterized by the:

“lack of science laboratories, lack of qualified science teachers, lack of interest or
enthusiasm shown by the colonial government in Nigeria towards encouraging
and supporting the efforts of the missionaries, lack of instructional objectives in
science teaching, lack of funds to promote science education, lack of science

textbooks, lack of any uniform curriculum in science” (p. 3).

That was the state of the foundation of science teaching and learning in secondary schools in
Nigeria with the colonial government having no control of the curriculum and genera

educational standards for the mission schools.

It was not until 1882 when the colonia government ventured into the control and

regulation of missions that were involved in education with the enactment of the first Education
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Ordinance for the Gold Coast Colony in 1882. The Education Ordinance of 1882 provided the
missions with financial aids and maintenance of the schools. With the provision of financial
assistance by the government, many of the missions were able to procure some science
laboratory equipment and open more secondary and teacher training colleges mostly in the
southern part of the country which resulted to the spread of science teaching and learning in
many schools in the country (Ogunleye, 1999, Gbamanja, 1999). Ogunleye(1999) noted that
King's College, Lagos established in 1909 as King's School was the first government secondary
school that had a chemistry laboratory and Taiwo (1975) as cited by Ogunleye (1999), reported
that “King's School remained for many years the only school which consistently offered science
to the standard of Cambridge University Senior Local Examination” (p. 3). According to
Gbamanja(1999), most secondary and teacher training colleges in Nigeria and indeed some West
African states taught science in the 1920s in the form of Agriculture, Hygiene, Nature study or
Rura science and that until the 1960s, Rural science and Nature study were taught both in the
primary and secondary school curricula with general science as the main focus of secondary
school science. The situation was however different in the Northern part of Nigeria that was
predominantly 1slam and resisted the entry of formal education into the territory. Despite the
progress made in the teaching and learning of science with the involvement of the colonia
government in education in Nigeria at the time, the yearnings and aspirations of the people could
not be satisfied as the educational system and science that was taught in schools as inherited
from the missionaries and the colonial masters was not relevant to the needs of the indigenous

society and the learners.

The agitations of some nationalist on the irrelevance of the educationa system led to the
setting up of the Phelps-Stokes commission in 1920 with a mandate to investigate the needs and
resources of African colonies with the aim of providing them with an education that was relevant
to their needs. The commission’s recommendation gave a further boost to science teaching and
learning in Nigeria. The commission reported its displeasure with the manner and content of
science teaching in Nigerian schools and recommended that science subjects be incorporated into
all secondary school curricula (Ogunleye, 1999). According to Abdullahi (1982), genera science
as taught in British high schools started gaining grounds in Nigerian schools and in 1928, the
School Certificate Examination in Nigeria started with Cambridge and Oxford Boards as

moderators of the examinations. Ogunleye (1999) reported the lack of popularity of science
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subjects in schools before 1932 and that the few that choose science failed at the externd
examinations. The establishment of the Yaba College in Lagos in 1932 “with the objective of
providing well qualified assistants in medical, engineering and other vocations and aso to
provide teachers to teach basic science subjects in secondary schools’ (Ogunleye, 1999:10), gave
a good boost to the state of science teaching and learning in Nigeria. Abdullahi (1982) argued
that the groundwork for the advancement of an appropriate science curriculum was laid in
Nigeria at about 1936 when the first set of products of the Yaba College, Lagos were sent to
secondary schools to teach science. Between 1931 and 1959, before Nigeria's independence,
several schools were opened in parts of South and Western Nigeria that promoted the teaching
and learning of science. The introduction of the Higher School Certificate (HSC) in some
secondary schools in 1951 provided opportunity for many students to study physics, chemistry
and biology up to the HSC level. Ogunleye (1999) reported that HSC curriculum at that was
same as British schools and that the failure rate recorded by the Nigerian students was very high.
In 1952, an examination board for West African colonies with Nigeria, Ghana, Sierra-Leone and
Gambia as member nations was set up by the British government and named the West African
Examinations Council (WAEC). WAEC was later to significantly influence the curriculum of
science subjects in schools in the member states. In 1957, the concern of science teachers to
promote the teaching and learning of science culminated in the establishment of the Science
Teachers Association of Nigeria (STAN). One of the main aims of Science Teachers
Association of Nigeria was “to promote cooperation among science teachers in Nigeria with a
view to raising the standard of science education in the country” (STAN, n.d). The introduction
of the free universal primary education by the western and eastern regions of Nigeriain 1955 and
1957 respectively led to the massive enrolment of pupils in primary schools and exposure to
science at that level. Also, the take-off of the Federal Colleges of Arts, Science and Technology
in 1950, 1952 and 1954 at Ibadan, Zaria and Enugu respectively further promoted the teaching
and learning of science and science related fields such as engineering, pharmacy and
architecture. In 1958, the Federal School of Science was opened in Lagos to further encourage
young pupilsin the study of the sciences especially physics, chemistry, biology and mathematics
and to prepare candidates both for the ordinary and advanced levels of the general certificate of
education so as to pursue future careers in science related fields. The need to harmonize the

teaching and learning in the many schools and higher institutions across the country at the time
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led to the establishment of the Joint Consultative Committee on Education by the Federal
government in 1955 (Ogunleye, 1999).

The political independence gained by Nigeriain 1960 increased the awareness of national
consciousness among the elites and nationalists which led to the establishment of some
commissions to investigate the educational priorities of Nigeria. Some of these commissions
established in 1960 were The Banjo Commission of the Western region and The Ashby
Commission of the Federa government. For instance, the Ashby Commission was to investigate
the manpower needs of Nigeria up to 1980. Some recommendations of the Ashby Commission

Were:

() a progressive increase in primary school enrolment in Northern Nigeria
which in effect could make more pupils learn science.

(i)  Theinjection into the secondary education system of vocational/technical
courses to reduce the bias for literary studies, and the expansion of
enrolment into secondary schools.

(iii)  The introduction of more courses in technica education and the
establishment of more technical institutes

(iv)  The establishment of a National Universities Commission to secure and
disburse funds to universities and also to co-ordinate their activities
(Ogunleye, 1999:17).

Following the report of the Ashby Commission, 3 universities were established in 1962— the
University of Ife (now Obafemi Awolowo University), the University of Northern Nigeria (now
Ahmadu Bello University) and the University of Lagos. Abdullahi (1982) reported that the
feeder role of these universities in producing science teachers together with the assistance of
Technical Aids from the Canadian University Services Oversees and the American Peace Corps
Program popularised and increased science enrolment such that available resources and facilities

were overstressed.

The Science Teachers Association of Nigeria has been at the forefront of science
curriculum review in Nigeria From 1968 in response to the request made by the West African
Examinations Council, WAEC, to review the existing curricula of the science subjects, STAN

inaugurated committees to work on the Integrated, Biology, Chemistry and Physics curriculums.
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Okebukola (1997) cited in Ogunleye (1999) remarked that the STAN Committee report resulted
in the production of the Nigerian Integrated Science Project (NISP) with pupils workbook,
pupils textbook and teachers' guide published in 1971. After the launching of the National
Policy on education in 1977, STAN reviewed its Nigerian Integrated Science Project and
produced 3 separate books for the first 3 years of secondary education with their workbooks and
teachers guides in line with the national policy on education. The success of NISP motivated
STAN to venture into aggressive development of science textbooks in Nigeria. Subjects panels
composed of specialists were used by STAN for the writing of text books. Ogunleye (1999)
remarked that

“subject panels were also mandated to organise one week annua workshops on
various strategies for teaching and learning science so as to make science more

enjoyable and less difficult for both science teachers and student” (p. 80).

These subject panel workshops and the STAN annua conferences have regularly featured in
Nigeria over the years. Currently in Nigeria, there are many volumes of STAN textbooks used in
schools on al subjects of school science such as Integrated science, Chemistry, Biology, Physics,
Primary science, Mathematics, Agricultural science and Further mathematics.

Apart from the Science Teachers Association of Nigeria, the Federal government through
its agencies has influenced the development of science teaching and learning in Nigeria. Some of
these agencies are the Comparative Education Study and Adaptation Centre (CESAC)
established in 1968 noted for its Nigerian Secondary School Science Project (NSSSP) books in
physics, chemistry and biology for years 3-5 of secondary schools, published in 1970. Another
one was the Nigerian Educational Research Council (NERC) inaugurated in 1971 and credited
with the National Primary School Science Project (NPSSP) that produced primary science text
books and resources. In 982, the NPSSP was reviewed and named National Primary Science and
Mathematics Project (NPSMP). In 1988, the NERC, CESAC and other related bodies were
merged to form the Nigerian Educational Research and Development Council (NERDC). The
NERDC has positively influenced the growth of science education in Nigeria through the
improvement and production of science resource materials. The body produced the primary
science and mathematics curricula together with the relevant instructional materials for both the
pupils and the teachers. At the junior and senior secondary school levels, The NERDC has
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produced the curriculum of all subjects listed in the National Policy on Education including
Agricultural science, Integrated science, Introductory Technology, Mathematics, Physics,
Chemistry and Biology with the production of the required instructional materials such as
textbooks, workbooks and guide for teachers. From the forgoing, it is evident that science
education is firmly established in al levels of education in Nigeria Many scholars are however
concerned with the quality of teaching and learning of the subject in schools with such issues as
lack of adequately qualified teachers, ill-equipped and sometimes unavailability of laboratories,
lack of funds to purchase science equipment, lack of electricity in some schools, inadequate
teaching methodologies and poor implementation of measures of new innovations (Aina, 2012;
Omorogbe & Ewansiha, 2013; Osuafor & Okoli, 2013; Njoku & Ezinwa, 2014; Osuolale, 2014).

1.4 Science-teacher education and specialization in Nigeria

In Nigeria, the least teaching qualification is the Grade 1l teacher certificate (TCII). This
is obtained after a 5-year post primary education in specialized teacher training institutions in the
country. Holders of this certificate are made to teach in primary schools as classroom teachers.
However, at the inception of the National policy on Education in 1977, the Nigeria Certificate in
Education (NCE) became the minimum teaching qualification in Nigeria (FRN, 1977). The NCE
is a 3-year post-secondary education programme that is run in Colleges of education with
affiliation to universities and the National Teachers' Institute. Subject specialization begins at the
NCE level as candidates get admitted to study specific subjects. For instance, in the sciences,
candidates may study courses as double combinations of Mathematics and physics, Mathematics
and Chemistry, Mathematics and Biology, Biology and Chemistry, Physics and Chemistry,
primary science, integrated science with Mathematics, physics, Chemistry or Biology
combinations. Holders of the NCE are normally admitted for a 2 or 3 year Bachelor’'s degree
leading to the award of a Bachelor of Science in Education (B.Sc. [Ed]) or Bachelor in Education
(B.Ed.). The number of years to obtain the B.Sc. (Ed) or B.Ed. after an NCE depends on the
grade point obtained in the NCE programme. At the B.Sc. (Ed) or B.Ed. level, students generally
further narrow down in their specialization to study courses like Mathematics, Biology, physics,
Chemistry, Integrated science. Few universities however still offer combination of subjects even
a the degree level. Non-education graduates who which to pursue a career in teaching are

allowed to undergo a one year Post Graduate Diploma in Education (PGDE) at colleges of
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education, National Teachers Institute or universities to qualify them as professional teachers.
Graduates, for instance, with B.Sc. in Mathematics, Chemistry, Physics qualify as mathematics,
physics and chemistry teachers in Nigeria after obtaining the one year post graduate diplomain

education from recognized institutions.

It is therefore common to see science educators in Nigeria pick research interest in a
specific subject area such as physics, chemistry and biology, for instance, as this interest may

have been developed over time as aresult of early specialization and research inclination.

1.5 My interest in theresearch on physics enrolment and attainment

My interest in research on physics students’ attainment was developed as | observed the
general poor performance of physics students in certificate examinations nation-wide. Even
though there was a genera public cry of dismal performance of students in certificate
examinations in Nigeria (Akinsolu, 2010; Owoeye & Yara, 2011), as a science educator, my
concern has been particularly in physics that usually records a relatively lower enrolment

compared to the other science subjects.

Physics is one of the three core science subjects with chemistry and biology. This
concern started to get deeper as | reflect on the growing technological and knowledge explosion
world-wide and the significant role of the sciences especidly physics in al spheres of science
and technology. The low enrolment and performance in physics at the secondary and post-
secondary levels coupled with the lack of adequate number of qualified teachers together with
the fewer number of girls choosing to do physics further deepened my interest to research in this
area as to why students continue to record low attainment in the subject over the years. What
possibly can be done to reverse this trend that has persisted despite several curriculum and
educational policy ‘renovations in Nigeria, is a motivating drive for my research interest. An

introductory note in the current national physics curriculum (FME, 2009) reads thus:

In order to stimulate creativity and develop process skills and correct attitudes in
students, the course is student-activity oriented with emphasis on

experimentation, questioning, discussion and problem-solving (p.iii).

These are very lofty thoughts and ideas that if implemented to the letter in an enabling

environment should bring about a positive change in the attainment of students. It is thought that
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a qualitative investigation into the teaching and learning situations — quality of teachers, state of
resources for the teaching and learning of the subject, quality of teaching, motivation for learning
and students' involvement in learning will bring to the fore salient indicators by which the status
guo and the ideal can be identified. The establishment of the gap if any and the implementation
of recommendations, may lead to the improvement of attainment in physics and increase the

popularity of the subject among school childrenin Nigeria.

Science teaching today has been made interesting for both teachers and students with the
advent and use of many resources that enhance students' understanding of science and at the
same time, promoting their interest in the subject. There are many such resources for the
teaching and learning of Physics in secondary schools. Are these resources available for use in
secondary schools? Where available are they appropriately utilised for the benefit of students?
The current National physics curriculum is richly packed not only in content but also in delivery
to ensure effective teaching and learning of physics in Nigerian secondary schools. This
according to the curriculum document is ‘to achieve the stated objectives of the curriculun’
(FME, 2009: iii). How well do teachers maximise the provisions of the curriculum? How has the
availability and utilisation of teaching and learning resources impacted on the academic
attainment of Physics students at the SSCE level? Or do the grades achieved at SSCE level
reflect the level of availability and utilisation of physics resources? These are of great concern
to this research. This research therefore intends to qualitatively investigate some school-
basedschool -based factors and how they might affect the enrolment and attainment of studentsin

physicsin the senior secondary school certificate examinationsin Rivers State, Nigeria.

1.6 School-based factors

Literature has shown several factors that affect attainment of students or enable effective
learning in school. Some of these factors with a consensus among many researchers are ability or
prior attainment of the student, chronological maturation, motivation or self-concept, quantity of
time the student engages in learning, the quality of instructional experience, the home, classroom
interactions, peers and the amount of leisure time. (Walberg, Haertel, Pascarella, Junker &
Boulanger, 1981; Walberg, 1984; McGrew, 2008). Most of these factors can be categorized

under the following:

i.  Student related (ability, maturation, self-motivation, time engaged in personal study)
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ii.  Homerelated (psychological, economic and socia comfort from the home) and

iii.  School related (quality and quantity of instruction, classroom psychological climate).

Several others have broadened the study of school-based factors affecting students attainment
to include supervision of instruction, school leadership, guidance and counseling, student-to-
teacher ratio, enrolment, availability and usage of teaching/learning facilities, school type and
teacher characteristics (Atanda & Jaiyeoba, 2011; Mbugua, Kibet, Muthaa, &, Nkonke, 2012;
Rockstroh, 2013). Atanda & Jaiyeoba, (2011) for instance investigated the effects of school-
based quality factors on secondary school students attainment in English language in south-
western and north-central Nigeria and found that instructional materials, quality of instruction

and supervision contributed significantly to students' attainment in English language.

The extent to which school-based factors or other socio-economic factors affect students
performance may be varying across the nations. Fuller (1986) reported the result of a study
conducted in 22 developing countries and reported to the world bank that school-based factors
were highly recognized as influencing factors in determining students’ academic attainment in
developing countries while socio-economic factors were stated as influencing factors in

determining students' academic attainment in developed countries.

The concern of this research is basically on school related factors that can affect students
attainment or enable effective learning. Thus, School-based factors to be investigated in this
study include input factors such as availability and utilization of teaching and learning resources,
teacher availability, teacher quality, teacher experience, teaching strategies employed by
teachers, work space, availability of textbooks, computersinternet facilities and classroom
interactions; while students' enrolment and performance in the SSCE are the output variables.
Particularly, this research seeks to study qualitatively the state of the resources for teaching and
learning, the teaching strategies employed by physics teachers, students engagement in
classrooms and the general classroom environment and how these might explain the attainment
of studentsin physics.
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1.7 Aim and objectives of the study
The main am of this study is to investigate the school-based factors that affect the

enrolment and attainment of senior secondary school physics students in Rivers State, Nigeria
The study shall adopt both quantitative and qualitative methods to specifically investigate the

following objectives.

Vi.

Vii.

viil.

To examine the pattern of enrolment for physics in the Senior Secondary
Certificate Examination (SSCE) in Nigeria.

To examine the pattern of attainment of physics students who enrolled in the
SSCE.

To investigate the relationship between teacher qualification and experience with

enrolment and attainment of studentsin physics.

To investigate the extent of available physics resources for teaching and learning

in secondary schools.

To determine the extent of utilisation of available physics resources for teaching

and learning in secondary schools.

To investigate the effect of resource availability and utilisation on students

enrolment and attainment in physics.

To investigate teaching strategies and classroom interactions adopted in physics

classrooms.

To examine the effect of teachers' teaching strategies and classroom interactions

on student enrolment and attainment.

To determine the effect of school climate on the teaching and learning of physics
in the school.

1.8 Research Questions
One principal research question has been formulated to guide the study.

What school-based factors influence enrolment and attainment in physics in the senior school

certificate examinations in Rivers State, Nigeria?
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In answering this research question, the study will adopt both quantitative and qualitative

methods to attempt answers to the following sub-research questions:

What is the pattern of enrolment for physics in the Senior Secondary Certificate
Examination?

What is the pattern of attainment of physics students who enrolled in the Senior
Secondary Certificate Examination (SSCE)?

In answering these questions, secondary data would be used to investigate the level of

enrolment and pattern of attainment in terms of gender, resource availability and utilization.

After a thorough examination of the patterns of enrolment and attainment in physics, the next

obvious thing to do will be to conduct a qualitative investigation as to the ‘why’ and ‘how’ of the

outcome of the physics attainment. Thus, the following sub- research questions will be
addressed.

Vi

vii

How do teacher qualification and experience relate to the enrolment and attainment of
students in physics?
What is the extent of availability of physics resources for teaching and learning in

secondary schoolsin Rivers State, Nigeria?

To what extent are available physics resources utilized for teaching and learning in

secondary schools?

To what extent does the availability and utilization of physics resources influence

students’ enrolment and attainment in physics?

What are the teaching strategies and classroom interactions adopted by physics teachers?
To what extent does the teaching strategy and classroom interactions adopted by teachers
influence the students' enrolment and attainment in physics?

To what extent does the school climate affect teaching and learning in the school ?

1.9 Research strategy and techniques

The study adopted the survey and case study designs. ‘ Typically, surveys gather data at a

particular point in time with the intention of describing the nature of existing conditions, or

identifying standards against which existing conditions can be compared, or determining the
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relationships that exist between specific events' (Cohen, Manion & Morrison, 2011:256). The
researcher intends to gather Senior School Certificate Examination results from the examination
body to examine the overall national situation, also from schools within the study area as case
studies. The researcher gathered information using questionnaires, interviews and classroom
observations on school-based factors that are likely to influence students enrolment and
attainment in the subject. The case study approach was employed as a follow up to have an in-
depth understanding of the problem being studied. According to Bell (2010:8), ‘Case studies
may be carried out to follow up and to put flesh on the bones of a survey’. The survey and case
study designs are therefore considered most appropriate for this research. The research is
particularly both descriptive and analytical. Analytical in the sense that relationships between

variables were examined.

The National Senior Secondary Certificate Examination results were accessed and obtained
from the West African Examination Council in Nigeria and the specific schools that were used
for the study. The physics grades in the result were analysed to classify schools into ‘High’,
‘Moderate’ and ‘Low’ attainment groups. To ensure confidentiality in research, the names of the
schools and candidates have not been used. The principals and relevant education authorities

were assured of this confidentiality.

The basic and required instructional resources and materials stated in the Nigerian
National Physics Curriculum for the effective teaching and learning of associated concepts and
topics were extracted and included in the teachers questionnaire to ascertain the level of
availability and utilization of resources for teaching and learning. Generally, ‘ physics resources
in this study include qualified physics teachers, laboratory technicians, physics laboratory,
equipment, library and books, simulations and online teaching and learning resources. Well-
structured questionnaires were also designed and used to dlicit the school-based factors that are
responsible for the enrolment and performance of students in physics in the SSCE. Observation
technique was aso employed to observe Physics teachers and al so, the students’ activities during
teaching sessions in the classrooms. These were used to report on how teachers teach physics
lessons, students' involvement rate in the teaching-learning process and also to discuss major
findings of the research. Other than the questionnaires and observation of actual classroom
practice of teachers and students during physics lessons, relevant permission was sought to

interview both teachers and students to probe their views on the state of the teaching and learning
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of the subject and the likely effects on enrolment and attainment. This, it is believed will €licit

specific problems that will guide the researcher in addressing the research problem exhaustively.
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Chapter 2: Literature Review

Introduction

A Literature review involves a well-organized, systematic and logica presentation of
both theoretical and empirical information and previous research findings that are related to the
study. It presents a synopsis of what has been done previously by earlier researchers in the
current area of research interest and is necessary to provide insights and to guide readers to
comprehend not just the present research, but to build on, make a link between the present and
prior works and learn from previous studies and scholarship on the topic or piece of research
(Boote & Beile, 2005; Creswell, 2012; Pautasso, 2013). In this chapter, the researcher presents
theoretical and quantitative based literatures of prior studies relating to the research topic.
Having defined my research focus in terms of the objectives and research questions, the
traditional or narrative literature review has been adopted with the selection of relevant literature
in areas covering each research question. For instance, the study may be classified as a school
effectiveness research, literature bothering on this area has therefore been searched, read and
appropriately reviewed. For a better organization of materials, literature related to this study on
investigations of school-based factors that affect the enrolment and attainment of senior

secondary school physics studentsis reviewed under the following headings:

21  Theoretical Framework.

2.2 Review on School Effectiveness Research

2.3  Students choice of post-compulsory school science and physics.

24  Explanationsfor declinein physics uptake among secondary school students.
25  Students attainment in physics—aglobal perspective.

2.6  Teaching strategies, students enrolment and academic attainment

2.7  School resources, students' enrolment and academic attainment.

2.8  Effect of teacher quality and experience on students enrolment and academic
attainment.
2.9  Professional development and teacher effectiveness

2.10 School climate, students' enrolment and academic attainment
2.11 School location, students' enrolment and academic attainment.
2.12 Issues of gender and attainment in science and physics.

213 Summary of Literature Review.
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2.1 Theoretical Framework

Research has shown several factors that affect attainment of students or enable effective
learning in school. Some of these factors with a consensus among many researchers are ability or
prior attainment of the student, chronological maturation, motivation or self-concept, quantity of
time the student engages in learning, the quality of instructional experience, the home, classroom
interactions, peers and the amount of leisure time. (Walberg, Haertel, Pascarella, Junker &
Boulanger, 1981; Walberg, 1984; McGrew, 2008). Most of these factors can be categorized

under the following:
(1) Student related (ability, maturation, self-motivation, time engaged in personal study)
(2) Home related (psychological, economic and social comfort from the home) and
(3) School related (quality and quantity of instruction, classroom psychological climate).

The concern of this research is basically on school-related factors that can affect students
enrolment and attainment or enable effective learning. Some other researchers have broadened
the study of school-based factors affecting students attainment to include supervision of
instruction, school leadership, guidance and counselling, student-to-teacher ratio, enrolment,
availability and usage of teaching/learning facilities, school type and teacher characteristics
(Fuller, 1986; Atanda & Jaiyeoba, 2011; Jaiyeoba & Atanda, 2011; Mbugua, Kibet, Muthaa, &,
Nkonke, 2012; Rockstroh, 2013). Atanda & Jaiyeoba, (2011) for instance investigated the effects
of school-based quality factors on secondary school students’ attainment in English language in
south-western and north-central Nigeria and found that instructional materials, quality of
instruction and supervision contributed significantly to students' attainment in English language.
Also, in asmilar study to examine the effects of school quality on the attainment of secondary
school students in mathematics in Nigeria, Jaiyeoba & Atanda (2011), investigated the effects of
school -based factors such as supervision of instruction, school leadership, quality of instruction,
guidance and counselling services, health services, school library, conveniences (toilets)
instructional materials and sports facilities on students attainment. Their study which involved
only school principas and mathematics teachers utilized the use of school-based quality
inventory and school factor questionnaire as instruments of data collection. They concluded that
“instructional materials and conveniences (toilets) are strong school-based quality factors which

have the tendency of contributing significantly to students' attainment in Mathematics’ (p.98).
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Their study did not however explain how the lack of toilets and instructional materials affect the
attainment of students in mathematics.

Fuller (1986) has reported the varying effects of school-based or other socio-economic factors on
students' performance in developed and developing nations. This also supports the finding of
Heyneman & Loxley (1983) that school and teacher effects are stronger in low income countries
than in developed countries and that for social status effects on students' attainment is stronger in
developed countries than developing ones. The findings of Jaiyeoba & Atanda (2011), for
instance may be seen as evidence supporting the position as reported by Fuller (1986) and
Heyneman & Loxley (1983). It may be difficult to have the lack of provision of adequate
conveniences in public schools and the provision of basic instructional materials for effective
teaching and learning in educational institutions in most developed countries. In the same vein,
Heyneman and Loxley (1983) studied the effect of primary school quality on academic
attainment across high and low income countries and concluded that ‘in low-income countries,
the effect of school and teacher quaity on academic attainment in primary school is

comparatively greater’ (p.1162).

The focus of this study is to identify school-based factors that have effects on the
teaching and learning of physicsin Nigerian secondary schools and so possibly affect the uptake
of the subject after the compulsory years of secondary education and students’ attainment. Thus,
school-based factors to be investigated in this study include input factors such as availability and
utilization of teaching and learning resources, teacher availability, teacher quality, teacher
experience, teaching strategies employed by teachers, computers/internet facilities and classroom
interactions; while students' enrolment and performance in the SSCE are the output variables.
Particularly, this research seeks to qualitatively study the state of the resources for teaching and
learning, the teaching strategies employed by physics teachers, students engagement in
classrooms and the general classroom environment and how these might explain the enrolment

and attainment of studentsin physics.

Key concepts that will be explored in this study therefore include resource availability,
resource utilization, teaching strategies, students engagement and classroom interaction.
Walberg's theory of educational productivity (1981) and the Von Bertalanffy input-output
systems theory (1968) shall form the theoretical framework for this research.
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211 Walberg'stheory of educational productivity

Walberg's theory (1981) is a psychological theory of educational productivity. The
theory had its root in Cobbs-Douglas (1928) economic productivity theory of national, industrial
and agricultura productivity in Austria, England and Sweden (Walberg, Haertel, Pascarella,
Junker and Boulanger, 1981). According to Walberg et al., the key features of the theory of
economic productivity were that “adding more farm labor, land, or plows and other equipment
increases grain yield, and (that) each factor is necessary but insufficient by itself for production”
(p. 234). Going from the two-factor theory of Cobb and Douglas where economic output was
represented as a function of capital and labor (Walberg et al., 1981), Walberg widely reviewed
about 3000 studies on school attainment and identified nine productive factors which were
grouped into three classes of Aptitude (student ability/prior attainment, motivation,
age/developmental level), Instruction (quantity of instruction and quality of instruction) and
Psychological Environment (Classroom climate, Home environment, Peer group and Exposure
to mass media outside of school), (Reynolds & Walberg, 1992). The theory posits that:

“psychological attributes of individua students and their psychologically
proximate environments influence cognitive, behavioral, and attitudinal outcomes
of education” (Reynolds & Walberg, 1992).

The implication here is that the student attributes such as ability and those things or eventsin his
environment both at home and in school could affect his cognitive outcomes (attainment) and
behavioral and attitudina outcomes (like or dislike of the subject or school environment) which

could affect subject and school enrolment.

Walberg's (1981) educationa theory was therefore partly adapted as a basis for the
theoretical framework of this research. Although nine productive factors were identified to have
positive relationship with learning outcomes, three of these factors are considered in this study as
school-based factors. These factors are quality of instruction, quantity of instruction and
classroom psychological climate. The teacher, his teaching strategies and interaction with his
students play very vital role in the enhancement of learning outcomes of students. Similarly, a
safe, friendly and conducive classroom environment where students find stimul ating experiences
ensures a good motivation for effective learning. According to Greenberg, Weissberg, O'Brien,
Zins, Fredericks, Resnik & Elias (2003: 470), “safe and orderly school and classroom
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environment, caring relationships between students and teachers that foster commitment and
connection to school and engaging teaching approaches such as cooperative learning and
proactive classroom management” are some factors that produce improved school outcomes. It is
therefore the concern of this research to investigate how physics teachers interact with the
curriculum and thelir students in terms of lesson delivery, how this encourages the establishment
of student friendly learning environment and how these factors might explain students
enrolment and performance. According to Barge (2013), “effective teachers promote student
learning by using research-based instructional strategies relevant to the content to engage in
active learning and to facilitate the students' acquisition of key knowledge and skills’. That
teaching strategies have some effects on learning outcome of studentsis well known (Mortimore
& Sammons, 1987; Ramsden, 2003; Coe, Aloisi, Higgins & Maor, 2014).

Walberg's theory (1981) is much respected for its empirical review of several studies on
school learning and outcomes (McGrew, 2008; DiPerna, Volpe & Elliott, 2002; Greenberg et al.,
2003; Walberg, 1984). The theory however does not include school-based factors such as
resource availability and utilization and the teaching strategies that teachers use especially in
science classrooms that research has shown to have effects on students’ interest in learning and
enhancement of learning outcomes or attainment. According to Mortimore & Sammons (1987),
“much of the variation between schools can be accounted for by the differences in school
policies and practices within the control of the principa and teachers’ (p.4). This view is
corroborated in the assertion of Patrick (2009:119) that the general and specific objectives of
science education “are only achieved by the teacher through giving the right types of instructions
to the science students’. Although many studies show that student previous knowledge,
interpersonal skills, and motivation impact student attainment significantly (Walberg, 1984;
DiPerna, Volpe & Elliott, 2002; Greenberg et al., 2003; McGrew, 2008), some studies have
shown that when those variables are controlled, teachers are very important determinants of
student attainment (Wright, Horn, & Sanders, 1997; Darling-Hammond, 2000; Gallagher, 2004).
It is therefore the concern of this research to investigate how certain school- based factors such
as teacher qualification, strategies employed in teaching physics, resource availability and

resource utilization for teaching could explain students' enrolment and attainment in physics.
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2.1.2 TheVon Bertalanffy input-output systemstheory

The system’s theory (input-output) model was developed by Ludwig Von Bertaanffy
(1968) who saw the need for amodel or theory that will give direction to research concerning all
systems in most disciplines as according to him, “systems thinking plays a dominant role in a
wide range of fields from industria enterprise and armaments to esoteric topics of pure science”
(p.1). According to Von Bertalanffy (1968), “there appear to exist general system laws which
apply to any system of a certain type, irrespective of the particular properties of the system and
of the elements involved”. This according to him led “to the postulate of a new scientific

discipline which we call genera system theory” (p.36).

This general system is one in which its components interact with one another. In
education for instance, the school is seen in the light of Von Bertalanffy’'s theory as a system
composed of the school leadership or administration, teachers, students, policy makers, teaching
and learning resources and the curricula as component parts of the system. These component
parts of the system interact and inter-depend on one another for the overall success of the goals
of the system. According to Friedman & Allen (2011), Von Bertalanffy considered simple
linear cause and effect relationship to explain the growth and development of parts of a living
organism as a system. They reported that these conditions hold when there is interaction between
the component parts and that the condition that describes the relationship of that interaction is
linear. According to them, “when these two conditions are present, Von Bertalanffy felt, (that)
the interaction was measurable and was subject to scientific inquiry” (p.4). Stichweh (2011)
outlined the features of the general systems theory which include “the interdependency of the
parts of a system; the reference of any structure and process in a system to the environments of
the system; equilibrium and adaptedness and continuous re-adaptations to environmental
demands as core elements of the understanding of a system”. Von Bertaanffy in his theory
talked about open and closed systems. He posited that “every living organism is essentially an
open system” (p.38) and explained that the interaction between components of an open system is
such that the system is maintained with the steady inflow (input) and outflow (output) of the

component parts of the system.

In adapting this theory, the school is here considered as an educational system with the
teachers, students, curriculum content as component parts and the society as its environment

within which it operates. Thisis an open system in which the component parts interact with one
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another and with the environment for the overall good of the system and the environment. The
resources for teaching/learning, teacher training and re-training are al inputs into the system for
the attainment of set goals and expectation of the societal (environment) goals. As an open
system, the school receives information from the environment or society which it uses to interact
with its components in a dynamic way. The information the school receives from the society may
be in the form of what society expects of the worth of the schooling experience or products of the
system. The teaching, learning, instructions, laboratory exposure, field trips, classroom
interactions, counselling and all that take place under the direct or indirect auspices of the school
becomes the ‘processing’ tools of the system to produce a worthwhile output. The products of
the system are turned into the environment (output) to contribute to the development of the

environment.

2.2 Review on school effectivenessresearch

Some research questions for the present study focuses on school-based factors such as
teacher qualification, experience, teaching strategies, classroom climate, resource availability
and utilisation. School effectiveness research is an area of educational research that looks at
factors within the school that could influence students’ learning outcomes. Relevant literature in
this area has therefore been searched and appropriately reviewed to get abreast with current
research findings in the area, identify gaps and develop an adequate guide to effectively answer
the research questions.

School effectiveness research according to Reynolds, Sammons, De Fraine, Damme,
Townsend, Teddlie & Stringfield (2014) is the investigation of ‘all the factors within schools in
particular, and the educational system in general, that might affect the learning outcomes of
students in both their academic and social development’ (p.197). Quite alot of studies have been
conducted to identify the factors that contribute to or influence the learning outcomes of students
in schools (Hedges, Laine & Greenwald, 1994; Hanushek, 1997; Gamoran & Long, 2006; Yu,
2007; Lips, Watkins & Fleming, 2008). The reason for these studies on school effectiveness is
not farfetched as researchers and stake holders in the education industry are interested not only to
identify these factors but also to see how those with positive influence are boosted while those
with negative influence are meaningfully minimized, discouraged and or eliminated. Literature

has shown that several factors that could potentially affect teaching and learning outcomes in
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schools such as school policies, school environment, financing and resourcing, teacher
characteristics including teaching strategies, family background of pupils, peer group influence
and the motivation of the learners have been of interest to researchersin school effectiveness.

Another aspect of school effectiveness research is that of ‘attainment equity’ and
‘equitability’. Kelly (2012) cited The European Union’s (EU) definition of equity as:

“...the extent to which individuals can take advantage of education in terms of
opportunities... and outcomes. Equitable systems ensure that the outcomes of
education are independent of [all] factors that lead to educational disadvantage...”
(p.2).
By this definition, policy makers are not only interested in the success stories of schools in
external examinations but also, the extent to which the success is proportionate with the school
population. In this regards, it is important to view the school’ s examination success with that of

the prior attainment of its population.

This concept of equity and equitability has been canvased in the educationa policies of
many countries and international organizations (Kelly, 2012). The situation is same in Nigeria as

captured by the National Policy in Education (2013):

“The goals of education in Nigeria are the: ...provision of equal access to
qualitative educational opportunities for all citizens at all levels of education,
within and outside the formal school system... The specific goals of education in
Nigeria are to: ensure and sustain unfettered access and equity to education for the

total development of the individual...” (p.2).

Despite these lofty ideas of equity enshrined in the National policy, many studies that have been
conducted in Nigeria suggest the high existence of “inequity” with public schools very poorly
financed with poor facilities for teaching and learning while privately owned schools have
relatively better facilities and are not within the reach of the ‘common’ Nigerian (Onwioduokit,
2001; Adeyemi, 2008; Bello, 2012). These privately owned schools apart from being patronized
by the ‘well-to-do’ in society who are also likely to provide better learning facilities for their kids

at home, also are selective in their admission process. In terms of the “ Attainment Equity” (AE)
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Index and “Contextual Value Added” (CVA) measure (Kely, 2012, 2015), most public schools
in Nigeria may be described as “Uniformly ineffective schools” with low AE and low CVA
while most ‘successful’ private schools in Nigeria may fall into the upper right quadrant as
“Differentially effective schools’. However, the present study is not investigating Attainment
Equity and or Contextual Value Added measures in Nigerian schools, but the factors within the

schools that influence physics enrolment and attainment.

It is important that government, society, parents and educational managers know those
factors that have direct impact on students’ learning outcomes so that such areas will be more
supported to meet the desires and challenges of education. This in generd, is the goal of school
effectiveness research. Every government’s desire as demonstrated by policies on education and
huge funding both on research and especially years of compulsory schooling, is therefore to see
how best to advance education and scrutinize the effectiveness of schooling and school systems
in a bid to improve the quality of teaching and learning so as to equip its citizenry with the
necessary skills, knowledge and experience to function effectively in the society and meet the
challenges of the global economy (Y u, 2007; Lips, Watkins & Fleming, 2008).

The importance of education in any society cannot be over emphasized. Today, education
is seen as the key to industrial, environmental and societal development as it help individuals to
inculcate national consciousness and the appropriate values for the worthwhile survival of the
individual and the society. One of the national educational goals of the Federal Republic of
Nigeria is the ‘development of appropriate skills, mental, physical and social abilities and
competencies to empower the individual to live in and contribute positively to the society’ (FRN,
2013:2). The implication of the above cited from the nationa policy on education is that
government intends by the means of education, to equip its citizenry with necessary skills and
knowledge not only to live responsibly and survive in the society, but aso by what is acquired
through the means of education to contribute meaningfully to the well-being of the society. The
National curriculum in England expects all state-funded schools to offer a balanced and broad-
based curriculum that ‘prepares pupils a the school for the opportunities, responsibilities and
experiences of later life (DFE, 2013:5). What this means is that products of basic schooling in
English schools are expected to acquire what is needed as skills, knowledge and experiences that
would enable them fit well in society in terms of employability and contribute significantly to
societal needs and challenges. This is why Boit, Njoki & Chang ach (2012), posited that ‘the
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purpose of education is to equip the citizenry to reshape their society so that the flaws and
inequalities are eliminated’ (p.179). This relevance of education both for the populace and
society at large is the reason why many countries invest heavily in the education of their young

ones, especialy at the pre-school, primary and secondary stages of education.

It is this recognition of this place of education in both individua and nationa
development that has prompted many nations and governments to invest massively in the
education of ther citizenry especially at the primary and secondary education levels. The
recommended minimum budgetary allocation to education by the United Nations Educational,
Scientific and Cultura Organization (UNESCO) for all countriesis 26% of its annual budget. In
Nigeria, the budgetary allocation to education over the years has been poor with less than 11%
(Oseni, 2012; Ejiogu, lhugba & Nwosu, 2013). In Africa for instance, countries like Uganda,
Cote d’lIvoire and Ghana allocate about 27%, 30% and 31% respectively of their annual budgets
to education. Some other African countries with a substantial percentage of their national budget
that is on the average alocated to education include Botswana (19), Swaziland (24.6), Lesotho
(17), South Africa (25.8), Burkina Faso, (16.8), Kenya(23), and Tunisia (17) (Ejiogu, Ihugba &
Nwosu, 2013). For member countries in the OECD, alocation or expenditure for education is
measured in relation to their Gross Domestic Product (GDP). As reported by the National Center
for Education Statistics (NCES), the National expenditure in percentage of member nations of
OECD for education in relation to their Gross Domestic Product (GDP) shows Denmark,
Iceland, The Republic of Korea, Isradl, the United States of America and New Zealand spending
over 7 percent of their GDP on education (National Centre for Education Statistics, 2014).

Some researchers have expressed concern as to whether or not the investment of public
funds in the education sector is correspondingly yielding the desired results. The report tagged
‘equality of educational opportunity’ by Coleman, Campbell, Hobson, McPartland, Mood,
Weinfeld & York (1966) and submitted to the United States government sparked off much
debate as to whether the spending of more funds on education improves academic attainment
(Purkey & Smith, 1983; Hedges, Laine & Greenwald, 1994; Hanushek, 1997; Gamoran & Long,
2006; Lips, Watkins & Fleming, 2008). Coleman et al. have reported that ‘variations in the
facilities and curriculums of the schools account for relatively little variation in pupil attainment’
and that ‘a pupil’s attainment is strongly related to the educational backgrounds and aspirations
of the other studentsin the school’ (p.22).
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There have been several studies and arguments on the subject of school effectiveness
research. Hanushek on several of his studies (1994, 1997, 2006) has maintained that school
resources do not significantly affect students' performance. Hanushek (1997) did an article
review of about 400 studies of students’ attainment on available educational production literature
and concluded that ‘there is not a strong or consistent relationship between student performance
and school resources, at least after variables in family inputs are taken into account’ (p. 141).
Also, Glewwe, Hanushek, Humpage & Ravina (2011) investigated the effects of school
resources and educational outcomes in developing countries. They started with over 9000 studies
out of which only 43 studies survived their screening and were termed ‘high quality’ studies.
They concluded that ‘the estimated impacts on time in school and learning of most school and
teacher characteristics are statistically insignificant’ (p.1). They also argued that ‘the most useful
conclusion to draw for policy is that thereis little empirical support for a wide variety of school
and teacher characteristics that some observers may view as priorities for school spending’
(p.42). The position of Hanushek and his colleagues has not been unchallenged. A group of
researchers that has consistently challenged the position of Hanushek and those of similar
inclination is Hedges, Laine & Greenwald (1994a, 1994b.1996). For instance, in their paper
‘Does money matter? A meta-analysis of studies of the effects of differential school inputs on
student outcomes’, they criticized the inference procedure utilized by Hanushek (1981, 1986,
1989, 1991) that concluded that school expenditures are unrelated to student performance. They
argued that ‘ the data upon which this conclusion is based support exactly the opposite conclusion
and demonstrate that expenditures are positively related to school outcomes (Hedges, Laine &
Greenwald, 1994ap.5). They aso queried that Hanushek failed to describe his criteria for
choosing coefficients from his selected studies and procedures used to obtain publications and
extract information from them (Greenwald, Hedges & Laine, 1996). In his paper ‘Economic
consideration and class size’, Krueger (2003) disagreed with Hanushek on his avowed position
that there is no strong or consistent relationship between school inputs and students
performance. He argued that Hanushek in drawing estimates from his selected studies considered
more estimates from some studies than others and applied equal weights to every estimate during
his analysis. He maintained that ‘Hanushek's pessimistic conclusion about the effectiveness of
schooling inputs results from the fact that he inadvertently places a disproportionate share of

weight on a small number of studies that frequently used small samples and estimated
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misspecified models (p.F35). Krueger argued that when studies are given equal weights, school
resources are seen to be systematically related to pupils attainment. Pan, Rudo, Schneider &
Smith-Hansen (2003) examined resource alocation in education and its effect on student
performance. They examined data on student performance and fiscal and human allocation from
all independent school districts within Arkansas, Louisiana, New Mexico and Texas al in the
United States of America. The findings of their research ‘demonstrated a strong relationship

between resources and student success’ (p. V).

While the argument on the effectiveness of school resources on students' attainment is
evident in scholarly literature with most samples drawn from developed countries, Heyneman &
Loxley (1983) investigated ‘The Effect of Primary School Quality on Academic Attainment
across Twenty —nine High- and Low-Income Countries’. They argued that most studies that
concluded that the effect of school resources and teacher quality on students academic
performance was less than that of family and students characteristics drew their evidence and
generalizations from developed school systems in Europe, North America and Japan. They
explored data from Africa, Asia, Latin America and the Middle East and discovered that
‘children who attend primary school in countries with low per capita incomes have learned
substantialy less after similar amounts of time in school than have pupils in high-income
countries’ (p.1162). Heyneman & Loxley (1983) concluded that quality of school and that of
teachers to which the pupils are exposed is the predominant influence on students' attainment.
Woessmann (2003) investigated the effects of family background, school resources and
educational institutions on students’ performance on Mathematics and science with over 260 000
students from 39 countries. His finding was that international differences in students’ attainment
were considerably related to institutional differences and not school resource differences.
Woessmann listed institutional factors that had positive effects on student performance to include
centralized examination and control system, school autonomy, teacher-influence over choice of
teaching methods, competition from private schools and restrictions of teacher unions’' influence
on curriculum scope. Also, Gamoran & Long (2006) in the review of ‘equality of educationa
opportunity’ after 40 years of debate since after the launching of Coleman’s report, concluded
that ‘despite recent claims to the contrary, attainment in countries with very low per capita

incomes is more sensitive to the availability of school resources’ (p.1).
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In Africa, Kasirye (2009) investigated determinants of learning attainment in Uganda.
163 schools were selected with 20 pupils in grade 6 from each school who were administered
tests in Mathematics and Reading. Teacher questionnaire to €licit information on teacher
characteristics was also administered to all grade 6 teachers of Mathematics and Reading. His
study reveded that teacher characteristics and access to school resources raised the cognitive
outcomes of children. Glewwe & Jacoby (1994) studied student attainment and schooling choice
in Ghana. Their study found ‘that improving schools is an important way of raising productivity’
and ‘aso uncovered the relative effectiveness of repairing school buildings over investments in
instructional materials, such as books, desks and blackboards and in teacher quality’ (p. 862-863).
This finding is interesting as physical resources such as books, desks, and blackboards will
certainly wear out fast if the school building is dilapidated. Teachers' motivation is also most
likely to be affected negatively in such unconducive working environment. It may therefore be
difficult to conclude if that study claims the existence of arelationship between school resources
and students’ attainment.

In Nigeria, Atanda & Jaiyeoba, (2011) investigated the effects of school-based quality
factors on secondary school students' attainment in English language in south-western and north-
central Nigeria and found that instructional materials, quality of instruction and supervision
contributed significantly to students’ attainment in English language. Adeyemi (2008) examined
the effect of science laboratories on the quality of output in terms of student performance in
secondary schools in Ondo state of Nigeria. Sample for the study was drawn from 168 out of the
257 secondary schools that presented candidates for the Senior Secondary School Certificate
Examination from the state in 2003. His findings show that the students from schools having
laboratories in the three science subjects of Biology, Chemistry and Physics performed better
than those from schools who had either none or less. In a similar vein, Bello (2012) using a
descriptive survey investigated the ‘effect of availability and utilization of Physics laboratory
equipment on students, academic attainment in senior secondary school physics' with a sample
of 900 randomly selected students and 50 Senior Secondary physics teachers purposively
selected from 45 Senior Secondary schools in the South-western region of Nigeria. The results
showed that ‘the optimal utilization of physics laboratory equipment is effective in the teaching
of physics' (p. 1). The study also revealed that students from Federal Government owned schools

with better resources and higher utilization had higher mean scores than students from privately
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owned schools, while students from public schools with least minimum available resources and
utilization had the lowest mean scores. In asimilar study on the importance of a solid foundation
of science education for national building in Nigeria, Onwioduokit (2001) lamented the poor
state of science laboratories and facilities for the teaching and learning of science subjects in the
school system. Contrary to the findings of Adeyemi (2008) and Bello (2012), Ajayi (2013)
carried out a study to see if resource utilization could predict students' attainment drawing
sample from 20 out of 52 secondary schools from Ilorin local government area of Kwara state in
Nigeria. He used correlation to investigate the degree of association between resource utilization
and students’ attainment in the SSCE. He reported that there was no significant relationship
between utilization of science laboratories and students' academic performance. Similarly, Bello
(2012) investigated the effect of physics resource availability and utilization in lessons on the
academic attainment of secondary school students in the subject in Nigeria and reported that
students learnt better when teachers utilize physics laboratory equipment and resources in the
lessons and that “public schools with the minimum available equipment and least utilization

capacity had the minimum mean score”

Although severa studies have been carried out in the area of school effectiveness,
especially effect of school resources on students' attainment, a clear consensus cannot be said to
be reached. There is therefore the need for further research in this area especially in developing
countries like Nigeria. The concern of this research is basically on school related factors that can
affect students' enrolment and attainment or enable effective learning. Particularly, this research
seeks to qualitatively study the state of the resources for teaching and learning, the teaching
strategies employed by physics teachers, students engagement in classrooms and the genera
classroom environment and how these might explain physics students enrolment and attainment

in secondary schoolsin Rivers State.

2.3 Students choice of post-compulsory school science and physics

The present study is concerned about the school-based factors that affect students
enrolment and achievement in physics after the compulsory years of secondary education.
Literature on factors that generaly influence student choice of school science and particularly

physics has therefore been reviewed to get properly acquainted with current research findings in
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the area and aso, to give direction and proper basis for the discussion of findings of the present
study.

In most countries, science is taken as basic science, integrated science, nature study or
simply as science in the compulsory school classes or years. In Nigeria, compul sory schooling or
what is referred to basic education as enshrined in the National Policy on education is between
ages 5 to 15 years (FRN, 2013). According to the policy, the basic education ‘encompasses
kindergarten 1 year, 6 years of primary education and 3 years of Junior Secondary Education’
(FRN, 2013: iv). In Nigeria, Science is taught as Basic Science at the Basic classes of primary 1
to junior secondary 3. At the one year kindergarten level, the policy did not specify the
curriculum for that year. However, the content of learning science at that level was expressed
when it stated as one of the objectives of kindergarten education: ‘inculcate in the child the spirit

of enquiry and creativity through the exploration of nature, the environment...” (FRN, 2013: 6).

In South Africa, education is compulsory for al South Africans from the age of seven to
age 15, or the completion of the 9th grade as stated in the South African Schools Act 84 of 1996:
‘Subject to this Act and any applicable provincid law, every parent must cause every learner for
whom he or she is responsible to attend a school from the first school day of the year in which
such learner reaches the age of seven years until the last school day of the year in which such
learner reaches the age of fifteen years or the ninth grade, whichever occurs first’ (Section
2(3),part 1). Science is studied as Natural Sciences as one of the eight learning areas in the 9
years of compulsory schooling in South Africa. Natural sciences in the South African context is
divided into four components of ‘Life and Living', ‘Energy and Change’, ‘Planet Earth and
Beyond' and ‘Matter and Materiadls (Department of Basic Education, 2011, p. 9). Beyond the
years of compulsory schooling, science is studied as ‘Physical Sciences made up of concepts of
physics and chemistry and integration of both and * Life Sciences

In the United Kingdom, the compulsory schooling is between age 5 and 16 and pupilsin
KS 1, KS 2, KS 3 and KS 4 at both primary and secondary school level take science as a
compulsory subject. In South Austraia, the compulsory school age is between 6 and 16 (year 1
to year 9 or 10) and parents have the responsibility to ensure that their children of that school age
regularly attend school (South Australia Education Act, 1972). School education is similar across
all of Australiawith very minor variations. School education is 13 years and is divided into three
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segments of primary (which runs for 7 or 8 years, starting at kindergarten to year 6 or 7),
secondary (which runs for 3 or 4 years from years 7 or 8 to 10) and senior secondary school of
two years (years 11 and12). Science is offered as a compulsory subject through all 13 years of
compulsory schooling in Australia. The government’s motivation for the inclusion of science as
a compulsory subject is captured in the rationale and aims of the curriculum document: “science
provides opportunity for students to develop an understanding of important science concepts and
processes, the practices used to develop scientific knowledge, of science’'s contribution to our
culture and society and its application in our lives’ (p. 3).

Severa studies have been conducted to investigate factors that may affect students
choice of science and physics in particular at the senior secondary school level (Akpan, 1986;
Omosewo, 2003; Francis & Greer, 1999; Breakwell & Beardsdl, 1992; Oriahi, Uhumuavbi &
Aguele , 2010; Ormerod, 1975; Stables, 1990; Semela, 2010;Ezeweani & Atomatofa, 2012,
Daso, 2013; Aina & Akanbi, 2013; Akiri, 2013). The way people feel and think about certain
things and life-long engagements affect their involvement and motivation either positively or
negatively. For instance, Akpan (1986) investigated the effect of age, sex, attitudes to science, 1Q
and students personality on choice of science subjects among secondary school students in
Nigeria. His study used 1240 students between 12 and 18 years from 31 secondary schools in
Benue and Cross River States of the country. Using t-test anaysis, correlation and multiple
regression analyses, Akpan reported that ‘attitudes to science was the most important factor in
science choice, followed by 1Q’ and that *sex and personality were important to a lesser degree’
(Akpan, 1986:99). The implication is that students choose science as a result of their positive
attitude and interest in science probably because of what they may have considered to derive
from such choice.

Recent studies on the influence of students’ career or future choice indicates that parents
are the most influential factors (Atkinson, 2012). Omosewo (2003) investigated variables like
parents, school counsellors, peer group, friends, relatives and self (the student) that influence
their choice of physics. She used simple percentages and observed that parents and school
counsellors ranked the highest influencing factors on students’ choice of physics with 48% and
31.5% respectively. Another factor that has been highly debated is that of gender. In most under
developed and developing countries, gender-defined role differentiations and beliefs are very

strong even in their society and communal lifestyles. Women in such societies are groomed early
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in life to be better house wives and mothers and are encouraged to choose subjects like Home
management and Music. For instance, while some (Francis & Greer, 1999; Breskwell &
Beardsdll, 1992) reported that males have more positive attitude towards choice of science with
greater levels of participating in science related extracurricular activities than females, others
(Ormerod, 1975; Stables, 1990) did not agree that gender difference affect students uptake of
science. According to Perera & Veummayilum (2008), ‘masculinity is characterized
traditionally as dominance and competitiveness, while, in contrast, women select careers that
have regular hours of work to enable them to fulfil family obligations. It is also suggested that
women prefer work that is predictable, subordinate and less financially productive, with low
stress levels' (p.186). Amunga, Amadala & Musera (2011) reported that ‘ girls are socialized into
characteristics of dependence, nurturance and passivity’ and ‘therefore develop a set of attitudes
and beliefs that do not promote high levels of attainment and participation in science’ (p.234).
Research has shown that females have more negative attitude toward science and perceive
science subjects to be more useful to boys (Wasanga, 1997; Amunga, Amadala & Musera, 2011).
This seems to be true in Nigeria where the mgjor religions of Chrigtianity, Islam and African
Traditional Religion relegate females as subservient to their male folk. Oriahi, Uhumuavbi &
Aguele (2010) have argued that students’ interaction inside and outside the classroom with peers

and other classroom activities affect their interest and performance in science.

Whilst the factors that influence the choice of science and particularly physics is of
concern to many researchers in science education and other stake holders, the issue of the level
of enrolment of school pupils in science and physics in particular has raised more concerns. In
Nigeria, available records show that more students after the compulsory schooling classes choose
to study non—science subjects compared to the sciences (Aina & Akanbi, 2013; Bukunola &
Idowu, 2012). Also, of the three core science subjects of Biology, Chemistry and Physics,
Physics is seen to have the least popularity among studentsin the senior secondary school classes
(Akanbi, 2003; Bello, 2012; Aina & Adedo, 2013). According to Bello (2012), ‘students shun
sciences particularly physics when given an option’ and that ‘given a choice, students would
rather drop physicsin favour of other science subjects’ (p.2). Apart from the fact that thereis low
choice of physics among students in SSS classes, there is also gender disparity in enrolment
(Aina& Akintunde, 2013).
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The problem of low enrolment of science and particularly physics in the post-compul sory
classes is not peculiar to Nigeria. The enrolment in physics at all levels of education is low in
many African countries (Musasia, Abacha & Biyoyo, 2012) and indeed in most countries of the
world (Semela, 2010; Osborne, Simon & Collins, 2003). Woolnough, Guo, Leite, Almeida, Ryu,
Wang, & Young (1997) discussed the growing concern of the fewer number of students who
which to continue with their school science in many countries. In South Africa for instance,
Mundalamo (2006) reported the decreasing number of students who choose physics as one of
their subjects. He went further to state that ‘before the 1994 democratic elections, the South
African physics community was dominated by whites' as ‘most African pupils did not have the
opportunity to choose mathematics and science as subjects at school’ (p. 5). He quoted the then
Minister of Education in South Africa, Naledi Pandor thus:

“Mathematics and science have for a long time been a preserve of a select few.
Many generations of young people have been denied access into these important
subjects because of apartheid and because of the myth that one is born either with

or without an ability to handle these subjects’ (p. 5).

This raises questions on the goals of early western and missionary education to most African
countries which of course is not the focus of this research. In Ghana, Taale (2011) observed that
relatively, few numbers of students choose physics as an elective subject at the post-compul sory
school level. Atagabe (2011) also reported that students enrolment in the science in the Upper
East region of Ghana was poor. She revealed that ‘out of 13,134 students who enrolled into the
Senior Secondary School in 2008/2009 academic year, only 10% of them offered General
Science’. This is despite the important position of physics as a pre-requisite to most careers and
courses in Science and Technology that drive industrialization and technological breakthrough
pursued by most economies of the world. In Kenya, Musasia, Abacha & Biyoyo (2012) reported
alow enrolment of students in science and physics after the compulsory years and that the ‘far
fewer girls opt to study physics in form three and form four compared to the boys (p. 154).
Forms three and four in Kenya are the last two years of secondary education. Wambugu &
Changeiywo (2008) aso reported a low enrolment of Kenyan secondary school students in
physics as an elective subject.
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The problem of relatively fewer students choosing science and physics in particular after
the post-compulsory secondary classes has aso been reported in developed countries like the
United States, Canada, United Kingdom and Australia (Tobias & Birrer, 1999; Osborne, Simon
& Collins, 2003; Bennett, Hampden-Thompson & Lubben, 2011; Mujtaba & Reiss, 2012).
Osborne, Simon & Collins (2003:1050) for instance reported ‘the stark nature of the decline in
the numbers choosing to do three sciences at 16 for A-level, at the point of choice’ in England
and Wales. They also reported that in England and Wales physics and chemistry were found to
be two of the least popular subjects among post-14 pupils and that ‘ physics has been the subject
of a continuing 15-year decline in numbers enrolling and passing (p. 1058). In 2012 for
instance, the percentage of students that took A levels in science subjects in the UK were 8%
(Physics), 11% (Chemistry), and 14% (Biology) (Questions for Governors, 2014). Gill & Bell
(2013) reported the concern on the decline in the number of students choosing physics beyond
age 16 in the UK. Smithers & Robinson (2009) reported that between 1982 and 2006, the A-
level physics entries reduced to about 50%. They also reported a decline in physics uptake in
Australia, Republic of Ireland, Finland, New Zealand and Scotland with an increase in the
United States of America However, Sparkes (1995) investigated the situation of physics
enrolment and attainment in physics in England and Scotland and reported that more young
pupils in Scotland take physics beyond 16 and attributed this to the fact that physics was taught
by well qualified physics teachers in Scotland. A later study by Reid & Skryabina (2002) also
reported that physics was a popular subject among school pupils in Scotland unlike many other
countries. In a similar vein, Mujtaba & Reiss (2013) reported that ‘the number of students
entering physics A-Level has begun to see arise over the past five years, having reached alow in
2006’ (p.2980). They also reported that only 3.6% of the entre cohort that sat for the A-Levels
entered for physics. Smithers & Robinson (2008) reported that ‘ physics has been in steep decline
in schools in England, particularly in comprehensive schools. But that there are some schools in
which physics is thriving' (p.49). Their work attempted to draw some lessons in schools where
physics was thriving, what they do right, and to see if the trend can be reversed in schools with
general decline when those principles are applied. Mullis, Martin, Robitaille & Foy (2009) in
thelir international report of the Trends In Mathematics and Science Study (TIMSS) conducted in
2008 observed that the percentage of students in the age cohort receiving physics was

considerably low in the participating countries with the Russian Federation having the lowest
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enrolment of 2.6% and Sweden with 11%. They reported that the ‘range of the coverage index

for physicsis considerably smaller than was the case for advanced mathematics’ (p.224).

In the United States of America, White & Tesfaye (2010, 2014) have reported a steady
growth in High school physics enrolment since 1987. They reported for instance that ‘by 2008-
2009, more than 1.3 million students were enrolled in physics courses in U.S. high schools
which represents a 2% increase from four years earlier and that ‘37% of the students who
graduated from U.S. high schools during the 2008-2009 academic year (both public and private)
had taken at least one physics course before graduation’. They aso reported that ‘during the
2012-2013 school year, nearly 1.4 million students were enrolled in a physics course in a U.S.
high school’ with 3.3 million U.S. high school graduates in the same year. In a study of under-
represented minorities in High school physics in the United States, White & Tesfaye (2011)
reported that in 2009, the percentage of Black and Hispanic high school studentsin the U.S. who
took at least one physics course prior to graduation was 25% which was well below that of white
and Asian students with 41% and 52% respectively. They attributed the differences to more of

socioeconomic factors than racial.

The story appears different in Australia with a reported steady decline of the proportion of
high school students opting for science subjects at the senior secondary level (Lyons &
Quinn,2010). Lyons (2006) citing Fullarton, Walker, Ainley & Hillman (2003) reported that
‘between 1990 and 2001, for example, Year 12 (final year) enrolmentsin physics, chemistry and
biology courses decreased by 23, 25 and 29% respectively’ (p.285). Other researchers have also
reported a decline in the enrolment of High school students for physics in Australia (Rennie,
Goodrum & Hackling, 2001; Hackling, Goodrum & Rennie, 2001; Melone, Cavanagh, Webster,
Dekkers, Toomey, O’'Donovan & Elliot, 1997; Dekkers & Laeter, 2001). Melone et al. (1997)
observed that ‘although there has been national increase in the participation rates for post-
compulsory education, there has not been a proportional increase in participation in courses of
advanced mathematics and science, and that the drop-out in these subjects is now regarded as
critical’ (p. 331). In their study on the ‘Enrolment trends in school science education in
Australia between 1980 1nd 1998, Dekkers & Laeter (2001) reported that of the three core
science subjects, physics had remained the most unpopular subject among Year 12 Upper
secondary school students in Australia. For instance ‘in 1998, 26 percent of the Year 12 student

cohort enrolled in Biology, 20 percent in Chemistry, 18 per cent in Physics (p.496). The
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‘worrying decline in the uptake of physics by students at secondary level’ in Austraia
necessitated the Physics decadal plan of the Australian Academy of Science in December 2012
(Australian Academy of Science, 2012). The plan was a presentation of the Australian physics
community’s strategic vision for the ten years of 2012-2021. On achieving a physics literate

workforce and community in Australia, the Decadal objectives as stated in the plan were:

=

attract and retain studentsin physics at all educational levels

N

increase the quality and number of appropriately qualified physics teachers
across the school sector

3. reduce the gender differential in physics competency at all school levels

4. improve physics-literacy amongst the lay community

5. improve the use of the physics evidence base to inform policy development
(p.12).

Dekkers & Laeter (2001) acknowledged the significant contribution of the scientific community
in Australia to primary and secondary level science education. They noted that the scientific
community through the Australian Academy of Science has ensured that ‘science education
features prominently in schooling and that curricula are appropriate and relevant’ with the
production of ‘series of text-books at both the secondary, and more recently at the primary level,
to provide up-to-date and educationally sound science educational materials to the school
system’ (p.488).

The effort by the Australian Academy of science to popularize physics and increase the
uptake of the subject by school pupils is worthy of commendation and emulation. Considering
the relevance of physics as the heart of science and technology with its undisputable
contributions in the fields of medicine, information technology, space science and industria
revolution, it is hoped that much more can be achieved when countries make conscientious
efforts to popularize and strengthen the study of physics especially at the primary and secondary
levels of education. While most developed countries are towing this line, much is not yet done

especially in most African countries to match words with action.
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2.4 Explanations for decline in physics uptake among secondary school
students

Concerns on the decline on enrolment in physics among secondary school students and
school-factors that may affect it is a key focus in the present study and runs through most
research questions for the study. Subsequently, relevant literature on possible explanations for
the decline is included here, in an attempt to establish the status quo, familiarise with physics
enrolment issues from different countries with their peculiar school systems and to provide good
basis for the discussion of the findings on physics enrolment from the present study.

That fewer numbers of young people are choosing to study physics beyond the
compulsory years of schooling not just in Nigeria or developing countries, but also in developed
countries is evident in literature. In this section, attempt shall be made to present possible
explanations from literature for the decline in the uptake of physics. In Nigeria for instance, the
number of students choosing physics at the senior secondary level is least compared to other
science subjects and this trend is maintained in the number of students enrolled to study physics
or physics education in tertiary institutions (Erinosho, 2013). It is a common perception among
students, teachers and parents that science is generally difficult and in particular, physics.

Aina& Akanbi (2013) studied the perceived causes of students’ low enrolment in science
in Nigerian secondary schools and reported lack of qualified teachers, motivation, instructiona
materials, nature of the subject, and low students interest among factors that cause low
enrolment. Their study reported teachers and the nature of the subject ranking highest among
other factors. In particular, they reported that ‘Physics is too abstract, biology is too wide in
scope, chemistry is very hard to learn and science is too mathematical’ (p 20). Erinosho (2013)
studied students’ perception of the difficulty of physics in Nigeria and listed ‘the nature of the
subject, teaching/teacher factors and curriculum/assessment’ (p 1510) as the mgor sources of
difficulty. According to her, ‘students were found to have difficulty understanding specific topics
in the curriculum that are usually characterized as lacking concrete examples and requiring a lot
of mathematical manipulations or visualization’ (p 1510). Semela (2010) investigated the factors
influencing the choice of physics in Ethiopia and reported among others that weak mathematics
background, poor teacher qualification and pedagogical content knowledge were reasons for the
low enrolment of students for physics.
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The reasons or explanations to the low physics enrolment after post-compulsory
schooling in developed countries are not different. Williams, Stanisstreet, Spall, Boyes &
Dickson (2003) investigated why secondary school students (in the UK) are not interested in
physics and reported that ‘the most obvious factor raised by students was the link between
finding a subject boring and perceiving it as being difficult’ (p 329). There is evidence in
literature that students' perception of difficulty of a subject has the possibility of developing in
the students, a negative attitude towards the subject. Kelly (1988) worked with children of 10 co-
educational comprehensive schools in their third year in the UK on their subject choice and
discovered that interest, support from parents, teachers and friends to continue with the subject,
perceived future relevance and academic self-concept were dominating factors that influenced
attitude towards school subjects. In the Netherlands, Stokking (2000) investigated the prediction
of the choice of physics in secondary education and revealed that future relevance, appreciation
and self-confidence were among dominant predictors to the choice of physics.

In summary, there is enough evidence in literature that fewer students enrol in physics
relative to the other science subjects after post- compulsory school classes not only in Nigeria or
developing and under-developed countries but also in many countries of the world (Smitters &
Robinson, 2009; Bennett, Lubben & Hampden-Thompson, 2013). Common factors from
literature that influence this low enrolment and lack of interest in physics can be summarized to
include the perceived nature of the subject, lack of qualified physics teachers, lack of self-
confidence and perceived future irrelevance of the subject. Recognizing the relevance of physics
and the key role it plays in careers driving a fast developing scientific world with breakthroughs
in medical science, space technology, agriculture and food technology, it is important to identify
by research and implement workable policies that would encourage young people to develop

positive interest in the study of physics at al levels.
2.5 Students attainment in physics—a global perspective

The main am of this study was to investigate the effect of school-based factors on
physics enrolment and attainment. Attainment and its measures is therefore a key concern for
this study as can be noted in the research questions. Literature on students’ attainment in physics
and science in general has therefore been reviewed in the sections that follow with a view of

having a better understanding of attainment issues on aglobal perspective.
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In this section, a review shall be made on the attainment of students enrolled for physics
in certificate examinations. Added to the problem of low enrolment for the subject after post-
compulsory classes, there seem to be a general outcry of the disma performance of students
enrolled for physics in certificate examinations (Erinosho, 2013; Osborne, Driver & Simon,
1998). Although some have argued that ‘physics and chemistry are taken by students who do
well and are not taken as incidental or additional subjects (see Osborne, Driver & Simon, 1998,
p 30), it becomes worrisome that those who consider themselves as ‘able’ and so enrol for the
subject (physics), do not record impressive outcomes.

In Nigeria, there has been a recurring unacceptable attainment of students in physics.
Record of students' attainment from the West African Examinations Council shows that between
2001 and 2009 (except in 2006), less than 50% of students who enrolled for physics obtained
credit level pass and above to secure admission into the university to pursue courses that require
physics (Adolphus, 2013). Table 1(b) shows that the failure rate continued from 2007 to 2009
(42.9%, 47.1% and 46.2%) and in 2013 (46%) with an improved performance in 2010, 2011 and
2012 (50.2%, 62.6% and 67.2%). In genera, this cannot be considered an acceptable
performance as many have lamented that performance of Nigerian students in physics at the
Senior Secondary Certificate Examination (SSCE) has been generaly and consistently poor
(Adegoke, 2011; Oladejo, Olosunde, Ojebis & Isola, 2011; Erinosho, 2013; Aina, 2013). The
report of this performance of students in the subject (physics) is indicative of the fact that al is
not well with its teaching and learning in Nigeria. For instance, the Federal Ministry of
Education, Nigeria in its Nationa Physics curriculum for secondary schools in justifying the
review of the curriculum lamented that “unfortunately, the teaching and learning of physics has
been fraught with chalenges which prevent many students from performing well in externa
examinations’ (FME, 2009: ii).

The story appears similar in Ghana — a neighbouring country in West Africa. Buabeng,
Ossai-Anto & Ampiah (2014) reported that ‘ performance of Ghanaian students in physics has
been generaly and consistently poor over the years' (p. 41). They reported that majority of the
students did not obtain the required grades (A — D or A1 — C6) for admission into tertiary
institutions between 2003 and 2009. According to them, ‘from 2003 -2005, out of 33,043
candidates who sat for the SSSCE physics papers 13.067 (39.5%) obtained grade A — D and that
from 2006 to 2009, 41,973 (47.5%) candidates, out of 88,294 who sat for the WA SSCE physics
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papers obtained grade A1 — A6’ (p. 41). Similar concerns have been shown on the disma
performance of South African students especially blacks in the physical sciences (Gaigher,
Rogan & Braun, 2006). According to the South African Institute of Race Relations (SAIRR,
2013), only 20% of students enrolled for mathematics and physics at the school certificate level
achieved a pass mark of more than 50%. In South Africa, a summary of candidates' performance
for 2011, 2012 and 2013 shows that at 40% pass threshold, the percentage of candidates who
enrolled and passed in the physical sciences were adismal 33.8%, 39.1% and 42.7% respectively
while those who passed with distinction in the physical sciences were 3.2% in 2012 and 3% in
2013 (Republic of South Africa, 2013). This sorry state and performance level in a key subject
like physics that offers fundamenta knowledge that is most needed for technologica
advancement should be considered seriously not only by the science education community in
these countries, but indeed the respective governments if their dream to actudize
industrialization must come true.

In the UK, the story is interestingly different from the report of performance in most
African countries. According to the Science Learning Network (2014), 91.3% of students gained
A* - C grades in the 2014 physics examination. In 2013 and 2012, the percentage of students
who scored A* - C grades were 90.8 and 93.2 respectively. A further breakdown of the 2014
result shows that 14.9% of students obtained A* grade with 42% obtaining the A* - A grades
while 70.9% gained A* - B grades. Thisis considered an excellent performance especialy when
compared to the performance of students at similar school age cohorts in developing countries.
However, for international comparison, UK did not participate in the International Association
for the Evaluation of Educational Attainment (IEA’s) 2008 Trends in International Mathematics
and Science Study (TIMSYS) attainment in Advanced Mathematics and Physics in the Final year
of secondary school where international performance of students in final year of secondary
education was compared in physics. Netherlands with an average of 582 came first followed by
Slovenia (535) and Norway (534). The TIMSS scale average for physics was 500. Lebanon and
Italy with average scores of 444 and 422 were at the bottom of the table. However, UK
participated in the 2012 Programme for International Student Assessment (PISA) of the OECD
for 15-year old pupils scholastic performance on Reading, Mathematics and Science. UK
occupied the 20th position scoring 514 points on the average in science above the OECD

average. China (Shangai and Hong Kong) came tops with average scores of 580 and 555
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respectively followed by Singapore with 551. United States of America at 28th position had an
average score of 497 below the OECD average with Qatar, Indonesia and Peru at the bottom of
the table with average scores of 384, 382 and 373 respectively. Although international
assessments like those of PISA and TIMSS may not be used to strictly define the National
attainment of students in the subjects, from the participating countries considering the different
educational and particularly, science educational philosophies and goals of the various countries,
they, to some extent evaluate the educational systems of the participating countries as to how
well young pupils have gained reasonable knowledge and skills that would enable them to
participate internationally in the knowledge society.

2.6 Teaching strategies and students enrolment and academic attainment

Two of the research questions for the present study focus on teaching strategies regularly
adopted by physics teachers and how that might affect students' enrolment and attainment in the
subject. Relevant literature on research findings on teachers use of teaching strategy in science
classrooms and how that has affected students enrolment and attainment has therefore been
searched and reviewed to facilitate the discussion of findings of the present study.

It has been the interest of the science education community not only to determine what
students should be learning in science lessons or the assessment as to whether or not students are
actually learning but also, the “how’ in terms of what strategies or approaches teachers use that
would ensure maximum understanding and effective lesson delivery. According to Tanner
(2013), this is in view of drawing “attention to questioning the efficacy of traditional lecture
methods and exploring new teaching techniques to support students in more effectively
learning...” (p.322). The use of the traditional or conventional teaching method which is
generally referred to as the ‘talk-chalk’ or lecture method has been much discouraged not only in
science classrooms but generally in schools as a result of its gross ineffectiveness in equipping
learners with life-long skills and knowledge (Raine & Collett, 2003; Selcuk & Caliskan, 2010).
Bar-Yam, Rhoades, Sweeney, Kaput & Bar-Yam (2002) described the traditional/conventional
teaching approach where educational goal is viewed as the transmission of knowledge from the
teacher to student as a ‘convergent’ teaching approach and geared towards “the teaching of
specified subject matter”. According to them, “the convergent approach is highly structured and

teacher-centered were the students are passive recipients of knowledge transmitted to them...”
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They further stressed that where educational goals are geared towards “facilitating students
autonomous learning and self-expression” then approaches that enhance “open ended and self-
directed learning” which they termed ‘divergent’ teaching” would be stressed.

Some researchers have investigated the common teaching methods adopted by school
science teachers especially in developing countries and reported that most teachers employ the
traditional, teacher-centered approaches in their classroom interactions (Buabeng, Ossei-Anto &
Ampiah, 2014; Faremi, 2014; Modebelu & Nwakpadolu, 2013; Mehmood & Rehman, 2011).
For instance, Buabeng, Ossei-Anto & Ampiah (2014) examined the teaching and learning of
physics in senior high schools in Ghana and concluded most physics teachers adopted teacher-
centered approaches in their classroom interaction such as lecture and discussion methods. A
similar finding was reported by Mehmood & Rehman (2011) who conducted their study in
Pakistan on the teaching and classroom interactions used by secondary school teachers in the

country. They reported a step-by-step activity of both teachers and students as follows:

“(1) teachers’ presents a brief overview of the contents;

(2) teacher’s uses A.V. aids to enhance the student’s comprehension of the
concepts;

(3) teacher speaks at arate which allows students time to take notes;

(4) teacher evaluates the success of his teaching by asking questions about the

topic at the end of the session and;

(5) teacher assigns homework and checks it regularly” (p.313).

This approach of teaching as illustrated above clearly presents the students as passive learners
who ‘take notes’ while the teacher does the speaking or teaching. It does not present the teacher
as a facilitator of learning where students are encouraged to engage with learning tasks both
individually and in groups with relevant facilities and resources under the guidance and support
of the teacher. This sort of teacher-centred approach to teaching is what Wise (1996) described
as “teachers dispense knowledge to passive student audiences, with textbooks alone constituting
the science curricula; students are rarely involved in direct experiences with scientific
phenomena’ (p.337). It is not very likely that students would gain substantial understanding of

scientific knowledge when taught science in such didactic manner.
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Several researchers have investigated the effect of teaching approaches on the attainment
of learnersin physics. (see for example, Wise, 1996; Raine & Collett, 2003; Selcuk & Caliskan,
2010; Celik, Onder & Silay, 2011; Bello, 2011; Hussain, Azeem & Shakoor, 2011; Hussain,
Ahmed, Mubeen & Tariqg, 2011; Thomas & Isreal, 2013; Uside, Barchok & Abura, 2013). For
instance, Wise (1996) conducted a secondary meta-analysis to investigate the effect of
experimental teaching approach on students’ attainment in middle and high schools in the United
States and concluded that the experimental teaching strategies at the secondary schools level
were more effective at enhancing students attainment than the traditional science teaching
approaches. Uside, Barchok & Abura (2013) investigated the effect of discovery approach on
physics students attainment in Kenya. They compared the relative effectiveness of the
Discovery Experimenta Method, DEM and the Teacher Demonstration Method, TDM. Their
study revealed that “there was a significant difference in the physics attainment of students in
experimental and control groups among secondary school students in favour of the DEM” (p.
357). Their study further revealed that the Discovery Experimental Method “enhanced memory
retention and instilled confidence in students to remember and apply knowledge accurately” (p.
357). In another study, Musasia, Abacha & Biyoyo (2012) investigated how girls’ performance,
attitude change and skills acquisition is affected by practical work in physics. They concluded
that students “involvement in meaningful practical work contributes to improved performance in
the topics from which the practical was derived” and that “a significant change occurred in the
attitude (of girls) towards physics in the experimental group compared to the control group” (p.
163). In Nigeria, Akanwa & Ovute (2014) compared the effects of conventiona and
constructivist teaching approaches on the attainment of physics students. The students were
taught lessons on sound and waves in 2 separate groups, with each group taught with either of
the methods. They reported that students who were taught using the constructivist approach
achieved significant high scores compared to those taught with the conventional method. Also in
Nigeria, Thomas & Israel (2013) investigated the degree of effectiveness of some teaching
strategies in measuring the performance of students in physics. They compared the effects of
Polya's heuristic, project based and lecture methods on students’ attainment and reported that
“the use of Polya s heuristic method enhanced students' attainment” (p. 123). Karakuyu (2010)
in Turkey compared the effects of concept mapping and conventional teaching approaches on

physics students understanding of electricity. 2 equivalent groups were taught using either
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method for a period of 6 weeks, with 2 classes of 1 hour each per week. At the end of his study,
he reported that “the scores of the experimental group were consistently higher than those of the
control group while the standard deviations were consistently lower” (p. 728). McCrory (2013)
in his article, “in defence of the classroom science demonstration” maintained that
demonstrations in science classroom emotionally engage students and make them focus and
curious on what is the content of demonstration. According to him, “demonstrations are perfectly
suited to exploiting curiosity (which is) the powerful engine driving most of our learning” (p.
83).

The implication of these findings is that schools need well trained teachers who are
conversant with the use of relevant and diverse methods or approaches together with the
knowledge of use of necessary scientific appliances and equipments in physics classrooms. Also,
that these necessary resources are made available not only for the teachers use in class
demonstration, but also for the use of the individual students in their discovery learning tasks.
For most developing countries, the provision of these learning resources and the utilization of
appropriate teaching and learning techniques will no doubt better the performance of studentsin

physics and sciencein general.
2.7 School resources, students enrolment and academic attainment

All research questions for this study are concerned with school resources — either teachers
as resources or other non-human teaching and learning resources. The study is basically
concerned with the effect these school resources on students' enrolment and attainment. Relevant
literature has therefore been traditionally reviewed to appraise research findings on the effect of
school resources on enrolment and attainment both in developing and developed economies. The
bulk of literature has been utilised to inform the discussion of the findings of the present study on
the effect of resources on enrolment and attainment.

The *Coleman Report’ (Coleman, et al., 1966) submitted in response to the US congress
mandate in 1964 for the conduct of a survey ‘concerning the lack of availability of equal
educational opportunities for individuals' started the intense investigation of the effects of school
resources on pupils attainment. There has however been much debate in the body of literature
on the relationship between students performance and school resources. Whereas some

researchers argue that ‘there is no strong or consistent relationship between variations in school
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resources and student performance (Hanushek, 1997, Glewwe, Hanushek, Humpage & Ravina,
2011) others are of the opinion that there exists a strong relationship between school resources
and students attainments (Hedges, Laine & Greenwald, 1996; Krueger, 2003; Pan, Rudo,
Schneider & Smith-Hansen, 2003). Nascimento (2008) is of the opinion that although school
resources significantly influence student attainment, such degree of influence is dependent ‘on
the sample taken, the level of aggregation of the data, and methodology used’ (p26).

The engagement of science students with laboratory experiences has been argued to have
promoted students’ understanding of scientific concepts and acquisition of practical and problem
solving skills (see for instance, Tobin, 1990; Blosser, 1990; Hofstein & Mamlok-Naaman, 2007).
Savasci & Tomul (2013) are of the opinion that ‘ educational resources are of vital importance in
terms of its role in attaining educational aims and objectives and ‘that educational resources
play a significant role in order to provide equa opportunities for students by diminishing the
effect of socioeconomic factors on academic attainment’ (pll4). The idea of educationd
resources providing equa opportunities is very apt especialy for public schools in most
developing countries like Nigeria, where the affluent afford to send their children and wards to
expensive schools both within and outside the country to obtain quality education while the poor
that could not afford to send their children to such expensive schools patronize the public schools
that are generally ill-equipped and plagued with regular closures as a result of teachers strike
actions. Most of such schools with adequate resources in Nigeria are usually not within the reach
of the poor as they charge as much as One Hundred and Fifty Thousand Naira (=N=150, 000) to
Six Hundred Thousand Naira (=N=600,000) a term when graduates in the public service earn
just about Thirty Thousand Naira (=N=30,000) to Sixty Thousand Naira (=N=60,000) a month in
a country with a minimum wage of just Eighteen Thousand Naira (=N=18, 000) per month. For
instance, Bello (2012) studied the effect of physics laboratory availability and utilization on
academic attainment of senior secondary physics students in Nigeria and reported that parents
have a preference to send their children to schools that are better equipped with adequate
laboratory and teaching facilities and that federal government owned schools and private schools
are more equipped that public schools that are attended by a greater proportion of school age
children. Similarly, Anyanwu & Erhijakpor (2007) studied the effect of government expenditure
on educational enrolment in Nigeria, South Africa, Algeria and Egypt at primary and secondary

schools level and reported that expenditure had a positive and significant correlation with
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students’ enrolment. Nascimento (2008) cited Albernaz, Ferreira & Franco (2002) whose study
revealed positive effects of school resources on students academic attainment in Brazil. In
Nigeria, Meremikwu & Enukoha (2010) investigated the effects of instructional aids and school
variables on pupil’s mathematics attainment and discovered that school resources were
‘statistically significant in explaining pupils mathematics attainment’ (p.278). A similar study
by Jaiyeoba & Atanda (2011), on the effect of school quality factor on students mathematics
attainment also reported that instructional materials significantly affect students' attainment in
mathematics. Adesoji & Olatunbosun (2008) conducted a study on student, teacher and school
environmenta factors to provide causal explanation of secondary school students Chemistry
attainment in Nigeria. The study adopted the ex-post factor research method using 621 SSS 111
chemistry students and 27 chemistry students in Oyo State of Nigeria. They used Chemistry
attainment tests, questionnaires and Laboratory adequacy inventory as instruments. Their result
showed that students attainment in chemistry is jointly determined and significantly influenced
in relative order of importance by school location, laboratory adequacy, and teachers’ attitude to
chemistry teaching and teachers attendance at chemistry workshops. Adesoji & Olatunbosun
(2008) concluded that ‘school environment and teacher-related factors exert potent and positive

influence on students’ attainment in chemistry’ (p.31).

Despite the relevance of adequate teaching and learning resources for the motivation of
learners’ interest and enrichment of their learning experience in schools, severa scholars have
highlighted the lack of provision of these facilities in most developing countries (Centre for
Science Education, n.d; Black et al., 1998; Onipede, 2003; Magno, 2007; Edomwonyi-Otu &
Avaa, 2011; Ejidike & Oyelana, 2015). For instance, Magno (2007) investigated the problems of

science education in developing countries with afocus on Asiaand reported that:

“In many developing countries, the spread of the practical work approach is
hindered by several factors. Among the reasons mentioned by many teachers are
inadequate background knowledge about the topic; too many topics to cover; lack
of science equipment, laboratory rooms, laboratory tables, and other facilities
such as running water and electricity...” (p.52).

The problem of electricity in developing countries as mentioned by Magno (2007) appears to be
complex asit affects the industrial and economic lifestyle of these nations. Most of these nations
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ultimately rely on the importation of laboratory facilities from foreign nations at very exorbitant
costs that their economies could not sustain as local industries lack both the technical know-how
coupled with poor power supply. This may partly explain the difficulty of the supply of
laboratory facilities to schools in developing countries like Nigeria. Several studies in Nigeria
have shown that most public schools lack basic infrastructure for effective teaching and learning
especialy in the sciences (Omosewo, 1995; Onipede, 2003; Adeyemi, 2008; Stephen, 2011;
Bello, 2012).

On school resources for the teaching and learning of physics and generaly, all science
subjects, the place of computers and use of online simulations for the effective teaching and
learning cannot be over-emphasized. In Nigeria, the government’s concern for the effective
teaching and learning in schools is expressed in the National Policy on Education under
‘Educational Services'. Section 11 of the policy stated the goals of educational services that are
expected to be provided by the government.

“The goals of educational services shall beto —
(a) develop, assess and improve educationa programmes;
(b) enhance teaching and improve the competence of teachers;
(c) make learning experiences more meaningful for children;
(d) make education more cost effective;
(e) promote in-service education; and
(f) develop and promote effective use of innovative materialsin
schools’ (FRN, 2004, 52).

It is clear from this policy statement that the main goal of the educational services is that of
improving the learning experiences of students by enhancing the competence of teachers and
promoting the utilization of innovative teaching and learning materials for students' meaningful
learning experiences in schools. The Federal Government in the policy document also stated how
these lofty goals of educationa services would be achieved. Some of the strategies according to
the policy (FRN, 2004:54) are:
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“A Network of Educational Services Centres in Nigeria (NESCN) shall be set up
to provide a forum of exchange of ideas on the development and use of innovative
materials for the improvement of education. All states, Teachers Resources
Centres, University Institutes of Education, and other professional bodies shall
belong to the network of Information and Communication Technology (ICT)...
Government shall provide facilities and necessary infrastructure for the promotion
of Information and communication Technology (ICT) at all levels of education”
(emphasisis mine)

It may be interesting to mention here that in a bid to integrate ICT in schools in Nigeria,
the Federal Government developed the National Policy on Computer Education in 1988. Part of
the objectives of the policy was to “bring about a computer literate society in Nigeria by the mid-
1990s” and “to enable present school children to appreciate the potential of the computer and be
able to use the computer from Junior Secondary School (JSS) One to Senior Secondary School
(SSS) Three” (Jegede & Owolabi, 1998: 3). Surprisingly, close to 3 decades after the national
policy on computer education and over one decade after the revised policy on education in
Nigeria, available evidence in literature suggests that computers and ICT facilities may not have
been provided by government ‘at all levels of education’. According to Jegede & Owolabi
(1998), computer education was scarcely offered in public secondary schools in Nigeria and it
was limited to federal government owned colleges. Aduwa-Ogiegbaen & lyamu (2005) aleged
that implementation of the policy on computer education and the provision of educational
services as contained in the national policy on education was the mere distribution of computers
in some schools. In a recent study on the challenges of teachers' use of e-learning in secondary
schools in Nigeria, Nwana (2012) reported some of the challenges as “acute shortage of e-
learning materials such as on-ling/internet-connected computers, e-mail facilities, multimedia
television, multimedia computer and digital library” (p. 1). Despite the implementation
challenges of introducing innovative technologies for the promotion of meaningful learning
experiences of school children in Nigeria, it is clear that it is the government’s belief that the
introduction of computers and ICT for class instruction would revolutionize the teaching and

learning practice in Nigeria and ensure effectiveness in the school system.

Several studies have reported the effectiveness of Computer Assisted Instructions (CAI)
in physics classrooms on students cognitive development and academic attainment (Bayraktar,
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2001; Cepni, Tas & Kose, 2006; Vogel, Vogel, Cannon-Bowers, Bowers, Muse & Wright, 2006;
Adeyemo, 2010b; Smetana & Bell, 2012). For instance, Adeyemo (2010b), investigated the
effects of the use of information and Technology Communication (ICT) on the teaching and
learning of physics in secondary schoolsin Nigeria and reported that the use of ICT significantly
impacted on the teaching and learning of physics and that “the introduction of ICT makes
learning of physics so interesting for the students’ (p. 48). The implication of the above
conclusion is that students get inspired, motivated and so pick interest in the subject when ICT is
incorporated into the teaching and learning of the subject. Although Adeyemo (2010b) did not
explain the link between the use of ICT and students' understanding, it is likely that the use of
ICT to illustrate and demonstrate certain abstract concepts with electronic simulations could
provoke interest in the learners. There is evidence in literature that what learners find interesting,
they are more likely to comprehend and so make improvement in both their learning and
understanding (see for instance, Williams et al., 2003). Also, Smetana & Bell (2012) carried out
areview of literature on the effect of computer simulations on science instruction and learning.
Their review involved 61 articles published in refereed science education and educational
technology journals between 1972 and 2010. They reported that “The overall findings suggest
that simulations can be as effective, and in many ways more effective, than traditiona (i.e.
lecture-based, textbook-based and/or physical hands-on) instructiona practices in promoting
science content knowledge, developing process skills, and facilitating conceptual change” (p.
1337). Similarly, Rutten, van Joolingen & van der Veen (2012) reviewed quasi experimental
studies in literature within the period of a decade on what learning effects computer simulations
have in science education and concluded that computer simulations effectively used by teachers
enhanced conventional class instructions. They attributed the success of the effects of computer
simulations on learning in science classes, to the “Interplay between the simulation, the nature of
the content, the students and the teacher” (p. 151). The point here is that for computer
simulations to achieve the desired objectives of enhancing students' learning, the teacher must be
trained and skilled in the selection of such simulations that perfectly align with the content and
learning objectives. The implication of these findings is that the use of computer assisted
instruction and simulations for the teaching of physics and science in general, not only captures
the interest of the students, but could also motivate and enhance their cognitive understanding of

the concepts of physics. Despite the much acclaimed relevance of computers and computer
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simulations in science education, evidence from several studies in Nigeria and most developing
countries in Africa, show that most schools do not have adequate supply of computers, internet
facilities and related accessories for teaching and learning (Aduwa-Ogiegbaen & lyamu, 2005;
Adomi & Kpangban, 2010; Adeyemi & Olaeye, 2010; Nganji, Kwemain & Taku, 2010;
Amenyedzi, Lartey & Dzomeku, 2011). For instance, Aduwa-Ogiegbaen & Iyamu (2005)
analysed the problems and prospects of the use of Information and Communication Technology

(ICT) for teaching and learning in Nigerian secondary schools and lamented that:

“secondary schools in Nigeria are not given adequate funds to provide furniture,
relevant textbooks and adequate classroom let alone being given adequate fund
for high-tech equipment. At present the cost of subscribing to the Internet is too

high for many of the impoverished secondary schoolsin Nigeria’ (p.104).

According to them, more than 90% of public schools in Nigeria do not have computers as part of
classroom technologies for effective teaching and learning. Similarly, Adomi & Kpangban
(2010) investigated the “application of ICTs in Nigerian secondary schools’ with samples drawn
from 2 states in the south-south region of the country. They reported that most schools do not use
ICT for their lesson as a result of lack or inadequate ICT facilities in the schools. Another factor
that has been put forward for the very low or lack of utilization of ICT in classrooms has been
the problem of poor eectricity supply in the country. There are still many communities and

schools in Nigeriawithout electricity and where there is supply, it is most times epileptic.

The poor state of ICT usage for classroom instructions in schools seems not to be
peculiar to Nigeria. Similar situation have been reported in Cameron and Ghana (Nganji,
Kwemain & Taku, 2010; Amenyedzi, Lartey & Dzomeku, 2011) all in Africa. For instance,
Amenyedzi, Lartey & Dzomeku (2011) assessed the use of computers and internet as educational
resource in senior high schools in Ghana and reported that less than 15% of school teachers use

the computer for teaching and learning. They concluded that:

“integration of ICT in Ghanaian school systems is a major step in promoting
innovation. However, the educational system currently is bedevilled with myriads
of problems including lack of adequate computers and other ICT tools especially
in rural schools, poor internet connectivity, lack of adequate manpower, lack of

coherent ICT policy framework” (p. 160).
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The common index in the state of computer and ICT usage for the facilitation of teaching and
learning especially in the science subjects in some African countries is that most of the public
schools are either lacking these facilities or that the facilities are in a poor supply, coupled with
the problem of lack of adequate supply of electricity. This explains why most school teachers
still hang on to the traditional chalk and blackboard utility for teaching (Aduwa-Ogiegbaen &
lyamu, 2005). The state of availability of computers and ICT for teaching and learning seem to
be different for developed countries of the world. For instance, as far back as 2 decades ago,
Rosen & Weil (1995) investigated the availability of computer and other variables in public
schools in Caifornia State in the United States and reported that computers were available in all
schools. They also reported earlier studies in the US that showed that all K-6 primary schools in
the US were estimated to own nearly 20 computers each, while high schools were estimated to
have nearly 45 computers each. Thisis clearly a marked difference from the report of availability

of computers in schoolsin most African countries.

On laboratories and students' |aboratory experiences in school science, the National Science
Teachers Association maintained that “for science to be taught properly and effectively, labs
must be an integral part of the science curriculum” (NSTA, 2007:1). The implication here is that
for students to learn science more effectively, they need to get involved in scientific
investigations with appropriate teaching and learning facilities as part of the school curriculum
so as to match the theories of science with practica demonstrations. When science is taught and
learnt in this way, students have a better understanding of the subject content, develop
appropriate scientific reasoning and inquiry skills, enhance their understanding of the natura
world of science and general interest and appreciation of science and science learning (NRC,
2006). For instance, Hofstein, Shore & Kipnis (2004), investigated the effect of inquiry-based
laboratory on high school chemistry students’ learning skills and abilitiesin Isragl and concluded
that students improved in their inquiry learning abilities. Similarly, Odubunmi & Baogun
(1991) compared the effects of laboratory and lecture teaching strategies on the academic
attainment of secondary school students in Integrated Science in Nigeria and reported that
whereas high achievers in both group recorded similar attainments, the low achievers in the
experimental group that were taught with the laboratory method performed better than those in
the control group. The result suggests that the use of laboratory facilities with concrete

demonstration of abstract concepts enhances the chance of learning at least, for the low
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achieving group of students who would necessarily touch, feel and see before effective learning
can take place. Evidence in literature also suggests that students find involvement in practical
work interesting, enjoyable and that it is a motivating factor to the study of science (White, 1996;
Abrahams & Millar, 2008; Abrahams & Reiss, 2012). According to White (1996:761),
“laboratories motivate, even excite, students and are a major attraction for them to study
science”. Despite the relevance of laboratories in science teaching and learning as posited by
some researchers, others are of the opinion that students' involvement in laboratory work in the
study of science contributes little to their understanding of science especially on pencil and paper
examinations. (See for instance, Hofstein & Lunetta, 1982; Tobin, 1990; Chang & Lederman,
1994). The conclusions arrived at on the ineffectiveness of students' laboratory experience by
some scholars can truly be said to be ‘ disappointing’ in the words of White (1996) and Abrahams
& Reiss (2012) as they clearly contradict known theories of learning as those of Bonwell &
Eison's (1991) theory of ‘active learning’, Brunner’'s (1961) theory of ‘discovery learning’
supported by the theories of Jean Piaget and Seymour Papert, and Kolb’s (1984) theory of
‘experiential learning’. For instance, Brunner (1961:26) propounded that:

“emphasis upon discovery in learning has precisely the effect upon the learner of
leading him to be a constructionist, to organize what he is encountering in a
manner not only designed to discover regularity and relatedness, but aso to avoid
the kind of information drift that fails to keep account of the uses to which
information might have to be put. It is, if you will, a necessary condition for
learning the variety of techniques of problem solving, of transforming information
for better use, indeed for learning how to go about the very task of learning.
Practice in discovery for oneself teaches one to acquire information in a way that

makes that information more readily viable in problem solving”.

The position of these learning theories is that students learn better when they interact with
materials not only to match or relate theory with practice or experience but that they, in the
process acquire inquiry and problem solving skills that would enable him or her to construct
knowledge and transform information in variety of ways in preparation for real life and work

experiences.
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Although the debate on the effect of students engagement in laboratory work on students
learning and development of inquiry skillsisevident in literature, the underlying concern by both
groups of scholars as Lunetta, Hofstein & Clough (2007) cited by Abrahams & Reiss (2012) put
itisthat:

“*Much more must be done to assist teachers in engaging their students in school
science laboratory experiences in ways that optimize the potentia of laboratory
activities as a unique and crucial medium that promotes the learning of science
concepts and procedures, the nature of science, and other important goals in
science education’” (p. 433).

The implication here is that teachers need to understand the content of instruction in their
teaching that would require the use of laboratory experience to promote students effective
learning and also, that students would have the opportunity in laboratory work to truly interact
with materials and construct their own knowledge, imbibe the knowledge of scientific processes
and not necessarily bored with the instruction-focused or manual-focused |aboratory tasks where
students merely verify aready known scientific laws and concepts. The involvement of students
in laboratory experiences just to verify already known laws and scientific concepts and
demonstration, and not in the engagement of scientific inquiry and processes of investigation is
what some (Chang & Lederman, 1994; Hofstein & Lunetta, 2004 and Jordan, Ruibal-Villasenor,
Hmelo-Silver & Etkina, 2011, for instance), argue that defeat the place of laboratory work in

science learning.

Despite the foregoing arguments and findings on effectiveness of school resources and
students' attainment, it is part of educational planning for the establishment of schools at every
level, that resource - ranging from teaching personnel, teaching assistants, classrooms,
laboratory, staffrooms, working spaces, teacher and students’ working materials are in place and
adequate for the goals and general objectives of education and effective teaching and learning to
take place. Unfortunately, in most under-developed and developing nations like Nigeria, where
laws and implementations are not strictly complied to, schools are run either by individuals or
government without adequate provision of the necessary resources for effective teaching and
learning before the take-off of schools. Another very worrisome situation is the qualification of

the proprietors of such schools some of whom do not have the basic educational qualification for
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teaching. The very high rate of unemployment and explosion of population especialy of school
aged strata of the population in these under-devel oped nations has seen the ‘ school business asa
very lucrative one! Shanties and very poorly hygienic environments characterize most schools in
such places. The very high rate of corruption has unfortunately made regulatory agencies
ineffective, all to the detriment of vulnerable kids as schools get government approva without
strict conformity to set down standards. It is hoped that the findings of this research will
contribute to address the much decried state of teaching and learning of science and particularly

physicsin schoolsin the study area.

2.8 Effect of teacher quality and experience on students enrolment and
academic attainment

One of the research questions for this study seeks to find how teacher qualification and
experience relate to the enrolment and attainment of students in physics. Research findings on
the effect of teacher characteristics on student enrolment and academic attainment has therefore
been reviewed in this section to understand the effect in different educational systems across the
globe and also, to provide a good guide for discussion of the findings of the present study on the

subject.

A lot of educational policy makers are increasingly using students attainment and
development as atool for assessing the effectiveness of teachers (McCaffrey, Lockwood, Koretz,
Louis & Hamilton, 2004; Zuzovsky, 2005; Buddin & Zamarro, 2009; Darling-Hammond, 2012).
Zuzovsky (2005) justified this use of students attainment in assessing teacher effectiveness
when she argued that with cultural differences in ethical, logical and psychological perceptions,
“the tendency to evaluate teacher qualities on the basis of student performance is given even
greater emphasis’ (p. 38). The point here is that different cultures may have their varying
standards and perceptions of what is ethical and acceptable even in terms of the general goals of
education and what basic infrastructure is provided for effective teaching and learning which
portends a difficulty of accessing standards of attainment across cultures or even systems or

institutions.

The concern therefore is to see how well learners achieve stated goals as a basis to assess
the effectiveness of the teacher. It is therefore important to focus on certain characteristics of the

teacher that may enhance his effectiveness by promoting learners classroom experiences.
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Darling-Hammond (2012), distinguished between ‘teacher quality’ and ‘teaching quality’.
According to her, “teacher quality might be thought of as the bundle of personal traits, skills, and
understandings an individual brings to teaching, including dispositions to behave in certain
ways’ (p.2), while “teaching quality refers to strong instruction that enables a wide range of
students to learn” (p.3). The end result expected from every worthwhile educational investment is
that students learn more effectively and progress further to achieve success not only in both
internal and external examinations, but also outside the four walls of the school. School reforms
and educationa policy changes are al driven by the desire to better the learning outcomes of
students in line with set societal goals. According to Zuzovsky (2005), “With the increased
demands for accountability in line with performance standards and with the growing demand for
evidence-based policymaking, student attainment is considered an accurate measure of teacher

effectiveness and has become a basis for value-added teacher assessment systems” (p. 38).

The place and importance of the teacher in the school enterprise cannot be over
emphasized as teachers remain the key asset of the school system (Hanushek, 2011). Teachers
are the drivers of the actualization of the national broad policies of any nation. Thisis so as the
educational policies of any nation are a reflection of the needs of that society and the aspiration
of its people. In the school, students interact basically with teachers and research has shown
some association between teacher quality and students attainment. For instance, Rivkin,
Hanushek & Kain (2005) reported ‘large differences among teachers in their impacts on
attainment’ and that ‘high quality instruction throughout primary school could substantially
offset disadvantages associated with low socioeconomic background’ (p.419). Many researchers
have therefore stressed the necessity of improving teacher quality and interpersonal behaviour so
as to enhance students’ performance in schools (Brok, Brekelmans & Wubbels, 2004; Hanushek
& Rivkin, 2006; Adolphus & Torunarigha, 2008). For instance, Brok, Brekelmans & Wubbels
(2004), reported that “between 7 and 15% of the variance in student outcomes is related to
differences between schools, teachers, and classes’ (p. 407) and that difference between teachers
account for most of the percentage. It is therefore important to identify those qualities of teachers
that significantly influence learner outcome. Not only in their identification, but also that
teachers in training would need to know these qualities and conscientiously inculcate, develop

and build on those qualities so as to improve in the learning outcomes of students.
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Schooling is one of the most vital endeavours of every individual that brings together
both teachers and students in a learning environment with the later at the centre of instruction.
Research evidence shows that the quality of education people receive is highly dependent of the
quality of the teacher in terms of his/her content knowledge, academic/cognitive level, quality of
instruction, classroom management, teacher beliefs and professional behaviours (Coe, Aloisi,
Higgins & Major, 2014; Mincu, 2013; The Sutton Trust, 2011; Metzler & Woessmann, 2010,
Darling-Hammond, 2000). Darling-Hammond reviewed the effect of teacher quality on student
attainment from a survey of data on policies of 50 states in the United States of America and
reported that “the percentage of teachers with full certification and a major in the field is a more
powerful predictor of student attainment than teachers' education levels (e.g., master's degrees)”
(p-32). The implication here is that, what is important in the quality of a teacher that positively
impacts on his teaching and that enhances effective student learning is not the chain of degrees
and certifications the teacher has acquired that are not the subject he teaches but those that are
relevant to his teaching subject. For instance, a biology teacher who has a Master’s degree in
biology with appropriate certifications in CPDs in effective teaching on the biology curriculum
may not be as effective in teaching physics as one who has a Bachelor degree in physics with
adequate CPD workshop and training certifications in physics. Similarly, Metzler & Woessmann
(2010) investigated the effect of the subject knowledge of teachers on their students’ attainment
among 6th grade Peruvian students on mathematics and reading, and reported that “a one
standard-deviation increase in teacher subject knowledge raises student attainment by about 10
percent of a standard deviation.” (p. 20). What this means is that teachers with better knowledge
of the subject content are most likely to support their students understanding with appropriate

classroom activities than those with |ess knowledge and mastery of the subject matter.

It is a common observation that most parents and students are attracted to schools with
high quality teachers where their students make consistent good grades in external examinations.
Placements into such schools are usualy competitive with the ‘most able’ students gaining
places while the ‘less able’ are filtered to source for placement in schools with ‘less able
teachers. This scenario complicates the research results on the effectiveness of teacher
characteristics on students’ attainment. It is also observed that most of the well ‘sought for’ and
able teachers move to ‘good’ schools with higher pecuniary offers and more able students.
Hanushek, Kain & Rivkin (2004) captured these concerns and showed that ‘teachers switching
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schools or districts tend to move systematically to places where student attainment is higher’ and
that ‘this movement suggests the possibility of a simultaneous equations bias — that higher
student attainment causes more experienced teachers or at least that causation runs both ways
(p.1059). Whatever the concerns may be, generality of researchers seem to find a place in
assessing the effectiveness of teachers, educational policies, reforms, investments and
interventions by the learner outcomes or students attainments. In this study therefore, some
teacher qualities elicited from research instruments and methods are investigated and correlated
with students’ attainment.

2.9 Professional development and teacher effectiveness

Teachers professional development in areas of content, pedagogy, use of technology,
assessment and feedback, lesson preparation and presentation are perceived as relevant to the
quality and effectiveness of the teacher. In this section, relevant research findings in literature on
the place and effect of teachers’ continuing professional development has been reviewed to have
a good understanding of current research findings, give focus to the study and adequate guidance

to the discussion of findings on the subject for the present study.

The place and role of teachers as a vauable resource in the school as a system of
educational activities cannot be overemphasized. In general, studies have shown that certain
factors within the teacher’ s control significantly influence the academic attainment or progress of
his pupils (Mcber, 2000; Harwell, D’Amico, Stein & Gatti, 2000; Rivkin, Hanushek & Kain,
2005; Cox, 2015). Some of these factors according to Mcber (2000) are the teacher’s teaching
skills, his professional characteristics and the classroom climate which together accounted for
“well over 30% of the variance in pupil progress’ (p.9). Some of these skills in teaching and
professional characteristics are developed in teacher training and re-training activities in
organized Continuing Professional Development (CPD) programmes by relevant professional

bodies and institutions.

Parents and sometimes, students in certain alowable circumstances use teacher quality
differences among teachers to request for class placement with specific teachers (Rivkin,
Hanushek & Kain, 2005). The teacher plays severa roles in the context of the school system.

Some of the roles of the teacher have been summarized by Cox (2015):
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“The role of ateacher is to help students apply concepts, such as math, English,
and science through classroom instruction and presentations. Their role is aso to
prepare lessons, grade papers, manage the classroom, meet with parents, and work
closaly with school staff. Being a teacher is much more than just executing lesson
plans, they also carry the role of a surrogate parent, disciplinarian, mentor,

counsellor, book keeper, role model, planner and many more”

As can be seen, the teacher has very many roles from the stage of lesson preparation, selection of
appropriate delivery techniques, lesson presentation and classroom management, to that of skills
in effective assessment and feedback to pupils, parents and school authorities, not excluding
some other roles that posit the teacher as a role model, counsellor, facilitator and even a
surrogate parent. These enormous task bequeathed on the teacher demands that the teacher is not
only well trained or satisfy some basic Teacher Standards in his initial qualification process, but
that the teacher whilst in service is prepared adequately with training and re-training programmes
that would sufficiently support the teacher in demonstrating enhanced skills and knowledge
development in those Teacher Standards that would enable him actualize his classroom roles and
expectations effectively. Some scholars have advocated that teachers continuing professiona
development if appropriately executed would improve teachers quality of instruction, lesson
delivery skills, subject content knowledge and confidence which could in turn result in school
pupils obtaining higher academic attainments (Harwell, D’ Amico, Stein & Gatti, 2000; Knapp,
2003; Richards & Farrell, 2005; Kunz, Nugent, Pedersen, DeChenne & Houston, 2013).

There is empirical evidence in literature that supports the positive effect of teachers
participation in continuing development on both the teacher’s efficiency and pupils academic
attainment. For instance, Kunz et al., (2013) investigated the differences between rural science
teachers who received professiona development in guided scientific inquiry and those who did

not receive any form of professional development and reported that:

“Teachers' pedagogical content knowledge (PCK) of guided science inquiry
significantly increased from 34% correct before the summer portion of the guided
science professional development institute (i.e., Summer Institute) to 58% correct
immediately after the Summer Institute (p=.000). Similarly, teachers’ scientific
inquiry knowledge (SI) significantly increased from 69% correct prior to the
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Summer Institute to 80% correct immediately after the Institute (p=.002). The
growth of teachers classroom inquiry knowledge (Cl) was not statistically
significant (from 68% to 72% correct, p=.125)" (p.6).

The results above show that teachers participation in professional development programmes
significantly enhanced their pedagogical content knowledge (a measure of their instructional
strategies) and scientific inquiry knowledge (a measure of teachers' knowledge of the nature of
science and inquiry in science) with an improvement (from 68% to 72%) in the teachers
classroom inquiry knowledge which measured teachers scientific questioning skills and
abilities, priority to evidence and formulating explanations (Kunz, et al., 2013). Similarly, the
study by Yoon, Duncan, Lee, Scarloss & Shapley (2007) that reviewed studies on the effect of
teacher professional development on students attainment, reported that professional
development of teachers enhances their skills and knowledge which ultimately bettered their
classroom interaction and teaching skills. On the link between professional development of
practicing teachers and students’ attainment, Y oon et al. (2007) reported that:

“Professional development affects student attainment through three steps. First,
professional development enhances teacher knowledge and skills. Second, better
knowledge and skills improve classroom teaching. Third, improved teaching
raises student attainment. If one link is weak or missing, better student learning
cannot be expected. If a teacher fails to apply new ideas from professional
development to classroom instruction, for example, students will not benefit from

the teacher’ s professional development” (p. 4).

Yoon et al. (2007) also reported studies which showed that “students would have increased their
attainment by 21 percentile points if their teacher had received substantial professional
development” (p.2) and that teachers who get involved in least amount of professional
development of between 5 — 14 hours did not show any statistically significant effect on the

attainment of their students.

The foregoing therefore underscores the necessity and importance of quality continuing
professional development programmes for in-service teachers — A professional development
programme that would expose and engage teachers with quality time and duration on subject

content knowledge, pedagogy, classroom management, teacher standards, integrating
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information technology into subject content, improving students' critical thinking and inquiry
skills and effective assessment and feedback techniques. Such an efficient and effective
professional development programme would then not be a one-day, one-off programme if the
much desired goals of the programme must be achieved. On the criteria for a good quality
teacher professional development programme, Yoon, et al. (2007), cited the No Child Left
Behind (NCLB) Act of the United States which defined five criteria:

“(2) It is sustained, intensive, and content focused—to have a positive and lasting
impact on classroom instruction and teacher performance.

(2)It is aligned with and directly related to state academic content standards,
student attainment standards, and assessments.

(3)It improves and increases teachers’ knowledge of the subjects they teach.

(4) It advances teachers understanding of effective instructional strategies
founded on scientifically based research.

(5)It is regularly evaluated for effects on teacher effectiveness and student
attainment” (p.1,2).

In the light of the NCLB Act, it is important to stress that the sort of professional development
programme that would have a substantial impact both on the teacher and the school system, is
one that is content-focused, aligned with established teacher standards, professionally useful to
the teacher in terms of the enhancement of his skills and knowledge, sustained over time and is
regularly appraised for its effectiveness. Considering the importance of teacher training and re-
training, it is imperative that school administrators and policy makers conscientiously plan,
encourage and support both inexperienced and experienced teachers to get engaged with regular
quality professional development programmes so as to enhance their knowledge and skills and

improve the academic attainment of their students.

210 School climate and students’ enrolment and academic attainment

The school climate and the general quality of school life with their effect on enrolment and
attainment are of interest to the present study as evident from the objectives and research
guestions. In this section, some studies on school climate and how that affects students' school

attendance and academic attainment has been reviewed. The review has contributed to
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understand current issues on the subject and also, to provide necessary guide on the subject for
the discussion chapter.

The quality of school life and character of school pupils and staff among themselves, with
the facilities and the environment that creates, has been shown to significantly affect students
learning and attainment (Marshall, 2004; Thapa, Cohen, Guffey & Higgins-D’ Alessandro, 2013).
School environments may vary significantly sometimes depending on the prevailing socio-
economic situations, culture and occupation of the people, legal systems operationa in the
society and how well these laws are respected, enforced and adhered to. School learning
environments that are not friendly or hospitable may not encourage effective teaching and
learning which in the long run could negatively affect students' attendance to school and
attainment (Macneil, Prater & Busch, 2009). Loukas (2007) opined that it is difficult to proffer a
succinct definition of school climate and that there is a consensus among scholars that it has
physical, social and academic dimensions. A very broad and all-encompassing definition and
description of school climate was offered by the National School Climate Council (2007) of the
United States of America:

“School climate refers to the quality and character of school life. It is based on
patterns of school life experiences and reflects norms, goals, values, interpersonal
relationships, teaching, learning and leadership practices, and organizationa
structures. A sustainable, positive school climate fosters youth development and
learning necessary for a productive, contributing and satisfying life in a
democratic society. This climate includes norms, values and expectations that
support people feeling socially, emotionally and physicaly safe. People are
engaged and respected. Students, families and educators work together to
develop, live and contribute to a shared school vision. Educators model and
nurture attitudes that emphasize the benefits and satisfaction gained from
learning. Each person contributes to the operations of the school and the care of

the physical environment” (p.4).

The baseline of the concept of school climate is that of a shared responsibility among students,
parents, teachers, school proprietors and school administrators;, who engage and support one
another for the sustainable development of the school environment and for the fostering of
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satisfactory, productive and effective teaching and learning activities. It is therefore important for
the attainment of desired educationa goals that learning environments are safe, conducive and
inviting with students freely engaging in their work, supportive of one another and interacting
positively in inter-personal relationships without fear or intimidation. This kind of classroom or

school climate and environment will no doubt encourage effective teaching and learning.

Studies have shown that positive and sustained school climate promotes students’ learning
and ultimately enhances academic attainment (McBer, 2000; Nationa School Climate Council,
2007; Thapa, Cohen, Guffey & Higgins-D’ Alessandro, 2013; Cohen, 2014). More specificaly, a
positive school climate has been found to improve students attainment, graduation rates and
retention of teachers and students in schools (Thapa, et al., 2013), encourage the optimum use of
learning opportunities that promotes students’ participation to learn (McBer, 2000; NSCC, 2007)
and also, that positive school climate has been recognized as an intervening variable between the
quality of school facilities and attainment of students (Uline & Tschannen-Moran, 2008). It is
obvious that a positive school climate that supports effective teaching and learning environment
where students, teachers and administrative staff respect and give regards to set norms would be
devoid of violent acts and bullying with a high sense of communality and acceptable use of
school facilities which would support teaching and learning. On schools with unfriendly learning
environment, Macneil, Prater & Busch (2009) argued that:

“Unhealthy schools lack an effective leader and the teachers are generaly
unhappy with their jobs and colleagues. In addition, neither teachers nor students
are academically motivated in poor schools and academic attainment is not highly
valued” (p 75).

OECD (2013), in its report of the results of the 2012 PISA assessment that involved 65 countries
and economies stated that:

“if offered the choice of schoolsfor their child, parents are more likely to consider
such criteria as *a safe school environment’ and ‘a school’ s good reputation” more

important than ‘ high academic attainment of students in the school’” (p.18).

The report aso stated that secondary schools with higher records of indiscipline and such related
school climate are more inclined to have a good proportion of disadvantaged students with a

more diverse socio-economic student population and that such schools are also characterized by
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the shortage of qualified teachers. It is no doubt that teaching and learning in such schools where
qualified teachers are lacking and where parents would normally not prefer their children to
attend may be hampered with resultant low academic attainment. The PISA 2012 assessment,
investigated aspects of the learning environment that involves student truancy and school climate
and reported that “systems with larger proportions of students who arrive late for school and skip

classes tend to show lower overall performance’ (OECD, 2013:18).

From the foregoing, it is imperative that school managers deliberately pursue the
advancement of a healthy and friendly school climate which has been proved to enhance the
morale of teachers and students with the effect of improving students' participation in the school
community and attainment (Macneil, Prater & Busch, 2009). Although several studies have
associated positive school outcomes to a healthy school climate, not many have discussed how
school climate actually affects student outcomes. Loukas (2007) stressed that to plan and execute
effective interventions that would improve the school climate, it is imperative that we do not
only know about the fact that a good school climate results in students and teachers willingness
to be in school and also improved student outcomes, but that the mechanism and interaction of
factors that underlie the relationship is properly understood. School connectedness — the
perception of students having a sense of belonging and association with other members of the
school community - has been identified as one of the processes that could explain the effect of
school climate on students' learning outcomes (Loukas, 2007). Expatiating upon the mechanism
of association between the variables of school climate and student outcomes, Loukas (2007)
explained that:

“high-quality school climates cultivate a connection to the school and in this way
protect youths from negative outcomes. That is, quality of school climate impacts
student feelings of connectedness to the school and, in turn, the level of

connectednessis directly predictive of how students behave and feel” (p.2).

The highlight of her explanation is that a safe and friendly learning environment would
encourage pupils to want to belong to the school as a teaching and learning community and
longing to see each other on the next school day in a friendly atmosphere with teachers and
students supporting one another. Students in such an atmosphere make heathy school

associations with their peers and teachers with a positive drive to learn. Students would normally
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learn better in such climate and so are most likely to make positive improvement in their learning

outcomes.

2.11 School location, student enrolment and academic attainment

Research findings on school location and how that affects student enrolment and
academic attainment has been reviewed in this section. Although there was no research question
that was formulated to directly investigate this in the present study, the review of literature has
contributed to shape the study and the presentation and discussion of findings on contextual data
as presented in chapter 4.

The place where a school is located is referred to as the school location. PISA of the
OECD defined a school location as “the community in which the school is located” and
classified school locations in terms of their population with communities with a population of
less than Three thousand people classified as villages, small towns with a population of between
Three thousand and Fifteen thousand, towns with populations of between Fifteen thousand and
One hundred thousand and a city with populations of between One hundred thousand and One
million. (OECD, 2007:697).

In most developing countries with few amenities, unemployment, underemployment and
lack of adequate infrastructure for meaningful living in the rural areas, people migrate to the city
centres in search for better economic and living conditions such as employment and access to
better medical facilities (Fischer, 2009). As a result, the population in the rural areas is reduced
while the urban areas witness increase in population and possibly, overpopulation. It is therefore
common to witness high or over population in schools in urban areas while those in the rura
areas are characterized with low population. In this section, literature on the implication of all
these on the quality of students, teachers and their possible effect on students academic

attainment is reviewed.

In view of the importance of school location in teaching and learning and possible effect
on students' attainment, some researchers have investigated the link between school location and
learners motivation and attainment as documented in literature (Osokoya & Akuche, 2012;
Owoeye & Olatunde, 2011; Yusuf & Adigun, 2010; Xu, 2009; Gordon & Monastiriotis, 2006).
In Nigeria, Osokoya & Akuche (2012) investigated the effects of school location on the learning
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outcomes of students in physics and reported that there was a significant effect of school location

on students’ attainment. According to them,

“Distribution of teachers in the rural schools is not comparable with the urban
schools. The number of teachers in rural schools is usually low because teachers
do not readily accept postings to rural areas, because rural communities are
characterized by low population, monotonous and burdensome life. Most teachers
prefer to stay in the schools in urban areas because of the benefits and comforts of
the city which include good roads, satisfactory means of communication,
availability of books and teaching materials, etcetera. Highly qualified teachers
also prefer to stay in city schools’” (p.242).

The above revelation may well explain the outcome of their investigation that pupils in schools
located in the urban areas achieve better than their counterparts who school in rural communities
in the country. The situation where more qualified and experienced teachers are concentrated in
urban schools leaving the mostly new and inexperienced teachers in the rural schools flouts the
right of young children in the rura communities to quality education as enshrined in the national

policy on education:

“every Nigerian child shall have a right to equal educationa opportunities
irrespective of any real or imagined disabilities each according to his or her
ability” (FRN, 2004:7)

And that the philosophy of education is based on:

“the provision of equal access to educational opportunities for all citizens of the
country at the primary, secondary and tertiary levels...” (FRN, 2004:7).

The forgoing presents the problem of policy formulation, implementation and practice in
Nigeria. With the expected fewer class sizes in the rurd areas, there is the possibility of rural
students competing favourably with their urban counterparts if exposed to ‘equal educational
opportunities as quality of teachers, facilities and other amenities. In the United States, Xu
(2009) investigated the effect of school location, attainment of students and homework
management and reported that middle school students in urban areas were more self-motivated

during homework than their counterparts in rural middle schools. Justifying his conclusion, on
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the less initiative of rural middle school students during their homework, Xu (2009) explained
that rural students demonstrate less importance on academics and homework as they are more
hesitant about continuing their schooling from high school to college and that the explanation
was consistent with research findings that the “educational aspiration of students may influence
the strategies they use to engage in studying and the level of effort they devote to that work” (p.
38). Considering the evidence in literature that suggests that students educational aspiration
influences their learning efforts and that there is inequality in the aspiration of students in rural
and urban areas, government and all stake holders in the education industry need to bridge the
gap in terms of supply of teachers, provision of adequate teaching and learning facilities and
amenities, so as to be true to be providing ‘equal opportunities’ to all, as stated in the national

policy of education in Nigeria

2.12 |ssuesof gender in science enrolment and attainment

In this section, research findings on gender in science enrolment and attainment have been
reviewed. The review has brought to the fore current research findings on gender in science and
has thus, informed the investigation of effects of gender on teacher characteristics and school

resources in science as presented and discussed in chapters 6 and 7.

The space of science education discussions on gender representations in science and science
related fields have been on for several decades with little or no difference on the ratio of boysto
girls in science dominated classes in many countries. Most science, technology, engineering and
mathematics classrooms continue to be dominated by males than females (Reid & Skryabina,
2003; Bettinger & Long, 2005; Institute of Physics, 2011, 2012). In physics particularly, the
Institute of Physics (2011) reported that only about 20% of physics A-level students in the UK

were girls and that the percentage has not changed for 25 years.

The Ingtitute of Physics has been at the forefront in promoting research and support for
increased female representation in physics in the UK. The relatively fewer numbers of girls are
performing as good as their male counterparts in the subject (I0OP, 2012; Blickenstaff, 2006). The
guestion that many would ask is: if girls do well in physics, why is it that they do not progress
with the subject post-16? Blickenstaff (2006) argued that girls choose not to continue with the
study of science as aresult of the lack of encouragement and support they receive from science

teachers who are predominantly males. For instance, he reported that girls complain of the
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unwholesome behaviour of boys in disrupting classes and other learning activities and that
“teachers tended to be overly generous in their predictions scores on national exams in science,
while tending to underestimate girlsS scores on the same tests’ (p.380). In the view of
Blickenstaff, this behaviour of boys in a male dominated class environment coupled with the
supposed teachers low expectation of girls performance in science, lack of adequate
encouragement and support in science classes could no doubt dissuade them to continue with
science related disciplines in post-16 classes. The Institute of Physics (I0P) also holds a similar
position when it stated that:

“the low numbers of girls choosing to take A-Level physics is a continuing cause
for concern. It means that girls who would enjoy and excel a A-level physics are
being denied the opportunity because their experience of physics up to age 16 is
not as encouraging or positive asit should be” (10P, 2012, p.5).

The Ingtitute of Physics in the UK, National Science Foundation in the United States and many
other organizations have invested much into research in a bid to gain the interest of female
students with stimulating experiences that could encourage their participation not only in physics
but in all STEM related disciplines.

Asaway of motivating female students into science disciplines, Bettinger & Long (2005)
and Blickenstaff (2005) advocated that more females be encouraged to teach science so as to
serve as role models. This in their view would encourage, motivate and challenge female
students to choose science related courses and disciplines and aso eliminate the male dominated

biases that femal e students face in such classes.

2.13 Summary of literaturereview

Literature on theoretical and empirical reports and findings has been reviewed in this
study. From the theoretical perspective, students’ attainment has been found to be influenced by
student ability and prior attainment, motivation, learner’s age/developmenta level, quality and
quantity of instruction, psychological learning environment such as classroom and home
environments, peer group and exposure to mass media outside the school (Walberg et al., 1981,
Reynolds & Walberg, 1992).
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Several studies on school effectiveness and factors that contribute to or affect the learning
outcomes of students have been reviewed in this research. Whereas some researchers (Hanushek,
1994a, 1994b, 1997, 2006; Glewwe, Hanushek, Humpage & Ravina, 2011) have argued that
variations in the school resources do not significantly affect student attainment others like
Heyneman & Loxley (1983), Fuller (1986), Hedges, Laine & Greenwald (1994a, 1994b)
Greenwald, Hedges & Laine (1996) and Krueger (2003) have maintained that school-based

factors strongly affect students' school attainment, especially in developing economies.

However, an overview of the reviewed studies reveals that most of the studies on factors
affecting students' choice and attainment in general are foreign and not conducted in Nigeria
Also, only few studies have been found to focus on school-based factors and physics enrolment
and attainment in particular. It therefore became necessary to investigate the effects of school-
based factors on the enrolment and attainment of physics students in a developing country like
Nigeria.
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Chapter 3: Research M ethodology

3.1 Introduction

This study is an investigation of school-based factors that affect the enrolment and
attainment of senior secondary school physics students in Rivers State, Nigeria. The research
methodology or design and methods employed for the collection of data are discussed in this
chapter. Descriptive and analytical survey and case study designs have been utilized for the
study. For the collection of data, questionnaires, interviews, observations, and secondary data
acquired from the West African Examination Council (WAEC) in Nigeria and the schools
involved in the study together with the Physics Attainment Test (PAT) designed by the
researcher, constitute the methods of data collection for the study. The details about the
procedure for the pilot study and discussion of the outcomes of the pilot and initial analysis of
the secondary data on students' attainment in physics and science subjects generally will aso be
discussed. Next is the section on the procedure for the collection of data for the main study. The

chapter closes with the section on the data analysis methods and validation of the study.

3.2 Background and research focus

The low enrolment and performance of students in physicsin particular and science more
generally in Nigeria has been a mgjor concern to researchers, parents and other stake holders
(Oladgjo, et al., 2011; Bello, 2012). Over the years, there has been no identifiable national
intervention to particularly stem this tide of low enrolment and dismal performance in the
science subjects in Nigeria. Available literature also suggests that most studies on performance
and enrolment in physics in particular, and science subjects generally, in Nigeria adopt
guestionnaires to dicit information on the state of teaching and learning, and tests to compare
academic attainment. The use of questionnaires generate much quantitative data but is quite
inadequate to understand the emotions and feelings of the participants who give very limited
amount of information with little or no explanations (see for instance Bello, 2012; Omosewo,
Ogunlade & Oyedgji, 2012; Oladejo et al., 2011; Omosewa, 2003). This study employed
interviews and observations in addition to questionnaire methods to dig deep into understanding
the state of the teaching and learning of physics. Also, not many studies in Nigeria have

critically examined the school system to identify how school-based factors affect the enrolment
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and performance of students in physics or science in general. It is no wonder that there has not
been any national intervention to address the poor state of science teaching and learning in
Nigeria. None of the education reforms in Nigeria has particularly and practically addressed the
poor state of science teaching and learning in Nigeria as it is presently. Some of the educational
reforms in Nigeria are the Regional compulsory and free primary education of the Western
Region in 1955, Universal Primary Education (1976), Nationa Policy on Education (1977, 1981,
1998, 2004 and 2007), 6-3-3-4 system of education (1981), National Science and Technology
Policy (1986), Nigeria National Computer policy (1988) and more recently, the Universal Basic
Education (1999) (Gbamanja, 1999; Ogunleye, 1999).

This study aims to provide a thorough investigation of school-based factors and how they
might affect the teaching and learning of physics in secondary schools in Nigeria by combining
both the descriptive —analytical and case study approaches. It is hoped that the understanding of
the interaction of these school factors with students and teachers will benefit school managers,
authorities and all stake holders to pursue policies that will reverse the trend of low enrolment

and performance in physics and science in genera in Nigeria.

3.3 Research design

This study had made use of mixed methods to comprehensively investigate school-based
factors that affect physics students enrolment and achievement in Nigeria. Creswell (2012)
defined mixed method as ‘a procedure for collecting, analysing, and “mixing” both quantitative
and qualitative methods in a single study or a series of study to understand a research problen’
(p.535). This approach has been chosen to deal with the research questions in an in-depth manner
with the collection of data in varied forms as to present a comprehensive picture of the issues
under investigation. Particularly, this research adopted the descriptive survey together with the
case study design. As a survey, questionnaires and tests shall be used to obtain information from
schools in the area of study with the aim of establishing the status quo in the various schools,
making comparisons and drawing some assumptions about the observed conditions without
manipulating any variable in the study. The term ‘survey’ can be used in different ways, but
generally, it entails the generation of data through the collection of information from a sample of
respondents through their voluntary response to questions. Nwankwo (2010:72) defined

descriptive survey as:
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that in which the researcher collects data from a large sample drawn from a given
population and describes certain features of the sample as they are at the time of
the study and which are of interest to the researcher, however, without

mani pul ating any independent variables of the study.

A survey design utilizes tools to collect information about individuals, groups, systems or
ingtitutions and is commonly used in education and social science research. According to
Bachman & Schutt (2014), the versatility, efficiency and generdizability of the survey research
has lent itself to be commonly used by researchers.

Questionnaires for physics teachers, and physics and non-physics students, together with
SSCE physics results and the researcher-made ‘ Physics Attainment Test” (PAT) were utilized to
elicit data for the survey. As Bell (2008) put it, * Surveys can provide answers to the questions -
what? Where? When? and how?, but it is not so easy to find out Why? (p14). So as mentioned
earlier, the case study was adopted together with the survey to have a deeper understanding of
the issues under study and to give answers to the ‘why’ questions as regards school-based factors
that affect physics enrolment and performance. This type of research addresses the ‘what’ of
numerical and quantitative data from questionnaires and the *how’ and ‘why’ of qualitative data
from interviews and observations (Cohen, Manion & Morrison, 2011; Johnson, Onwuegbuzie &
Tuner, 2007). Interviews with physics teachers and physics and non-physics students and physics

classroom observations were used to generate qualitative data for the case study.

34 Methodsused in theinvestigation

Under this section, the tools or instruments that are used for the collection of data are
described. Questionnaires, interviews, classroom observations, Physics Attainment Test (PAT)
and secondary data are the methods of data collection for the study.

34.1 Thequestionnaires

Three questionnaires were developed for use in the study. They are the Questionnaire for
Physics Teachers (QPT), Questionnaire for Physics Students (QPS) and the Questionnaire for
Non-Physics Students (QNPS). The questionnaires are intended to elicit information from
respondents that would generate data for statistical analysis to answer research guestions.

Professional physics teachers in Nigeria also validated the questionnaires that the questions
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measure what they were supposed to measure. What follows is a brief description of each of the

guestionnaires.

The Questionnaire for Physics Teachers (QPT) (see Appendix A) is a 22-item instrument
initially designed and developed with questionnaire items adapted from the Trends in
International Mathematics and Science Study (TIMSS) Advanced 2008 ‘ Teacher Questionnaire’
and the OECD’s PISA 2012 * School Questionnaire’. Items from these instruments were adapted
mainly because of the reliability and validity of those instruments used in international study. In
adapting the questionnaires, only relevant aspects that could generate data on school-based
factors have been included in the QPT; aspects of the origina instrument that were not
investigated in the present study were excluded. For instance, questions that look at parental
level of education and status were not included in the QPT as those factors are not investigated in
the study. Also, consideration for the reasonable time that teachers would need to complete the
guestionnaire without much distraction to their normal school responsibilities, together with the
goa of making the instrument relevant and suitable for use in the Nigerian context necessitated
the shortening of the number of items and the modification of some of the origina items on the
TIMSS and PISA questionnaire. For instance, Question 7 that had to do with the teachers
qgualification was adapted to reflect the possible teacher qualifications in Nigeria. The
Questionnaire for Physics Teachers (QPT) fielded questions about the school, teacher
characteristics and qualification, availability and utilization of resources for teaching Physics,
teachers’ professional training and activities in the school and the school climate which have
been identified in literature to have some effect on students enrolment and attainment
(Hanushek, 1997; Williams, Stanisstreet, Spall, Boyes & Dickson, 2003;Gamoran & Long, 2006;
Yu, 2007;Nascimento, 2008; Lips, Watkins & Fleming, 2008; Bello, 2012; Aina & Akanbi,
2013). A copy of the Questionnaire for Physics Teachers (QPT) is attached as Appendix A.

The Questionnaire for Physics Students (QPS) (see Appendix B) is a 12-item instrument
with most questions adapted from TIMSS 2008 and UPMAP 2008 (Understanding Participation
rate in post-16 Mathematics And Physics) instruments for physics students. The UPMAP study
investigated the influence of factors such as home, school, out-of-school and individual on
students' participation in mathematics and physics after the compulsory years (post-16) of
secondary education in the UK. As explained earlier, the major reason for adapting these
instruments is that such instruments have established reliability and validity. In adapting the
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instruments, only questions that are related to school-based factors in line with the focus of the
study have been carefully considered for inclusion in the QPS. For instance, questions about the
home of school pupils — quantity of books, magazines and newspapers, parental level of
education, etc were not considered for inclusion in the QPS as those areas are not of primary
interest of investigation in the present study. The number of questions was aso curtailed with
some items modified and made relevant and suitable for use in the Nigerian context. The
instrument seeks to dicit information in line with research objectives, about the school, students
choice of physics, students experiences in physics classrooms, their perception about their

physics teacher and their school climate. A copy is attached as Appendix B.

The Questionnaire for Non-Physics Students, QNPS, (see Appendix C) is a One-page 5-
item questionnaire intended to elicit information from non-physics senior secondary school
students on the experiences in science classes during the compulsory years of schooling and what
school-based factors that might have informed their decision not to choose physics. The
guestionnaire items for this instrument were developed by the researcher from some origina
items from the TIMSS questionnaire for physics students that were reversed and modified for
non-physics students who were included in my study. Both the reversed and other items added
by the researcher to align the instrument to the Nigerian context, were informed by evidence in
literature on possible factors that could influence students choice of subjects. For instance,
whereas the question: “The way physics contents in Basic science was taught motivated me to
choose physics’ was used for the QPS, it was reversed to “The way physics contents in Basic
science was taught made me NOT to choose physics’ for the Non-physics students. A copy is
attached as Appendix C.

3.4.2 Interview schedules

Questionnaires are generally considered inadequate to capture certain forms of
information like changes in behaviour and emotions. There is also the problem of limited amount
of information with no explanation of views as respondents thoughts are not explored.
Interviews are therefore proposed to obtain detailed and qualitative information from
respondents on topical issues in line with research objectives. As Bell (2008) put it, ‘one major
advantage of interview is its adaptability. A skilful interviewer can follow up ideas, probe

responses and investigate motives and feelings which the questionnaire can never do’ (p.157).
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Two semi-structured interview schedules have been planned for this study — The
Interview Schedule for Teachers (ISfT) (see Appendix D) and the Interview Schedule for
Students (ISFS) (see Appendix E). The ISfT is made up of 9 questions and intended to last
between 45-60 minutes, while the ISfS is composed of 8 questions and is designed to add some
‘flesh’ to the information expected from the questionnaires, secondary data and classroom
observation. All questions on the schedules (ISfT and I1SfS) were well thoughtout questions
developed by the researcher from an extensive search of the literature on possible school-based
factors that could influence students' enrolment and attainment in physics. The schedules were
designed to elicit information from respondents on relevant school-based factors that could
influence students’ choice of physics and their attainment. For instance, questions on the state of
teaching and learning of physics in their schools, availability and utilization of physics teaching
and learning resources and their classroom experiences were asked. The ISfT was used for only
Physics teachers, while the ISfS was used for the focused group interviews composed of both
physics and non-physics students who are in the final year of secondary education in selected

schools.

3.4.3 Classroom observation

It is considered important to obtain information on what actually goes on in physics
classrooms. The collection of data by observation in addition to those collected by questionnaires
and interviews further strengthens and enriches the data base (Simpson & Tuson, 2003). The
teacher and students will form the focus of the observation. On the part of the teacher, aspects
considered for observation include his (or her) social/personal interaction with students, teaching
strategies, resource utilization, teacher-talk time, teacher demonstrations, role while students
work, question types and styles. Students participation (students-talk time), involvement in
hands-on activities, demonstrations and forms of involvement in class were focused on during
the observations. The main instrument used for the class observation was the ‘ Science Classroom
Observation Worksheet’ (SCOW), developed by the RMC research corporation in collaboration
with the Leadership and Assistance for Science Education Reform (LASER) of Washington
State. The Science Classroom observation Worksheet was designed for use by researchers to
gather quantitative data ‘to determine the degree to which students are engaged’ in effective
science learning experiences ‘as a result of the science instructiona practices within the school’
(p.3). The instrument has been adopted for use in this study basically because of it established
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content validity and reliability of over 0.9. The instrument was used to observe single lessons
across many teachers. The instrument was designed to assess the evidence of 4 broad traits
considered for an effective science teaching and learning — learning objectives, developing
understanding, sense-making and classroom culture. Another instrument — The Classroom
Observation Schedule (COS) that was developed by the researcher was also used alongside the
SCOW for the classroom observations. The instrument is time based and was intended to record
both teachers and students activities for the duration of the class period. The Classroom
Observation Schedule and the Science Classroom Observation Worksheet are attached as
Appendix F1 and F2 respectively.

3.4.4 ThePhysics Attainment Test (PAT)

The PAT was introduced into the study considering the analysis of the performance data
of studentsin the Senior School Certificate Examinations (SSCE) conducted by the West African
Examination Council (WAEC). The results as shown in Table 1(b) show no trend over the years
with a wide variation in attainment among schools. There is aso the issue of creditability in the
conduct and attainment of candidates in the examinations in Nigeria with reports of wide spread
examination malpractice. The PAT was therefore designed to be conducted under strict
examination conditions by the researcher to ascertain the level of attainment of students in
physics in secondary schools in the study area. The PAT is aso intended to cross-check the
students' performances in the various schools and to compare same with the SSCE performance

ratings of the schools.

The Physics Attainment Test (PAT) is made up of 6 questions drawn from past
University of Cambridge International Genera Certificate of Secondary Education (IGCSE)
October/November 2012 physics examination question paper and Genera Certificate of
Secondary Education (GCSE) November 2012 and January 2013 physics examination question
papers. Questions were adapted from these examinations for some reasons. One, the
examinations are internationally recognized with candidates from most countries including
Nigeria, writing the examinations. Two, the examination questions are standardized and
attainments recognized by most universities and employers of labour across the globe as a
reliable evidence of attainment. The items of the examinations are therefore deemed highly valid

and reliable. Three, to see how well physics students in Nigeriawould fare in the test relative to
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students’ performance in the SSCE and lastly, to make possible international comparisons of
students' physics performance. In selecting questions from these instruments for the Physics
Attainment Test, PAT, items with terminologies and objects that are not common in the Nigerian
context were not included. For instance wind turbines, washing machines and sun beds are not
common terms most Nigerian school children would be familiar with and so questions with such
items have not been used even when the physics concepts may have been contained in the senior
secondary school physics curriculum that is used in Nigeria. The 6 questions in the PAT cover
content in 3 of the 5 core content areas of the senior secondary physics curriculum — ‘interaction
of matter, space and time’, ‘conservation principles and ‘fields at rest and in motion’. The
coverage was considered adequate to test for a genera knowledge of the subject for students in
the senior secondary class 3 in Nigeria. Consideration to construct a test that would take students
about 45 minutes aso informed selection of few numbers of the questions. The PAT is attached
as Appendix G

345 Useof secondary data

The National and Rivers State enrolment and performance data in the Senior Secondary
Certificate Examination (SSCE) for al three cores sciences — Biology, Chemistry and Physics
for the period 2004 — 2013 were collected from the West African Examinations Council
(WAEC). A summary of the enrolment and performance is shown in Tables 1a, 1b, 3.7, 5.1, 5.7
and 5.12. Data for the three sciences was collected to compare the popularity of the sciences
among students and performance in the subjects. For the main study, only enrolment and
performance data in physics were obtained from the participating schools. Schools in local
government areas with performance above and below the state average were selected for the
study. The intention is to examine and compare the school-related factors in schools where

students do well with those where students do not do well.

3.5 Thepilot study

A survey research design was used for the study. Both qualitative and qudlitative
techniques were used to obtain data from the piloting of the instruments. Two teachers were
recruited as research assistants and utilized in administering the instruments to both physics
teachers and SS3 physics and non-physics students in three loca government areas of Rivers
State, Nigeria. The pilot was conducted between June and July, 2014. 13 physics teachers, 16
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physics students and 12 non-physics students drawn from 4 schools in the study area were used
for the pilot. (see Table 3.1)

351

Table 3.1: showing respondentsfor the pilot study

Teachers Physics Students Non-physics Students Total

Male Female Male Female Male Female

Rural 4 1 4 4 3 3 19
Urban 7 1 3 5 3 3 22
Total 11 2 7 9 6 6 41

Pur pose of the pilot

A pilot study could be referred to as a mini version of a full-scale study and or a pre-testing

of aresearch instrument. For this research, the research instruments — Questionnaires for physics

teachers and physics and non-physics students together with the interview questions were pre-

tested and critiqued by colleagues teaching physics in schools selected for the pilot in Nigeria

The main objectives of the pilot were:

a r NP

Assessing the adequacy of the research instruments in answering the research questions.
Identification of unclear and ambiguous items in the instruments.

Determining the effectiveness of the sampling technique.

Identifying likely logistic problems that may occur during the main study.

Collecting preliminary data and determining effectiveness of proposed analytical

jprocesses.

6. Establishing the feasibility of the study.
7. To use information from the pilot to further refine the research instruments for the main

3.5.2

study.

Selection of participantsfor the pilot
Students and physics teachers from schools in 2 rural and 2 urban areas of Rivers State

were used for the study. Thisis done since the study isinterested in the pattern of enrolment and

attainment of physics students in terms of school location, school type and gender. No single-sex

school could be accessed for the pilot, partly dueto initial difficulty in accessing schools as at the
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time of the pilot as students were busy with their final SSCE examinations. Incidentally all
schools that alowed the use of students and teachers for the pilot were co-educational. All
physics teachers in the schools used participated in the pilot while between 3 — 5 physics and
non-physics students were randomly selected by the teachers for the pilot. Out of the 13 teachers
used, 7 responded to the teachers questionnaire and interview questions while 6 critiqued al the
instruments. This was so done to reduce the burden on the teachers and save them some time to

also attend to their normal responsibilities in the school.

3.5.3 Pilot procedureand activities

Two teachersin Nigeria were instructed via telephone, skype and e-mail on the procedure
and expectations for the conduct of the pilot study. Permission was sought from school heads and
physics teachers and thereafter, the physics teachers in schools were permission was granted
were briefed on the pilot study. Each teacher was given the covering note to read and thereafter
the consent form to indicate their acceptance to participate in the pilot. Physics teachers were
then given the ‘Questionnaire for Physics Teachers (QPT) to respond to. They were thereafter
given the ‘Interview schedule for teachers (ISfT) to respond to the questions in blank sheets
supplied to them. The physics teachers recruited both physics and non-physics students for the
pilot. Each participating student was handed down the covering note to intimate them of the
objectives of the study and what was expected of them as participants in the pilot. The consent
forms were then given to each of them to indicate their willingness to participate in the pilot. All
students selected by their teachers accepted to participate in the pilot. Students separated into the
physics and non-physics groups were then given their respective questionnaires (Questionnaire
for Physics Students, QPS and Questionnaire for Non-physics Students, QNPS) to respond to.
After completing the questionnaires, the students were then issued with the ‘Interview schedule
for students' (ISfS) for them to respond to on blank sheets that were made available to them.
Other Physics teachers were given a copy of al the instruments — QPT, ISIT, QPS, QNPS and
the ISfS for critiquing. They were each given copies of the ‘Piloting research instrument
(Remarks form)’ to critique the instruments. The breakdown of participants in the pilot is shown
in Table 3.1 below. The report on the critique of the instruments and preliminary data obtained in
the pilot are discussed in the sections that follow.
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3.5.4 Responsesfrom physicsteacherson the QPT

Five (5) Physics teachers critiqued the QPT. Their suggestions and queries on some of

the items in the questionnaire are summarized in the Table 3.2 below. The suggestions and

observations on the instrument were used to refine the QPT for the next stage of the research.
100% of teachers who returned the remarks form indicated ‘Yes to the question ‘Are al the

words understood? and expressed that the length of questions “are okay”.

Table 3.2 Teachers' critique and suggestion on the Physics Teachers' Questionnaire

Questionnai  Critique/suggestions Researcher’sRemarks
reitem
2 That *City’ be replaced with ‘ Urban’ Noted for correction asthe
term is more commonly
used with ‘rural’
6b That the question be changed to read “for how many years Noted for correction
would you have taught Physics by the end of this school year”
7 Change “what” to “which” qualification (s) do you currently Noted for correction
hold
8 That the first question should have been to “ask if there are any Noted. Questions 18 and 19
apparatus in your school” before asking to know the extent of  will be reposition to come
availability. before Q8.
9 That a question on the preparations before commencement of  Suggestion does not follow
the Physics class be included the essence of the question
which attemptsto identify
interactions and
collaboration among
teachers.
15 That it should read “During Physics lessons, how often do you Noted for correction.
use acomputer as ateaching aid or instructional material?
16 Separate the question for (a) Calculators (b) Computers Noted for correction
19 That the word “seldom” in the question be changed to The suggestion may imply
“everyday or during every physics lesson” misunderstanding of the
term and so would be
changed to “rarely”.
21 That the options ‘A little’ and ‘some’ be merged to read ‘A Noted for correction
little or some’
24 That options‘a and ‘b’ mean almost the same and so should be Noted for correction

merged
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3.5.5 Responsesfrom physicsteacherson the QPS and QNPS

Teachers were requested to critique the Questionnaires in line with the objectives of the

study. The responses and suggestions from physics teachers on the appropriateness of the

instrument to meet the research objectives are presented in the table below.

Table 3.3 Teachers' critique and suggestion on the Questionnaire for Physics Students

Questionnaire

Critigue/suggestions

Researcher’s Remarks

item
69 That the question should read ‘1 always know Noted for correction
what | am doing when studying Physics
6h That the question should read ‘I aways learn Noted for correction
new skills and ideas when studying Physics
10 That the question should have been ‘in doing Suggestion not considered
physics homework, how often do you study and but option (a) to be adjusted
practice each of the following as indicated in the to read ‘solving
item statements? problems/question sets
12c That ‘sets’ be replaced with ‘ gives Noted for correction
12g That ‘physics ability’ be replaced with ‘abilities Noted for correction with
in Physics the removal of ‘the’ in the
sentence which was an
error.
12h That the statement read ‘My Physics teacher is Noted for correction asthe
good at teaching Physics' instead of ‘explaining word ‘teaching’ may make
physics'. more sense to the pupils.
12k That the statement read ‘If | need extra help, | Noted for correction
always get it from my Physics teacher’
13 That ‘Physics teacher’ in the question to read Noted for correction.
‘school environment’
14(d) & (g) That instead of using business and socia Noted for inclusion as

sciences, courses in environmental sciences
should be used.

students choosing Physics at
thislevel are not likely to
prospectively pursue careers
in business and social
sciences.

Seven physics teachers critiqued the QPS. Other than making comments on the instrument, only
3 of the teachers responded to the remarks form by assessing the appropriateness of the
instrument. All 3 teachers expressed that the questions in the instrument measure what they are

intended to measure.

The suggestions and observations of physics teachers on the Questionnaire for Non-
Physics Students (QNPS) are presented in the table that follows.
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Table 3.4 Teachers' critique and suggestion on the Questionnaire for Non-Physics

Students
Questionnaire Critique/suggestions Resear cher’s
item Remarks
5 That the statement ‘ There was no physics laboratory Considered for
in my school for practical work’ be added inclusion
5 That the statement ‘There was no qualified physics Considered for
teacher in my school, so the basic science teacher was inclusion
used for Physics in the senior secondary classes' be
added.
5f That the statement be changed to read ‘My parents Not considered asit
advised me not to choose physics does not seem to
simplify the meaning
of the statement
5i That the statement should read ‘My Physics teacher Noted for correction
advised | should not do Physics because he/she
thought | couldn’t’
5k That the statement read ‘My physics teacher did not Noted for correction
show interest in the subject since these are Non-
Physics students.

Seven (7) Physics teachers critiqued the Questionnaire for Non-Physics students. Apart from
making suggestions and remarks about the statements on the instrument, only 5 remarked on the
appropriateness of the instrument. All 5 agreed that respondents will interpret the questions the
same way. 3 of the teachers agreed that the questions measure what they were supposed to
measure. All 5 teachers were of the opinion that all the words of the instrument are
understandable and were also satisfied with the length of the questions.

3.5.6 Piloting theinterview schedulesfor teachersand students

The questions on the interview schedule were only piloted for physics teachers to
contribute to the appropriateness of the questions and whether the questions could €licit
necessary information to meet the research objectives. The interviews are designed to triangulate
the data and information expected from the questionnaires and observations. Only the interview
guestions were piloted as the researcher could not to travel to Nigeria where the main study was
conducted.
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The suggestions and views of physics teachers on the instruments are presented in the table

below.
Table 3.5 Teachers' critique and suggestion on the Interview Schedule for Teachers
Interview Critique/suggestions Resear cher’s Remarks
Question no.

01 That the question read ‘What has been your Consideredto modify
observation in the Physics results of past senior the question to specify
secondary school students? ‘Physics results’ instead

of ‘results of physics
students'.

03 That ‘Physics teaching and learning’ be changed to Not considered
‘teaching and learning of Physics necessary as suggestion

does not simplify
understanding.

06 That ‘participatory manner’ in the question be Noted for correction.
changed to ‘ participatory learning’

07 That the question should read ‘Is there any factor that Noted for correction
has hindered (incapacitated) the effective teaching
and learning of Physicsin your school ?

09 That the question be replaced with ‘Do you have any Noted for correction

point(s) to raise or contribution to make? Do you
have any question?

Five (5) Physics teachers critiqued the Interview Schedule for Teachers. Apart from offering

suggestions to the improvement of the instrument, only one of the 5 teachers evaluated the

appropriateness of the schedule and was of the opinion that the questions measure what they are

supposed to measure, al words of the questions are understood and that all respondents will

interpret the questions in the same way.

Like the schedule for the teachers, only the questions of the ISfS were piloted as the

researcher could not travel to Nigeria where the main study was conducted. It was hoped that the

suggestions from Physics teachers on the questions will contribute to the development of a good

instrument that could élicit information to meet the research goals. The suggestions and critiques

of physics teachers on the ISfS are presented in the table that follows.
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Table 3.6 Teachers' critique and suggestion on the Interview Schedule for Students.

Interview Critique/suggestions Resear cher’s Remarks
Question no.
02, 03 That the word ‘most’ be used instead of ‘ many’ Noted for correction
05 That the question read ‘Is there physics laboratory in  Not considered
your school ? necessary as that does

not affect the
understanding of the
question.

06 Most spotted the omission of the word ‘you’ between Noted for correction

thewords ‘do’ and ‘utilize .

08 That the question read ‘Is there any issue you think Considered to remove
we should have discussed that has not been raised? the personal pronoun ‘I’.

Four (4) Physics teachers critiqued the Interview Schedule for Students. Only 2 of the 4 returned
the Remarks form that asked for their assessment of the instrument. All 2 agreed that the words
of the instrument are understandable and that respondents are likely to interpret the questions in
the same way.

3.6 Modification of research instruments and strategy

The instruments for data collection were modified following the comments and
suggestions of physics teachers during the pilot. The areas of correction and modification can be
seen at the *Researcher’s Remarks' column of Tables 3.2—3.6. The suggestions and comments of
the teachers bother on appropriateness of the language, response choices, clarity of the
instructions and questions, length of the questionnaires and the questions both for the
guestionnaires and the Physics Attainment Test (PAT). Teachers in Nigeria were deemed most
appropriate for the piloting as they are on the ground and have a good knowledge of their
students’ level of understanding. In terms of the level of the questions, teachers know areas of
the curriculum they have covered and so are trusted to ascertain whether or not questions are
within reach of the average student in their schools. The modified instruments are attached as
appendices.
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Also, following the data obtained from West African Examinations Council (WAEC), it
is now thought that using schools with known performance above and below the State average
and having a case study of the school-based factors in the different schools and making
comparisons will better serve the purpose of the research. The analysis of the performance data
of the schools both nationally and for the state do not show any trend with wide variation even
within the same local government areain the state. It is therefore thought that an independent test
designed by the researcher and administered to students would be useful as an added tool to
better understand the performance of students in the schools while making comparisons with the
WAEC conducted Senior Secondary Certificate Examination (SSCE) results of the schools. The
Physics Attainment Test (PAT) with questions adapted from the International General Certificate
of Secondary Education (IGCSE) and the General Certificate of Secondary Education (GCSE)
was therefore designed to cross-check the school performances and compare with the SSCE
based ratings of the schools. Questions from IGCSE and GCSE were adapted as the
examinations are taken in many countries around the world including Nigeria and their results
are widely acceptable as reliable assessment of students’ attainment by most universities in the

world as explained earlier in this chapter.

3.7 Selection of samplefor the main study

The physics performances data for 10 years obtained from the West African Examination
Council (WAEC) was used to determine the selection of schools for the main study. The result of
the mean physics attainment for the 23 Local Government Areas, LGAs of Rivers State is
presented on Table 3.7 below. For the purpose of anonymity, the actual names of the LGASs have
not been used. They have simply been code named LGA1, LGA2 ... LGA23.
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Table 3.7: 10- year Mean % A-C grade passes in the 23 Local Government Areas

of Rivers State
LGA’s Mean % A-C grades Standard Deviation.
LGA1 30.9 31.7
LGA2 34.6 23.7
LGA3 39.0 20.1
LGA4 42.9 19.7
LGAS5 44.0 14.4
LGAG6 44.8 15.1
LGA7 46.3 18.1
LGAS8 46.3 21.8
LGA9 46.5 17.6
LGA10 484 20.0
LGA1l 49.6 22.0
LGA12 50.2 19.2
LGA13 52.7 15.0
LGA14 54.8 20.3
LGA15 57.3 17.7
LGA16 58.5 16.6
LGA17 58.8 27.0
LGA18 61.2 20.2
LGA19 61.3 17.5
LGA20 62.9 18.5
LGA21 65.4 225
LGA22 65.8 23.8
LGAZ23 66.7 18.3

Analysis of the results from the 23 local government areas of Rivers State where the study is
planned to be carried out shows a high variation (SD lies between 14 and 32) in mean percentage

A-C grades. The mean % A-C level passes for the 10-year period for Rivers State is 60.2.

The purposive sampling was utilized to select schools in the high and low performing
local government areas of the state in physics having a boy, girl and co-educational school. This
school selection criteriais so adopted to capture the three school types in the system and also, to
explore the possibility of interesting outcomes of gender and physics enrolment and
performance. Consequently, LGA21 with 65.8% of A-C grade pass was selected among the high
performing LGA’s while LGA4 with 42.9% was chosen from among the low performing local
government areas. These two LGA'’s are the only ones having the 3 types of schools — Boys',

Girls and mixed or co-educational in Rivers State. In LGA4, the school populations were
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generally small, so a second mixed school was added to the study. The same could not be done

for the boys' and girls' asthere was only one each of such type of schools in the area.

During the visits to schools in both LGA’s, the researcher observed that all the schools
visited do not have functiona laboratories and resources for teaching physics. Added to this,
most teachers in both local government areas, possibly because of their location in rura or semi-
rura (LGA21) were observed to be truant and irregular in school. Informal conversation with
some principals suggests that some teachers get absent from school for as long as 1 month
without permission. Lesson time-tables were not followed in some cases as physics teachers
could not be seen in school. The researcher therefore thought of, and included a specialist
science college situated in LGA16 with established and functional physics, chemistry and
biology laboratories. Teachers in this school are also known to be under strict supervision and
monitoring. This was so considered to compare performance in the light of resource availability,

utilization and teacher characteristics.

All the physics teachers in all schools selected constituted the sample for the study. The
senior physics teacher of the SSS 3 class was purposively selected in each of the schools for the
interview. This was so considered as the teacher was the most experienced and could draw from
years of experience in teaching and classroom interaction to offer very valuable contributions in
line with the research objectives. For the class observation, physics teachers were randomly
selected for observation with the few schools having more than one physics teacher. Thisis so
considered to eliminate bias and as the population was finite and homogeneous. All physics and
non-physics students willing to participate were chosen for the study. Focused group interview
was used for the students. In each of the 8 schools, quota sampling was used by the teachers to
select 5 students of high, average and low abilities to constitute the focus group. 2 of the 5
students were non-physics students. In some schools, the students’ focus group went as much as
8 either because the number of students in the school was few and so were all recruited or in
large populated schools, a few students not selected by the teachers and who were eager to
participate in the interview were alowed to join. In al 116 non-physics students, 248 physics

students and 14 physics teachers participated in the study.
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3.8 Validation of research instruments

It is important in any research that instruments that are used to generate data or make
measurements are adequately validated to reduce errors both in the results and in the inference or
interpretation that could emanate from them. According to Kimberlin & Winterstein (2008), the
validity and reliability of research instruments are the main indicators of the quality of the
research instrument. Nwankwo (2010) outlined three basic components in the validation process
of non-cognitive instruments for use in any research. They are: “ensuring the validity of the
instrument, establishing the reliability of the instrument and pilot-testing or trial testing of the
instrument” (p. 139). In the sections that follow, the validity and reliability of the instruments
used in this study shall be presented.

3.8.1 Validity of theinstruments

The vaidity of an instrument refers to the extent to which a research instrument measures
what it is supposed to measure. There are severa types of vaidity. Some of which include face,
content, predictive, concurrent, construct, criterion-referenced, external and internal validity
(Kothari, 2004; Nwankwo, 2010; Cohen, Manion & Morrison, 2011; Creswell, 2012). According
to Nwankwo (2010), “the two basic types of validity generally determined by researchers for
their non-cognitive research instruments include face and content validity” (p.140). The non-
cognitive instruments used for this study are questionnaires, interview and classroom observation
schedules. The PAT was the only cognitive instrument that was used in this study. The validation
of the research instruments — questionnaires, interview schedules, classroom observation
schedule and the PAT for this study began with the supervisors and members of the Thesis
Advisory Panel (TAP) at theinitial stage of the development of the instruments. The suggestions,
corrections and criticisms informed the production of the first set of instruments. These first set
of instruments were further validated through piloting with experts and physics teachers in
Nigeria. This was so done as the study is carried out in Nigeria and the valuable experience of
teachers and experts with classroom experience in the country was needed to ensure the
development of worthwhile instruments in line with the research objectives. The criticisms,
comments and suggestions from these physics teachers and science educators were utilized in the
development of the fina sets of instruments. The non-cognitive instruments were adjudged by
the experts and physics teachers to be suitable as to dlicit relevant information for the study of

school-based factors that affect the enrolment and attainment of physics students in Nigeria
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Physics teachers also affirmed that the contents of the PAT test was adequate in scope for
measuring the attainment physics students for the Senior Secondary School 111 class.

3.8.2 Rdiability of theinstruments

The reliability of an instrument refers to the ability of the instrument to yield consistent
results when used to measure a given variable over repeated times. It is the extent to which a
research instrument can be relied upon to obtain the same result with repested trials (Kothari,
2004; Weiner, 2007; Nwankwo, 2010; Cohen, Manion & Morrison, 2011; Creswell, 2012).

There are three main types of reliability. These are stability measures, measures of
equivalence and measures of internal consistency. Nwankwo (2010) opined that for instruments
that are non-cognitive, “the most convenient reliability estimates could be: measures of stability
through test-retest method, measures of internal consistency through the split-half method and
the measures of internal consistency through the coefficient alpha developed by Cronbach”
(p158,159). For the reliability of cognitive tests or instruments, test-retest, alternate forms and
split-half methods can be used for the measures of stability, equivalence and internal consistency
respectively (Kothari, 2004; Nwankwo, 2010; Cohen, Manion & Morrison, 2011).

For this study, test-retest has been adopted as the most appropriate method to determine
the reliability of the instruments. This is because for the questionnaires, teachers and students
were expected to make responses for instance, whether or not certain practices hold in the
physics classrooms and the extent to which they occur. As such varying degree of responses is
expected depending on the circumstance in the different school. It is therefore not necessary to
talk about the internal consistency of a cluster of questionnaire items in relation to a construct or

measuring the homogeneity of items of an instrument.

A school in the study area but not included in the main study was used for to test for the
reliability of the research instruments. The instruments — Questionnaire for Physics Teachers
(QPT), Questionnaire for Physics Students (QPS), Questionnaire for Non-physics Students
(QNPS) and the Physics attainment Test (PAT) were administered to the respondents and
repeated after atime laps of 2 weeks. 12 physics students, 14 non-physics students and 3 physics
teachers were involved in the determination of the reliability of the instruments. The Pearson
product moment correlation was used to compare the test and retest outcomes of the respondents.

The Pearson product moment was used and not the Spearman rho rank correlations as the
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responses were converted to scales for the questionnaires whilst the PAT scores were computed
in percentages which are scale data. The correlation coefficients obtained for the instruments
were r = 0.891 for the QPS, r = 0.811for the QNPS, r = 0.819 for the QPT and r = 0.753 for the
PAT. The p-values for all were less than 0.05 which implied that the correlation coefficients
were statistically significant. The instruments were therefore considered reliable and used for the
collection of datain the main research.

3.9 Procedurefor data collection for the main study

The criteria for the selection of schools for the study have been explained earlier in this
chapter. In this section, the procedure for the selection of participants is explained. An approval
to involve schools in the Rivers State was secured from the Senior Secondary Schools
Management Board (SSSMB). In al schools, aminimum of 4 visits were made for the collection
of data. The process of data collection is shown in Fig.3.1.

I ntroduction/Distribution of consent

0

Retrieval of consent
forms/Administration of Questionnaires

g

Class Observation/Conduct of Interviews

I

Conduct of the PAT

Fig. 3.1: Process of data collection

On thefirst day, the research introduced himself to the principa and through the principal
to the physics teacher(s). On that same day, where the outcome was positive after the
introduction asin most of the schools, the researcher addressed the students and physics teachers
and then, the participant and parental consent forms and letters were distributed to the physics
teachers and students. In another visit, the consent forms were retrieved and students whose
parents assented their inclusion into the study were administered the questionnaires. Like
explained earlier in this chapter, al students who accepted to participate were recruited for the
study. This was to ensure a wider participation of the subjects and validity of the study. All

%|Page



physics teachers in al schools accepted to participate in the study. On the third visit generally,
the physics classroom observation was held after which the students and teachers interviews
were conducted. The physics classroom observation was done in 7 of the 8 schools involved in
the study. In one of the schools, the teacher was evasive despite several persuasions to have him
observed. He appeared not too confident to be observed having confessed that he was just

‘assisting to teach physics' and that he was not a qualified physics teacher.

The physics teachers were relied on to select between 5 and 8 students of low, average
and high ability for participation in the focused interview of physics and non-physics students.
Of the number, between 3 and 5 were physics students while 2 — 3 were non-physics students.
However, in schools with very few physics students (<10), al of them where involved in the
interview. The rationale for the choice of physics and non-physics students has been previously
explained in this chapter. The various abilities of the students were considered in the selection to

capture the experiences of al studentsin their physics lessons.

On the 4th visit or last as the case may be, the Physics Attainment Test (PAT) was
administered to the students. Not all the physics students opted to write the test in some schools.
It is assumed that those who were not too confident of themselves declined to write the test. It is
therefore interesting to observe, from Tables 5.4, 5.9 and 5.14 that even those who were
somewhat confident performed so poorly in the test. In some schools, the researcher made
between 5 — 8 visits to collect al the data due to the truancy of teachers and students. In one
school, students were themselves truant and have to be contacted to come to the school for the

data collection.

The study was turned down in two schools. In one of the schools, the principal said the school
had no physics teacher and so could not alow the study carried out in the school. In the second
school, the principal insisted that he was to meet with his teachers before giving me response as
to whether or not he would permit the use of the school. After waiting for 2 weeks and not
getting a positive response, another co-educational school within the area was approached and
used for the study.

3.9.1 Theadministration of students’ questionnairefor physics and non-physics students
Students whose parents consented to their participation in the study were involved at this

stage of the data collection. Before the distribution of the questionnaires, the researcher again

97|Page



addressed the students, highlighting the main aims of the study and soliciting for their honest and
objective response to the items in the questionnaire. In some schools, the questionnaires were
retrieved on same day, while in some others, where the school time-table could not allow for the
exercise, the questionnaires were left with the physics teacher who administered and retrieved
them at the convenience of the school. In such cases, the researcher was invited for the next stage

of the data collection.

3.9.2 Theadministration of theteachers questionnaire

The teachers and students questionnaires were distributed on same day in each of the
schools. The researcher aso addressed the teachers on the main objectives of the research and
solicited for their sincere and objective response to the items so as to make the outcome of the
research worthwhile. In schools where some of the physics teachers could not be caught in
school, their questionnaires were sent through their colleagues who also returned them as some
of the physics teacher could not be reached in the school at all times of the researcher’ svisit.

3.9.3 The physics and non-physics students' focusinterviews

The procedure for the recruitment of participants for the interview has been explained in
sections 3.8. The interviews were held in specially arranged venues ranging from classroom,
outside - under a tree shade or laboratory. The students were first addressed on the main
objectives of the research. They were reassured of the anonymity of their responses and that none
will be victimized resulting from their responses as their teachers and school heads will not be
privy to their responses. Teachers were politely requested to leave as their presence was deemed
to have a likely influence on the responses of the students. Before the commencement of the
interviews, the researcher in each case explained the need for the recording of the interviews to
capture all views and again reassured participants on the confidentiality and anonymity of their
responses. Thiswas done to allay their fears especially from the backdrop of the Nigerian society
were people generaly get scared of giving ora evidence for fear of victimization. In all, the
interview lasted between 12 and 58 minutes in each school, depending on the ability of the

students to freely express themselves and respond to prompts and probes.

3.9.4 The physics classroom observationsin selected schools
The school principals and physics teachers were aware of the class observation on the

very first visit of the researcher. This was done only in 7 schools as has been mentioned earlier.
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The ‘ Science Classroom Observation Worksheet” devel oped by the RMC research corporation in
collaboration with the Leadership and Assistance for Science Education Reform (LASER) of
Washington State was used for the classroom observation. Major components assessed during
the observation include learning objectives, developing understanding, sense-making and
classroom culture. Each of the traits of the maor components is assessed quantitatively on a 6-
point scale of O (not observed) to 6 (very evident). The rationale for each rating is stated on the
worksheets.

3.95 Thephysicsteachers interviews

The physics teachers' interview was held in al 8 schools. This was intentionally planned
to hold after a few visits so as to utilize observations during the school visits and classroom
teaching, to achieve a well-informed interview. Before the commencement of each interview, the
researcher reminded the teachers of the purpose of the research and encouraged them to give
honest responses. Teachers were clarified on the need for the recording of the session. In all 8
schools, the physics teachers teaching the SSS 3 class were the more experienced and in-charge
of the physics teaching team, where the school had more than one teacher. The SSS 3 teachers
were for that reason selected having been considered to have a better teaching experience and
can therefore engage better during the interview. The duration of the teachers’ interviews ranged

from 7 — 25 minutes depending on the teachers responses to appropriate prompts and probes.

3.10 Dataanalysis methods

Both primary and secondary data were collected for the study. Instruments that were used
for the primary data collection were: questionnaires, the PAT test, interviews and classroom
observations. Secondary data were the 10 years (2004 — 2013) SSCE results obtained for all local
governments in Rivers State from the West African Examination Council (WAEC) and the 5
years SSCE results of the participating schools in the study. The data analysis tools for each of

the sources of data collection are discussed in the following sub-sections.

3.10.1 Questionnaires
Three questionnaires were used for the study — The QPT, QPS and QNPS. All

guestionnaires contained questions using scales and open questions. Munn & Drever (2004)
outlined ‘data preparation’, ‘data description’ and ‘interpretation of the results’ as the key stages
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of questionnaire data analysis. Responses in all questionnaires were scaled or open type which
therefore generated ordinal, nominal and string data. Nominal data derived for discrete variables
that denote categories such as gender, school type and yes/no responses together with the ordinal
scale data were coded in ‘preparation’ and entered into the Statistical Package for Social
Sciences (SPSS) for the ‘data description’ or analysis. In coding data from open gquestions, Munn
& Driver (2004) suggested two main approaches (1) ‘create a framework in advance’ or (2)
‘deriveit from the data’. Themes emerging from the research questions for the study in chapter 1

therefore formed the framework for the coding of the responses to the open questions.

Descriptive statistics such as mean, percentage, variance and standard deviation were
utilized for the questionnaire data analysis while bar charts were used to present and report
findings. According to Cohen, Manion & Morrison (2011), descriptive ‘statistics make no
inferences or predictions; they simply report what has been found, in a variety of ways (p.606).
Correlational analysis was performed using SPSS to determine the degree of association between
school-based factors as explanatory or independent variables and performance as dependent or
explained variable (MacDonald, 2014; Mukaka, 2012; Cohen, Manion & Morrison 2011).
Responses on school-based factors from teachers and students questionnaires generated ordinal
data while the Physics Attainment Test, PAT generated scaled data. The data generated from the
PAT and those from the questionnaires for teacher qualification, teaching experience, resource
availability and resource utilization were not normally distributed as shown in chapter 6. To
establish the degree of association therefore among performance, enrolment and school-based
factors, the non-parametric Spearman Rank correl ation statistic was deemed most appropriate for
datathat are either scale or ordinal but are not normally distributed (Cohen, Manion & Morrison,
2011, Field, 2013). Factor analysis could not be used for this study as a result of the small
sample sizes for the different components of the study. For instance only 8 schools (for analysis
involving schools) and 14 teachers for teacher related analysis. Tabachnick & Fidell (2007)
suggests that “it is comfortable to have at least 300 cases for factor analysis’ (p. 613). They
suggested higher factor loadings for smaller sample sizes. The assumption of specific factors
from literature such as teacher qualification, experience, resource availability and utilization and
not necessarily the assessment of variables that relate to these ‘factors’ reduces the number of

factor loadings for the use of factor anaysis.

100|Page



3.10.2 The Senior Secondary Certificate Examinations (SSCE) and Physics Attainment
Test (PAT) results

The SSCE results were secondary data obtained from WAEC and the schools involved in
the study as has been explained. The SSCE results are usually released in letter grades of Al, B2,
B3, C4, C5, C6, D7, D8 and F9 (see Table 5.2), with A1 being the best grade for percentage
scores ranging from 75-100 and F9 the least and fail grade awarded for scores less than 40%.
Simple frequency counts and percentages were used to compare performances both within and
among zones and the science college. The SSCE grades were converted to percentages using the
WAEC grading system for the purpose of comparison with the PAT and entered into the IBM
SPSS 22 for analysis. The Pearson correlation was utilized to compare the SSCE and PAT
scores. Both the SSCE and the PAT scores were scale data and so, the Pearson correctional
analysis was considered adequate to use and not the Spearman rank order correlation which is
best used for nominal data (Cohen, Manion & Morrison, 2011).

3.10.3 Interviews

The thematic approach in qualitative research was used in the analysis of the interview
data. Drever (2003) outlined three stages in the analysis of interviews, namely data preparation,
analysis and summarizing results. At the stage of data preparation, the audio recorded interviews
were transcribed and coded deductively in-line with the a priori categories emerging from the
research questions (Drever, 2003; Cohen, Manion & Morrison, 2011). The transcription was
generally made verbatim to retain the ‘flavour’ of the origina information from the interviewees
and at the same time, avoiding distortion of facts and researcher’s bias (Drever, 2003; Cohen,
Manion & Morrison, 2011; Creswell, 2012). The transcribed data were then entered into the
QSR NVivo 10 software package for coding and analysis.

3.10.4 Classroom observations

Seven physics lessons were observed in 7 out of the 8 schoolsinvolved in the study. The
Science Classroom Observation Worksheet (SCOW), adapted from the Science Classroom
Observation Protocol of the RMC Research Corporation (2010) was used for the classroom
observations. The instrument has a 6-point rating scale from ‘not observed’, (0) to ‘very
evident’, (6) on four core traits. The instrument therefore generated quantitative data analysed

using percentages and means with appropriate graphs to illustrate the evidence of observed traits

101 |Page



during the physics lessons. Also, the Classroom Observation Schedule (COS), designed by the
researcher to record classroom activities and duration of time such activities take place during
the lesson was used for the observation. Field notes were also made by the researcher during the

observations. These were intended to generate some qualitative data from the observations.

3.10.5 Coding adopted for schools and interview respondents

A very smply coding system of alphabets and numbers has been adopted for the
description of schools and interview respondents. The first alphabet in the code denotes the
‘school’. Alphabets A, B, C, and D have been used to identify schools in this study. The next
after the aphabet is a number that denotes the zone in which the school is located. The number
‘1’ stands for schools in Zone 1 while ‘2’ is used to identify schools in zone 2. The science
college has been coded “SC’. The last letter is used to identify the respondent. Thus, the letters
‘P, ‘T and ‘N’ have been used to denote ‘ physics student’, ‘physics teacher’ and ‘ Non-physics
student’ respectively. For example, the code ‘A1P would stand for ‘school A, zone 1 physics
student’” while ‘D2T’ implies ‘school D, zone 2, physics teacher’ and ‘C1N’ is used for ‘school
C, zonel, non-physics student’. For students, there is an additional forward slash (/), followed by
numbers which indicate the different respondents in that category. For instance, ‘A1P/2’
indicates that that is the second (2" physics student and is unique for al participants in the
interview. The numbers that follow after the respondent is the line numbers from the interview

transcripts.
3.11 Linkingresearch questions, methods and data sour ces

The table below summarizes at a glance, the link and association among the research
guestions used in this study, the methods utilized to generate the data and the sources of data.
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Table 3.8: Linking research questions to methods and data sources

Sub-Resear ch Questions Methods used Data sources
for data
collection
i. What isthe level of enrolment for physics Secondary data, School principals,
in the Senior Secondary Certificate Interviews physics and non-
Examination? physics students,
teachers
ii. What is the pattern of attainment of  Secondary data  School principas
physics students who enrolled in the Senior
Secondary Certificate Examination (SSCE)?
iii. How does teacher qualification and Tests, secondary Physicsand non-
experience relate with the enrolment and data, physics students,
attainment of students in physics in the questionnaires, teachers
SSCE? interviews
iv. What is the extent of availability of Questionnaires, Physics and non-
physics resources for teaching and learning interviews, physics students,
in secondary schools in Rivers State, observations teachers

Nigeria?

v. To what extent are available physics Questionnaires, Physics and non-

resources utilized for teaching and learning interviews, physics students,
in secondary schools? observations teachers

vi. To what extent does the availability and Tests, Secondary Physicsand non-
utilization of physics resources influence data, physics students,
students enrolment and attainment in Questionnaires, teachers
physics? interviews

vii. What are the teaching strategies and Questionnaires, Physics and non-
classroom interactions adopted by physics interviews, physics students,
teachers? observations teachers

viii. To what extent does the teaching Tests, Physics and non-
strategy and classroom interactions adopted Questionnaires, physics students,
by teachers influence the students interviews teachers

enrolment and attainment in physics?
iX. To what extent does the school climate
affect teaching and learning in the school ?

Questionnaires,
interviews,
observations

Physics and non-
physics students,
teachers

3.12 Validation of the study

The validity of aresearch is considered very important as it tells the worth or otherwise
of any piece of research. Validation of the study here, goes beyond the traditional definition of
validity- that an instrument ‘measures what it purports to measure’, to address issues like
“honesty, depth, richness and scope of data achieved, the participants approached, the extent of
triangulation and the disinterestedness or objectivity of the researcher’ (Cohen, Manion &
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Morrison, 2011). In a study that involves the use of questionnaires, for instance where
respondents report about themselves and classroom practices, it is important that steps to
mitigate the problem of social desirability bias of respondents are incorporated in the research
management plan. Social desirability bias is a situation where questionnaire respondents in self-
reporting, get tempted to lie, deceive or give socially desirable responses instead of stating what
they truly do, practice, think or believe (Jo, Nelson & Kiecker, 1997; Revzina, 2008; Lelkes,
Krosnick, Marx, Judd & Park, 2012). This is particularly typical when the respondents perceive
that their personality and worth is being investigated or where questions bother on the attainment
of their students, for instance, they conclude that their own effectiveness is being investigated.
Under such scenario, some teachers cheaply fall into the temptation of lying with dishonest
response. To address the issue of socia desirability bias, some researchers in social science have
advocated the use of ‘triangulation’ of methods to obtain research outcomes with much
confidence as result of increased validity in the use of more than one method of data collection
(Mathison, 1988; Holtzhausen, 2001; Bryman, 2012; Creswell, 2012; Wilson, 2014). Creswell
(2012) defined triangulation as “the process of corroborating evidence from different individuals
(e.g., aprincipa and a student), types of data (e.g., observational field notes and interviews), or
methods of data collection (e.g., documents and interviews) in descriptions and themes in
gualitative research” (p.259). To validate this study, | have used triangulations in corroborating
responses from teachers and students, and methods of data collection as the use of
guestionnaires, individual and focus group interviews, classroom observations, field notes, tests
and secondary data to holistically investigate school-based factors that affect the enrolment and

attainment of physics students.

It is however important to mention here that self-report data from respondents
guestionnaires and interviews have been used in the study. For instance, claims by teachers on
their quaifications and years of teaching experience were not verified by the researcher. Also,
this study has been conducted in a system with problems of examination malpractice as
discussed earlier and for which the PAT was introduced into the study. Although these were
adequately mitigated by the researcher, the possibility of lowering the validity of the study may

not be ruled out.
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3.13 Research ethical considerations and standard

Securing informed consent in social science research, medica and most professional
practices is “a standard feature of ethical procedure’” (Homan, 2001:330). This involves making
the human participants in a study aware of the nature of the study, what would be involved in
their participation, how the data would be managed and assurances that their participation is

voluntary.

For the present study, ethical approval from the Department of Education Ethics
Committee was sought and obtained before the start of the research (see Appendix M).
Following the approval of the department’s ethics committee, permission was requested for and
obtained from the Rivers State Senior Secondary Schools Board (charged with the responsibility
of managing al senior secondary schools in Rivers State) to conduct my research in schools in
Rivers State (Appendices J & K). Permission was also sought and obtained from the school

principals before accessing and recruiting teachers and students for the study.

Prospective students and teachers for the study were addressed by the researcher and
informed of the nature of the research and what would be involved in their participation. They
were assured of the confidentiality and anonymity of their responses both in the questionnaires
and interviews. Students and teachers were then issued with the participants consent form to
“opt in” (see Appendix L). All students were given the consent forms (which aso gave details of
the study) to take home to their parents and return. All physics teachers in the 8 schools and
students whose parents “opted in” were recruited for the study. In al, the study adhered to the
principle of voluntary consent and the approved ethical standards of the department of Education
ethics committee.
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Chapter 4. Contextual data from schools

4.1 Introduction

This chapter is the first of three chapters of data presentation. The chapter conveys
contextual qualitative data obtained from the schools involved in the study. The chapter contains
a brief description of the characteristics of the selected schools in each of the zones. A school-
by-school contextual description is presented for schools in zone 1, followed by zone 2 and
finally the science college. The description includes observations by the researcher and some

reports from both students and teachers in the schools.

4.2 Brief description of characteristics of selected schools

In this section, a brief description of the characteristics of the selected schools for the
study is presented. The criteria for the selection of the 8 schools used for the study have been
explained in chapter 3. For the purpose of anonymity, School A, B, C and D have been used in
place of the actual school names. Also, Zone 1 and Zone 2 have been adopted for the local
government areas while ‘ Science College’ is adopted for the science school. The school code,
school A1l therefore refers to the school A in zone 1. A summary of the characteristics of each of
the schools in the zones that has been involved in this study is presented in Table 4.1. Details of

the contextual data from the schools are presented bel ow in the sub-sections that follow.

Table4.1: Some characteristics of participating schools

School  School Location Population of Populationof ~ Any physics  Number of

Code type studentsin SS3  Physics |aboratory* physics
class students teachers

Al Mixed  Rural 26 9 None 3

B1 Mixed  Rural 36 15 None 1

C1 Girls Rural 72 12 None 1

D1 Boys Rurd 31 10 None 1

A2 Boys Urban 116 50 None 2

B2 Mixed  Urban 249 72 None 2

C2 Girls Urban 98 35 None 1

SC Mixed  Urban 172 172 Yes 3

(* Equipped laboratory for the study of physics)
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4.2.1 Schoolsin zonel

Zone one is one of the low performing local government areas in the SSCE physics from
10 years record from WAEC. The zone had one single-sex school each for boys and girls. The
population of studentsin all schools in this zone is characteristically very low. This may be as a
result of the rural nature of the local government and schools located in amost every community
to meet the educational needs of children and youths in the communities. As explained earlier, 4
schools from the zone were used for the research. All schools in the zone are located in the rural

area asthe zone is one of the rural local government areas of the state.

School A1l in the zone is a co-educational school that was established in 1973. Most of
the structures are dilapidated with some structures taken over by grasses and trees. The school
had 3 physics teachers on record even though it was difficult for the researcher to see any of
them during the visits. Calls at the school informed by the school time-table where the researcher
expected he would meet with the teachers, were not successful as the students were seen in class
without the teachers during the physics periods. During the period of data collection, the
researcher visited the school 6 times and was only able to meet one of the teachers on the 6th
visit after several contacts on phone. Two of the teachers were reached separately outside the
school in the State capital located about 60 miles away, where they responded to the QPT. One
of the two who teaches the SSS3 class was interviewed in that meeting at the state capital. The
number of physics students in the school was about 10 as the actual number on roll could not be
ascertained by the teacher. The students expressed their frustration to the attitude of the teachers
and how that has affected the attitude of some to be truant and unserious with their studies. Some

of these expressions are captured in the interview.

The SSS 3 science classroom was shown to me by the vice-principal and students as their
science laboratory for physics, chemistry and biology combined. The classroom had students
desks for normal lessons with a broken down, very dusty open cupboard with some dirty
beakers, funnels, rusted and out of use triple and analytical beam balances, weights, afew optical
lenses, rusted venier callipers, spoilt and unused microscope, some parts of the human skeleton
and a few others. In the words of one of the teachers in a response as to why students have not
conducted practical or demonstrations, ‘few available materids are redundant’. This aptly

describes the supposed ‘laboratory’ as claimed by some students and teachers in the school. The
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school had no electricity supply and during the visit to the school, the researcher observed that

there were no computers used for instruction in the school.

School B1 is one of the co-educationa schools that were used for the research in the
zone. The school was established in the year 1978 and is located along a major high way that
links the western and southern parts of the country. The school had some buildings that are
dilapidated and as such, are no longer in use. The principal of the school occupies a table in the
staff room as the roof of the administrative building housing his office was blown off by wind

Some years ago.

The school had only one physics teacher. The teacher was observed to show commitment
as he was aways present in school throughout my visits. The school was visited 4 times. The
office of the physics teacher on the ground floor of the administrative building whose roof had
been blown off by wind, doubles as the physics laboratory with a few resources for teaching
physics placed on some wooden shelves as is common in most stores. There were no desks or
stools seen in the office or ‘laboratory’ as the space looks too small for students' laboratory
activities. The school had no electricity supply as observed during the researcher’s visits. Other

teaching resources like computers were also not seen in the school.

It isinteresting to note that this school had a good population of studentsin SSS 1 and 2
classes — at least 40 physics students in each of the classes, but had only 15 in SSS 3. The entire
number of students in the SSS3 class was less than 40. | was informed by the physics teacher
during the interview that most of the students prefer registering for the SSCE examination in

schools that are located in remote areas. Below is an excerpt from the interview:

My observation in past... physics students in my school is that though, we...
during... before examinations, we have a lot of students, come for classes but
during examinations especialy WAEC registration, most of the students would
leave the school to other schools to register, reasons being that... before I came,

they said they don’t use to make results here... (B1T)

The reason can only be assumed to be in connection with the tendency for malpractice during the
SSCE as this was not investigated. There is however good evidence in literature to support this

assumption. See for instance, Onuka & Durowoju, 2013 and Tambawal, 2013.
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School C1 isthe only girls school in this zone and has existed for over 30 years having
been established in 1982. The school is located in one of the remotest communities in the zone.
The school had only one physics teacher who teaches physics in all the 3 senior secondary
classes where the subject is offered. The teacher was an inexperienced youth corps member,
serving his mandatory one year national service after graduation from the university. Until his
deployment, the researcher was informed that the school had no physics teacher as teachers
frequently work their way to be posted out of the school due to the location of the school.
Sometimes, other science teachers help with the subject.

There were no science laboratories in the school. When asked, the research was informed
that the school had some physics apparatus and resources for learning and that the principal
keeps them away for security as the school had no wall or secured fence to ensure the safety of
the materials and resources in the school. The students reported, some of which are captured in
the interview that they have no laboratory and have not conducted any practical in physics.
During the researcher’s visit, it was also observed that the school had no supply of electricity.
Computers that are also used some times to show some simulations to aid learning were al so not
availablein the school.

Like most of the schools in the zone, the student population was very low with less than
15 physics students offering physics at SSS 3 level. Most of the physics students that interacted
with the researcher did not wear the school uniform. Investigations revealed that the principal in
this school makes it mandatory for external students registered for the SSCE to attend classes
prior to the exam. This may explain the relatively higher number in view of the remoteness of the
school location.

School D1 isthe only boys' school in the zone. It is located about 2 miles away from the
girls' school in aneighbouring community. This school has existed since about 40 years ago with

very old buildings most of which are dilapidated without windows and doors.

The school had only one physics teacher who had been teaching the subject in the school
since 2013. According to the physics teacher, most of the students do not come to school
regularly and have to be sought for in the community and requested to be in school for the
research. As at the time of my data collection in the school, there were only about 10 physics
students in the school as some external students registered for the SSCE joined the class.
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The school had no physics laboratory. One of the dilapidated buildings was supposed to
be housing the physics, chemistry and biology |aboratories with some pieces of chemical reagent
bottles, broken metal cupboard with some unused materials, rotted cartons of materials on the
broken floor of the rooms. This building is probably what the teacher considered as having a
physics laboratory. The school was not connected to the national grid for electricity supply.
There were also no computers that were seen for instructional purposes in the school. The
researcher however observed the use of a computer powered by a generating set and used for the
registration of students for the senior school certificate examination during some visits to the
school. On the availability of a physics laboratory in the school, the teacher was evasive to the
guestion during the interview. The students however in their interview revealed that they do not
have a physics laboratory and that they seek for help for practical work in physics individually

outside the provisions of the school.

4.2.2 Schoolsin zone?2

The zone is among the high performing in SSCE physics for the 10 year record from
2004 — 2013 obtained from WAEC. Likein zone 1, there is one single-sex school each for boys
and girls. The zone is located in a semi-urban or city area and as such, had a high population of
students compared to the schools in zone one. 3 schools — the boys, girls and a mixed school
were used for the study as explained earlier. Unlike the schools in zone 1, al schoolsin this zone
have electricity supply. This is because of the location of the zone which incidentally house
many oil companies that support the communities with the provision of electricity. The state and
availability of laboratories in the various schools as observed is presented below. Like in all
schools in zone 1 however, there were no observed computers for teaching and learning in all

schoolsin the zone.

School A2 is the boys school in the zone or local government area. The school
established about 15 years ago inherited some structures of an old school which was established
about 50 years ago. The school is located at the centre of this semi-urban community with a
sizeable number of students. There were 50 students offering physics in the SSS 3 class that
writes the SSCE. The school had 2 physics teachers with no physics qualification as gathered
from the response on the Questionnaire for Physics Teachers. One of the teachers was not seen in

school during the researcher’s 5 visits to the school. His colleague informed the researcher that

110|Page



he sometimes absent himself from school for a period as much as one month without information
or permission. His questionnaire was sent to him through the second teacher who also returned it
to the researcher. The second teacher teaches the SSS 3 class and was at hand most of the times.
He willingly participated for the interview, organized the students for the interview and PAT but
was reluctant and evasive to have his physics teaching observed. All efforts to have the
researcher observe his teaching were not successful as he repeatedly informed me that he was not
a physics teacher and that he was only stepping in to assist the students as there was no one to
teach the subject. This may be as a result of his self-perceived incompetence to teach physics
being not a physics graduate as sincerely expressed in the interview. The school had no physics
laboratory as corroborated by the 2 physics teachers and the students in the interview and as

observed by the researcher.

School B2 is a co-educational school in the area. This school was established in 2008 as a
senior secondary school and situated at the centre of the semi-urban community; the school is
very highly populated. Most of the classes are congested with between 3-5 students sharing a
desk that would normally sit 2. For instance, the SSS 3 students, divided into two classes of Arts
and Science respectively share a hall that was not demarcated with any wall —wooden or block.
They sit facing the opposite ends of the hall. The science class with 72 physics students with the
over 150 Arts students at the other end, with an uncontrollable noise from both sides made it

difficult for the researcher who initially sat at the back row to hear the teacher.

The school had two physics teachers who are both not qualified physics teachers as they
do not have qualifications in physics. The school had a classroom designated as ‘science
laboratory’ with some materials and resources for teaching physics, chemistry and biology. The
students' interview was conducted in this laboratory. When the laboratory was opened,
everywhere was heavily dusty as though the place had not been in use for a long time. The
physics teachers confirmed that no practical had been conducted with the students as the time of
the researcher’s visit between weeks 6-8 into the term. It is therefore very likely that the

‘laboratory’ was not in frequent use either by the teachers or the students.

School C2 is the girls secondary school in the community. The school is also situated in the

centre of the community about 1 mile away in the North East and North West location of the
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boys and mixed schools respectively. Established in the year 1981, the school is a little less
populated than the boys' school. There were about 35 physics studentsin the SSS 3.

The school had only one physics teacher that teaches the three classes — SSS1, SSS2 and SSS3
where physicsis chosen. The teacher, who had taught for 4 years, was a young, qualified physics

teacher with an experience of about 2 years of teaching physics.

The school had separate ‘laboratories for biology, chemistry and physics with few
equipment or resources and laboratory desks and stools. The science teachers and some other
teachers were seen in the laboratories as they use it for their offices. This may have been the
reason why the students in their interview claimed that they do not have a laboratory. However,
both the teacher and students agreed that sometimes, the teacher brings in materials to ‘show’ to

the students so as to facilitate their learning.
4.2.3 The science college

The science college was established in 1996 as a specialist science college, to meet the
aspirations of the oil producing communities in the area for a quaity education and man-power
development, especially in the sciences at the senior secondary level that will lead students to
study science based courses such as engineering, medicine and surgery, pharmacy,
environmental sciences, geology and other physical sciencesin university. As a science specialist
school, al students mandatorily choose to study physics. The school is a co-educational school
located in LGA16. The school islocated within atertiary institution in the state which exchanges
some of its staff with the science school and provides a supervisory role over the college.
Teachers are therefore closely monitored unlike the case of teachers in the state-owned schools
especially those in the rural areas. The school had 3 physics teachers who the researcher had no

difficulty to seein school during visits unlike the situation in other schools.

In terms of resources for learning, the school had separate laboratories for biology,
chemistry and physics that are stuffed with functional facilities for the conduct of demonstrations
and experiments. The school also had a computer laboratory that is used for teaching and
learning. The school was however observed to be over populated with a class size of over 70 in
each of the two SSS 3 classes. Some rowdiness and lack of class control and discipline was also

observed among students in the school during the visits of the researcher.
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Chapter 5: Records of students' enrolment and attainmentsin
senior secondary school physics

5.1 Introduction

In this chapter, physics enrolment and attainment data of studentsin SSS 3 obtained from
participating schools shall be presented. The enrolment data at the nationa level has been
presented in chapter 1, Table 1(a) and briefly discussed. In this present chapter, the physics
enrolment trend relative to biology and chemistry for 10 years is presented. Also, the enrolment
data of the current SSS 3 class as at the time of the research is aso presented. Thereafter, the 5-
year SSCE results obtained from each of the schools was examined and compared with the
current students' attainment in the Physics Attainment Test (PAT). The SSCE scores were first
converted to percentages before comparing with the PAT scores. In the subsequent sections, the
results of zone 1 are examined and compared, followed by those of zone 2 and then the science
college. To conclude the chapter, a reflection on the outcomes of results of both the SSCE and
PAT has been made in an attempt to explain the observed variation and differences especialy
between the SSCE and the PAT scores.

5.2 Physicsenrolment data

The issue of decline in young pupils interest to the study of sciences in general and
particularly physics in many countries including the UK and the US has been well documented
in literature (See for instance, Osborne, Simon & Collins, 2003; Semela, 2010). Before delving
into school-based factors from the view point of students and teachers that may have encouraged
this apathy for the choice of physics after the compulsory years of schooling, both secondary and
primary data obtained from the schools are here presented. Table 5.1 shows the enrolment of
students for the Senior School Certificate Examination (SSCE) in biology, chemistry and physics
for 10 years in Rivers State. The table shows that for the period, physics was the least chosen
subject among the 3 core science subjects with an average of 43.8% of the tota number of
students who enrolled for the SSCE examination, choosing physics. Chemistry was next with

44.7% while biology recorded nearly 100% enrolment.
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Table5.1: Summary of SSCE enrolment in Science subjectsin Rivers State

Year Total SSCE Biology Chemistry Physics
Enrolment % % %
Enrolment Enrolment Enrolment Enrolment Enrolment Enrolment
2004 66,358 65460 98.6 27954 42.1 26964 40.6
2005 72,229 71497 99.0 31137 43.1 30000 415
2006 76,594 75749 98.9 33296 435 32587 425
2007 87,004 86136 99.0 38109 43.8 37338 429
2008 99,271 98519 99.2 42955 43.3 42145 425
2009 81,618 81038 99.3 36204 44.4 35518 435
2010 43,757 43160 98.6 20696 47.3 20456 46.7
2011 61,429 61091 99.4 28452 46.3 28203 45.9
2012 60,654 59808 98.6 27932 46.1 27712 45.7
2013 65688 65340 99.5 30689 46.7 30448 46.4
Average 99.0 447 43.8

The trend of enrolment is shown as a graph in Figure 5.1. The graph shows a distant gap in

choice of students for biology relative to chemistry and physics. An amost consistent pattern of

enrolment can be observed with the near flatness of the graphs.
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Figure5.1: Enrolment trend of biology, chemistry and physics, Rivers State 2004-2013
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The number of physics students relative to the total number of studentsin SSS 3 in the schools
that participated in the study was also obtained. The dataiis presented in Table 5.2.

Table5.2: Total SSS 3 and physics enrolment in sampled schools

Schools Total No of physics  Percentage
Zones Enrolment students

A 26 9 34.6
Zone 1 B 36 15 41.7

C 72 12 16.7

D 31 10 32.3

A 116 50 43.1
Zone2 B 249 72 289

C 98 35 35.7
SC SC 172 172 100

The data as shown in Table 5.2 reveals that physics enrolment in all schools involved in
the study except in school C ( (16.7%), B2 (28.9%) and SC (100%) were around the national and
state enrolment figures as shown in Tables 1(a) and 5.1. As explained earlier, all studentsin SC
compulsorily choose physics as the school only admits science biased students. Figure 5.2 is a
chart showing the number of physics students relative to the total number of students in the fina

class of secondary education in the participating schools.
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5.3 Attainment pattern of physics studentsin selected schools

The SSCE attainment record for the period 2004 to 2013 for the entire Rivers State is
presented in Table 5.3. The graph showing the trend of secondary school students' attainment in
the SSCE for 10 yearsin Rivers State is shown below as Figure 5.3.

Table 5.3: Summary of SSCE Attainment in Science subjectsin Rivers State (2004-2013)

Y ear Biology Chemistry Physics
% % %
Enrolment A-C Enrolment A-C Enrolment A-C
Grades Grades Grades

2004 65460 39.1 27954 42.8 26964 475
2005 71497 55.7 31137 67.8 30000 55.1
2006 75749 72.2 33296 68.6 32587 70.0
2007 86136 57.0 38109 71.3 37338 58.5
2008 98519 54.7 42955 56.6 42145 65.9
2009 81038 38.8 36204 454 35518 489
2010 43160 56.2 20696 50.4 20456 47.3
2011 61091 55.2 28452 58.8 28203 72.1
2012 59808 53.8 27932 544 27712 815
2013 65340 76.8 30689 84.8 30448 58.6

Mean 56.0 60.1 60.5
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Figure 5.3: Attainment trend of biology, chemistry and physics, Rivers 2004-2013
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The graph in Fig.5.3 clearly shows no trend in the attainment of studentsin all three core
science subjects for the period of 10 yearsin Rivers State as is the case with the National results.
As may be observed, there are periods of increase and decrease in performance for all the 3
subjects. For instance, the performance in physics appreciated between 2004 and 2006 and
started undulating from 2007to 2010 when it rose significantly up to 2012 before dipping low in
2013. However, when compared for the period of the 10 years, students on the average achieved
more A-C grades in physics with a percentage of 60.5, closely followed by chemistry (60.1%)
and lastly biology with 56.0%. Students' attainment in Rivers State in al 3 core science subjects

is aso observed to be higher than the national averages within the same time.

The SSCE physics results for five years, from 2010-2014, of the schools involved in the
main study were requested for and collected for the purpose of attempting to establish a baseline
for students attainment in physics in those schools. However, in some schools, the principals
were unable to find past results in one or two years due to, according to them, the problem of
effective handover from one administration to another. Also in some, the entire physics result for
the school in certain years was cancelled. To validate the SSCE results of the schools in physics,
the researcher introduced the Physics Attainment Test (PAT) as described in chapter 3. Since it
is the interest of this research to examine school-based factors that might affect students
performance in physics, students from schools in two local government areas of Rivers State
were involved in the study. The two local government areas were selected using the performance
of physics students in the West African Examination Council (WAEC) conducted SSCE for 10
years. For the purpose of anonymity, the two local government areas that were used for the main
study shall be referred as ‘Zone 1' and Zone 2. The science school shal simply be referred as
‘Science College’. Zone 1 with 42.9% is selected from the local government areas with schools
were students performed poorest in Physics from data collated from the West African
Examination Council (WAEC) for the period 2004 -2013. While Zone 2 with 65.4% is the local
government area with schools were students performed among the best in SSCE physics as
collated from WAEC for the same period (see Table 3.7). The SSCE and PAT results are
examined in the sections that follow.
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5.3.1 SSCE and PAT results of schoolsfrom Zone 1

The SSCE results in physics as obtained from the WAEC master sheet for the years
2010-2014 of schools in Zone 1 is presented in Table 5.4 below. A genera look at the table
shows a difficulty in establishing trend of performance as observed in the national results. For
instance, school Al got 87.4% A-C grade pass rate in 2011, got the entire physics result
cancelled in 2012 for examination malpractice, 53.8% in 2013 and a leap to 96.8% in 2014. To
enable comparison with the PAT attainment scores in percentage, the SSCE scores in grades
were converted to mean percentages and presented in Tableb.6. The WAEC grading system of
grades and equivalent raw scores in percentages was used for the conversion. The mean
percentages adopted for each of the letter grades is shown in Table 5.5. The converted SSCE
scores are then compared with the attainment scores in the PAT shown in Table 5.7. The Table
shows a clear difference in the attainment of students in the SSCE compared to the PAT. In all
schools, students obtained higher grades in the SSCE than in the PAT. This observed difference
isdiscussed in the last section of this chapter.

5.3.1.1 School A1

Table 5.4 shows that SSCE results for 3 years — 2011, 2013 and 2014 were obtained from
this school. The school principal could not locate the result for 2010 while the entire students
result for physics was cancelled by WAEC in 2012. The commonest reason given by WAEC for
the cancellation of results is massive examination malpractice (See for instance, WAEC cancels
2014 results of candidates, 2015).

In 2011, 83 of the 95 (87.4%) students that enrolled for physics obtained grades A-C and
in the year following, the entire results were cancelled. After the cancellation in 2013, only 35 of
the 65 (53.8%) obtained grades A-C. The pass rate increased to 96.8% in 2014. It can be also
observed that the number of entry after the year the result was cancelled also decreased. For the
years with SSCE results, the mean SSCE performance was 54.2%. The mean score on the PAT
for students in this school was 15.5%. 6 students sat for the PAT the highest score was 25.6%
while 7.0% was the least score. Thisis quite low compared to the average SSCE performance of
54.2% for the school (Table 5.7).

The cancellation of the entire SSCE physics result in 2012 may explain for the lower
enrolment and performance in the subsequent year. This is because WAEC focuses attention on
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examination centres with stern warnings following result cancellation or cessation. Also, it isa
common knowledge that candidates avoid centres with record of result cancellation or poor

performance. Thiswas also expressed by ateacher during the interview. According to him,

“... before examinations, we have a lot of students, come for classes but during
examinations especialy WAEC registration, most of the students would leave the
school to other schools to register, reasons being that... before I came, they said
they don’t use to make results here and for that it has given the school a bad name
that is the reason the students leave the school to other schools’ (B1T, 7-11).

One wonders why students believe that writing an examination at certain centres will * guarantee’
success and not necessarily the candidates adequate preparation and reiability of the
examination process. This explains the issue of the relatively higher number of enrolment for the

SSCE examination compared to the regular students, generally, in rura schools.

This school was visited by the researcher in March, 2015 just about one month to the
commencement of the SSCE examinations. The number of physics students in SSS3 — the class
of registration for the SSCE examination was less than 10 and the entire students in SSS3 less
than 30. The least SSCE enrolment in the school for the 5-year period from 2010-2014 was 62
(seeTable 5.4).1t is therefore obvious that most of the students the school enrols for the SSCE
examination are external candidates who just come in to write the examination. It is also
common knowledge that such students do not attend classes in the school and are selective of the
centres or schools where they go to enrol. They most often choose schools in rural areas where
WAEC invigilators and other government regulatory bodies find it difficult to visit. This explains
the much higher figures enrolled for the SSCE examinations compared to the current figure of
studentsin SSS3.

5.3.1.2 School B1

The SSCE results for School B are shown on Table 5.4. Result for 4 years was obtained.
The result for 2012 was not made available. The principa did not indicate whether or not it was
cancelled. A look at the table shows that apart from 2011 when the percentage of candidates that
made grades A-C was 25.3%, the school recorded 0% in 2010, 2013 and 2014. It isinteresting to
note that in 2010, the school enrolled 31 candidates for the SSCE examination and recorded 0%
for grades A-C, enrolled 87 with 25.3% in 2011 and had no result available in 2012. The number
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of enrolment went down drastically the year following to 19 again with 0% pass rate for grades
A-C. For the years with available results, the average SSCE performance was 31.6%. The mean
PAT score for this school was 20.3%. Though, like the other schools, the mean PAT score here
was lower than the SSCE mean performance, a close look at Table 5.7 shows that the difference
between the scores of the SSCE (31.6%) and PAT (20.3%) is closest in this school. This may be
interpreted to mean that the PAT is truly a good approximation of the physics attainment of
students in this school. Also, although the school had the lowest SSCE mean performance in the
zone, it had the highest mean PAT score.

It may be necessary to mention that this school is located along a major high way linking
some states in the region with possibility of regular visits by examination regulatory bodies. It is
possible therefore that teachers and students in such schools would be more serious with studies,
teachers more regular at school with adequate preparation for their lesson delivery. It may be
worth mentioning that during all the visit of the researcher, the physics teacher was always in
school whereas in some schools, physics teachers could not be seen in school. Severd
appointments were made over the phone to be able to get them down to school for the interviews.
In fact in one particular school in the zone, school A, the two physics teachers could not be seen
in school for about a period of one month. The researcher was able to contact and meet with
them in the state capital were they responded to the questionnaire and the interview. It is

therefore not surprising that this school performed better in the zonein the PAT score.

The relative better performance of the students in this school B1 may be the result of the
quality of the teacher, his commitment and utilization of available resources as expressed by both
the students and the teacher in their interviews. For instance, on the use of resources and his

style of teaching, the teacher explained that:

“l go with... most times the apparatus that are available, to demonstrate to
students on the use of these apparatus while teaching, like when | was teaching SS
| just this morning (18/2/2015) | went with the conductor, | went with the
ammeter, the volt meter, the cell, | went with the key and the... all necessary
materials to demonstrate to them the need to understand what we mean by a

circuit or what we mean by close circuit, open circuit and short circuit. So most
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times | do use the demonstration method to teach for easy understanding of the
students’ (B1T, 103-109).

All physics students interviewed were full of praise for the teacher and that he was a main factor

for their choice of physics. Thisis captured in the expression of this student:

“1 choose to be a physics student because of the teachers we have in this school
and due to the facilities. At times too in the class when you walk in to the class
you understand physics clearly because he makes the formula, the definitions and
every other thing very simple and so for us the students at times too it becomes
somehow complicated because according to him he always uses laws, laws and
laws and at times too we cannot just start cramming all the laws in our heads but
still he made everything easy and for we the students though our brain is not as
wide as his but he made everything simple so...by that...he makes it interesting”
(B1P/1, 20-26).

Although the physics teacher would not say that the school had a physics laboratory, the students
see the teacher’s office that accommodates some facilities for demonstration and remains of
resources used for past SSCE practical examinations as a ‘physics laboratory’. According to the
students, the teacher encourages them the use of his office for practical. This student puts it this
way:

“we the science students, we just took the lab as everyday activity to us; because
having a place like that even if it is not well equipped, it gives usjoy... the joy to
witness or to carry out our practical. Like us here, he (the physics teacher) gives
us freewill to come and perform any type of practical you want even if he himself
has not taught us that, he like new ideas, he likes students being creative, he opens
his door for anybody who wants to learn at any time he doesn’'t see us as people
bothering him; so, it'salso, will | say his office, because heisin charge of it. Any
time you go for practical, he is... his hands are open for you to come” (B1P/2,
216-222).

Explaining further, on how students are organized for practical sessions, the student said,
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“He made it like typing a manual for us and listing so many practica that are
compulsory, comprising of SS1, SS11 & SS 11, he made it compulsory and every,
each and every one of us had that manual, so he made it like Thursdays or thrice a
week or twice a week we go to that laboratory, as in not necessarily that it is one
person, maybe group by group, he will bring this group A, look at the group
leader, everybody will do this and bring the result, at the end he would analyse it
and tell us where we are wrong” (B1P/2, 239-244).

The views expressed by the students were consistent with those of the teacher as presented in this

excerpt:

“Most times | use my office and when my office is not so convenient | use the
other staff room when the teachers are not there. | arrange the tools and | ask the
students to go in there for their practical to ensure that they will be able to do that
themselves” (B1T, 90-93).

So, there seem to be some form of teaching in this school, where students not only get theoretical
exposure to the study of physics, but aso, some practical demonstration. These may explain the
relative better performance in the PAT of students in this school. In terms of the enrolment
figures, the number of physics students enrolled in SSS3 at the time of my visitation was 15.
Likein school A, it was a common practice for most principals to register external candidates for
the SSCE examination who do not attend normal classes but only come in to write the
examination. The location of the school along the high way linking most states in the region may
explain for the fewer number of students enrolled for the examination compared to school A, a
similar mixed school which islocated in the interior part of the area.

5.3.1.3 School C1

The SSCE results of school C are shown in Table 5.4. Like explained earlier, thisis a
single sex girls' school located in one of the remotest locations in the zone. The school had no
laboratory and physics resources for the teaching and learning of physics. The only physics
teacher in the school is an in-experienced youth corpsin his mandatory one year national service.
Asshown in the table, in 2010, only 4 students entered for physics in the SSCE examination with
one of them (25%) making a grade A-C. In 2011, 10 enrolled for physics with 2 (20%) making
grades A-C. The school had no record of SSCE results from 2012 to 2014. Although the school
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could not give reasons for the non-availability of the results, it was however confirmed that the
entire result for the school in 2013 was not released by WAEC. Again, WAEC normally relies on
proven evidence of sharp examination malpractices to cease school results. The mean SSCE
score for the school was 45.2% while that of the PAT was 13.5% (Table 5.7). 11 students wrote
the PAT with 30.2% and 4.7% as the highest and lowest scores respectively. This shows a poor
performance especially in the PAT. It could be observed that the PAT mean score for this school
was second from the rear. This may not be unconnected to the lack of qualified physics teacher
in the school, lack of resources and low motivation of students under these circumstances to

study physics as expressed by the teacher and some students. According to the teacher,

“the challenge we are having here is actually the... some apparatus to perform
practical, but students actually have an interest but due to some lack of
instruments, that is why some of them are not more interested in it, so they look as
if physicsis more abstract than other science courses’ (C1T, 7-10).

Explaining further, the physics teacher maintained that,

“WEell, in my school we lack so many things, like we don’t have anything like
online resources, computer, using computer to demonstrate physics em...
apparatus or some of other practical equipment, like all these electricity, we don’t
have light here so you cannot do something on dectricity much...” (C1T, 53-56).

This was a so asserted by the students “Well, in this school we don’'t have all these apparatus that
assist in physics, just that the teacher would come in, he will try to teach...” (C1P/1, 154-155).
Until, the physics teacher was posted to the school for his mandatory national youth corps
service, the school did not have a physics teacher. The youth corps member, as at the time of the
visit of the researcher, was the only physics teacher - teaching the SSS1, 2 and 3 classes. One of
the non-physics students said she would have been a science student but for the lack of teachers

in the subjects:

“When | wasin SS 1, | wanted to be a science student, but then, our teachers were
not many, we did not have physics and chemistry teachers so | decided to leave it
and go for the arts class that iswhy I’'m not offering physics” (C1N/1, 63-65).
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Students were asked the question: “what do you think can be done to make the learning
of physics interesting so as to improve students performance?’ Students opined that the
provision of well-equipped laboratories and qualified teachers would encourage better
participation and performance in the subject. Another contribution of a physics student to the

above question may have provided an insight into how physics is taught in the school.

“For student enrolment | would like the teachers to interact more with students to
know if they are like, comprehending, understanding what they are saying, not
that the teacher will just go, solve on the board, he will not even ask the students
if they understand or not, they should try to give them exercise to do and em... get
feedback” (C1P/3, 212-215,217).
It is therefore not surprising that students in this school scored among the least in the
Physics Attainment Test (PAT). The issue of teaching methods adopted by teachers will
be discussed later in chapter 6. However, the forgoing would suggest that there may not
have been adequate teacher-students interactions and feedback that are necessary for

better attainment.

5.3.1.4 School D1

The SSCE results for this school are shown on Tables 5.4 and 5.6. Results for 4 years
(2010, 2011, 2013 and 2014) were obtained as the school could not account for the 2012 result.
The percentage of students achieving grades A-C in the SSCE was 0, 23.1, 60 and 100 for 2010,
2011, 2013 and 2014 respectively. The mean SSCE attainment for the school as a result of
outliers of 0 and 100 was 47.9% (Table 5.6). It can be observed that this school had 100% of all
its students obtaining grades A-C in 2014. A look a Table 5.7 comparing the SSCE and PAT
scores in the zone shows that the school made the least mean score (11.6%) inthe PAT, not only
in this zone, but for al schools involved in the study; even though it had the second best
attainment in the SSCE (47.9%) in the zone. Some insight in the discrepancies between the
SSCE and PAT are discussed in section 5.4.

The students’ interview gave some insight as to the possible causes of poor performance
of physics students in this school. The students were blunt in their assertion that all is not well in
the teaching and learning of physicsin the school. A student who dropped physics after initialy
opting to study physics had this to say:
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“Em... asfor me, enh... asfor me, | never love the subject and | see the subject as
a boring subject, doing the calculating and those things... | never like the physics
and since for my dream... em, it is not in my future. So | don't like doing
physics... | don't even like how they are teaching it... when the teacher teachesin
the class the class will be so cool... no action... | mean the teacher will do
straightforward and just discuss asin... ... in our school here, we don’t normally
useto do enh... practical and enh...” (D1N/1, 37-40, 44-45, 49, 56-57).

Another student, this time a physics student while responding to the question on what to be done
to make the teaching and learning of physics more interesting requested that:

“...they have to provide anice teacher which can settle down and teacher us more
better that we can ask questions — a teacher that is so friendly...that will... asin
because some teachers if you look at their face you can't ask them any question.
They have to bring a nice teacher who can cool down and teach students about
physics’ (D1P/1,216-219).

On laboratory activitiesin the teaching and learning of physics, the students revealed that they do

not have such sessions in school except they individually source for help outside the school.

“Sir, wedon't... wedon't, asin we don’t use to do it unless, unless individually,
you can as in go out to search for some help or some practical, but if it isin this
school, we don’t have anything like that” (D1P/3, 175-177).

The teacher in hisinterview also alluded to the fact that the school lacked basic resources for the

reaching and learning of physics. According to him,

“where there is no standard facility like here, they are not accessible to computer,
you cannot use... this... enh... television in teaching like all this DVD as in
teaching this... so what we aways do is the chalk-board method, the highest
computer that they would use is calculator... so if you cannot bring in teaching
materials then some other facilities like the laboratory facilities, the things we are
using, that iswhy | say it’s below average” (D1T, 229-234).
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Table 5.4: SSCE performancein physicsfor 2010-2014 of participating schoolsin Zone 1

Years 2010 2011 2012 2013 2014

No Scored % No Scored % No Scored % No Scored % No Scored %

of Grades of Grades of Grades of Grades of Grades
Zonel \_ Entry A-C Entry A-C Entry A-C Entry A-C Entry A-C
SchAZ1 NA NA NA 95 83 874 NR NR NR 65 35 53.8 62 60 96.8
SchBZ1 31 0 0.0 87 22 253 NA NA NA 19 0 00 26 0 0.0
SchCz1l 4 1 25.0 10 2 200 NA NA NA NR NR NR NA NA NA
SchDz1 18 0 00 26 6 231 NA NA NA 20 12 60.0 41 41 100

(NA — Result was Not available, NR —No Result (Result for Physics was cancelled)

Table5.5: WAEC grading system and mean per centages adopted

L etter Scoresin Mean
Grades per centages %
Al 75-100 87.5
B2 70-74 72
B3 65— 69 67
c4 60 —64 62
C5 55-59 57
C6 50-54 52
D7 45-49 47
D8 40-44 42
F9 0-39 19.5

Table 5.6: Mean Zone 1 SSCE attainment scoresin per centages

Years
2010 2011 2012 2013 2014 Mean
Zonel %
SchAZ1 NA 555 NR 511 55.9 542
SchBZ1 286 441 NA 234 301 316
SchCz1 470 434 NA NR NA 452
SchDz1 40.3 458 NA 484 571 479

126 |Page



Table5.7: Comparison of Zone 1 SSCE and PAT scoresin percentages

Exam
Type Mean PAT  Difference
SSCE Scores
Zonel

SchAZ1 542 155 38.7
SchBZ1 316 203 11.3
SchCz1 452 135 31.7
SchDZz1 479 116 36.3
Mean 447  15.2 29.5

5.3.2 SSCE and PAT results of schoolsfrom Zone 2

The SSCE physics results from 2010-2014 of schoolsin Zone 2 is presented in Table 5.8.
The Table shows again the difficulty in predicting performance of students in the zone. For
instance school A with 76.2% in 2010, dropped to 52.2% the following year and a great leap to
94.4% in 2012.

Three schools were used as part of the study in this Zone — a boy, girl and mixed schools.
As explained earlier, the SSCE grades were converted to percentage scores to enable comparison
with the PAT scores. The converted SSCE scores in each school of the zone are presented in
Tableb.9. Again, the converted SSCE scores are compared with the PAT attainment scores and
shown in Table 5.10.

As was the case of schools in zone 1, there are marked differences in scores of students
between the SSCE and PAT. The performance of studentsin the PAT test is seen to be lower in
all schools in the zone relative to the SSCE. Despite the fact that the SSCE results were not too
impressive, the strict examinations conditions enforced during the PAT would suggest that
students’ attainment may even be lower considering the credibility issues in the conduct of the
SSCE as discussed in section 5.4. The implication of all these is that the two sets of scores could
not be reasonably describing the attainment of students from the schools used for the study in

that zone. A possible explanation for the differences in scoresis offered in subsequent sections.

5.3.2.1 School A2

The SSCE results for the school are shown on Table 5.8. All the 5 years results for the
school from 2010 — 2014 were obtained. The percentage of physics students that obtained A-C
grades in physics for the school was 76.2, 52.2, 94.4, 95.9 and 92.7 for 2010, 2011, 2012, 2013
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and 2014 respectively. The converted SSCE scores in percentages and school mean (52.9) are
presented on Table 5.9. The mean PAT score for the school was 25.3% and is presented on Table
5.10. A comparison of the SSCE and PAT attainment scores for the school shows a contrast
with students obtaining lower scores in the PAT than the SSCE. 22 students wrote the PAT out
of which only 1 student scored 53%. All others scored less than 50 which is the lower boundary
of the C grade in the WAEC, SSCE grading system (Table 5.3).

The students and teachers in this school threw some light on the teaching and learning of
physics in the school which may have some negative effects on physics enrolment and
attainment of students. The senior physics teacher during the interview lamented the poor state of

teaching resources in the school. According to him:

“Asin my school here, you talk about the resources for teaching physics. | don’t
think if there is, because for two years I've been here and they have not
mentioned laboratory, there is nothing to show that there are resources for
teaching physics, so that one too is contributing to... to... non-compliance to
physics’ (A2T, 43-46).

When asked on how he handles the practical aspect and content of the physics curriculum, he

said:
“We don't... | have not seen... we don’t even have a laboratory to start with. It's
only when you have a laboratory then you can talk of, you can talk of enh... the
resources. We don’'t have alaboratory... Yeah! Maybe during WAEC they sought
for... when there is examination they sort for these materids... for the resources
then carry out any practical, depending on the specimen, so but for a lab that the
school is supposed to own, there is no one in this school... there are topics you
would want to teach, the students will echo sir, lets practicalize, show us, lets
experiment, which ordinarily that iswhat is supposed to be; at least you take them
in the theoretical part, you go to the practical part of it to experiment one or two
things to buttress the (theory or) throw more light, yes! or confirming the theory,
but this one, there is nothing like that, you only teach the theory and leaving the
practical behind because of lack of resources’ (A2T, 51-55, 67-72).
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The teacher said he teaches only the ‘theory’ aspect of physics as there were no resources for
demonstration and laboratory work. This was aso corroborated by the students and that that has

affected both the enrolment and understanding of the subject.

“Actualy right from the onset, we have never done anything like physics
practical” (A2N/1, 291).

“... thisis what we are saying, this is the problem we physics students are facing
today, em... when we look into the learning environment, we find out that there
are no good things to back up em... the study of physics that is why most students
run away; in fact there is no laboratory in which we conduct most practical, all
things are theoretical which are not helping matters and this is one of the things
that make students run away because they don’t understand this, because practical
makes you understand more, that isjust the thing” (A2P/4,300-305).

It is therefore not surprising that under strict examination conditions as was the case of the PAT,
students performance was relatively poor compared to the schools record of SSCE
performance. It is also interesting that the teacher honestly recognizes himself as an ‘unqualified
teacher’ when he was asked if there were any factor that may have hindered or incapacitated his

effective teaching. He said:

“The factor that has really hindered is ... | will mention lack of qualified physics
teacher because in my own case | am not... in as much as | am teaching physics |
am not a qualified physics teacher based on the fact that I'm supposed to be
trained as a physics teacher, mgjor physics, you know, attend some seminars that
will be very helpful and you know, but there is nothing like that. 1'm only
teaching based on the background that | am (was) a science student, so these are
the factors, lack of qualified teachers, and lack of resources for teaching physics’
(A2T, 92-97).

The students unfortunately also recognize the incompetence of the physics teacher as they were

unanimous in their request for aqualified physics teacher.

“One, what | will say about is that just laboratory, to give us a good laboratory
and a good physics teacher because the one we have now is not even ... he did not

study physics, he did not study physics in the school so because of no job in the
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country so, he just have to manage to teach us, so we need a good teacher”
(A2P/1,327-330).

“We need a laboratory and a well-grounded teacher, a teacher that knows what he
isdoing” (A2P/2, 332-333).

“One other thing why most students are running away from the study of
physics... Not asif they don’t love the physics but we find out that the teachers
we have now teaching physics many of them, they are not grounded in physics
they don’'t explain things which one should understand when you see them
solving most calculations in physics you don’t see them following it step by step
to the understanding of the students so these thing are also things that make
students run away from physics’ (A2P/4, 130-135)

On the quality of teachers and how that may have affected enrolment, a student who
dropped off the physics classin SSS 1 explained that:

“Actualy | wanted to read marine engineering but when | was in SS I, | met
chemistry, 1 met physics, met biology and some other science subjects. It made
me scared because the teachers then were scaring... our physics teacher then in
SS |, when he comes to the class, there is only one thing he does, is to laugh, tell
us stories, make us laugh and then the next thing you hear is, I'm leaving the
class... the way the teacher is behaving... is not taking things serious, you don't
expect me to catch up in that manner, so instead | just dropped” (A2N/1,269-271,
273-275, 279-280).

It is evident that these conditions of lack of adequate teaching resources and quality teachers
have resultant effect on the interest, enrolment and attainment of students especially in a science

subject like physics.

Interestingly, the students in this school performed relatively better in the PAT with an
average of 25.3%, coming up 2nd in the zone and 3rd of the 8 schools involved in the study. The
physics students in this school, by their expressions appear to be well self-motivated to study
physics. Some of them explained their continuous stay on physics despite the situations they
have considered not encouraging to study physics.
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“We did not have a physics teacher then we had a Corper’, a Corper that was to
take us on physics, but you know the situation of Nigeria, the Corper was asin ...
he didn’'t know what he was doing, he only comes to the class just to chat with
students... But it’s just the few students which have the passion in that physics
course that usually, come together to talk about the things which they have found
in the physics text book or in their readings, so they will now discuss about it”
(A2P/2, 241-243, 246-249).

“The reason why | am going into physicsisthat | love nuclear weapon alot and |
want to learn how to produce all these nuclear weapons because whenever | seeg, |
watch war, like the Gaza and Israel war, | feel how can something - this small
thing, destroy awhole nation'? So that - the love for nuclear weapon has made me
to study physics and | love it alot. | love studying physics; | love it because of
the love of nuclear weapon” (A2P/3, 44-48).

“The reason why | decided to offer physics is that sometimes | do watch the
Television and | do see what the Americans do produce like Technologist, phones
and aeroplane, aircraft... my friend brought out a book and showed me some
guys - a group of guys, just like my age mate producing all sorts of things, like
motor, aeroplane with container, | was now asking myself, how were they able to
produce this, that if the people can do this, | was now thinking, thinking, before |
knew it, | now said that | have to study physicsin order to know how these things
move, how this rocket is being produced, what makes this rocket to fly and how
does a pointer, when somebody hold a gun, how does somebody get its target
when he is afar, citing somebody close to you. All these kind of thoughts gave
meidea; | now decided to pick up physics as acourse” (A2P/2, 14-23).

“l am such a one that have the mind of creating things, so with the help of physics
that scope of understanding can be broadened whereby | can be able to create

things and there about, but the problem is that the secondary school we have now-

L A “Corper’ is onein the mandatory post-university graduation National Y outh Service Corpsin

Nigeria
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a-days they are not helping matters because there is no standard laboratory,
nothing to back up the study of physics that is why students have low
performance in physics so these things are factors that are pushing students away,
but because of the love | have and that the course | want to study is related to
physics, | cannot do without it, this is one other thing that push me and make me
zealous towards studying physics’ (A2P/4, 58-65).

It islikely that the collaboration among the students in the study of the subject and ‘passion’ for
physics may have reflected in the rel ative better attainment in physicsin this school as evident in
the PAT.

5.3.2.2 School B2

Thisis a co-educational school. Results of the SSCE obtained from the school are shown
in Table 5.8. Only results for 3 years — 2011, 2012 and 2013 were obtained from the school. The
school did not register for SSCE in 2010 having been established in 2008. This implied that it is
only the 2014 result that was not available. No reason was given for the non-release of the result.
For the three years, the percentage of students that obtained grades A-C in physics was 93.3, 95.0
and 83.3 respectively. The converted SSCE scores in percentages are shown in Table 5.9. The
percentage scores were 55.2, 61.0 and 52.3 respectively for 2011, 2012 and 2013. The mean
percentage SSCE score for the school was 56.2. The mean PAT score of students for the school
was 18.7% and is shown on Table 5.10. Fifty students participated in the PAT out of which only
one student scored 53.5%. The rest of the students scored less than 50% which is the lower mark
of the C grade in the WAEC grading system for the SSCE. Again, comparing the SSCE and PAT
scores, one clearly observes the disparity between both scores of students from the school.
Although the school’s 56.2% mean in the SSCE was the 2nd best in the zone and 3rd of all 8
schools used for the study, its PAT score (18.7%) shown in Table 5.10 was the least in the zone
and 5th of al 8 schools involved in the study.

To have a glimpse of how students learn physics in the school in relation to use of
resources,, students were asked the question as to whether they carry out some activities ‘to find
out things for themselves'. A student responded:

“No, we have not done student activities. No! No! No! We have not experienced
most of those things’ (B2P/1, 312-313).
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The assertion of the students was confirmed by the teacher who also opined that lack of

resources was contributory to students' low interest in the study of physics. According to him,

“The availability of those resources is poor... very poor because from the onset |
said that physics is all about practical experience. When you teach somebody
about electricity, you need to perform what you have told them in the class
practically - not coming with a text book or instructional materials like chalk and
other handout or whatever. You tak to them theoretically... but practically they
are not seeing. So the resources available are very poor so that makes the interest

of the student towards the subject... reducing in percentage” (B2T, 80-86).

Although this school had a‘comprehensive’ laboratory for chemistry and physics, it does appear
that students and teachers do not use it and the few facilities in the teaching and learning of
physics. All students — both physics and non-physics students during the interview affirmed that
the school does not have a physics laboratory. On how they carry out physics laboratory
activities, the students revealed that they engage in such activities during the holidays.

“Specifically, mainly during holidays that we can set... em... holiday lessons
with other schools that we normally go to the laboratory and carry out such
activities’ (B2P/1,352-353).

This agrees with what the teacher explained during his interview on the conduct of laboratory
activities:
“Yes, we do organize practicals for them. Like during the holidays | pass the

information to the interested ones because | know everybody would not be so
interested because its holiday period...” (B2T, 103-104).

The interview with the teacher was conducted about the 7th week of the 2nd term, barely
3 months to the SSCE exams and students have not been so much exposed to practical work in
physics, “So for this term we have not done any (practical)” (B2T, 109). Although the teacher
attributed the non-conduct of practical classes to the political crises in the community, it is
difficult to rationalize his idea as the crises never affected the smooth day-to-day activities of

schoolsin the area during the period.
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“And, the school resumed... the school resumed with crisis in our environment,
so everybody is aways afraid but as at yesterday (11/2/15) the students met and
came to me and said that we can now start up the practicals. So for this term, we
have not done any because of the crisis in the environment, but we hope to start
these practicals by next week Monday” (B2T, 107-110).

The state of teaching and learning of physics as presented by both physics students and teachers
it is thought, would not encourage a sustaining interest and performance in the subject and may

have resulted in the poor performance of students especially in the PAT.

5.3.2.3 School C2

School C in zone 2 is the only single-sex girls' school in the zone and one of the 2 girls
schools used in the study. SSCE results for 2010, 2011, 2012 and 2014 were obtained from the
school. The result for 2013 was not available as the researcher was informed that the master
sheets were requested for and returned to WAEC. The mean percentage of students with A-C
grade pass in physics for the school was 100, 92.3, 80.5 and 76.5 respectively for 2010, 2011,
2012 and 2014 (Table 5.8). The converted SSCE scores in percentages of 64.0, 67.0, 51.9, and
50.7 with a mean of 58.4% for the 4 years are shown on Table 5.8. The mean PAT score for the
school was 27.6%. It can be observed that this school recorded the highest mean SSCE
attainment in all 8 schools used in the study. Its mean was 0.2 higher than the science school
although the science school scored much higher in the PAT with adifference of 19.8%. The PAT

score of students in this school (27.6%) was the 2nd best after the science college.

As observed in all schools, the PAT attainment score (27.6%) was much lower than that
of the SSCE (58.4%) as shown in Table 5.9. Fourteen girls wrote the PAT with only 1 student
scoring 58.1%. The others scored below 50% to obtain at least a'C' grade using the WAEC
grading system.

The issue of late exposure of students to laboratory activities was highlighted when the
teacher said that:

“... but I think as of last year during their WAEC (West African Examination
Council) we had somebody that came to highlight them on how the WAEC
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practicals, the experiment would be like, just to prepare their minds’ (C2T, 30-
32).

Although the students said the school does not have a physics laboratory, the teacher maintained
that the school had a physics lab. When asked on how frequently students utilize the laboratory

and its resources, the teacher explained that:

“Any student that wishes to, the laboratory is there for him or for her. If you wish
to go anytime al you need to do is to seek the attention of the physics master,
then the physics master will now link you to the laboratory attendant who will

give you whatever you want” (C2T, 75-77).

When asked if he does not use the laboratory for experiments and demonstrations to complement
theoretical concepts instead of just allowing ‘any student that wishes', the teacher further
explained how he utilizes lab resources in physics lessons. According to him,

“Well, what | normally do... there are some topics that they need to see some of
these things, so in such topics what | do, | pick some of those things from the
laboratory and take it to the class, as | am teaching, | also show them for them to
see and know it” (C2T, 88-90).

The students also gave an insight into how they engage in practical activities. According to them,

“Nevertheless the fact that we don’t have a physics laboratory, we still have some
equipment for physics practical in the laboratory, so we still bring some of them
from there and hold the practical in our class, so that’s how we perform our
practical” (C2P/1,308-310).

The students also revealed that they sometimes make contribution for the acquisition of materials

for the conduct of |aboratory activities.

“...like, eh.... apractical we had when we werein SS 11, we had to pay money so
that our teacher could get the instrument so that we would be able to do the
practical sincewedidn’'t have the equipment” (C2P/2, 325-327).

“Like we said, its ... sometimes we see practical...the equipment and students as
we al know will not like bringing money, bringing money, bringing money and

the teacher will not like to pester the students on bringing money. So, the thingis,
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most of the times we don’t see them, we just understand what the teacher is
saying and accept it the way it is, and other ones that we have in the laboratory we
can aso use them and the ones that require less amount of money, the students
can contribute and carry out the practical, but most a times we don’t see them”
(C2P/1, 336-341).

The students al so expressed some confidence in the teacher as a positive influence.

“1 study physics and I'm a physics student. Physics, | find it very interesting and

the way my teacher teaches physics and he analysesit...if it is atopic, he brings

out the things to show us and we understand it...the class flows when he teaches,

so | just likeit” (C2P/2, 6-8).
Another student added: “...the teacher is so good, he teaches very well” (C2P/3, 15).
The foregoing shows that although all is not well in the teaching and learning of physicsin the
school, there seem to be a fair utilization of available resources and some personal efforts to
facilitate effective teaching and learning as revealed by both the teacher and physics students in

the school. This may have contributed to the relatively better attainment of studentsin physicsin

this school compared to students in other schools in both zones 1 and 2.
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Table 5.8: SSCE performancein physicsfor 2010-2014 of participating schoolsin Zone 2

Years 2010 2011 2012 2013 2014
Noof Scored % Noof Scored %  Noof Scored %  Noof Scored %  Noof Scored %
Entry Grades Entry Grades Entry Grades Entry Grades Entry Grades
Zone2 A-C A-C A-C A-C A-C
SchAz2 105 80 762 90 47 522 90 85 944 97 93 959 55 51 92.7
SchBZ2  NA NA NA 119 111 933 121 115 950 168 140 833 NA NA NA
SchCz2 23 23 100 26 24 923 41 33 805 NA NA NA 34 26 76.5

(NA — Result was Not Available)

Table5.9: Mean Zone 2 SSCE attainment scoresin per centages

Years
2010 2011 2012 2013 2014 Mean %
Zone?2
SchAZ?2 515 439 56.1 594 537 529
SchBZ2 NA 552 61.0 523 NA 56.2
SchCz2 640 670 519 NA 507 584

Table 5.10: Comparison of Zone 2 SSCE and PAT scoresin percentages

Exam

Type Mean PAT  Difference
Zone?2 SSCE Scores
SchAZ2 529 253 27.6
SchBZ2 56.2 187 375
SchCz2 584 276 30.8
Mean 558 239 32.0
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5.3.3 SSCE and PAT results of the science college
SSCE result for al five years was obtained from the school and presented in Table 5.11.

Table5.11: SSCE performancein physicsfor 2010-2014 of the Science College

Years Noof Entries Scored Per centage
GradesA-C
2010 117 102 87.2
2011 144 143 99.3
2012 128 102 79.7
2013 127 60 47.2
2014 150 138 92.0

Like as been expressed earlier, close look at the table shows the difficulty in predicting atrend in
physics attainment for the school. In 2010, the school made 87.2% which rose to 99.3% in 2011
and fell back to 79.7% in 2012. In 2013 it fell to 47.2% and dramatically climbed to 92% the

next year. As explained earlier, the SSCE grades were converted to percentage scores to enable

comparison with the PAT scores. The converted SSCE scores of the school are presented in

Table 5.12 while the school means for the SSCE and PAT are shown in Table 5.13.

Table5.12: Mean Science College SSCE attainment scor esin per centages

Table5.13: Mean Science College SSCE and PAT scores

Years Percentages
2010 65.7
2011 67.6
2012 54.0
2013 46.3
2014 57.6
M ean 58.2

Exam Type School Mean (%)

SSCE
PAT
Differ

ence

58.2
47.4
10.8

It isinteresting to note that this school performed best in the PAT with a mean of 47.4% and that
the difference in both the SSCE and PAT means is aso the closest in this school than all other

138|Page



schoolsin the study. Although the attainment of students in this school is somewhat better, it is
nonetheless not impressive as the 47.4% in the PAT score is less than a C grade in the WAEC

grading system.

The senior physics teacher attributed the perceived better performance of students in the
school to “the kind of exposure that we give to them (students) in this school and the facilities on
ground” (SCT, 10).

“As far as SC is concerned, we have enough materia resources... we have the
textbooks, we have an available library stocked with books where the students...
even if you... if thereisany particular text you don’'t have, it'stherein the library.
In addition to that, we also have an e-library with dl the facilities that the students
can access for whatever materials they need... so in terms of material resources
we have it here” (SCT, 126-130,135).

Although the school had a well-equipped physics laboratory, observations during the visit
of the researcher and responses of both the students and teachers in the interviews and
guestionnaires reveded that the facilities were not adequately accessed and used for physics
teaching and learning in the school. When asked on the frequency of utilization of the laboratory
and its resources for teaching and learning, student SCP/1 responded “Y eah, once in a while”
(SCP/1, 150). Contributing, another student said:

“the only time we are given a chance to enter into the laboratory is when the
teacher goes with us, but as for individually we want to go and learn or study
something inside the laboratory, you can’t go because they are aways afraid that
if we go there, we might spoil something” (SCP/5, 152-155).

One may ordinarily have no problem with this response as the laboratory is truly not a place to
allow young children to access without adequate supervision. However, further probe as to how
frequently the teacher takes students to the laboratory, the students respond was: “Sir, once in a
while, it's not every time” (SCP/1&5, 159). Student SCP/1 explained further when he said: “any
particular topic that need practical. When a particular topic that need practical is taught he would
take us there” (SCP/1, 163-164). While this may be considered a fair response since one would
not expect the teacher to belabour unnecessarily the students with practica work or

demonstration for atopic that does not require one, the students’ response on the questionnaire to
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the question “My school has enough facilities for conducting experiments or investigations in
physics’ was sort of contradictory with 57.6% of respondents either disagreeing or strongly
disagreeing with the statement while only 28.3% agreed (or strongly agreed) with the statement
as shown in the table below.

Table 5.14: Students’ response to the question: my school has enough facilities for
conducting experimentsor investigationsin physics

Responses No of Per centage
r esponses

Strongly Agree 3 3.0

Agree 25 25.3

Disagree 29 29.3

Strongly Agree 28 28.3

Can't say 14 14.1

In another follow-up interview on the phone, the teacher was asked to comment as to why most
of the students were disagreeing with that statement, with the evidence of an existing laboratory
with adequate resources. He explained that the increasing class size without adequate expansion

of facilities may have informed the response of the students.

“The only thing the students can say about the lab is that as | speak to you now,
the lab is not as big as it should; because as the number of studentsis increasing,
there is supposed to be a commensurate expansion. But in terms of setting up...
having the materials to set up the practical, we have al that it takes” (SCT, 198-
201).

In a further probe as to whether the students' response was indicative to the fact they are not

exposed to laboratory work early, the teacher said:

“Probably yes... probably that could be what they may be thinking. But there is
no way we could expose the students to laboratory work from SS1... you don’t
expect... because most of the topics in SS1 would not take them to the lab. It isin
2nd term in SS2 that we actually begin the laboratory work for SS2 and then SS3”
(SCT, 209-212).

One who is conversant with the physics curriculum will however find it difficult to accept the

view of the teacher that physics topicsin SS1 do not require laboratory work as al topics of the
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physics curriculum from SS1 have activities for both teachers and students, most of which could
be carried out in the laboratory. For instance, using metre rule, tapes, spring balance, chemical
balance, venier callipers etc. to “demonstrate the measurement of the fundamental quantities’
(FME, 2009: 1) is an activity for the 1st topic in week 1 of the SS1 physics. How interesting and
inspiring it will be to engage young mindsin alaboratory to find out things for themselvesjust in

the first week in a physics class.

This school had the highest mean score in the PAT as has been mentioned earlier. The
level of availability of resources and fair utilization coupled with the quality and commitment of
physics teachers in the school relative to others in the study may explain the better attainment of
students in this school. Also, both scores of the SSCE and PAT are relatively higher in this
school compared to the other schools. Since both tests are designed to assess students’ attainment
in physics, there can be said to be an agreement in both tests for assessing the physics attainment

level of studentsin this school.

5.4 Reéflections on the variation and commonalities of the SSCE and PAT
results

As it can be clearly observed, the attainment levels are generaly low in the PAT than the
SSCE. This may be attributed to 3 factors.

(1) Level of preparation for the examination. Students for the SSCE are more likely to have
prepared adequately than those for the PAT. The SSCE being the final examination and a
requirement for students progression into university education and other career
prospects. It is possible that students may have had a low stake for the PAT and so did
not prepare serioudy for the exams and hence the low performance.

(2) Level of difficulty. Although the PAT items were validated by physics teachers in
Nigeria as adequate for use, that all schools had lower averages in the PAT than the
SSCE may also imply that the PAT with items adapted from GCSE may have a higher
difficulty level than the SSCE conducted by the West African Examinations Council,
WAEC.

(3) The conduct of the examinations. The PAT was conduct under strict examination

conditions unlike the SSCE which is usualy characterized by various sorts of
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examination malpractice (See for instance WAEC report, 2009, p2). This may have
resulted in the relative lower attainments of studentsin the PAT.

Although the SSCE scores were not generally impressive with a mean SSCE percentage of 50.6
(Table 5.15) for all schools selected for the study for the 5 year period, it is likely that the
physics attainment levels in these schools could be worse. Severa authors have decried the high
rate of examination malpractice in Nigeria (Adeyemi & lge, 2002; Tambawal, 2013; Onuka &
Durowoju, 2013; Anzene, 2014). According to Tambawal (2013), the high stake on certificate
possession and not skills in Nigeria, use of examination grades of students as basis for teacher
and school reputations, inadequate school facilities are some of the causes of high level
examination malpractice in Nigeria In the view of Anzene (2014)

‘Nigeria has a deplorable value system, therefore immoral acts such as cheating,
dishonesty including embezzlement and stealing of public funds and properties do

not attract the condemnation and punishment they deserve’ (p4).

The rate and level of examination malpractice in Nigeria where some teachers, parents and
school heads collude to deceptively gain better grades in examinations so as to promote their
reputation has casted doubts on results and the integrity of examinations conducted in Nigeria
over time. In the 2009 annual report of WAEC, the Registrar reported that:

‘in spite of our concerted efforts at fighting examination malpractice to a
standstill, there was in the reporting year, an alarming increase in the incidence of
colluson among candidates, in some cases with assistance from teachers,

invigilators and other agents that we used in the conduct of the examinations
(P2).

Furthermore, the insistence of Universities to conduct their separate selection tests other
than the Joint Admissions Matriculation Board Examination results is further evidence against
the integrity of examination conducts and results in the country. It is also important to note the
closeness between the mean (58.2%) SSCE score for the science college and the PAT score
(47.4%) relatively on the high side and that of school B1 with 31.6% SSCE score and 20.3%
PAT score. In other schools, a wide margin is observed between the SSCE and PAT mean

performances. Table 5.15 and Fig. 5.4 compare the SSCE and PAT scores of all schools used in
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the study. Although school C2 had the highest SSCE mean score (58.4%), its PAT score was
27.6%.

Table5.15: SSCE and PAT Performance by school

Zones Schools Mean SSCE % Mean PAT % Difference (%)

Al 54.2 15.5 38.7
Bl 31.6 20.3 11.3
zonel o 452 135 317
D1 479 11.6 36.3
A2 529 25.3 27.6
Zone?2 B2 56.2 18.7 375
Cc2 58.4 27.6 30.8
SC SC 58.1 47.3 10.8
M ean 50.6 225
70
60
50
40
$
= 30
8
o]
3
10
0
Al B1 c1 D1 A2 B2 c2 SC
Zone 1 Zone 2 SC
B Mean SSCE %| 54.2 | 316 | 452 | 479 | 529 | 56.2 | 58.4 | 58.1
B MeanPAT% | 155 | 203 | 135 | 116 | 253 | 18.7 | 27.6 | 473

Fig. 5.4: Comparison of SSCE and PAT

Since both the SSCE and PAT tests measure the attainment level in physics of students, one
would normally expect a correlation in the attainment of students from the schools. The Pearson
correlation was calculated in SPSS and shown in Table 5.16.
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Table5.16: Pearson correlation of SSCE and PAT Perfor mance of schools

SSCE PAT
SSCE Pearson Correlation 1 428
Sig. (2-tailed) 291
N 8 8
PAT Pearson Correlation 428 1
Sig. (2-tailed) 291
N 8 8

The result shows a weak positive correlation, r = 0.428 that is aso not statistically
significant with p = 0.29, > 0.05. A scatter plot of SSCE versus PAT was aso done for al 8
schools and shown in Figure 5.5. The ‘add reference line from equation’ option of linesin SPSS
was selected as it assumes a linear correlation between the variables. As was explained earlier,
since both the SSCE and PAT are designed to assess physics attainment, a linear correlation was
expected.

The graph shows the SC with 58.1% SSCE and 47.3% PAT scores on the line. The next
point closer to the line is the B1 School with 31.6% and 20.3% for the SSCE and PAT
respectively. The scores of the other 6 schools are seen to deviate strongly from the line which
implies that that the SSCE and PAT scores from those schools do not correlate positively. The
schools have high grades in the SSCE exams but low in the PAT. Students SSCE scores are
observed to be higher in these schools with comparatively lower PAT scores. The SSCE and
PAT scores for the science college correlate fairly better with 58.1% and 47.3 % in the SSCE
and PAT respectively followed by those of Blwith all low scores of 31.6% and 20.3% for the
SSCE and PAT respectively.
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The implication of the foregoing is that there is an agreement in the assessment of
physics attainment of students in schools SC and B1 by both the SSCE and PAT instruments.
School B1 scored low while the SC scored relatively higher in both exams. The other 6 schools
generally scored high in the SSCE but obtained |lower scores in the PAT. Earlier in this chapter -
Section 5.3.1.2, the situation in school B1 with a higher number of students in the SS1 and 2
classes who fail to enrol and write the SSCE examination in the school had been reported. The
regular visit of examination regulatory bodies to this school, especially during examinations may
have resulted in a strict compliance to examination conduct with the result of a‘true’ measure of
the physics attainment of students. The PAT exam was aso conducted under strict examination
conditions. The SC situated in the heart of the city is also known as a school where examination
malpractice is not tolerated. The school is relatively well equipped with qualified teachers whose
activities are closely monitored by the tertiary institution within whose campus the school is
located. It may therefore be concluded that athough the conduct of SSCE is generaly marred
with report of malpractices in Nigeria, the results of both the SC and school B1 in the SSCE and
PAT shows that the level of malpractice if any may not have been as high in these 2 schools as it
may have been in the other 6 schools. Also, as have been reported earlier (see 5.3.1.2 and 5.3.3),

the quality of the teachers, their commitment and utilization of available resources for physics
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teaching and learning in these 2 schools may have contributed to their relatively better
performance in the PAT. Generally, despite the issue of credibility in the conduct of the SSCE
examination in Nigeria, the attainment of students in physics can be said to be very poor in
Nigeria with between 40.8 and 67.2% A* - C grade pass levels in SSCE physics between 2004
and 2013 (See Table 1(b)). In the UK for instance, students have consistently obtained between
90 and 93% A* - C grades in GCSE physics since 2005 to date (Joint Council for Genera
Qualifications, 2015).

From the foregoing and in view of the credibility of the WAEC conducted SSCE, and
also considering the fact that the SSCE scores do not correlate with the PAT scores as discussed
above, the PAT scores with much lower means as shown in Fig. 5.4, where the tests were
conducted under strict examination conditions could therefore be considered a better reflection of
the physics attainments level of students in the schools. Subsequently, therefore, the attainment
of students in the PAT will be used as a measure of physics performance of students in the
schools for my study.
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Chapter 6: Findings on physicsresour ce availability and utilization
for teaching and learning

6.1 Introduction

In this chapter, the findings on the availability and utilization of resources for the
teaching and learning of physics in schools used for the study are presented, in line with the
research questions guiding the study. Data obtained from questionnaires, o physics students as
perceived by both physics teachers and students are presented in Section 6.6. Thisis followed in
Section 6.7 with a presentation and analysis on the teaching strategies and classroom interactions
adopted by teachers and the effect on students’ enrolment and attainment. Findings on the effect
of school climate on teaching and learning in schools used for the study are presented in Section
6.8. To conclude the chapter, findings on teachers’ professiona development and effectiveness

are presented in section 6.9.

6.2 Relationship between teacher’s qualification and experience with
students enrolment and attainment in physics

The teacher is unarguably a key resource in the school system. Even with the shift from
the teacher-centred classrooms to the more vibrant, innovative, student-focused classroom
settings, the role of the teacher as afacilitator of learning cannot be overemphasized. Some of the
characteristics of teachers that have been considered necessary to investigate and that might have
some effect on the teachers effectiveness are his/her qualification and experience (Zuzovsky,
2005; Owolabi & Adedayo, 2012; Aliyu, Yashe & Adeyeye, 2013).

A lot of educational policy makers are increasingly using students attainment and
development as atool for assessing the effectiveness of teachers (McCaffrey, Lockwood, Koretz,
Louis & Hamilton, 2004; Zuzovsky, 2005; Buddin & Zamarro, 2009). In this section, students
attainment in the Physics Attainment Test (PAT) is correlated with some teacher characteristics

such as qualification and experience.

In scoring the teachers for their qualification, teachers gain the following points for any
of the qualifications obtained: Nigeria Certificate in Education, NCE (Physics) — 1, Higher
National Diploma, HND — 1, Non Physics degree — 2, Physics degree — 3, Post Graduate
Diplomain Education (+1), Non-Physics Master’s degree (+1), Physics Master’ s degree (+2) and
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PhD (+2). The teaching experience of physics teachers was divided into 2 segments — years of
teaching and years of teaching physics. For each of the segments, ateacher is scored 1 point for
0-2 years of teaching, 2 for 3 -5 years, 3 for 6-8 years, 4 for 9-11 years, 5 for 12-14 years and 6
points for teachers with 15 years or more of teaching experience. The total score from both
segments is then divided by 2 to obtain the teachers ‘teaching experience’. A range of 2 years
has been considered for the computation of teacher's years of experience as teachers are
normally considered for promotion in Nigeria in their third year having considered to have
gained some experience. Also, the actua years of teaching was not simply adopted as the years
of teaching since both the ‘years of teaching’ and the *years of teaching physics which vary for
some teachers were combined in the computation. Similarly, the resource availability and
utilization indices were computed for each school from the questionnaire responses of the
teachers.

The Resource Availability index was computed from teachers responses to questions on
availability of a physics laboratory, level of equipment of the laboratory, whether or not the
school has a laboratory assistant, availability of required teaching and learning resources for the
various core topic areas of the senior secondary physics curriculum in Nigeria. Particularly,
teachers response to questions 8, 10, 13 and 21 of the QPT were computed to obtain the
Resource Availability index. Similarly, the Resource Utilization index was computed from the
teachers’ response on the QPT to questions on the usage of physics teaching and learning
resources, frequency of usage and such related items. Particularly, teachers’ response on the QPT
to questions 9, 15a and 15b were computed to obtain the Resource Utilization index. The
Teacher’s qualification, Experience, Resource Availability index and the Resource Utilization
Index were then correlated with the PAT attainments and physics enrolment of students in the
various schools. Interval data were eicited from the PAT and questionnaire responses for the

teacher and resource factors.

The Spearman rank order correlation has been considered more appropriate and utilized
to investigate the association between students’ attainment with teacher qualification, teacher
experience, resource availability and resource utilization. The statistic is most appropriate with
non-parametric data that are not normally distributed with ordinal or scale data (Cohen, Manion
& Morrison, 2011; Bryman, 2012; Field, 2013). The normality test as shown in Table 6.0
indicates that for both Kolmogorov-Smirnov and Shapiro-Wilk test statistics, p < 0.05 which
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indicates that the data for al variables are not normally distributed. The correlations are shown in
Table 6.1.

Table 6.0: Test for Nor mality

Kolmogorov-Smirnov Shapiro-Wilk
Variables Statistic df Sig. Statistic df Sig.
PAT scores 137 171 .000 924 171 .000
Teacher Quadlification 287 171 .000 715 171 .000
Teaching Experience 374 171 .000 .682 171 .000

Resource Availability
index

Resource Utilisation
index

237 171 .000 .835 171 .000

.200 171 .000 .903 171 .000

Table 6.1: Spearman Rank Correlation of Students' Attainment with Teacher and

Resour ce Factors
Teacher Teaching Resource Resource
Qualification Experience Availability index Utilization index
PAT  Spearman rho’s 552" 131 534" 423"
scores Correlation
Sig. (2-tailed) .000 .088 .000 .000
N 171 171 171 171

The result shows a significant positive correlation, r = 0.552, p<0.05 between PAT
attainment and teacher qualification. A very weak positive correlation, r = 0.131 that is however
not significant, p = 0.088(>0.05), is reported between the PAT attainment and teaching
experience of physics teachers. The Table aso shows that PAT attainment scores have
significant positive correlation with resource availability, r = 0.534, p < 0.05 and resource
utilization with r = 0.423, p < 0.05. The r-value for resource utilization however indicates a weak
positive correlation (Rumsey, 2011). The plots of the correlations from SPSS between PAT
scores and each of Teacher Qualification, Teaching Experience, Resource Availability index and
Resource Utilization index are presented in Figures 6.1(a) — (d).
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The correlation of PAT scores with teacher and resource factors were also computed
separately for boys and girls to investigate the association between each of the factors and

attainment in terms of gender. The results are presented in Tables 6.2(a) and 6.2(b).

Table 6.2(a): Spear man Rank Correlation of boys physics Attainment with Teacher and

Resour ce Factors
Teacher Teaching Resource Resource
Qualification Experience Availability index Utilization index
PAT  Spearman ho's 527" 107 466" 352"
scores Correlation
Sig. (2-tailed) .000 299 .000 .000
N 96 96 96 96

The results as shown in Table 6.2(a) reveal positive and highly significant correlations
between boys attainment scores in the PAT and Teacher Qualification, r = 0.527, p < 0.05;
Resource Availability index, r = 0.466, p < 0.05 and Resource Utilization index, r = 0.352, p <
0.05. For Attainment and Teaching Experience, the result shows a very weak positive correlation
that is not statistically significant, r = 0.107, p > 0.05. These results of correlations for the boys
are similar to those obtained for all students irrespective of their gender as shown in Table 6.1.

Table 6.2(b): Spearman Rank Correlation of girls physics Attainment with Teacher and

Resour ce Factors
Teacher Teaching Resource Resource
Qualification Experience Availability index Utilization index
PAT  Spearmentho's oo 151 757" 564"
scores Correlation
Sig. (2-tailed) .000 195 .000 .000
N 75 75 75 75

Table 6.2(b) shows the correlation of girls' physics attainment with teacher and resource
factors. The result reveals a positive significant correlation between girls physics attainment
with teacher qudification, r = 0.675, p < 0.05. Similarly, positive significant correlations were
obtained for both Resource Availability index, r = 0.757, p < 0.05 and Resource Utilization
index, r = 0.564, p < 0.05. The correlation between girls attainment and teachers teaching
experience was weak positive. These results obtained for the girls are similar to those obtained

for the boys and the overall student attainment irrespective of gender. However, a careful look at
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the correlations for the boys and girls on physics attainment with resource availability index
shows a stronger correlation for the girls than for the boys (Figure 6.2c). The SPSS group plots
of physics attainment with Teacher Qualification, Teaching Experience, Resource Availability

index and Resource Utilization index respectively, split by gender are shown in Figures 6.2 (a) —
(d).
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Fig. 6.2(a): Graph of PAT score Vs Teacher Qualification by gender
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To further probe the association between resourcing and attainment, students
performance in the PAT in each of the 3 core content areas covered by the test was examined
with the level of resourcing available in the schools as reported by the teachersin response to the
guestionnaire. The PAT scores for each student in each of the 3 content areas were computed in
percentage and the average for each of the areas computed for al 171 students that sat for the
PAT. Teachers response on a 3 point scae of ‘Don’'t Have', ‘Don’'t Have Enough’ or “Have
Enough’ for the level of resourcing of apparatus needed for the effective teaching of the topic
areas was converted to percentage and compared with the Average percentage score of all
students in each of the topic areas. The overall picture of all 171 students in the 8 schools that
were used for the study is presented in Table 6.2(c) and Figure 6.2(e)
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Table 6.2(c): Teachers response on resour ce availability on specific topic areas and
students’ PAT scores

Topic Areas
Interaction of matter, space Conservation Fields at rest and
Response andtime principles in motion
Resource Don't Have 214 42.9 35.7
level (%) Don't Have
Enough 64.3 50 50
Have
Enough 14.3 7.1 14.3
PAT Av. Scores (%) 17.4 50.2 25.1
70 -
60 -
50 -
- M Resource Level_Dont
& 40 - Have
[=
§ 30 - W Resource Level_Dont
& Have Enough
20 -
Resource Level_Have
10 1 Enough
0 - B PAT Av. Score

interaction of conservation fields at rest
matter space principles  and in motion
and time

Topic Areas

Fig. 6.2(e): Chart showing Resourcing levelsand PAT Achievement

The result as shown in Table 6.2(c) indicates that resourcing for topics under
‘conservation principles was least with about 42.9% of teachers stating that their schools do not
have resources for teaching topics under that area. 50% of the teachers claim that their schools
do not have enough facilities while only 7.1% were of the opinion that their schools have enough
facilities for the teaching and learning of topics under ‘conservation principles'. In terms of the
students’ attainment, the table indicates that students obtained higher scores in content areas
under ‘conservation principles’ with about 50.2%. Students performed least in ‘Interaction of
Matter, space and time’ with 17.4% while the average score for ‘Fields at rest and in motion’
was 25.1%.

To further investigate the state of resourcing and students performance in the various
topic areas covered in the PAT, separate computations for the 2 zones and the science college
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were made and the results are presented in Tables 6.2(d) — (f) and Figures 6.2(f) — (h). The
computation could not be done for each school to compare the resource levels with students
attainment as some schools have only 1 physics teacher. However, the science college was
computed separately due to its peculiarity in resourcing as explained earlier and also, there were
3 physics teachers in the school that makes for a better moderation of the teachers’ responses.

Table 6.2(d): Teachers response on resour ce availability on specific topic areas and
students’ PAT scoresin Zone 1l

Topic Areas
Interaction of matte, space  Conservation Fields at rest and
Response  andtime principles in motion
Resource Don't Have 16.7 66.7 33.3
level (%) Don't Have
Enough 66.7 33.3 66.7
Have
Enough 16.7 0 0
PAT Av. Scores (%) 2.4 42.6 7.8
80 -
70 -
60 -
Q 50 - ® Resource Level_Dont
s Have
g 40 1
O m Resource Level_Dont
30 - Have Enough
20 - Resource Level_Have
10 - Enough
0 - m PAT Av.Scores

interaction of conservation fields at rest
matter space  principles and in motion
and time

Topic Areas

Fig. 6.2(f): Chart showing Resour cing levelsand PAT Achievement in Zone 1

The data for the resource availability level and PAT attainment for schools in zone 1 is
presented in Table 6.2(d). All 6 physics teachers from the 4 schools involved in the study
responded to the questionnaire. 27 students sat for the PAT in the zone. The opinion of teachers
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on levels of resourcing shows that ‘ conservation principles with 66.7% of teachers claiming that
they ‘don’t have' resources for teaching and learning appears to be the topic area with the least
resources in the zone. Topics under ‘Fields at rest and in motion’ also appear to have few
resources with 33.3% of teachers indicating that they do not have resources for teaching and
learning. Interestingly, Students scored higher in the PAT on ‘conservation principles that is
least resourced with an average of 42.6%.

Table 6.2(e): Teachers response on resour ce availability on specific topic areas and
students’ PAT scoresin Zone 2

Topic Areas
Interaction of matter space  Conservation Fields at rest and
Response andtime principles in motion
Resource Don't Have 40 40 60
level (%) Don't Have
Enough 60 60 40
Have
Enough 0 0 0
PAT Av. Scores (%) 8.7 46.2 154
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Fig. 6.2(g): Chart showing Resour cing levelsand PAT Achievement in Zone 2

The result for the level of resourcing claimed by teachers and the students' PAT average
scores in the 3 topic areas is presented in Table 6.2(e) and Figure 6.2(g). All 5 physics teachers
in the 3 schools that participated in the study gave their opinions on the level of resourcing in
their schools. 86 students sat for the PAT in al 3 schools in the zone. The result as shown in the
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table above indicates that none of the teachers claimed that their schools ‘ have enough’ resources
for teaching all 3 topic areas. 40% of the teachers claimed that their schools do not have
resources for the teaching and learning of al the 3 topic areas, while 60% were of the opinion
that they do not have enough resources. For the students performance in the PAT, the pattern is
not different with those of zone 1 and the overall for all students in all schools, with students
obtaining higher grades in the content area ‘ conservation principles (46.2%) followed by ‘fields
at rest and in motion’ (15.4%) and worst in ‘ Interaction of matter, space and time' with 8.7%.

Table 6.2(f): Teachers response on resour ce availability on specific topic areas and
students’ PAT scores - Science College

Topic Areas
Interaction of matter, space  Conservation Fields at rest and
Response and time principles in motion

Resource Don't Have 0 0 0
level (%) Don't Have

Enough 66.7 66.7 66.7

Have

Enough 333 333 333
PAT Av. Scores (%) 37.3 59.6 47.7

The result of teachers' responses and the PAT attainment scores for the science collegeis
presented in Table 6.2(f). All 3 physics teachers in the school participated in the study together
with 58 students who sat for the PAT. On the level of resourcing, all 3 physics teachers agreed
that they have resources for the teaching of al 3 core areas of ‘interaction of matter, space and
time', ‘Conservation principles and ‘Fields at rest and in motion’. 66.7% of the physics teachers
in the school were of the opinion their school does not have enough resources for the topic areas
under investigation while 33.3% claimed that the school had enough resources for the teaching
of topicsin al 3 areas. The results in the table also show that the average scores obtained by
students in this school were higher for all the 3 topic areas than those obtained by students in
zones 1 and 2. The pattern of attainment however, appears to be similar to those of the zones.
The average score was highest for ‘conservation principles (59.6%), followed by ‘Fields at rest
and in motion’ (47.7%) and lastly, ‘ Interaction of matter, space and time' 37.3%.
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Fig. 6.2(h): Chart showing Resourcing levelsand PAT Achievement in Science College

The students' enrolment for physics was correlated with teacher characteristics such as
teaching qualification and experience and school resource factors as shown in Table 6.3. The
percentage of the total number of studentsin the SSS 3 classes that enrolled for physics as shown
in Table 5.2 was used for this computation. Considering the non-normality of the data
distribution, smallness of the sample size of schools (8) used in the study, and the ‘outlier’ in the
physics enrolment of 100% in one of the schools, the Spearman rank order correlation has been
utilized to investigate the measure of association between students enrolment and factors such
as teacher qualification, teaching experience, resource availability and resource utilization. Field
(2013) posited that for data having outliers or is not norma with small sample size; ranked
correlations such as the Spearman rank order should be used.

Table 6.3: Spearman rho’s Correlation of Students’ Enrolment with Teacher and Resour ce

Factors
Resource Resource
Teacher Teaching availability utilization
Qualification  experience index index
% of total Spearman
studentsin SS3  rho's .346 .038 -.024 157
enrolled for correlation
hysics q _tai
Py Sig. (>taled) 401 928 955 711
N 8 8 8 8
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The result shows low positive correlations (Rumsey, 2011), between students enrolment
in physics and teacher qualification, teaching experience and resource utilization with r-values of
0.346, 0.038 and 0.157 respectively. The correlations were however not statistically significant
with al p-vaues > 0.05 as shown in the Table. The result also shows very weak negative
correlation between physics enrolment and resources utilization with r —value of -0.024. Again,
this correlation was aso found to be statistically insignificant with p = 0.711. Plots of the
correlations are shown in the Figures 6.3(a) — (d).
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Fig. 6.3(a): Graph of Enrolment Vs Teacher Qualification
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The percentage of enrolled physics students by gender was computed for the 8 schools
and correlated with teacher and resource factors. Like the overall trend without the split by
gender, no significant correlations was found between male or female physics students
enrolment with teacher qualification, teaching experience, resource availability index and
resource utilization index as shown in Tables 6.3(a) and 6.3(b). The graphs of the correlations are
presented in Figures 6.3(e) — 6.3(1).

Table 6.3(a): Spearman rho’s Correlation of Male Students’ Enrolment with Teacher and

Resour ce Factors
Resource Resource
Teacher Teaching availability utilization
Qualification experience index index
0 )
/o of male Spearmantho’s - 539 _735 -145 _.224
physics correlation
studentsin SS3  Sig. (2-tailed) 953 .096 784 670
N 6 6 6 6
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Fig. 6.3(e): Graph of Male Enrolment Vs Teacher qualification
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Fig. 6.3(g): Graph of Male Enrolment Vs Resour ce availability index
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Table6.3(b): Spearman rho’s Correlation of Female Students’ Enrolment with Teacher
and Resour ce Factors

Resource Resource
Teacher Teaching availability utilization

Qualification experience index index

% of Femade  Spearmanrho’s
physics students correlation -243 -441 348 265
in SS3 Sig. (2-tailed) 643 381 499 612
N 6 6 6 6
Gender: Females
20.00

Teacher Qualification

Fig. 6.3(i): Graph of Female Enrolment Vs Teacher qualification
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Fig. 6.3(j): Graph of Female Enrolment Vs Teaching experience

Gender: Females

100,00 o ©
B
[
=
=
]
{=2]
- i
2 800
w
o
f=
a
°
=]
2
w
S c0.00
i
)
=
-
Y
[-]
L]
g
£ 40007 o
o
e o
a
o

o
20,00
T T T T T T
250 5.00 750 10.00 1250 15.00

Resource availability index

Fig. 6.3(k): Graph of Female Enrolment Vs Resour ce availability index

167 |Page



Gender: Females

100.00— o o]

80.00

40.007

Percentage of physics students by gender

20.00

T T T T T
2.00 3.00 4.00 5.00 6.00 7.00

Resource utilisation index

Fig. 6.3(1): Graph of Female Enrolment Vs Resour ce utilisation index

Students aso bared their mind in their interviews on the effect of teacher qualification,
experience and resource factors on both attainment and enrolment. For instance, student A2P/2
explained that many students dropped physics in their SSS 1 class as a result of the lack of a
competent teacher.

“Well, starting from our SS | classes, we did not have a physics teacher then we
had a Corper, a Corper that was to take us on physics, but you know the situation
of Nigeria, the Corper was asin ... he didn't know what he was doing, he only
comes to the class just to chat with students, that is the Corper, when we were in
SS |1, so that made so many studentsin SS | to enrol away from physics’ (A2P/2,
241-245).

On the other hand, some students in some schools associated their continued enrolment in

physics to the teaching competencies of their teachers. Thisiswhat a student said:

“1 choose to be a physics student because of the teachers we have in this school
and due to the facilities. At times too in the class when you walk in to the class
you understand physics clearly because he makes the formula, the definitions and

every other thing very smple’ (B1P/2, 20-22).
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For this student, the teacher’s competency, teaching strategy and use of available resources are
main reasons for her continuity in the physics class. She also explained how the teacher makes
the understanding of the subject easy which no doubt would enable better performance in the
subject. According to this student, the teacher facilitates students understanding of physics by

making ‘very simple’, the formulas and definitions.

Most students who do not offer physics or who had dropped off from the physics class expressed
that the lack of practical activities in the teaching and learning of physics was a mgjor factor in
their not enrolling in the subject. For instance, this position is captured in the words of this
student:

“When | was in JSS (Junior Secondary School) our physics teacher was the basic
science teacher, he always talked about... aso the basic technology teacher... they
talked of light, he talked of plus and minus, maximizing things and they don’t do
practicals, they don't do it, they just say it, they just say it theory and we don’t
even understand what they are saying and they don’t even care, they just say it...
And that is why | didn’t find physics interesting because | like things that are
clear to me (B2N/1, 328-331, 342).

Some of the physics teachers aso attributed the low enrolment in physics to lack of laboratory
facilities in the schools for the teaching and learning of physics. For instance, this is what a

physics teacher had to say:

“...you talk about the resources for teaching physics. | don't think if there is,
because for two years I've been here and they have not mentioned laboratory,
there is nothing to show that there are resources for teaching physics, so that one

too is contributing to... to... non-compliance to physics’ (A2T, 43-46).

The impression from the above quoteis that the lack of resources for the teaching and learning of
physics has contributed to the unpopularity of the subject among students in the post-compul sory

classes of secondary education.

Some students explained how the utilization of resources in teaching enhanced their

understanding of physics. This student in a single-sex girls school gave a vivid description of
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how the teacher’s use of demonstration enabled her understanding of ‘electric field’ which was
not understood when taught theoretically.

“...we were learning electric field; he came with some materials which he wanted
to use as examples to show us, because the last time he came, we told him we
wanted to practicalize it because we were like finding it difficult to flow... So
when he came, the class was like noisy, so when he entered, we saw him and we
saw the materials he was holding so we decided to keep quiet and know what he
was about to do. So, when he started teaching, he told us, he referred us back to
what he told us the other time, we said yes, then he brought out the instrument and
showed us and said well, this is what | was talking about. This is how it works,
this is what to do, everybody was like surprised, oh, I've seen that before, oh,
that’s what you were teaching about though | do not know it, now | know... So
when the teacher comes into the class with materials to teach, it makes the
students to understand more” (C2P/2, 260-262, 263-270).

Another student lamented the poor state of learning physics without adequate facilities and
attributed that to students’ low performance in the subject.

“the problem is that the secondary school we have now-a-days they are not
helping matters because there is no standard laboratory, nothing to back up the
study of physics that is why students have low performance in physics so these
thing are factors that are pushing students away” (A2P/4, 60-63).

Some teachers argued that physics cannot be taught effectively just by theory without practical
activities and that the use of resources in teaching physics would improve the performance of
students in the subject.

“Physics is a practical subject, you don’t teach only theoretical aspect of it. It
makes the students not to understand more” (B2T, 160-161).

“Available resources being utilized, yes, if the available resources are being
utilized, | think the attainment would be better” (C2T, 102-103).

“Yeah, the resources are what realy hinder the subject in some other way too,
em... good laboratory apparatus and al the rest they are good resources for
learning the subject... | think it’s of the other side bringing these things together,
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and this will help students to have good performance in the subject (A1T, 51, 52-
53, 54-55).

These positions as portrayed by some students and teachers support the finding as
presented earlier that there is a correlation between students attainment and teachers
qualification, attainment and resource availability and attainment and resource utilization. In
term of physics enrolment, although a statistical significance in the correlations was not
achieved, it is possible to infer from the responses of the students that more students would enrol
for physics and have improved performance if qualified teachers are recruited and adequate

teaching resources are made available for the teaching and learning of physics.

Apart from teacher and resource related reasons for which students prefer not to choose
physics after the compulsory years of schooling, students also gave some insight on the reasons
for the least popularity of physics compared to biology. According to some students, the nature
of physics, lack of relevance of most physics concepts to everyday life and the perceived
difficulty level of physics as opposed to the practical nature of biology are reasons for the more
popularity of biology among secondary school students. For instance, the position of most non-
physics students when asked on the reasons for students' preference for biology to physicsin the

interviews is captured in the expression of this student:

“Like | said before, | like to, | love studying what | can apply ... whatever you
learn, you have to put it into practice, it should be practical. | don’t find physics
something that can become practical, like a topic we learnt in physics, in SS1; |
was a science student, a physics student rather, before | switched over to arts. Em
... we learnt about equilibrium of forces, we had a practical, but asin...I was not
really flowing along, because it's al drawing, | can’'t apply it, even when | got
home | tried to apply, | can’t apply, but in other subjects like biology you know
about your body, you would know about your body, you know how things
happen... so | believe that it's because students can’t apply what we have been
taught in physics. They find it very hard to apply what they’ ve been taught that’s
why they don’t...as in physics is one of the least, in fact it’s the least subject to
students” (C2N/2, 138-148).
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The response of this student would suggest that she finds it difficult to relate the lessons in
physics class to practical occurrences around her. The student could not unfortunately match the
force diagrams drawn on paper with materials and objects that demonstrate the equilibrium of
forces in nature. For this student and some others who think like her, biology is more about the
human body unlike physics and so biology lessons find easy reference and application to their
daily experiences and so when an option to choose any one science subject comes at the post

compulsory classes, most students prefer biology to physics.
Some students maintain that physics is boring, uninteresting and only for the ‘well able’.

“Physics is al about ability so it's like something that has been segregated
because it has to take ability, one's ability to do it, while the other subjects they
are easier, like me | want to really go for Biology, it's easier it won't take much
stress the way physics will do” (C1P/2, 90-93).

In the opinion of this student, physics is difficult to understand and is meant to be chosen by
students that are intellectually *able’. Her opinion aso suggests that biology on the other hand is
less difficult to understand, easier and does not require ‘much stress’ to understand which drives

most students to opt for it.

From the foregoing, it can be concluded that evidence from students and teachers
involved in the study show that physics has a low popularity among secondary school students
and that teacher factors, lack of resources, the perceived high difficulty level of physics and the
nature of the subject are some reasons for the low popularity of the subject among secondary
school students in Nigeria. The implication of this stance is that students would be happier to
choose subjects that they have interest in and that is perceived as understandable and relevant
both to their everyday living and also in their desired life careers. According to Williams et d,
(2003), when students perceive a subject as being difficult, they also tend to develop a negative
attitude towards the subject and would like to choose subjects which they find interesting. It
therefore follows that students would be motivated to develop interest in physics when teachers
make conscientious efforts to make their teaching rea by exploring al resources to make their
lessons relevant with applications to students' daily experiences in the environment. Students

who develop the desired interest in the subject and are well supported by the school are most
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likely to present a positive attitude towards physics which may result in increased enrolment and
attainment in the subject.

6.3 Findingson availability of learning resourcesfor physicsteaching and
learning

In this section, data on the findings on resources for the teaching and learning of physics
in schools are presented. Information elicited from the teachers and students' questionnaires,

interviews and classroom observations are presented in the sections that follow.

6.3.1 Analysisof the questionnairefor physicsteacherson learning resour ces

In a bid to obtain information from physics teachers on school-based factors that affect
the teaching and learning of physics in schools, the 22-item Questionnaire for Physics Teachers
(QPT) was adapted from existing instruments as explained in chapter 3. Among other factors, the
QPT was intended to capture opinions of physics teachers on the availability and utilization of
resources for the teaching and learning of physics. Table 6.4 and Figure 6.4 show the responses
of teachers on the question ‘Does your school have a physics laboratory? The table shows that
10 out of the 14 teachers representing 71.4% indicated that their school has a physics laboratory
while 28.6% said there was no physics laboratory in their school. It may be interesting to note
the conflicting opinions of teachers in the same school on the availability of a physics laboratory.
For instance 1 of the 3 teachers in school Al said the school has no laboratory while 2 of the
teachers indicated that the school has a laboratory. All students in this school at the focused
interview answered ‘NoO’ to the question ‘Does your school have a physics laboratory? There is
also the conflict of teachers and students response on the availability of physics laboratory.
These conflicts together with the observation report of the researcher shall be discussed in the

section on critical evaluation of data from respondents.

Table 6.4 Teachers response on availability of physicslaboratory

Response Frequency Percent Valid % Cumulative %

Yes 10 714 714 71.4
No 4 286 28.6 100.0
Total 14 100.0 100.0
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The response of teachers to the question on the extent of availability of laboratory materials and
resources for teaching and learning of physicsis presented in Table 6.5 and Figure 6.5. Three (3)
of the 14 teachers did not respond to the question on the level of equipment of physics laboratory
in their schools as they had responded ‘no’ to the question ‘does your school have physics
laboratory? The table shows that 36.1% which represents 3 of the 11 teachers who indicated the
presence of physics laboratory in their schools stated that the laboratories are either highly or
very highly equipped. While a total of 4 teachers representing 36.4% revealed that the level of
equipment was low or very low.

Table 6:5 Teachers' response on the level of equipment of physicslaboratory

Response Frequency Percent Valid % Cumulative %

Very high 1 71 9.1 9.1
High 2 14.3 18.2 27.3
M oder ate 4 28.6 36.4 63.6
Low 3 214 27.3 90.9
Very low 1 7.1 9.1 100.0
Total 11 78.6 100.0

Missing System 3 214

Total 14 100.0
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Figure 6.5: Teachers' response on the level of equipment of physicslaboratory

To assess the equipment of laboratories with teaching resources, some apparatus required
for the teaching of key concepts in the physics curriculum (as stated in the curriculum) were
listed and teachers were required to indicate the extent of availability of the apparatusin their
schools. The responses of teachersin the 5 key topic areas are presented in Table 6.6 below.
Chart showing their responses is also shown in Figure 6.6.

Table 6.6: Teachers response on the availability of resourcesfor teaching and
learning of coretopic areasin physics

Coretopic areas (% respondents)

Interaction Energy Wave motion
of matter, Fieldsat guantization without
space and Conservation restandin  and duaity of  material
Response time principles motion matter transfer
Don't Have 214 42.9 35.7 714 35.7
Don't Have
Enough 64.3 50 50 28.6 57.1
Have
Enough 14.3 7.1 14.3 0 7.1

The data as shown in Table 6.6 shows that schools do not have enough resources for the effective
teaching and learning of most topic areas of physics. Particularly for the teaching and learning of

related concepts on ‘energy quantization and duality of matter’ none of the participating schools
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in the study have enough materials that were prescribed by the National curriculum for teaching
and learning. The detailed analysis of the data in the table is presented in the following sub-
sections under the various core physics topic areas and particular reference to the participating

schools.
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Figure 6.6: Teachers' response on the availability of teaching resourcesin coretopic areasin physics
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6.3.1.1 Interaction of matter, space and time

On the topic area ‘interaction of matter, space and time, the data as shown in Table 6.6
reveals that only 14.3% of teachers indicated that their schools ‘have enough’ apparatus for the
effective teaching of concepts in that topic area. 64.3% of teachers reveal that their schools ‘do
not have enough’ while 21.4% of the teachers disclosed that there schools ‘do not have
apparatus for teaching and demonstrations of concepts in that topic area. 2 of the 3 teachers in
school Alsaid they ‘do not have' the apparatus for the teaching and demonstration of conceptsin
this area while 1 indicated that the school ‘does not have enough’. The teacher in school B1
responded ‘don’'t have enough’ even though he had said the school does not have alaboratory. It
is possible that the school had some equipment/resources for teaching preserved in places and
used when needed either by the teacher or students. In schools C1 and D1, the teachers
responded ‘have enough’ and ‘don’t have enough’ respectively. For schools in zone 2, the
teachers in school A2 said the school does not have resources to teach the topics even as they
indicated that there school does not have a physics laboratory. All 2 teachers in schools B2 and
the C2 responded ‘don’t have enough’ to the question on the availability of apparatus for the
demonstration and teaching of concepts on ‘interaction of matter, space and time'. 1 of the 3
teachers from the science college said the school has enough apparatus and resources while 2
indicated that the school does not have enough apparatus for the teaching of related topics in
‘interaction of matter, space and time. Figure 6.6 is a chart showing the summary of the teachers
responses.

6.3.1.2 Conservation principles

Teachers' responses on the availability of apparatus for the teaching and demonstration of
related concepts in the topic area ‘ conservation principles as prescribed by the curriculum are
presented in Table 6.6 and Figure 6.6 above. The table shows that 6 out of the 14 teachers
representing 42.9% indicated that there schools do not have apparatus for the teaching and
demonstration of concepts under ‘conservation principles’. 7 teachers (50%) responded ‘don’t
have enough’ while only 1 teacher (7.1%) from the Science College responded ‘ have enough’. 2
of the 3 teachers from the science college indicated that the school does not have enough
apparatus for the teaching of related topics under ‘conservation principles. 4 out of the 6
teachers in zone 1 indicated that their schools ‘don’t have' the required apparatus while 1 from

school Al and the teacher in school D1 indicated that there schools ‘don’t have enough’
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apparatus for the teaching and demonstration of concepts under ‘conservation principles. For
schools in zone 2, only the teachers in school A2 responded that their school does not have
apparatus while all teachers from the other schools in the area indicated that their schools do not

have enough apparatus for the teaching of the topic area.

6.3.1.3 Fields at rest and in motion

Table 6.6 and Figure 6.6 show the responses of all 14 teachers on the availability of
apparatus for the teaching and demonstration of concepts under ‘fields at rest and in motion’ as
suggested by the physics curriculum. Only 2 of the 14 teachers which represent 14.4% indicated
that their schools have enough apparatus as required by the curriculum for teaching and
demonstration of related conceptsin ‘fields’. The 2 teachers are of the science college. The other
teacher responded ‘don’t have enough’. 5 teachers representing 35.7% indicated that their
schools do not have recommended apparatus for teaching and demonstration of concepts under
the topic area. From schools in zonel, 2 out of the 3 teachers in school Al responded that their
school does not have the required apparatus for the section, while 1 said the school does not have
enough. All 3 teachers from schools B1, C1 and D1 said there schools do not have enough
apparatus for demonstration of concepts under the topic area of ‘fields'. For schoolsin zone 2, al
2 teachers in school A2 together with 1 teacher in school B2 indicated that their schools do not
have apparatus while the other teacher in school B2 and the teacher in school C2 said their
schools do not have enough apparatus for the teaching and demonstration of concepts under
‘fields'.
6.3.1.4 Energy quantization and duality of matter

The response of physics teachers on the availability of laboratory apparatus and facilities
for the teaching and demonstration of concepts under ‘energy quantization and duality of matter’
isshown in Table 6.6 and as a chart in Figure 6.6. All 14 teachers responded to the question and
the table shows that none of the 8 schools involved in the study have enough resources for the
teaching of this section of the curriculum. 10 of the 14 teachers representing 71.4% indicated that
there schools ‘do not have' the required apparatus while 4 teachers which represents 28.6% said
their schools ‘do not have enough’ facilities for the teaching of concepts in the topic area. From
zone 1, 2 of the 3 physics teachers in school A together with the teachers in schools B and C
responded ‘don’t have’ while 1 teacher in school A and the teacher in school D responded ‘don’t
have enough’ to the question on the extent of availability of apparatus for demonstration on
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energy quantization and duality of matter. 4 of the 5 teachers in the 3 schools in zone 2 indicated
that there schools do not have the required apparatus while 1 teacher in school B said the school
does not have enough. In the science college, 2 of the teachers said the school does not have the
apparatus while 1 indicated that the apparatus were not enough.

6.3.1.5 Wave motion without material transfer

The responses of teachers on the extent to which their schools have apparatus both for
demonstration and teaching of concepts covered under ‘wave motion without material transfer’
are presented in Table 6.6 and Figure 6.6 above. 5 teachers representing 35.7% indicated that
there schools do not have the prescribed apparatus, 8 teachers (57.1%) said their schools do not
have enough apparatus while only 1 teacher from the science college, who represents 7.1%
indicated that his school has enough apparatus for teaching and demonstration under ‘wave
motion without material transfer’. A breakdown of the analysis shows that 2 teachers from
school A in zone 1 indicated that their school does not have the required apparatus for teaching
and demonstration in the topic area while the other teacher together with all 3 teachers from
schools B, C and D said their schools do not have apparatus. In zone 2, the 2 teachers in school
A and 1 from school B said their schools do not have the prescribed apparatus while the other
teacher in school B and the teacher in school C indicated that their schools do not have enough
apparatus. From the science college, 2 of the 3 teachers held that their school does not have
enough apparatus for the demonstration and teaching of wave motion.

To capture the experience of teachers on availability of materials for the conduct of
physics experiments or investigations, teachers were asked the question: ‘in your current school,
how severe is each problem? ...materials are not available to conduct physics experiments or
investigations'. Teachers responded on a 3-point scale of ‘Not a problem’, ‘Minor problem’ or
‘Serious problem’. Their responses are presented in Table 6.7 and Figure 6.7 below.

Table 6.7 Teachers response on the problem of availability of materials
for physicsinvestigations

Responses Frequency Percent Valid % Cumulative %
Not a problem 2 14.3 14.3 14.3
Minor problem 4 28.6 28.6 42.9
Serious problem 8 57.1 57.1 100.0
Tota 14 100.0 100.0
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Figure 6.7 Teachers response on the problem of availability of materials
for physicsinvestigations

The data in Table 6.7 shows that 2 teachers (14.3%) reported that they do not have a problem
with materials for the conduct of physics experiments in their schools. 4 (28.6%) reported a
minor problem while 8 teachers representing 57.1% reported that materials not available for the
conduct of physics experiments is a serious problem in their schools. Apart from the teacher in
school D1 who reported a ‘minor problem’, all teachers in schools in zone 1 reported that
‘materials not available for physics investigations' were a serious problem in their schools. For
schools in zone 2, al 2 teachers in school A and 1 teacher in school B reported a ‘serious
problem’ whiles the other teacher in school B and the teacher in school C indicated that the non-
availability of materials for physics experiments was a minor problem. 2 of the 3 teachers in the
science college reported that it was not a problem while 1 indicated that non-availability of
materials to conduct investigations was a minor problem. What this shows is that apart from the
science college, al the teachers in the other schools reported that the lack of materials for the
conduct of experiments or investigations in physics lessons was a problem. Some teachers gave
reasons why their students have not conducted any experiment or demonstration as at the time of
filling in the teachers’ questionnaire. Below are some excerpts:

“No availability of science equipment” (A2T1).

“because of lack of lab equipment” (A1T2).

“few available materials are redundant” (A1T3)

“no laboratory” (A2T2).
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“the topics are appropriately handled in class’ (B2T1).
“dueto thecrisisintheared’ (B2T2).

These revelations from the physics teachers themselves may suggest that the teaching and
learning of physics in schools in the country does not comply with the prescribed mode of
delivery of the subject and generally science at least, as contained in the nationa senior
secondary school curriculum in Nigeria that states that: “In order to stimulate creativity and
develop process skills and correct attitudes in students, the course (physics) is student-activity
oriented with emphasis on experimentation, questioning, discussion and problem-solving” (FME,
2009:iii).

Another resource for teaching and learning that was investigated in terms of its
availability and usage in schools the computer. The relevance of computer usage in science
teaching and learning cannot be over emphasized. Its usage in instruction facilitates the
development and application of students scientific knowledge while enhancing their learning of
science (de Jong & Joolingen, 1998; NSTA, 1999; Tekbiyik, Konur & Pirasa, 2008). The
response of physics teachers was sought on ‘how often’ they use computer as a teaching aid or
instructional material on a 4-point scale of ‘Every or aimost every lesson’, ‘About half the
lessons’, ‘Some lessons’ or ‘Never’. Table 6.8 shows the teachers response. All 14 teachers
responded to the question out of which 13 representing 92.9% indicated that they ‘never’ use a
computer in their physics instructions. The table reveals that only 1 teacher (who happens to be
in the science college) said he uses computer in ‘some lessons’ in teaching physics. The bar chart
of the teachers' response is shown as Figure 6.8. During the school visits, the researcher can
confirm that only the science college had a computer laboratory that the students access
following a Rota. In al other 7 schools, there were no computers for use either by the teacher or
the students.

Table 6.8 Teachers response on how often they use a computer as a teaching or
Instructional material

Responses Frequency Percent Valid % Cumulative %
About half the lessons 0 0.0 0.0 0.0
Some lessons 1 7.1 7.1 71
Never 13 929 929 100.0
Tota 14 100.0 100.0
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Figure 6.8: Teachers response on how often they use computer in teaching

6.3.2 Analysisof the questionnairefor physics studentson lear ning resour ces

The questionnaire for physics students, QPS featured some items that elicited responses
from students on the availability of resources for the teaching and learning of physics in their
schools. In this section, some of the views of students as expressed in their questionnaires on the
state of learning resources are presented. Students were asked to respond to the item “my school
has enough facilities for conducting experiments or investigations in physics” on a 5-point Likert
scale of ‘strongly agree’, ‘Agree’, ‘Disagree’, ‘ Strongly disagree’ and ‘Can’t say’. 242 out of the
248 participants representing 97.6% in all 8 schools responded to the item. The frequencies and
percentages of their responseis shown in Table 6.9 and illustrated in Figure 6.9 below.

Table 6.9: Students response on ‘my school has enough facilitiesfor conducting
experiments or investigationsin physics

Vvalid Cumulative

Frequency Percent Percent Percent

vdid Strongly Agree 10 4.0 4.1 4.1
Agree 50 20.2 20.7 24.8
Disagree 71 28.6 29.3 54.1
Strongly Disagree 90 36.3 37.2 91.3
Can't say 21 8.5 8.7 100.0
Total 242 97.6 100.0

Missing System 6 24

Total 248 100.0
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Fig. 6.9: Students response on ‘my school has enough facilities for conducting
experiments or investigationsin physics

Table 6.9 shows that most students are of the view that their schools do not have enough
facilities for conducting investigations in physics which undoubtedly facilitates learning. 161
students representing 66.5% ‘disagreed’ or ‘ strongly disagreed’ with the statement while only 60
students (24.8%) ‘Agreed’ or ‘Strongly agreed’ with the statement. Comparing the students
response with that of the teachers as shown in Table 6.6, one may observe the lack of resources
for effective teaching of physics in most of the schools under investigation. For instance, the
percentage of teachers who agreed that their schools have enough resources for the teaching of
the 5 core areas of physics as stated in the national curriculum, ranged from a paltry 0 — 14.3%.
This is obviously very low. Very sadly, for the topic area ‘energy quantization and duality of
matter’, 71.4% of teachers agreed that their schools do not have resources for the teaching of
conceptsin that area (Table 6.6).

6.4 Analysis of qualitative data on availability of resources for physics
teaching and lear ning in schools

The use of more than one method to investigate a research problem to verify and
ascertain the validity of findingsis much in use in socia science research (Guion, 2002; Bryman,
2012). Particularly, methodological triangulation has been used in this research. What follows is
the presentation of some qualitative data relating to the availability of resources for the teaching

and learning of physics as expressed by both teachers and students in their respective interviews.
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Teacher A1T answering the question on the extent of availability of physics resources for
teaching and learning said: “Y eah, the resources are what really hinder the subject in some other
way too” (51). On factors that have hindered the effective teaching and learning of physicsin his
school, the teacher replied: “Yeah, then em... basically then | will say apparatus, apparatus and
other resources” (A1T, 115). In school A1, the poor state of resource availability was given by
students as a major reason why most students develop less interest in the study of physics. All
students in school Al said there school does not have a physics laboratory (A1P, 278,282) and
that as at the 7th week of the second term, just about 2 months to their SSCE exams, they have
not conducted any practical in physics (A1P, 201). In school D1 students also revealed that their
school does not have a physics laboratory (D1P, 167, 171).

“1 think that why some students are not serious of learning physicsis because... in
some few aspects there are some equipment, the equipment that the school need to
provide for the physics practical and when you come to the laboratory you see
that some of them are not there and the ones that are there are not good... the
equipment for us to praticalize are not there...” (A1P/3, 147-150, 151-152).

“Sir, some students don’'t like learning without practical, they like when they
learn, when the teacher teach, then they do the practical so that they will
understand it more better” (A1N/3, 157-158).

Some students also bared their minds on the truancy of teachers who absent themselves
from school leaving students unattended to during physics periods and attributed that to the low
popularity of physics among students.

“...due to the teacher that is teaching that particular subject physics, some are not
serious... like aterm, he will just come twice or thrice... serious as in whereby
you know you have a class to teach, you will be absent” (A1P/4, 130-131. 133,
141).

“Sir, we do have practical but not al the time in the sense that the teacher does
not normally come to school all thetime” (A1P/4, 177-178).

There seem to be a consistency among both teachers and students in zones 1 and 2 that their
schools are in dearth of adequate resources for teaching and learning of physics. According to
one of the teachers,
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“Government is not doing well in that area. Why do | say so? They only come
out with tools for experiment or carrying out practical whenever WAEC is
coming, they bring out those materials that the students will use for the

experiment and after that nothing is being done again” (B1T, 77-80).

Explaining further, he disclosed that his school does not have a physics laboratory: “As for now,
we don't have one” (B1T, 86).

The situation of resource availability is however different in the SC. According to the

teacher,

“Asfar as SC is concerned, we have enough material resources - in terms of text
books, we have the textbooks, we have an available library stocked with books
where the students... even if you... if there is any particular text you don’t have,
it'stherein the library. In addition to that, we also have an e-library with al the
facilities that the students can access for whatever materias they need. Also we
have our laboratories, though built over the years and al that but the fact till
remains that we have the apparatus, enough apparatus to demonstrate at this level
whatever they are supposed to know” (SCT, 126-132).

The claim of the teacher on the extent of availability and use of resources for the teaching and
learning of physics in the SC may have contributed to the better attainment of students in both
the SSCE and PAT for this school.

6.5 Utilization of available resour cesfor physicsteaching and learning

The importance of students' participation and involvement in hands-on activities for
effective learning is very aptly illustrated by a popular Chinese proverb, mostly attributed to
Confucius or Xunzi, that what “1 hear | forget; | see and | remember; | do and | understand”. If
students must learn effectively and not ssimply rely on rote memorization especialy in the
sciences, it is important that there is adequate interaction between students and resources in
science classrooms. Students build up skills in critica thinking, analysis and scientific
discoveries when they get engaged in ‘doing’ and ‘experiencing’ science. In terms of utilization
of resources for teaching and learning, there are possibilities of having two extremes — one in
which the teacher has vast knowledge and training in the use of resources, but where the
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resources are either not available or insufficient for use and two, where the resources are
available but teachers are inadequately trained for the use of available resources and so do not
utilize those that are available. The state of availability of resources has been presented in
sections 6.3 and 6.4. In this section, both quantitative and qualitative data from teachers and

students on resource utilization for physics teaching and learning in schools are presented.

Table 6.10 below shows teachers' response on how often they utilize the laboratory and
its facilities in teaching physics. 13 out of the 14 teachers that participated in the study,
representing 92.9% responded to the question. The teacher who did not respond to the question
together with the 2 teachers who responded ‘Never’ had also indicated that their schools do not
have a physics |aboratory. The Table further reveal s that 38.5% of respondents use the lab and its
facilities *about once in aterm’ or ‘rarely’ with only 1 teacher (7.7%) utilizing the lab ‘one of
every two lessons'. Theresponseisillustrated in Figure 6.10 with a bar chart.

Table 6.10: Teachers response on use of thelaboratory and itsfacilitiesin teaching
physics

Response Frequency % Valid % Cumulative %
Vaid Oneof every

1 7.1 7.7 7.7

two lessons
About once in 5 35.7 385 46.2
aterm
Rarely 5 35.7 38.5 84.6
Never 2 14.3 154 100.0
Total 13 92.9 100.0

Missing System 1 71

Total 14 100.0
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Figure 6.10: Teachers response on use of the laboratory and itsfacilitiesin teaching
physics

Data obtained from the teachers' interview also threw some light on the use of laboratory
and its facilities in the teaching and learning of physics. For instance, the teacher in school C2
was observed teaching ‘factors affecting resistivity’ before the interview session. He was
observed teaching the topic theoretically without any form of illustration or demonstration.

When asked on how he utilizes the laboratory and its facilities in teaching, he responded:

“Well, what | normally do... there are some topics that they need to see some of
these things, so in such topics what | do, | pick some of those things from the
laboratory and take it to the class, as | am teaching, | also show them for them to
see and know it” (C2T, 88-90).

For him, “there are some topics they need to ‘see€’ some of these things’. So for those topics, he
thinks they need to ‘see’, he brings the apparatus for the students to ‘ see’ and not necessarily for
them to ‘do’. He probably did not consider that students need to ‘see’ anything in teaching
‘factors affecting resistivity’. The teacher in school B2 was asked if he organizes laboratory
practical for his students and if so, how frequently he does so. His response reveds that his
students were not involved in practical work as part of their physics learning in the school.

“Yes, we do organise practical for them. Like during the holidays, | pass the

information to the interested ones because | know everybody would not be so
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interested because its holiday period, that if you are interested we'll be coming
around so-so date for practical” (B2T, 103-105).

For this school, practical for the subject are organized during the holidays and for ‘the interested
ones'. Another teacher talked about the lack of time and the over-loaded physics syllabus that

make teachersto give little attention to use of lab resources.

“Available resources being utilised, yes, if the avallable resources are being
utilised, | think the attainment would be better, but like | said, time - time factor is
the only problem we have ... other subjects, looking into their syllabus; | don’'t
think it's as elaborate like that of physics’ (A2T, 102-103, 116-117).

This unstructured approach to the teaching and learning of physics will no doubt not only de-
motivate young people from studying the subject, but may also not facilitate effecting grasping
of concepts and understanding of the subject. The frustration in the way physics and science in
general istaught in this school (B2) was expressed by this student during the interview:

“When | was in JSS our physics teacher is the basic science teacher, he aways
talk about... aso the basic technology teacher... they talk of light, he talk of plus
and minus, maximizing things and they don’'t do practicals, they just do it, they
just say it, they just say it theory and we don’t even understand what they are
saying and they don’t even care, they just say it....” (B2N/1, 328-331).

This seems to be the sorry state of facilities for the teaching and learning of physics in schoolsin
the study area. A teacher in another school, A2 who had said the school does not have a physics
laboratory was asked how then he manages with the practical aspect of the content of physics.
Hereplied:

“We don't... | have not seen... we don’'t even have a laboratory to start with. Its
only when you have a laboratory then you can talk of, you can talk of enh... the
resources. We don’'t have alaboratory... Yeah! Maybe during WAEC they sought
for... when there is examination they sort for these materias... for the resources
then carry out any practical, depending on the specimen, so but for a lab that the
school is supposed to own, there is no onein this school” (A2T, 51-55).
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His response indicates that he does not conduct practical classes with his students. It is very
doubtful if meaningful learning can take place especialy in science related fields without

illustrations and or hands-on students’ activities.

It is evident that genuine learning entails the active engagement of learners in the learning
process and not just having them as passive listeners in the class. One way of actively engaging
students would be the arrangement as part of the school curriculum of series of hands-on
activities such that they do not only learn about scientific theories, but aso have opportunities at
their level to experience, proof, verify or determine some of those scientific facts or theories
themselves. To assess students' involvement in active learning, students in their questionnaire
were asked to respond to the statement ‘students are allowed access to laboratory facilities for
experiments and practical investigations . Students were required to respond on a 5-point scal e of
‘strongly agree’, ‘agree’, ‘disagree’, ‘strongly disagree’ or ‘can’t say’. A total of 242 of the 248
students (representing 97.6%) that participated in the study responded to the statement. Their
response is similar to that of the teachers, and suggests that students are not adequately exposed
to laboratory activities in their learning of physics in school. The students' response is shown in
Table 6.11 and Figure 6.11. The Table shows that, 76 students representing 31.4% agreed (agree
or strongly agree) with the statement while 134 students (55.4%) disagreed (disagree or strongly
disagree) with the statement.

Table 6.11: Students' response on having access to laboratory facilities for

I nvestigations
Responses Frequency % Valid % Cumulative %

Vaid Strongly Agree 35 141 145 145
Agree 41 165 169 314
Disagree 45 181 186 50.0
Strongly Disagree 89 359 368 86.8
Can't say 32 129 132 100.0
Tota 242 97.6 100.0

Missing System 6 24

Tota 248 100.0
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Figure6.11: Students response on having access to laboratory facilities for
I nvestigations

There are many online resources to facilitate physics teaching and learning and where
physics teachers could get help to effectively teach concepts in physics in a more innovative
approach to the teaching and learning of physics. Computer simulations in the teaching and
learning of physics have been found to effectively deal with students alternative conceptions or
misconceptions (Jimoyiannis & Komis, 2001; Chang, Chen, Lin & Sung, 2008). According to
Trundle & Bell (2010:1078), “these simulations are designed to facilitate science instruction and
learning through improved visualization and interactivity with dynamic models of natural
phenomena’. To further investigate students' utilization of resources in learning, students were
asked to respond to the use of technologies and computer simulations in their physics
classrooms. Their response is presented in Table 6.12 and Figure 6.12.

Table 6.12: Students’ % response on use of technologiesin physics classrooms

% response
Use computer We watch our teacher
Use DVDs, Videos simulations on demonstrate physicson a
Responsetype  in physicslessons physics computer
Every or amost
every lesson 0.4 1.2 1.7
About half the
lesson 0.4 21 1.7
Some lessons 12 5.0 21
Never 98.0 91.7 94.5
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Fig. 6.12: Students response on use of technologiesin physics classrooms

The data as shown above clearly shows that students learn physics more theoretically
with less aids and resources that have been known internationally to facilitate understanding of
physics concepts. The result of the analysis shows that 98% of physics students responded that
they have “Never’ used DVD’s and videos in their physics lessons. Also, 91.7% of the students
revealed that computer simulations on physics have ‘Never’ been used in their physics lessons,
while 94.5% of students said they have ‘Never’ watched their teacher demonstrate physics on the
computer. The students' response also agrees with that of the teachers (see Table 6.8) on the use
of computers in physics instructions. It is likely that the rare or non-use of such facilities and
technologies in physics teaching and learning could hamper effective learning. The International
comparison in physics attainment has shown that “students coming from theoretically more
advanced countries perform worse than the average” (Esquembre, 2002:13). This again may
explain the low performance of studentsin the Physics Attainment Test, PAT.
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6.6 Data on school-related factors affecting enrolment and teaching of

physics

The opinion of teachers was sought on what they think are the main school related factors
affecting students' choice of physics on a 5-point scale of strongly agree, agree, disagree,
strongly disagree and can’'t say. The result of the teachers' opinion is presented in Table 6.13
and Figure 6.13. In presenting the results, both ‘strongly agree’ and ‘agree’ will be simply
grouped as ‘agree while ‘strongly disagree’ and ‘disagree’ responses would be similarly
compressed as ‘disagree’. Thisis simply for the sake of presentation. The degree or strength of
the responses are however unaltered in the table and chart. The percentage responses are
indicated in bracket in the table.

The result in Table 6.13 shows that on ‘lack of qualified physics teachers', 8 teachers
representing 57.1% either strongly agree or agree that it is a main school related factor why
students opt not to choose physics while 5 teachers (35.7%) did not agree (strongly disagree or
disagree) to the statement that lack of qualified physics teachers is a main school-related factor
affecting students choice of physics. On ‘teaching physics by theory without practical work’ 9 of
the 14 teachers which represent 64.3% agreed to the fact that it isamajor factor that discourage
students in choosing physics while 4 teachers (28.5%) disagreed. 9 teachers (64.3%) were of the
opinion that lack of lab equipment for demonstration and conducting experiments was a main
school related factor that affect students' choice of physics while 5 representing 35.7% did not
agree that lack of 1ab equipment for demonstration/experimenmts is a main factor that negatively
affect students' choice of physics. Result from the Table shows that all teachers involved in the
study that responded to the question on lack of career guidance/counselling services agreed that
that is a main school-related factor that affects students' choice of physics. 8 of the 13 teachers
(61.5%) strongly agreed while 5 teachers (38.5%) agreed. 1 teacher did not respond to the
guestion. Teacher’s opinion was aso sought as to whether or not the ‘unsocial lifestyle of some
physics teachers' is afactor that affects students' choice of physics. Their responses as shown in
Table 6.10, reveds that 5 teachers, representing 35.7%, agreed that that is a factor while 7

teachers (50%) disagreed. 2 teachers did not express their opinion on that issue.

The opinion expressed by some physics teachers that the lack of laboratory facilities

negatively affects their effective classroom interaction can be seen in the expressions below by
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teachers when asked to mention instances when their teaching had been hindered by the lack of

resources.

“Like enh... I know of ripple tank, | think | can remember that one ripple tank,
when we are discussing waves. | needed to show them ripple tank and how it
operates - how it produces the various types of waves but it was not there” (C2T,
156-158).

Another teacher said:

“The availability of those resources is poor... very poor because from the onset |
said that physics is all about practical experience. When you teach somebody
about electricity you need to perform what you have told them in the class
practically not coming with a text book or instructional materials like chalk and
other handout or whatever. You tak to them theoreticaly...but practicaly they
are not seeing so the resources available are very poor so that makes the interest
of the student towards the subject... reducing in percentage” (B2T, 80-86).

These expressions of the physics teachers in schools clearly demonstrate the paucity of physics
teaching resources in schools in Nigeria. In al, the response of the teachers as summarized in
Table 6.13 suggests that lack of adequate number of qualified physics teachers, teaching physics
by theory without practica work, lack of Ilaboratory equipment for
demonstration/experimentation and lack of career guidance/counselling services with 57.1%,
64.3%, 64.3% and 100% respectively are the main school-related factors that affect students
choice of physics.
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Table 6.13: Teachers opinion on main school-related factor s affecting students' choice of physics

Factor YResponses Strongly Agree Agree  Disagree  Strongly disagree Can't say Total
Lack of adequate number qualified physics teachers 7 (50.0) 1(7.1) 2(14.3) 3(21.4) 1(7.1) 14
Teaching physics by theory without practica 4(28.6) 5(35.7) 3(21.4) 1(7.1) 1(7.1) 14
Lack of lab equipment for demo/experiments 7(50.0) 2(14.3) 1(7.1) 4(28.6) 0(0) 14
Lack of career guidance/counselling services 8(61.5) 5(38.5) 0(0) 0(0) 0(0) 13
Unsocial lifestyle of some physics teachers 2(14.3) 3(21.4) 3(21.4) 4(28.6) 2(14.3) 14
14
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Fig. 6.13: Teachers opinion on main school-related factors
affecting students’ choice of physics
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To capture the experience of teachers as to the limiting circumstances to their effective
teaching of physics, they were asked the question: ‘in your view, to what extent do the following
limit your teaching of physics? on a 3-point scale of ‘Not at all’, ‘A little or some’ and ‘A lot’.
Items listed were shortage of computer hard ware, software, textbooks for students, equipment
for both teacher and students' use, physical facilities and high student/teacher ratio. 2 out of the
14 teachers did not answer any question from this section of the questionnaire. 1 of the 12 that
answered questions on this section did not however answer the question on ‘inadequate physical
facilities'. The ressponses of teachers are shown both in Table 6.14 and Figure 6.14. In the table,

figuresin bracket represent the percentage responses.

On the shortage of computer hardware, only 1 teacher (8.3%) responded it does not limit
his teaching of physics. 7 teachers representing 58.3% agreed that it limits their teaching a little
or to some extent while 4(33.3%) of the teachers said it limits their effective teaching alot. On
shortage of computer software, 2 (16.7%) indicated it does ‘not at all’ limit their teaching with 6
representing 50% saying it does a little or to some extent limit their teaching while 4 (33.3%)

responded that it limitstheir teaching ‘alot’.

Table 6.14 reveals that it is the view of most teachers that, shortage of text books,
instructional equipment for students' use, equipment for teacher’s use in demonstrations and
other exercises, inadequate physical facilities and unavailability of computers with internet
access with 66.7%, 83.3%, 58.3%, 54.5% and 66.7% respectively are main factors that limit their

effective teaching of physicsin schools.
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Table 6.14: Teachers opinion on factor s limiting the effective teaching of physicsin schools

Factor sResponse Not at all A littleor some A lot Total respondents
Shortage of computer hardware 1(8.3) 7(58.3) 4(33.3) 12
Shortage of computer software 2(16.7) 6(50.0) 4(33.3) 12
Shortage of textbooks for students use 1(8.3) 3(25.0) 8(66.7) 12
Shortage of instructional equipment for students' use 0(0) 2(16.7) 10(83.3) 12
shortage of equipment for teacher's usein demo 3(25.0) 2(16.7) 7(58.3) 12
Inadequate physical facilities 0(0) 5(45.5) 6(54.5) 11
High student/teacher ratio 3(25.0) 5(41.7) 4(33.3) 12
Unavailability of computers with internet access 0(0) 4(33.3) 8(66.7) 12
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6.7 Teaching strategies adopted by physics teachers and effect on students
enrolment and attainment

The primary goal of every teacher isto ensure that his students gain proper understanding
of the materials and or concepts they are engaged with, in the classroom or school setting so asto
produce a reasonable change in behaviour. This is what is referred in literature as ‘teachers
educational goals (Rich, 1993), or ‘learner goals as one of the categories of goals teachers may
set (McGreal, 1980). According to Tebabal & Kahssay (2011), such desired changes in
behaviour expected of students ‘may be in the form of acquiring intellectual skills, solving
problems and inculcation of desirable attitudes and values' (p. 374). Teachers employ different
strategies and create enabling environment so as to support students acquire the desired skills and

knowledge with various classroom and or |aboratory experiences.

Teachers sdf-reporting in response to the questionnaire item on the teaching strategies
they usually adopt in teaching physics to the students is presented below. All 14 teachers
responded to this section of the questionnaire athough, one teacher did not make any response
for ‘demonstration’. In Table 6.15, the numbers in bracket represent the percentage response
while the numbers preceding the brackets are the actual count of teachers that responded to the
guestionnaire item. The chart of the teachers’ responsesis presented in Figure 6.15.

Table 6.15: Teachers self-reporting of teaching strategies adopted for physics lessons

Responses Every or About half the Somelessons  Never Total
almost every lesson response

Strategies lesson

Demonstration 8 (61.5) 1(7.7) 3(23.1) 1(7.7) 13
Lecture 1(7.1) 3(21.9) 3(21.9) 7 (50) 14
Guided discovery 3(21.4) 4 (28.6) 5(35.7) 2(14.3) 14
Laboratory 0 (0) 1(7.2) 10 (71.4) 3(21.49) 14
Fieldtrip 0 (0) 0(0) 3(21.9) 11(78.6) 14
Excursion 0 (0) 0(0) 3(21.9) 11(78.6) 14
Collaborative

learning 1(7.2) 2(14.3) 7 (50) 4 (28.6) 14
Problem solving 3(21.49) 7 (50) 4 (28.6) 0(0) 14
Project method 0 (0) 1(7.1) 8 (57.1) 5(35.7) 14
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Figure 6.15; Teaching strategies usually used by physicsteachersasreported

Theteachers' self-reporting of strategies they commonly used for teaching physics shows
that the most commonly used teaching strategy among physics teachersis ‘Demonstration’. Most
of the teachers (61.5%) indicated that they usualy use the method in ‘every or amost every
lesson’. Also, 50% of physics teachers use ‘ Problem solving’ method in ‘about half the lesson’ —
that is, about 1 in every 2 lessons. Most teachers also indicated that they rarely use Laboratory,
Collaborative learning and Project methods in ‘some lessons' with 71.4%, 50% and 57.1 %
respectively. The response of the teachers show that ‘Field trip’ and *Excursions’ are not usually
used as a teaching strategy with most teachers (78.6%) indicating that they ‘Never’ use them.
Interestingly, 50% of teachers also indicated that they ‘Never’ use ‘Lecture as a teaching
strategy in their physics classes. Teachers have aso reported that they seldom use students
collaborative learning approach in their physics lesson with just 14.3% indicating that they use
the strategy in about half the lessons.

On the strategies adopted by teachers in teaching physics, qualitative data from the teachers
interview suggests that teachers commonly use lecture and demonstration methods in their
teaching. This can be seen in the excerpts from the interview with some of the teachers in

response to the question on the teaching strategy they commonly usein class.

“...most times | use lecturing method, most times | use demonstration, |

demonstrate, then most times | use question and answer, just for interaction sake,
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and most times too | do research, | give them work to go and research, a kind of
project they should go and research on something and come back” (C2T, 122-
125).

Teaching strategies used by this teacher, according to him are lecture, demonstration, Socratic
(questioning) and project depending on the content of instruction. Another teacher responded

very explicitly as presented below:

“Ok, most atimes | adopt the demonstration method of teaching. What do | mean
by demonstration? | go with... most times the apparatus that are available, to
demonstrate to students on the use of these apparatus while teaching, like when |
was teaching SS | just this morning (18/2/2015) | went with the conductor, | went
with the ammeter, the volt meter, the cell, | went with the key and the... al
necessary materials to demonstrate to them the need to understand what we mean
by a circuit or what we mean by close circuit, open circuit and short circuit. So
most times | do use the demonstration method to teach for easy understanding of
the students” (B1T, 102-109).

The inference from this teachers' expression is that the most common teaching strategy he uses
is ‘ Teacher Demonstration’ method. Incidentally, of the 7 physics classes observed, this was the
only teacher that used a teaching resource in his lesson. He was teaching ‘Heat Energy:
Temperature and its measurement’ in an SS2 class (about 15 year olds) and passed on a
thermometer for them to ‘see’ and ‘observe’ athough students ‘passing on thermometer’
without actual materials for them to take real measurements and carry on some hands-on
activities is obviously inadequate for the teaching of that topic. Probing further on how students

get involved in demonstration, the teacher explained that:

“The only students that... are... mostly allowed to come into the... say, made-
shift laboratory is the SS 111 because of space, so most of the JSS students are not
allowed until they are able to get to SS Il before they can have a fedl of this
apparatus’ (B1T, 114-116).

The above expression reveals that students do not have the opportunity to get involved with
hands-on activities until they are in the final year of secondary education. It is also clear from the

above expression of this teacher that what he understands ‘demonstration method’ to be is
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‘teacher demonstration’ while the students simply watch. It is unlikely that students would learn

science effectively in that way.

On the teachers’ response of their common use of ‘demonstration’, it is important to note
that most teachers (64.3%), (see Table 6.13) indicated that ‘lack of lab equipment for
demonstration and experiments’ was a major school-based factor that affects students’ choice of
physics in their school. Also, 58.3% of teachers (see Table 6.14) reveaded that ‘shortage of
equipment for teachers’ use in demo’ was a limiting factor to the effective teaching and learning
of physics. It is therefore surprising to observe that 61.5% of physics teachers usually use
demonstration method in ‘every or almost every’ of their physics lessons. Teachers clear
understanding of some of these teaching strategies that was not probed in this study may also
account for some of the inconsistencies in their responses. For instance, the response of some
teachers on ‘students’ participatory learning’ in physics classes during the interview may suggest
that some teachers may have understood and interpreted the various teaching strategies in
various ways. Presented below are excerpts of two responses of physics teachers to the question:

‘to what extent are students involved in participatory learning during your physics classes?

“The participation to physics students in physics classes is satisfactory.
Sometimes | might be too busy, with administrative work forgetting that | have
time with them in physics, they will be the ones to come and call me and tell me
that, sir we need you, we want to learn physics, then sometimes too they might be
so free not doing anything like free period most of them will just come, sir, come
and occupy us with physics so if | am free | will still go even without my period,
that isit” (B2T, 148-153).

“Well, | think, e...h... | would say they are trying, they are coping. The only
problem | have is this SS 111, they had problem in their SS | and SS 11 because
then they had no teacher, if not for the newly employed teachers that now filled
up those gaps. So | am just trying to battle with them - you understand? Picking
up things from SS I, SS |1, just to make up but they are till trying” (C2T, 131-
134).

The responses of these teachers to the question that was posed to them may suggest that they do

not understand what ‘ participatory learning’ was all about.
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Some of the items in the students’ questionnaire sought to get the opinion of students on
how often they do certain activities in their physics lessons — ‘listen to the teacher present new
material’, ‘watch the teacher demonstrate an experiment or investigation’, ‘conduct an
experiment or investigation’, and some others (see items 7 and 9 of the QPS). The students
response is presented below and would be compared with that of their teachers. 248 physics
students from the 8 schools involved in the study responded to the questions, although between 5
and 11 students did not respond to some of the questions. Their responses are presented in Table
6.16 and Figure 6.16. The figures in bracket are the percentages while the actual numbers of
student respondents precede the brackets.

Student responses as shown in Table 6.16 reveal that 40.3% of physics students indicated
that they ‘work on problems together with other students' . Although that percentage is low, with
no clear consensus of students opinion, working on problems together with other students
appears to be the commonest activity or how they learn physics. In terms of demonstrations in
physics lessons, students were near unanimous in their responses with 94.6% indicating that they
‘Never’ watch their teachers demonstrate physics on a computer. As to whether they ‘watch the
teacher demonstrate an experiment or investigation’, only 23.3% indicated its occurrence in
‘every or amost every lesson’, 6.7% in ‘about haf the lesson’, 40.4% in ‘some lessons’ while
29.6% responded ‘Never’.

Table 6.16: Students’ response on how they learn in physics lessons

Responses Every or About Some Never Total
almost every half the lessons response

Activities lesson lesson
We listen to the teacher
present new material 51 (21.8) 29(124) 93(39.7) 61(26.1) 234
We work problems on our
own 82 (31.7) 50(20.8) 101(42.1) 7(2.9) 240
We work on problems
together with other students 96 (40.3) 35 (14.7) 74 (31.1) 33(139) 238
We watch the teacher
demonstrate physics on a
computer 4(1.7) 4(1.7) 5(21) 229(94.6) 242
We watch the teacher
demonstrate an experiment
or investigation 56 (23.3) 16 (6.7) 97 (40.4) 71(29.6) 240
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Figure 6.16: How students say they learn physicsin classroom

It is evident from the foregoing that whereas teachers posited that ‘demonstration’
strategy was most commonly used for physics lessons, the response from the students has not
suggested that that is what they experience in physics classrooms. More students indicated that
the demonstration elements — ‘We watch the teacher demonstrate physics on a computer’ and
‘We watch the teacher demonstrate an experiment or investigation’ ‘Never’ occur often in
physics lessons with 94.6% and 29.6% respectively, than those who posited that they occur in
‘every or dmost every’ lesson with 1.7% and 23.3% respectively for the two demonstration
elements. The understanding of some teachers on demonstration method as ‘teacher
demonstration’ to the exclusion ‘student demonstration’ as discussed earlier may explain the
difference between teachers and students responses on the use of demonstration method in

physics lessons.

A look at Figure 6.16 would suggest that students' working together with other students is the
commonest way students learn physics with 40.3% of the students indicating that they often

work on problems together with other students in “every or amost every physics lesson”. This
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does not agree with what physics teachers have claimed as can be observed from Table 6.15,
where only 7.1% of the teachers have said they use “collaborative learning” which implies
students' working together, for physics lessons and 14.3% using the strategy in “about half the
lessons’. From the contradiction between the students and teachers response on the use of
‘collaborative learning’ or students working on problems together with other students, It is
possible that students understood the question to mean how they learn physics and not
necessarily what happens during the physics lessons in school. For instance in one of the
students’ interviews, a participant described how those students assist one another to better

understand what they could not understand in the classroom with their teacher:

“there are some students that understand what the teacher is doing, just because
they read their books or their text books, so they understand what the teacher is
doing and they are flowing along... so immediately the teacher leaves, he can call
the other of his colleague just like what my friend always do to me, he always
comes to me and tell me that, do you know how...? | said no, and he showed me
the details and how the thing is being done. Some of the students are afraid to ask
the teacher in the class they do meet one on one with their fellow colleague and
when heir colleague explain it will be better than when the teacher taught them”
(A2P/5, 255-263).

The students in thelir interviews a so gave some light on what happensin their physics lessons. In

one school in zone 1, a student in describing how they learn physics stated that:

“when the physics master gets into the class to teach us as physics students, the
first thing he does, he will write down the topic on the board and then explain
what that topic simply means, then after that, he goes over to the calculation...”
(B1P/2, 177-179).

Another student in aschool in zone 2 described what happens in their physics class this way:

“The teacher normally... when he comes to the class, he writes the note and he
will have to teach. In the aspect of teaching he explains the topic he is teaching
and he breaks it down for our understanding, he breaks it down to the knowledge,
to the understanding of what he is teaching and also in order for us to learn”
(B2P/2, 282-286).
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The description of how students learn physics in schools as illustrated by these students as stated
above and few others as captured in the interviews tell more of the use of lecture method and not
demonstration as claimed by most of the teachers.

Some students explained how the classroom interactions and teaching strategy adopted
by their teachers affect their understanding of physics.

“1 study physics and I'm a physics student. Physics, | find it very interesting and
the way my teacher teaches physics and he analysesit...if it is atopic, he brings
out the things to show us and we understand it...the class flows when he teaches,
so | just likeit” (C2P/2, 6-8).

“...and aso our teacher, he makes us enjoy the subject very much, like she said,
analysing it, showing us things, asking us questions, if we understood it or not and
also contributing to what he has taught...” (C2P/1, 22-24).

“In the aspect of teaching he explains the topic he is teaching and he breaks it
down for our understanding, he breaks it down to the knowledge, to the
understanding of what he is teaching and also in order for usto learn... when heis
teaching he aso ask questions to know if we are truly following or we are
understanding what he is teaching and if we do not respond he tries to make us
understand that it's good to ask questions in whatever we don’t understand. So
when we ask questions he clarifies us and we gain that knowledge... He
encourages the students...” (B2P/1, 283-286, 292-295, 297).

The above quotes of students from the interviews illustrate positive effects of the teaching

strategies and classroom interactions on students understanding of the subject.

There were also some students who expressed how they have been discouraged from
continuing with the study of physics and how the teacher’s style of teaching, by their clams, did
not effectively support their learning.

“...thisis what we are saying, this is the problem we physics students are facing
today, em.., when we look into the learning environment, we find out that there
are no good things to back up em... the study of physics that is why most students

run away; in fact there is no laboratory in which we conduct most practical, all
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thing are theoretical which are not helping matters and this is one of the things
that make students run away because they don’t understand this, because practical
makes you understand more, that isjust the thing” (A2P/4, 300-305).

“...when we started learning physics, the first teacher that taught physics, he was
doing very well, but when they changed the teacher to afemale, | find it difficult
to flow and the femal e teacher that was teaching us physics was not really good at
physics. She was making it difficult for me that was why | don’t choose physics’
(C2NP/1, 51-55).

“...in SS 1, the teacher, the male teacher that taught physics was a very good
teacher but and | aso believe that female teachers are not good in teaching
science subjects like physics. The female teacher that took us physics was not
that sound, she was not teaching very well to our understanding” (C2NP/2, 57-
60).

“When | was in JSS our physics teacher is the basic science teacher, he always
talk about... also the basic technology teacher... they talk of light, he talk of plus
and minus, maximizing things and they don’t do practical, they just do it, they just
say it, they just say it theory and we don’t even understand what they are saying
and they don’t even care, they just say it...” (B2NP/1, 328-331).

The excerpts above represent claims of mainly non-physics students and those who could not
continue with the subject having lost interest in the subject as a result of the teaching strategies
adopted by their teachers. All these suggest that whether positively or negatively, the classroom

interactions and teaching strategies affect students’ physics enrolment and attainment.

In the next section, the classroom observation report of the researcher will be presented
for al schools observed. This is done to corroborate or otherwise, the claims of both the students
and the teachers on how physics lessons are conducted in the schools. The lesson topic being
observed together with the teachers’ and students activities of the observed lessons would be

reported.

6.7.1 Classroom obser vation of physicslessons
Classroom observation of physics lessons was made in 7 out of the 8 schools used in the

study. As explained earlier, the teacher in the 8th school was reluctant to have his lesson
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observed. The Science Classroom Observation Worksheet (SCOW), Classroom Observation
Schedule (COS) together with field notes made in observation sessions were used to obtain data.
In this section, the information and data regarding the topic taught, average age of the students,
teaching resources that were used, both teacher and students activities during the observed
lessons and the duration of the classes observed are presented. Table 6.17 summarizes the

observations of the 7 lessons in 7 schools.

The national physics curriculum as used in Nigeria at the time of the study would form
the basis of the evaluation or assessment of the teaching and learning as observed for the lessons,
especialy in terms of the curriculum proposed teacher and student activities, together with the
resources and facilities the curriculum suggests to be utilized for effective teaching and learning
of the topics that were taught. Each of the lessons would be evaluated and at the end, what
teaching strategy that has been used would be highlighted and compared with the claim of both
teachers and students as presented above.

6.7.1.1 Classroom observation of lesson in school A1

This is school A in Zone 1. The school is a coeducational school. The topic taught was
‘Types of waves'. Although this topic was expected to have been taught in the Senior Secondary
2 (SS2) class as could be observed from the physics curriculum for secondary schools in Nigeria,
the SS 3 students in this school were taught the topic. The curriculum document suggests the use
of rope or dlinky as ‘teaching and learning materials' . Under the teacher activities, the curriculum
suggests the teacher ‘provide rope and slinky to demonstrate transverse and longitudinal waves
while students were expected to ‘use the rope and the dlinky to demonstrate transverse and
longitudinal waves (FME, 2009:18). A look at Table 6.17 shows that the teacher neither used
any of the suggested teaching and learning materials nor any other teaching resource to facilitate
learning and students’ understanding of the concepts. A resourceful teacher who strives to make
a student learning-friendly classroom environment, would at least provide a rope (if the dinky is
not available and could not be obtained) or possibly ask students to come with one with adequate
permission and communication with parents and school authorities. Clearly as shown in the
table, neither the teacher nor the students activities reflect the suggested activities by the

curriculum. The teacher was simply teaching by lecture method, while the students passively
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listened and took notes. Clearly, the teaching strategy used here is more of the lecture method
and nothing of demonstration.
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Table: 6.17: Classroom observation summary of physics lessons

School Topic taught *Resour ces Observed Activities
Code used Teacher Student
Al Types of waves Review of previous lesson, introduce new lesson, Answer questions,
- explaining, telling, questioning, note giving passive, listening, note
copying
Bl Heat energy: Questioning, review of previous lesson, introducing Answering questions,
Temperature and its new lesson, explaining, illustrating (showed studentsa listening passively,
measurement Thermometer thermometer and passed on from one student to observing thermometer,
another), telling, writing key points, note giving note copying
C1 Capacitor and Recall previous lesson, introduce new topic, lecture Listening, passive,
capacitance - (informing), Occasionally questioning, explaining, answer questions, note
note giving copying
D1 Electromagnetic field Review of previous lesson/Questioning, introducing Answer questions,
- new lesson, lecture (telling), explanation, Note giving  passive, listening, jotting,
Note copying
B2 Simple AC circuit - Introducing new lesson, teaching (telling), Explaining, Passive, listening, note
note giving copying
Cc2 Resistors. Factors Started with a math problem from previous lesson, Listening, answer
affecting resistance of - introduced new topic, lecture-listing factors, guestions, passive, asked
awire explanations, dictating notes guestion, listening,
copying notes
SC Waves: Review of previous |esson/Questioning, explanation, Passive, Answer
Characteristics, types - problem solving guestions, listen, take
and properties notes

(* Asteachers are expected to use available materialsin the classroom to facilitate learning, basic materials like the chalk and chalk

board which are expected to be used by all teachers are excluded as teaching resources and are not listed)
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6.7.1.2 Classroom obser vation of lesson in school B1

School B1 is school B in zone 1. The school is one of the coeducational schools that were
used for the study. The teacher was observed teaching the Senior Secondary 2 (SS2) class on the
topic: ‘Heat Energy: Temperature and its measurement. The teaching and learning materials
recommended by the curriculum for this topic are thermometers — different types of liquid-in-
glass thermometers, container with moveable position e.g. Bicycle pump or round or flat
bottomed flask with delivery tube connected to a water manometer, glass capillary tube, biro
tube, coloured water, hot water, cold water, beaker and Bunsen burner. As part of the teacher
activities, the teacher was expected among others to “demonstrate (1) how to cdibrate a
thermometer in Celsius scale (2) how to construct a resistance thermometer and a thermocouple”,
while students were expected to “Calibrate a thermometer in Celsius scale and to construct a
resistance thermometer and a thermocouple and use them to measure the temperature of water
and immediate environment” (FME, 2009:11). It is worth noting that part of the performance

objectives for this lesson states that:

“students should be able to: construct a device for measuring the temperature of a
body, use the variation of: pressure of a gas with temperature, the expansion of
solid, liquid or gas with temperature, electrical resistance of a material to measure
the temperature of abody” (FME, 2009:11).

The teacher skipped the students’ hands-on activities that would have exposed them to skills and
knowledge necessary to meet that performance objective. The teacher smply came to class with
a mercury-in-glass thermometer and passed it on to students at a point, who took turns as it was
moved round to ‘touch’ and ‘observe’ the lower and upper fixed points. Teacher and student
activities as prescribed by the curriculum document were not carried out in the lesson. The
teacher theoretically explained and informed the students, for instance, of the effect of variation
of pressure and electrical resistance on temperature. It is however important to observe that of
the 7 lessons observed, it was only in this school that the teacher employed a resource — the
thermometer, although not adequate, but somehow, to possibly facilitate learning. That
notwithstanding, it is evident from the Table 6.17 considered in view of the expected teacher and
student activities in class, that no demonstration activity took place in the class either by the
teacher or the students. The lecture method could be used to best describe the teachers’ approach.
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6.7.1.3 Classroom observation of lesson in school C1

Thisisthe girls school in Zone 1. It was one of the two girls' schools that were used for
the study. The Senior Secondary 3 (SS3) class was observed with the teacher teaching the topic:
Capacitor and capacitance. The topic is a sub-topic under the topic ‘Electric fields that is
grouped under the theme: Fields at rest and in motion in the SS3 physics curriculum. As teaching
and learning materials, the school physics curriculum suggests the use of copper plates,
connecting wires, centre-zero galvanometer, cells/accumulators and capacitors. On the teacher
activity, the physics curriculum did not state any activity for the section covering ‘ capacitance
and capacitor'. There were however 2 stated activities for the students: “Determine the
equivalent capacitance for: series, parallel arrangements of capacitors’ and to “Calculate the
energy stored in a charged capacitor for given values of V, Q and C” (FME, 2009:8). Although
there were no stated teacher activities, it may therefore be implied that if students were to

‘determine the equivalent capacitance...’ then the teacher should demonstrate that determination.

It was observed during the lesson that no teaching and learning material (as prescribed by
the curriculum) was used for the lesson. Also, there were no activities that involved the students.
If resources were available, one would imagine that the lesson would have been more interesting
with better learning taking place if the teacher had exposed students to some hands-on activities
of connecting capacitors in parallel and serial connections to determine for instance, the
capacitance. The teacher was observed writing down relevant formulas and solving problems
while the students occasionally answered questions from the teacher and ‘watched’ on with
some, copying from the blackboard into their note books. There was no student-student
interactions neither were students on individual basis given some tasks or problems to solve with

the teacher facilitating the classroom experience of the students.

6.7.1.4 Classroom observation of lesson in school D1

School D1 is the school coded D in zone 1. It is the only single-sex boys' school in the
zone and one of the two boys' schools that were used for the study. The physics teacher was
observed teaching the topic: Electromagnetic field. To teach the topic, the curriculum suggests
the use of the following teaching and learning materials or resources — solenoid, bar magnet, soft
iron, DC source, galvanometer, plug key, connecting wires and a model transformer. As part of
the activities for the teacher, he is expected to “show the relationship between the directions of
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the magnetic field, current and the force by using a current carrying wire in a magnetic field
using Fleming's left hand rule”. The teacher was also expected to “show the effect of passing
current through two conductors: paralel in the same direction, parallel in the opposite directions,
perpendicular to each other, at an angle to each other such that 0°<6<90*" (FME, 2009:10). For
students’ activities, they were required to “investigate the effect of passing current through a
solenoid in a magnetic field, investigate the effect of rotating wire in magnetic field, investigate
the effect of moving a magnet in a solenoid or coil carrying current near a solenoid” (FME,
2009:10).

As could be seen in Table 6.17, no teaching and learning material other than chalk and
chalkboard was used in the teaching of Electromagnetic Field in this school. The curriculum
suggested teacher and student activities were also not carried out as no demonstrations were
observed during the lesson. The teacher stated the Faraday’s and Lenz's laws, writing on the
blackboard and making explanations to the students. Students on their part were observed to be
passively listening and occasionally answering questions thrown at them by the teacher. The
teacher was not seen showing ‘the effect of passing current through two conductors’ neither were
the students seen carrying out ‘investigations as suggested by the curriculum document. At the
end of the lesson, the teacher gave notes on the lesson to the students who were observed
copying from the board into their note books. It is very likely that students taught with adequate
resources as prescribed by the physics curriculum are more probable to show understanding of

knowledge and skills than those taught by theory without hands-on activities or demonstrations.

6.7.1.5 Classroom obser vation of lesson in school B2

This is the coeducational school in zone B. The senior physics teacher who teaches the
certificate class (SS 3) was observed for the lesson. The topic taught was ‘Simple AC circuit’ -
that is, smple Alternating Current circuit. To facilitate the effective teaching and learning of the
topic, resource materias that are prescribed for this lesson as contained in the curriculum
document are: capacitors, inductors, resistors, voltmeter (0-500V), connecting wires, A.C source,
and break and make switch. As activities for teachers during the lesson as contained in the
curriculum, the teacher was expected to “use vectors to show the directions of resistance,
inductance and capacitance in an A.C. circuit” students on their part were to “calculate current in
a smple A.C. circuit” (FME, 2009:12). As part of the performance objectives both in the
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curriculum and as stated by the teacher, students at the end of the lesson “should be able to ...
determine current in circuits containing: resistance and capacitance, resistance, inductance and
capacitance” (FME, 2009:12). By the provision of the curriculum, the suggested teaching and
learning materials were expected to be utilized both by the teacher and the students at
appropriate times during the lesson to ‘determine’ the current in circuits as students' hands-on
activities. As could be seen from Table 6.17, no resource was used in the classroom either by the
teacher or the students in the course of the lesson. The teacher used the black board extensively
writing formulas and drawing out relationships in the mathematica expressions between
guantities. Students were generally passive, occasionally answering questions from the teacher.
The teacher did not provide the forum for students to reflect on the content or interact with one
another on the content. At the end of the lesson, the teacher asked for questions with no student
asking any. The teacher then gave notes of the lesson and students were noticed copying from

the board into their notes.

6.7.1.6 Classroom observation of lesson in school C2

School C2 istheonly girls' school in Zone 2. It is a senior secondary school and had only
one physics teacher who teaches all the 3 classes. The teacher, who was observed in the SS3
class, taught the topic: Factors affecting resistance of a wire. This topic is one of the subtopics
for the SS 1 class under the “Electric Field”. As the observations and indeed the data collection
for the this study was carried out barely 2 months to the conduct of the senior secondary school
certificate examination SSCE, it is very likely that the teacher may have revisited that topic as a
way of revision. The teaching and learning materials expected to be used by the teacher and
students for this lesson as specified by the physics curriculum include célls, resistors, ammeters,
voltmeters, bulbs, keys and connecting wires. The physics curriculum also specified certain
activities for both the teacher and students to “stimulate creativity and develop process skills and
correct attitudes in students” (FME, 2009: iii). The teacher was expected to “illustrate the
importance of fusesin electric circuits by setting up a short-circuit”. For student activities for the
lesson, students were expected to “make electric circuit from an electric cell, key, ammeter,
voltmeter and resistor in: parallel, series.” Also, they were required to “investigate factors
affecting electrical resistance” (FME, 2009:10, 11). A look at Table 6.17 reveals that the required
teaching and learning materials for the lesson were not utilized. Also, the teacher was not seen
illustrating any aspect of the lesson with resources as required by the curriculum as he only went
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into the class with his lesson note book. The students also did not carry out any hands-on activity
like “making an electric circuit’ or ‘investigating’ the factors that affect electrical resistance as
suggested by the curriculum. Interestingly in this class, the teacher listed and attempted to
explain the 4 factors that affect electrical resistance — material of the wire, length of wire,
temperature and cross-sectional area of the wire. A student then asked the teacher to explain
what cross-sectional area meant. The teacher drew a rectangle on the board and struggled to
explain how the area of arectangle is the product of its length and the breadth. That response of
the teacher was indeed misleading and may not have helped the student as electrical wires are
generally cylindrical. It may be thought that the use of wires of varying sizes or diameters by the
teacher in illustrating his lesson would have better facilitated the students’ understanding of the

concepts.

6.7.1.7 Classroom observation of lesson in the Science College

The SC is a specialist science college that is located in LGA16 of the state. The school had
very well equipped science laboratories for Biology, Chemistry and Physics respectively. During
the time of visit, it was noticed that all physics lessons were taught in the classroom. For the
class observation, one of the three physics teachers in the school was observed teaching the SS 2

classin their classroom.

The topic the teacher was observed teaching was. Waves — characteristics, types and
properties. For the effective teaching of this topic, the curriculum has suggested the use of
teaching and learning materials to support and enhance students' learning experiences. Materias
required for this lesson are rope or dlinky, ripple tank or wide transparent plastic bowl, thin
horizontal bar ruler, water, ray box, plane mirror or concave mirror, screen, source of sound,
reflector, hard surface, source of heat, optical pin, glass block and triangular prism. The physics
curriculum document also has some activities specified for the teacher and students which are
thought would enhance learning. The teacher was expected to “provide rope and slinky to
demonstrate transverse and longitudinal waves’ under the types of waves, while the students
were expected to “use the rope and the slinky to demonstrate transverse and longitudina waves’
(FME, 2009:18). The curriculum aso provided for teacher and student activities to investigate
the aspect of the properties of waves. The teacher was expected to “set up the ripple tank to

produce various waves, demonstrate reflection of sound from: wrist watch by a reflector,
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reflection of heat energy by a polished surface and to lead the class to discuss properties of
waves’ (FME, 2009:19). Unfortunately, during the class as observed, none of the demonstrative
activities of the teacher was carried out during the lesson. The teacher was aso not seen leading
the class to “discuss’ as was prescribed by the curriculum developers. The teacher was observed
more of “lecturing” as he listed wave types and their properties and gave explanations with

occasional recall questions which some students responded to.

Also the student activities were not carried out. The teacher did not provide any of the
required teaching and learning materials for the topic. Students were also not encouraged to
express their understanding or contribute in a way of discussion of the content other than
responding to some recall questions from the teacher. The situation in this school is one in which
the resources for teaching are available but not utilized. This is so as the researcher saw the
equipped physics laboratory in the school. The senior physics teacher in the school during the
interview also held that his school had enough resources for teaching and demonstration at that
level.

“As far as SC is concerned, we have enough material resources - in terms of text
books, we have the textbooks, we have an available library stocked with books
where the students... even if you... if there is any particular text you don’t have,
it'sthere in the library. In addition to that, we also have an e-library with al the
facilities that the students can access for whatever materials they need. Also we
have our laboratories, though built over the years and al that, but the fact till
remains that we have the apparatus, enough apparatus to demonstrate at this level
whatever they are supposed to know” (SCT, 126-132).

One therefore wonders why available resources are not utilized. Although only one teacher
was formally observed in class, the researcher during visits to the school observed al three
physics teachers teaching physics in class at different times without materials. Bothered by the
observations and students' comments on non-usage of laboratory facilities, afollow-up interview
was held with the senior physics teacher who attributed the perceived lack of usage of resources
by students to the increasing number of students that do not match with the available resources

which are not expanded to meet up the demands of the growing school population.
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“The only thing the students can say about the lab is that as we speak to you now,
the lab is not as big as it should; because as the number of studentsis increasing,
there is supposed to be a commensurate expansion. But in terms of setting up...
having the materials to set up the practical, we have all that it takes. And when we
are having especially an externa exam like this, WAEC usually have their
reguirement, the apparatus they need in the school and if we do not have those,
we go and buy and put in the lab so as to make sure that those apparatus are there’
(SCT, 198-204).

When asked whether the students response was possibly as a result of late exposure to

laboratory and practical work, the teachers responded:

“Probably yes... probably that could be what they may be thinking. But there is
no way we could expose the students to laboratory work from SS1... you don’t
expect... because most of the topics in SS1 would not take them to the lab. It isin
2nd term in SS2 that we actually begin the laboratory work for SS2 and then SS3”
(SCT, 209-212).

That was the explanation of the physics teacher. This explanation may not be valid as the class
that was observed was an SS2 class and during the 2™ term yet, no teaching material was
employed to facilitate learning. At other times during the visits to the school, the SS 3 class was
observed being taught without resources. There are possibilities that teacher non-use of available
resources may also be a problem of lack of teacher knowledge in usage of the facilities or
inadequate teacher quality training in use of resources during training, which has not been
investigated in the present study.

The evidence of the classroom observation as reported above does not seem to support the
clam of most of the teachers (65%) that they use demonstration method in “every or almost
every lesson”. The observation report shows that 6 out of the 7 teachers observed, which
represents 85.7% did not utilize any teaching and learning materia in their physics lessons even
when the curriculum that guides their class activities had suggested the use of those resources to
facilitate the understanding of the students. Students did not also have the opportunity to
articulate their understanding of the concepts as they were generally not intellectually engaged.
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What was observed in the classrooms does not conform to the ideals of the physics curriculum as

specified in the document which states in part:

“In order to stimulate creativity and develop process skills and correct attitudes in
students, the course is student-activity oriented with emphasis on

experimentation, questioning, discussion and problem solving” (FME, 2009: iii).

Unfortunately, in all the 7 lessons observed, this lofty objective of the curriculum developers to
make physics teaching in schools to be “student-activity oriented” with key elements of
experimentation, questioning, discussion, and problem solving were completely absent. It may
only be assumed that the poor state of resource availability for physics teaching and learning in
most of the schools may explain the mix-match between the curriculum provision and its actual

implementation.

6.8 Effect of school climate and learning on teaching and lear ning
The opinion of both students and teachers was sought on how the quality of their school
life affects their learning and teaching. Results from both quantitative and qualitative data on the

effect of school climate on teaching and learning are presented below.

Students were asked to respond to the question on school climate related factors on a 5-
point scale of Srongly Agree, Agree, Disagree, Srongly Disagree and Can’'t say. Their
responses are presented in Table 6.18 and Figure 6.17.

Table 6.18: Students’' responses to school climaterelated factor s affecting their learning

School Climaterelated factors (% Responses)

Students  Get help School My physics  Adultsin At close
getadong iflneed  environment classmates  my school of school |
well with  frommy  friendly for are listento look
Responses  physics physics learning cooperative students  forward to
teacher teacher andfriendly  concerns another
school day
Strongly
Agree 27.9 28.2 27.3 36.4 15.8 46.2
Agree 45.0 48.6 455 44.3 48.9 40.6
Disagree 8.6 12.0 13.3 121 12.2 5.6
Strongly
Disagree 3.6 4.2 9.8 3.6 7.9 35
Can't say 15.0 7.0 4.2 3.6 151 4.2
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The result of students' response to issues that are related to school climate as presented in
Table 6.18 indicates that 72.9% of students are of the opinion that ‘ students get along well with
physics teachers in their schools (strongly agree and agree responses are here considered
together). 76.8% of the students expressed that they get help from the physics teachers when they
need any, while 64.7% agreed that adults in their schools listen to students’ concerns. Adultsin
this consideration include both teaching and non-teaching staff with whom the students daily
interact possibly as lab attendants, library staff, cleaners, etc. in a friendly and welcoming school
learning environment. The indication from these 3 elements of the school climate is that students
are happy and get necessary learning support from their physics teachers and other members of
staff within the school that in one way or the other have dealings with them as regards their life
in the school.

On generd school environment related factors that have to do with fellow students,
72.8% (both strongly agree and agree) of students were of the opinion that their school
environment was friendly for learning. 80.7% of the student respondents said “My physics
classmates are cooperative and friendly”, while 86.8% of the students were of the opinion that
“At close of school | look forward to another school day”. These elements of the school climate
are indicative that most students are happy to be school and that there was a reasonable level of

cooperation among students in afriendly atmosphere that supports teaching and learning.

60.0 -
50.0 -
8 400 -
S
§ 30.0 1 B Strongly Agree
x -
w 200 H Agree
100 1 Disagree
0.0 - ® Strongly Di
Studentsget Get helpif | School  my physics Adultsin At close of rongly Lisagree
alongwell need from environment classmates my school  school | = Can't say
with physics my physics friendly for are listento look forward
teacher teacher learning cooperative students'  to another

and friendly concerns  school day
School Climate related factors

Figure6.17: Students' responses on school climate factors
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The opinion of teachers was sought on the effect of school climate related factors on
teaching and learning in their schools. Some elements of school climate were listed and teachers
were asked to respond to the question: “In your school, to what extent is the learning of students
hindered by the following...” on a 4-point scale of ‘A lot’, ‘To some extent’, Very little’ and
‘Not at al’. The result of the analysis of the responses from the teachers is presented in Table
6.19 and Figure 6.18.

The result reveals that 41.7% of physics teachers were of the opinion that students' lack
of respect for teachers hinders teaching and learning ‘a lot’. 33.3% of teachers were also of the
opinion that ‘ disruption of classes by students hinders the learning of students‘alot’, while 50%
of the teachers indicated that students use of acohol or illegal drugs affects the smooth running
of school activities in the school. 58.3% were of the opinion that ‘bullying of students' in school
hinders the learning of students. On the effect of ‘poor student-teacher relationships’, only 8.3%
of teachers agree that it hinders effective teaching and learning ‘a lot’. However, as much as
41.7% of the teachers agree that it hinders students’ learning ‘to some extent’.

Table6.19: Teachers responsesto school climaterelated factors affecting teaching and

learning
School Climaterelated factors (% Responses)
Lack of Disruption of use of Poor student-
Respect for classes by alcohol or  bullying of teacher
Responses teachers students illegal drugs  students relationships
A lot 41.7 33.3 50.0 58.3 8.3
To some
extent 8 25.0 0.0 16.7 41.7
I\i/tflrg 50 25.0 16.7 8.3 33.3
Not at all 0 16.7 33.3 16.7 16.7

The opinion of teachers on school climate factors as presented above would suggest that
their school environments were not friendly and conducive for teaching and learning. This is
however contrary to the opinion as expressed by the students. Interestingly, both students and
teachers seem to agree that they enjoy a fairly good working relationship in school with only
8.3% of teachers indicating that poor student-teacher relationship affected students' learning ‘a
lot’” and 72.9% of students agreeing that they ‘get along well with their physics teacher’.
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Figure 6.18: Teachers responseson school climatereated factors

Some qualitative data from the interviews also threw some light on the classroom climate of
physics lessons in the participating schools in the study. For instance, on the question about their
interactions in physics lessons some of the students expressed a friendly working relationship
both with their peers and the physics teacher consistent with the quantitative data.

“some of the students are afraid to ask the teacher in the class they do meet one on
one with their fellow colleague and when heir colleague explain it will be better
than when the teacher taught them, and some of them that aso know it, when they
are confused in a particular place, they will go to the teacher’s staff room because
the teacher aways tell us that whenever we are confused in physics that we
should meet him that he is going to teach us on how we are going to go on that
place, so we also meet the teacher and the teacher correct us’ (A2P/5, 261-267).

The above expression suggests that students work cooperatively in a friendly atmosphere and

also have teachers who are friendly and supportive to the learning. The expression ‘some
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students are afraid to ask’ may not imply a poor student-teacher relationship, but possibly the
lack of self-confidence and public speaking in good English which may be a problem of some
students especially in the rural areas. This assumption is premised on the fact that the same
student also stated that those students who ‘know it" go to the teacher and that the teacher was

always happy to assist and support their learning even outside the normal class periods.

On the school environment and its effect on teaching and learning, some students
expressed that the poor infrastructure in the school and general poor environment do not promote
effective learning.

“well, al that | want to say is that the place that we learnisso ... in our class, the
place is so hot that you can’t even concentrate - as you see I’'m wearing tie,
wearing jacket, wearing singlet, wearing shirt, long sleeve, so everywhere is hot,
you can’'t even understand what they are teaching so that is a problem” (A2P/5,
354-357).

The view point of this student is that the poor state of infrastructure in the school — in this case,
lack of cooling systems and electricity to power them affect their concentration and may not
encourage effective teaching and learning. It is possible that under this scenario as described by
this student, some less motivated students and teachers may find reasons to be truant in schools.
The possible effect of the school physical environment on both enrolment and learning is

probably captured in the expression of another student:

“The environment is not nice and the environment may be harmful to students...
so we have to as in beg the government to help us out in this kind of environment.
And... some of the people that... asin we don’'t have many students is al about
the environment because if the environment is so bushy... bushy, some of our
parents will be afraid to send the students...em... the children to this school to

come and learn because of the environment” (D1P/3, 224-229).

This student has attributed the low students enrolment in the school to the poor school
environment. It may be important to mention here that the researcher observed students’ truancy
as during his visit for data collection, the teacher had to send words across through those present
in class at the time to assemble the students at a much later date both for the interview and the
PAT.
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6.9 Teachersprofessional development and teacher effectiveness

Teachers are important resource in the teaching and learning enterprise. According to
Hanushek (2011), to influence students’ attainment, teachers are the most important factors in
the school system than any other measured variable of schools. Teachers professional
development and competence is related to the quality of instruction as one of the 9 productive
factors of Walberg's educational theory. It is therefore very important that there are not just
teachers in the classrooms, but that the teachers in the classrooms are those who are very highly
gualified and are “worth their salt”. There is research evidence that associates effectiveness with
teacher-professional development. In the view of Wei, Darling-Hammond, Andree, Richardson
& Orphanos (2009), “improving professiona learning for educators is a crucia step in
transforming schools and improving academic attainment”. According to them, “to accomplish
this, schools - with the support of school systems and state departments of education - need to
make sure that professional learning is planned and organized to engage all teachers regularly
and to benefit all students” (p. ii). This position assumes that if teachers are effectively trained
professionally, then students they teach would ‘benefit’ from such quality of training in way of
effective learning and better academic attainments. The National Center for Learning
Disabilities, NCLD (2010), opined that the teachers “understanding and mastery of pedagogy
and subject matter, together with their ability to apply effective teaching practices, are the keys
to learning for all students’ (p.1). It further stated that “teacher performance and effectiveness
must be measured with valid and reliable assessments of teacher knowledge and classroom
performance that are linked to student learning” (p.2). It is therefore important that teachers
receive good support from their employers for good classroom teaching practices that would

ensure effective learning of students especially in science classrooms.

Considering the relevance of teacher professional development, the Questionnaire for
Physics Teachers (QPT) contained an item that sought to capture teachers participation in
professional development activities in the past two years in the areas of physics content, physics
pedagogy/instruction, physics curriculum, integrating Information Technology into physics,
improving students' critical thinking or inquiry skills and physics assessment. The result of

teachers’ responseis presented below.
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Table 6.20: Teachers' participation in professional development activitiesin the past

2years
Areasof TeachersParticipation in Professional Development
PDin
PDin Improving
Integrating  students
PDin information  critical
PDin Physics technology  thinking PDin
Physics pedagogy/ PD in Physics into orinquiry  physics
Response content instruction  curriculum physics skills assessment
Yes 6 (42.9) 5(35.7) 5(38.5) 4 (28.6) 7 (50.0) 5(38.5)
No 8(57.1) 9(64.3) 8(61.5) 10 (71.4) 7 (50.0) 8 (61.5)
Totad 14 (100) 14 (100) 13 (100) 14 (100) 14 (100) 13 (100)

Table 6.20 above shows the participation of teachers in continuing professiona
development activities in the past 2 years. The Table reveals that apart from professional
development activities in ‘improving students’ critical thinking or inquiry skills' where 50% of
teachers say they have attended in the last 2 years, most teachers do not attend CPD trainings or
activities in the other areas as reflected in the Table with less than 50% of the teachers
participating in professional development activities in those areas. The worst is in the area of
‘integrating information technology into physics with only 28.6% of teachers saying they have
attended CPD activities in that area. Both teachers and students have expressed the lack of
computer facilities and utilization in their physics lessons. For instance, 92.9% (See Table 6.8) of
teachers say they “never use computer as a teaching or instructional material”. Also, 98% of the
students revealed that they “never” use DV Ds and videos in physics lessons. Similarly, 91.7% of
students said they never use computer simulations on physics in their lessons in school while
94.5% said they have never watched their teacher demonstrate physics on a computer (See Table
6.12).

223|Page



Percentage of Teachers' response

100

80

60

40

20

Physics content

M Yes

H No

Physics Physics curriculum  Integrating ITinto  Improving students’ physics assessment
pedagogy/instruction physics critical
thinking/inquiry skills

Figure 6.19: Areas of teachers participation in Professional Development

224 |Page



The poor attendance of physics teachers to professional development activities as shown
above may have been as aresult of the attitude and modus operandi of school administrators and
managers on the organization of such programmes. Responding to a question on teachers
continuous professional development as to whether or not physics teachers have enough training
and retraining activities to enhance their effectiveness, the physics teacher in School B1 had this

to say:

“Yes, |, most times | take it upon myself to enrol to upgrade my knowledge in
teaching of physics especially the sciences. | take out part-time studies. Recently
| just finished a progranme with Niger Delta University to do my PG in
Technical Education so as to give me more knowledge and more ground on how
to teach the technical sciences...the Ministry do organise refresher courses, but
not for all science teachers per say, they normally call the most senior schools...
at times, in aregion like this, they can just call for 2 or 3 teachers and which does
not augur well for all the other schools. If the 2 or 3 teachers from the zone go,
they will not come back to impart the same knowledge which they have acquired
to the other teachers which were not privileged to be part of that workshop, soitis
not awelcomeidea’ (B1T, 143-146, 151-156).

It is possible that the level of attendance of teachers to professional development
programmes and activities, may improve if school authorities realize the need to fund the
training and re-training of their teachers especially in areas of current research findings and
proven innovative science teaching and learning approaches, which the teachers may employ for
effective classroom teaching and learning activities. All science teachers are supposed to gain
from such training programmes so that students they teach would also ultimately not be
disadvantaged and would benefit from the wealth of experience, knowledge and skills teachers

would gain from such professional development activities.
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Chapter 7: Discussion of findings

7.1 Introduction

The findings of the study and answers to research questions have been systematically
presented in the previous chapters - 4, 5 and 6. Chapter 4 particularly provided contextual data
and basis for the schools used in the research while in chapter 5, both quantitative and qualitative
data and of students' enrolment and attainment in the senior secondary school physics were
presented. In chapter 6, findings on the availability and utilization of resources for the teaching
and learning of physics were reported. This chapter deals with the discussion of key findings
from the study. The discussion of findings is discussed in this chapter under 9 main sections. In
section 7.2, the chapter addresses the first sub research question on students enrolment for
physics in the senior secondary school certificate examination. The pattern of attainment in the
certificate examination in relation to the second sub research question is discussed in section 7.3.
The relationship of teacher qualification and experience to students’ enrolment and attainment is
discussed in section 7.4, while section 7.5 discusses the availability of resources for the teaching
and learning of physics in secondary schools in Nigeria. Section 7.6 deals with the utilization of
physics resources for teaching and learning. In section 7.7, the effect of availability and
utilization of resources on physics students' enrolment and attainment in secondary schools is
discussed. The teaching strategies and classroom interactions adopted by physics teachers are
discussed in section 7.8 while in section 7.9, the influence of teachers teaching strategies on
physics students’ enrolment and attainment is discussed. Finally, section 7.10 presents discussion

on school climate and its effect on teaching and learning.

7.2 Physicsenrolment in post compulsory secondary classes
Discussion in this section is guided by the sub-research question:

What is the level of enrolment for physics in the Senior Secondary Certificate

Examination?

The enrolment data of students in physics, chemistry and biology for 10 years (2004-
2013) in Nigeria has been shown in chapter 1, while that for Rivers State was presented in
chapter 5. In Nigeria, students make choice of subjects at the beginning of the post-compul sory
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classes of their secondary education. In the 3rd year, which is aso the final year of secondary

education, students enrol for the senior secondary school certificate examination, SSCE.

On students' enrolment for physics in the senior secondary certificate examination in
Nigeria, the finding of this study suggests that there is a low level of students enrolment for
physics after the compulsory years of secondary education in Nigeria. Also, that students prefer
to choose biology to physics as a result of the nature of physics, perceived lack of relevance of
most physics concepts to everyday life, perceived difficulty of physics compared to biology and
the practical nature of biology. Findings from the study also suggest that students and teachers
were of the opinion that the low popularity of physics among studentsin Nigeriais as aresult of
‘lack of qualified physics teachers', ‘teaching physics by theory without practical work’, ‘lack of
laboratory equipment for demonstration/experimentation’ and ‘lack of guidance/counseling

services . These findings are discussed in the paragraphs that follow.

The data as shown in Table 1(a) reveals that nationally, an average of 33.4% of students
enrolled for physics at the senior secondary school certificate level. Chemistry had an average
enrolment of 35.1% while biology had as high as 99.4% enrolment on the average. The trend of
enrolment is not different in Rivers State as shown in Table 5.1 with physics having an average
enrolment of 43.8%, chemistry, 44.7% and biology, 99.0%. The results also show a near
consistent pattern of enrolment of students for the sciences in Nigeria. The number of physics
students relative to the total number of students in the SS3 class used for the study in the
participating schools is presented on Table 5.2 and shows that an average of 33.3% of the total
number of students enrolled for physics after the post compulsory stage of secondary education.
The science college was not used for that calculation as all students in the school compulsorily

choose physics.

As may have been observed, nearly 100% of students enrol for biology both nationally
and in the state. The National policy on Education in Nigeria before that of 2013, made it
compulsory for students to choose at least one science subject: “Every student shall take all the
six (6) core subjectsin group A ...” (FRN, 2004: 21). The policy went further to list subjects in
the “core” classification as English Language, Mathematics, A mgor Nigerian Language, one of
Biology, Chemistry, Physics or Health Science, one of Literature-in-English, History,
Geography or Religious Studies and a vocational subject. Although the National Policy on
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Education for Nigeria did not specifically justify the compulsion of students’ choice of a science
subject, it isthought by the researcher that, that is the government’ s effort to encourage scientific

literacy among its popul ace.

On the preference of students for biology to physics, students involved in this study have
attributed the reason to the nature of physics, perceived lack of relevance of most physics
concepts to everyday life, perceived difficulty of physics compared to biology and the practical
nature of biology. These findings are consistent with the findings of some other researchers as
evidenced in literature that explain why students prefer biology to physics or chemistry when
they are required to make a choice. For instance Williams, Stanisstreet, Spall, Boyes & Dickson
(2003) reported that students perceive biology to be an interesting subject while physics is
perceived as boring while Erinosho (2013) concluded that the reason why students prefer biology
to physics at the post compulsory stage of secondary education is as a result of the more abstract
nature of physics. Also, Lyons (2006) examined the declining enrolment in physics and
chemistry in Australia and reported that must students perceived Junior high school science as
irrdevant, difficult and uninteresting and so were reluctant to choose physics and chemistry. The
link of students' interest and perception of the difficulty level of a subject to the choices they
make at the post compulsory stage of education is significant as studies have shown that what
students find interesting and understandable, they learn best and tend to choose for further
studies (Erinosho, 2013, Williams et al., 2003).

Also, the report of this study on the low enrolment of students for physics in post-
compulsory secondary education in Nigeria agrees with the conclusions of some earlier
researchers in Nigeria. For instance, Aina & Akintunde (2013) concluded that there was low
choice of physics among secondary school students in Nigeria. Bukunola & Idowu (2012),
Olufunke (2012) and Akanbi (2003) al concluded that when students have the option to choose

their subjects, they drop physics for other science subjects.

The problem of low enrolment of students in physics after the years of compulsory
secondary education seems not to be peculiar to Nigeria. In Kenya, Wambugu & Changelywo
(2008) and Musasia, Abacha & Biyoyo (2012), for instance, reported that the national enrolment

in the final class of secondary education shows physics as the least studied science subject
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among students. The situation is similar in South Africa as Mundalamo (2006) observed a

decreasing number of students who choose physics at the secondary school level.

The issue of low enrolment in physics has also been reported in developed countries of
the world (See for instance, Osborne, Simon & Collins, 2003; Smithers & Robinson, 2009;
Mullis, Martin, Robitaille & Foy, 2009; Woolnough, 1994; Bennett, Hampden-Thompson &
Lubben, 2011). Osborne, Simon & Collins (2003) reported that in England and Wales, physics
and chemistry were the two least popular subjects among post-14 students. Barmby & Defty
(2006) reported a decline in the number of students choosing physics in England, Wales and
Scotland with as much as 30% fall between 1985 and 2003 in Scotland. Sparkes (1995) had
much earlier investigated and compared the supply of physics teachers and students' choice and
attainment of physics in England and Scotland and reported that more young pupils in Scotland
choose physics. Although his study was conducted in 1989 and reported in 1995, he cited
OFSTED (1994) and stated that the proportion of students in England studying physics at post-
16 had remained the same at about 5%. Also, citing The Scottish Examination Board, SEB
(1992) and Croft (1992), he contended that for about 10 years (possibly, up to 1992), the number
of young pupils opting to study physics increased from 13 to 17%. The story may have changed
after over a decade and half as Smithers & Robinson (2009) agreeing with the earlier submission
of Barmby & Defty (2006) reported a 50% decline in the A level physics entries in the UK
between 1982 and 2006 and that there was aso a decline in the choice of physics in Australia,
Republic of Ireland, Finland, New Zealand and Scotland. However, a very recent report from the
Office of Qualifications and Examinations Regulation (Ofqual, 2015a) reveded that there has
been a consistent noticeable appreciation in the uptake of A level physics by young pupils in
England between 2007 and 2014. Also in the United States of America, there are reports of an
increasing numbers of physics enrolments among young high school pupils (Smithers &
Robinson, 2009; White & Tesfaye, 2011). The situation in Chinese secondary schools aso
appears cheering with more than 50% of young pupils in year 12 choosing physics after the
compulsory classes (Zhu, 2008; Bennett, Hampden-Thompson & Lubben, 2011).

This study also investigated the opinion of both teachers and students on the main school-
based factors that affect the enrolment and teaching of physics in secondary schools in Nigeria.
The responses of both students and teachers indicate that ‘lack of qualified physics teachers,
‘teaching physics by theory without practical work’, ‘lack of laboratory equipment for
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demonstration/experimentation’ and ‘lack of guidance/counselling services were the main
school-based factors that discourage students from choosing physics after the post compulsory
school classes (see sections 6.2, 6.6, Table 6.13 and Fig. 6.13). The finding of this present study
agrees with that of Aina & Akanbi (2013) and Erinosho (2013) who investigated the problem of
students' low enrolment in physics and reported that lack of qualified teachers and instructional
materials were some reasons why the enrolment of students for physics was low in Nigeria. The
finding of this study is also consistent with that of Semela (2010) who investigated the factors
the influence the choice of physics in Ethiopia and reported that poor teacher qualification and
pedagogical content knowledge were some reasons cited by students why few students choose
physics. Williams, Stanisstreet, Spall, Boyes & Dickson (2003) investigated why few year 10
secondary school pupils in the UK are interested more in biology than in physics. Their
investigation revealed that most students opt out of physics in the post-compulsory classes
because they generaly perceive physics to be difficult and irrelevant. Similar findings were also
reported in Netherlands when Stokking (2000) reported that perceived subject relevance and
appreciation where predicting factors for students' choice of physicsin Dutch secondary schools.
Although the perception of difficulty and irrelevance of the subject by students is not overtly a
school-based factor, teachers have a role in presenting the content of physics with applications
and illustrations relevant to the everyday experiences of |earners in the environment. Williams et
al. (2003) suggested that to encourage more participation in physics, teachers should “extend the
way in which they exemplify less popular areas of physics by reference to the more popular” (p
327). For instance, their study aso reported topics in physics that students find boring such as
‘forces’ and others that the students find interesting such as ‘space’. Explaining further on ways
of presenting physics content as relevant and interesting to students, Williams, et al. (2003)
suggested that “ perhaps more could be made of a discussion of the forces applied to a spacecraft
during take-off and in space, and the storage and use of energy sufficient for space travel”
(p-327). Williams and his associ ates possibly had pupils in developed countries in mind who may
be assumed to be familiar with simulations and video clips of space and space craft. This
ingenuity of seeking for ways of illustrating physics concepts with familiar experiences of the
learners is what is desired of physics and science teachers to inspire students’ interest in the

subject.
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From the foregoing, it is therefore important to identify policies and strategies engaged in
by government and concerned agencies on the popularization of not only physics but generally
science education among the student populace so as to ensure a more science literate society. In
this regard, the model in China where physics is made compulsory up to year 1lwith a
specialized ‘physics for art’ course (see Zhu, 2008) for the non-science students is worthy of
emulation. It is a'so worth mentioning that Chinese countries have been top in both mathematics
and science in TIMSS and PISA conducted by the OECD on 65 countries that make up about
90% of the world economies (see Kelly, Xie, Nord, Jenkins, Chan, & Kastberg, 2013; NCES,
2013). Another model that may also be considered for possible emulation and trial isthe ‘ physics
decadal plan’ proposed by the Austraian Academy of Science for the Australian government
(see Australian Academy of Science, 2012). The plan was a strategic vision for ten years from
2012 to 2021 with the goal of increasing the physics community in Australia and achieving a
physics literate work force that is intended to be achieved by amongst others, focusing on the
recruitment of suitably qualified physics teachers in all schools, seeking ways of attracting and
retaining pupils into physics at all levels of education and the use of physics evidence base to
inform the development of relevant policies in the country. It is hoped that if students are
encouraged to take up physics not only at the secondary or college levels but also at graduate and
post graduate levels with appropriate motivation and encouragement, the much needed quality
physics teachers would be readily supplied to the school system; they would further inspire and
motivate young pupils to choose the subject at the point of optional subject selection. Although
the successes or otherwise of the plan could not be obtained presently in literature, there are
possihilities that the implementation of such a policy could drive the uptake of physics among

students and increase physics literacy among the populace.

7.3 Pattern of attainment of physics students in