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ABSTRACT The present study sought to investigate the factors that influence effective teaching of chemistry in
the secondary schools in Buffalo City Metropolitan Municipality, Eastern Cape Province of South Africa. The
relationship between the students and teachers responses to these factors was critically examined. The instrument
used for data collection is a structured questionnaire developed from the literature review. It contained 30 items,
where 15 items were for the students and the other 15 items were for the teachers. The instrument used the 4-point
Likert format of strongly agree, agree, strongly disagree, disagree and were administered to one hundred and
twenty individuals comprising both students and teachers. The data was collected and analyzed using chi-square
statistical tool. The result showed that there is no significance relationship in the responses of students and
teachers to some of the factors considered. However, some suggestions were offered on how the management of
the schools, government and students involved could be improved on the factors highlighted to make the teaching
and learning of chemistry more effective and interesting.

INTRODUCTION

Chemistry has become one of the most im-
portant disciplines in the school curriculum;
its importance in the general education has
gained world-wide recognition. Chemistry as a
branch of science that is rational and mathe-
matical, discipline where certain measured and
controlled inputs lead to certain predictable
outputs (Learning Things 2014), was developed
greatly throughout the 20" century and intro-
duce in the curriculum of both the elementary
and secondary education, as part of science
courses or as separate discipline (Kasalta and
Tzougraki 2004).

It is worth to emphasize at this junction
that the field of chemistry, and science and tech-
nology are related to the economic heart of
every highly-developed industrialized and tech-
nologically advanced society (Burmeister et al.
2012). The benefit of learning and advancing
in science and technology can be intrinsic and
extrinsic, and such has been identified with
chemistry. Teaching and learning of science
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have significant roles towards technological de-
velopment in a developing nation since chemis-
try is embedded in our life and society, economi-
cal, ecologic and societal influences (Hofstein et
al. 2011).

The performance of students in science based
subjects like chemistry is closely related to their
theoretical and practical knowledge while some
are taught in isolation from the process of dis-
covery or the conceptual applications. This how-
ever, depends solely on the subject at various
classes and also on particular factors within and
without the teaching and learning environment
(Humeetal. 2011; Felder et al. 2013).

The practical experience also contributes an
integral part of chemistry science, the subject
consist of many topics that can be verified exper-
imentally with an objective to create an enabling
environment to stimulate student learning about
chemistry that is commonly presumed as abstract,
quantitative, and boring (Read and Kable 2007).
The availability of laboratory equipment’s, chem-
icals and materials, laboratory personnel, work-
ing conditions in the laboratory and safety mea-
sures, substantial recommended textbooks and
accurate periods allocated for the teaching of the
subjects (Adefunke 2008) are studied and care-
fully controlled, then effective teaching of chem-
istry could be achieved, which will in turn created
ascholastically rich, rewarding environment (at-
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mosphere) for the students to learn the basic
tools of science (Frank and Saxe 2012).

Furthermore, in some of the developing coun-
tries such as Nigeria, Ghana, Cameroon and Gam-
bia; proprietors, proprietresses and school prin-
cipals as the building leaders are influential per-
sonality to make change happen, take responsi-
bility for technology (Al-Rawajfih et al. 2010) or
any kind of innovations and enhance curricu-
lum implementation in the schools due to their
positions in policy making (Akbaba-Altun 2004;
Chang et al. 2008; Nnachi 2009). However, with
the take-over of schools from principals by the
government with the introduction of free educa-
tion, schools now depend solely on the govern-
ment for the provision of funds (Igbuzor 2006).
This also lead to the increase in the number of
students (Afangideh 2009) thereby, causing a
lot of problems in the teaching and learning pro-
cesses, especially, in the science and areas of
practical’s, inadequacy as a result of population
explosion. Overcrowded classrooms and gross
inadequate facilities are on the increase in the
developing nation’s school system (Esu and An-
yanwu 2008). In addition, inadequate funding
has contributed to inadequate facilities and re-
sources required for the successful implementa-
tion of school curriculum (Asebiomo 2009).

In the light of this, the aim of the present
research is to explore major factors influencing
effective teaching of chemistry in high school
which in turn increase or enhance the perfor-
mance of students in chemistry both in theory
and practical.

Literature Review

Factors Influencing Effective Teaching of
Chemistry

A greater deal of work has been done in an
effort to identify problem that are inherent in the
teaching of chemistry in secondary schools.
These factors influence the effective teaching
of chemistry which in turn plays a vital role in
the lives of the students as it affects their per-
formance. These include: physical classroom
and laboratory: instructional arrangement and
school management (Johnson 2011). The phys-
ical classroom and laboratory represents the
presence of good ventilation, availability of
good chalkboard, preparatory room, enough
chairs and tables, charts and clean environment.

The other factors include the presence of in-
structional materials in the laboratory such as
apparatus and chemicals (Owoeye and Yara
2011). The dissemination of information with to
students through bulletin boards, posters, and
charts, if well organized and accessible to stu-
dents will enhance assimilation and performance
in their academics. Finally, the school manage-
ment or organization is another vital factor that
may be considered before anticipating a good
result. The school management’s responsibility
now includes positioning of the school labora-
tory, school library, provision of essential ser-
vices like water supply, light, food, vendors,
counselor services and first aid services (Owo-
eye and Yara 2011).

Effective Chemistry Laboratory

A lot of concern has been show about the
inadequacy of science laboratory in South Afri-
ca. Laboratory has been given a central and dis-
tinct role in science education, and science edu-
cationalists have suggested that rich benefits in
learning accumulate from using laboratory ac-
tivities. The science laboratory is a setting in
which students can work supportively in small
groups to investigate scientific occurrences
(Aina2012).

To achieve the desired objective of effective
teaching of chemistry in secondary schools,
operational chemistry laboratory equipments
has to be provided but it is dish-eating to note
that most of our schools do not have functional
laboratories. Sam (2009) observed that infrastruc-
ture is often stressed as a result of the insuffi-
cient or incomplete laboratory equipments in
most of the public primary and secondary
schools both in the urban and the rural areas.
With inadequate laboratory infrastructures, the
students will be taken into the existing dilapi-
dated existing one if any. Effective science teach-
ing is the gateway to attainment of scientific
and technological greatness and this can be
achieved via integrating theory with practical
work (Abuseji 2007). Laboratory program is an
integral part of chemistry teaching as it is used
when (Owoeye and Yara 2011; Nwoye 2012):

¢+ It is needed as a means of obtaining and
learning scientific information,

+ Stimulates learners’ interests as they are
made to personally engage in useful scien-
tific activities and experimentation,
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+ Itisneeded as means of verifying scientific
principle, law or a theory that is already

known to the students,

+ It can be easily engaged with text books
and other learning materials,

+ Knowledge obtained through laboratory
work promotes long term memory.

Abdulahi (1982) in Harry (2011) said that even
though laboratory activities breed interest in
student’s attitude to science education, it does
not warranty realization of the goal of science
teaching and learning, rather the combination of
all the teaching and learning methods should be
used due to the variation in the students.

Practical work allows students to have expe-
rience that are consistent with the goals of sci-
ence literacy and have been used in many natu-
ral science disciplines to teach students of many
age spans in different cultural and classroom
contexts (Hofstein and Mamlok-Naaman 2007).
Thus, laboratory experience shoulders distinc-
tive importance for assisting students/ learners
to think through chemical concepts and enlight-
enments (Bond-Robinson 2005)

Emphasis has been placed on examination
to the neglect of practical knowledge gained in
the laboratory as observes by Okafor (1998). The
author pointed that effective laboratory facili-
ties are not provided for the teachers. Onaofo
(1993) had observed that equipment, material and
chemical are not stocked specifically for the
teaching of chemistry and the outcome of such
a situation is that most chemistry teachers han-
dle the subject negligently and superficially.
The student activities are completely neglected
and practical classes are held not according to
schedule but according to how convenient it is
for the teachers. Adefunke (2008) and Owoeye
and Yara (2011) observed that an important in-
gredient for the effective science teaching is an
appropriate items; laboratory equipment and
materials.

Rai (1985) viewed that a standard laboratory
should make provisions for:

+ Preparatory room with the following facili-
ties, like storage shelves for chemicals; stor-
age shelves for tools used for servicing
maintenance; trolleys for moving equipment
and chemicals about.

+ Central storage room; where dangerous
chemicals are kept.

+ Resource room where students carry out
their project work.
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+ Staff office for laboratory assistants and
technicians

¢+ Fume cupboard for preparation of poison-
ous gases

In-service Training for Chemistry Teachers

This is a program or training which enriches
the skills of the full time worker needed to carry
out their normal duties with a view of becoming
more efficient on the job. In-service training is
program that intended to provide updating, im-
provement, conversion and support to teaching
professionals along their careers; the training
actions can be drawn by schools, according to
the needs of their teachers or, simply, result from
the individual initiative of the teacher (Pereira et
al. 2013).

Teacher can be referred to as a catalyst that
brings about changes in the behavior of the stu-
dents/ learners. He/ She play a central role in the
actualization of educational goals and the sur-
vival of the educational system (Okecha 2008).
A continuous teacher training is the keystone
of improvement and transformation in schools,
for personal growth and professional develop-
ment (Abuseji 2007; Okoro 2011). In-service train-
ing can be in the form of on-the-job training,
workshops, post qualification courses, formal
or informal, structured or unstructured (Moham-
med 2006).

In-service on the job education create con-
ducive environment for further learning which
expose the workers to new development and
ideas in their area of study. It could also be re-
freshing courses which make the professional
not to lose grips with their skills, attitude or
knowledge. In some cases, the reward for such
training usually leads to a new rank or the ac-
quisition of better and higher status; hence, ab-
sent of this training affect the teachers in deliv-
ery of their duties effectively.

The importance of in-service training and
professional development of teacher has been
given serious thought and effort. Okoro (2011)
conducted a study on teacher education, school
effectveness, improvement and also stressed
that teachers require professional knowledge and
professional teaching skills, as well as a broad
base of general knowledge in order to carry out
instructional processes effectively . He further
suggests that teachers should be both academ-
ically and professionally trained. Higher academ-



608 IKECHUKWU PETER EJIDIKE AND AKEEM ADEWALE OYELANA

ic qualification and professional training improve
teacher effectiveness on the job. It is a source of
enthusiasm and devotion to teaching and helps
them understand students better than untrained
teachers. Dori and Barnea (2007) viewed that
training for the teachers should be conducted in
a comfortable and relaxed environment that is
conducive to change. The theory and rationale
behind the novelty and its detailed description
should be unambiguous; and training should
incorporate supervision and assistance from the
teachers who have grasped the new teaching
method and solved problems associated with
its implementation for a teacher’s training to be
effective and influential.

Students, Teachers and Government
Attitude towards the Study of Chemistry

The study on students’ attitude towards sci-
ence has been a fundamental feature of the work
of the science education research community in
the past 30-40 years (Osborne et al. 2010). Teach-
ing and learning is an encounter which demands
voluntary contribution from all party involved
to achieve the desired result in school system.
Attitudes, like academic achievement, are sig-
nificant aftermaths of science education in high
schools as research has confirmed that attitudes
are linked with academic achievement and that
attitudes predict behaviors (Cheung 2009). Dori
and Barnea (2007) opined that teachers’ attitudes
toward science are a critical stimulus on their
instruction and have a direct correlation to the
instructional methods they adopt. To bring
about conceptual change, it is equally impor-
tant to promote students’ awareness of the lim-
itations of the instructional methods/ models,
as it is to provide the learners with accurate in-
formation (Jaakkola et al. 2011). Adesoji (2008)
have investigated the effect of teacher-directed
and self-directed problem-solving strategies on
students’ attitude toward chemistry and came
to conclusion that if students were allowed to
develop higher cognitive processes through
problem solving strategies, either as teacher di-
rected or self-directed, their attitudes toward
chemistry might change positively.

According to various theories, the key to
success in any human endeavor is the desire of
that person (human motivation); motivation may

be rooted in the basic need to minimize physical
pain and maximize pleasure, or it may include
specific needs. This means that success or fail-
ure depends to a great extent on the interest or
attitude of the learners involved in learning mod-
els (Pyatt and Sims 2012). The attitude of chil-
dren in their school work is deeply affected by
the degree of encouragement their parents give
them and by their own level of emotional stabil-
ity. The students often muddle their parent’s at-
titude, where this happens, there is the tenden-
cy for them to exhibit positive or negative of
encouragement by way of information or dem-
onstration given or exhibited to them from the
onset. It, therefore, becomes imperative to esti-
mate students/ learners’ attitudes towards the
instructional medium and instructional approach
used for conceptual change to occur, and these
approach should: be developmentally appropri-
ate for students of all ages and ability levels;
facilitate conceptual change, cognitive conflict
and promote access for all students (Jaakkola et
al. 2011; Pyatt and Sims 2012). Cheung (2009)
reported that the correlation between high school
students’ achievement in chemistry and their
attitudes toward chemistry ranged from 0.24 to
0.41. Helen (2010), in her report reveals that poor
results in science subjects by girls may be at-
tributed to gender polarization and perception
towards the subjects. “Girls are expected to be
passive and subjective, and more interested in
people than ideas”. Francis and Greer (2006)
concluded that boys showed a more positive
attitude to learning chemistry than girls, but his
research examined one particular year group
while Barnes in Sydney used three items to mea-
sure student interest in chemistry by exploring
sex differences in enrolment intentions ex-
pressed by 449 year 10 students from five high
schools and concluded that males found chem-
istry more interesting than females (Cheung
2009). Subsequently, the promotion of favour-
able attitudes towards science, scientists and
learning science, as a component of science ed-
ucation, is a progressive matter of concern. Nev-
ertheless, the concept of learners’ attitude to-
wards science has become vague, and often
poorly enunciated (Osborne and Dillon 2010).
Students’ attitude toward science education
could be aroused through interest and motiva-
tion which gears towards the selection of the
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school courses and leads to the student careers
(Aschbacher et al. 2010; Harry 2011). Thus, the
attitude of students toward science and science
education could be either positive or negative
depending on the relative situation of the fol-
lowing: - (i) Age and previous experiences, (ii).
Sex differences, (iii). Student’s motivations, (iv)
Lack of text book, (v) Textbook contents, (vi)
Ability and aptitude of student, (vii) Teaching
and learning method, (viii). Classroom activities
(ix) Laboratory activities, (x) Academic Achieve-
ment, (xi) Home or family environment, (xii) So-
cial class of parents, (xiii) The culture and phi-
losophy of the student (Harry 2011).

Furthermore, on the part of government, cut-
ting backs in funding and unfulfilled promise
are the problems, where government promise
some allowances for the science teachers and
raise their moral surprisingly the promises are
not fufilled. (Nzekwe 2013). So lack of encour-
age to teachers by the government also contrib-
utes to ineffective teaching of chemistry. Ade-
funke (2008) stated that “most laudable educa-
tional programs in the nations (especially in the
developing countries) are usually wonderfully
planned but they usually crumble at the execu-
tion stage because of inadequate funding”. A
group of educators have argued that education,
being a fundamental human right, must be fund-
ed by the government since there are sufficient
resources to fund at least basic education for all
children. According to this group, the hindrance
to the realization of education for all children is
corruption, misplaced priorities, inequality and
poor policy choices (Okoro 2011). Abdullah
(2009) blamed government for mass failure in
chemistry and other science subjects due to
the following reasons: little resources are made
available without implementing effective gov-
ernment policies and servicing of education;
inadequate trained staff for monitoring and eval-
uation of schools; collapsed infrastructure, lack
of instructional materials; hostility of the envi-
ronment, inadequate laboratary trained and ex-
perienced personnel, inadequate professional
teachers’ development and funding of the
schools are inadequate.

The Learning Environment and the
Community Based Resources

It is almost impossible for a single school to
have all the necessary facilities for science teach-
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ing, then it will be important for the science teach-
er to look into the environment for community
based resourced. The term ‘learning environ-
ment’ is often related with the psychological or
emotional conditions of the classroom as well
as the social and cultural influences that are
present (Afari etal. 2013). The science and tech-
nology learning environments included the
classrooms, laboratories, library, workshops,
toilets, and sporting fields can promote pupils’
skills and knowledge through rich and various
characteristics (Doppelt 2006; Adefunke 2008).
The science teaching community denotes the
contemporary science environments which
should promote ““hands-on”’, inquiry-based ex-
periences and investigations that stimulate con-
ceptual change (Pyatt and Sims 2012). And
Hands-on can be assumed to physicality and
real conceptual change, that can upsurge en-
gagement and motivation via kinesthetic manip-
ulation of physical equipment and materials (Ak-
pan and Strayer 2010; Pyatt and Sims 2012).
Learning environment does not only include
the physical resources for learning, such as class
arrangements, computers or laboratory experi-
ment Kits, also re-counts the teaching methods,
learning styles and evaluation methods which
in-turn facilitates learning environments research
atall levels of education (Doppelt 2006; Helding
and Fraser 2013). Learning environment assess-
ments have been used in educational produc-
tivity research and in the evaluation of educa-
tional innovations (Chionh and Fraser 2009).
Learning environment research do involve in-
vestigations into associations between students’
cognitive and affective learning outcomes; per-
ceptions of psychosocial characteristics of the
classroom environments; evaluations of anthro-
pometry activities; as a source of process crite-
ria in curriculum or program evaluation (\Wolf
and Fraser 2008; Chionh and Fraser 2009); the
possibilities of adequate support for students
on a surface-feature level or on a deep-structure
level and informed on the cognitive demands of
establishing a coherent mental model (Harr et al.
2014). Ikoya and Onoyase (2008) and Adewuyi
and Okemakinde (2012) expressed that one of
the purposes of education is to give the stu-
dents the ability to appreciate good things and
live in beautiful surrounding which give rise to
pure thoughts and clean deeds. Jegede (2003)
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reported that failure in chemistry among the stu-
dents could result in part from the nature and
psychological classroom environment. It could
well be that in chemistry classroom, interaction
among teacher and their students are not con-
ducive for desired performance. The feature of
chemistry classroom in the college of education,
schools, higher institutions where chemistry
teaching subject is taught may not be condu-
cive for learning.

Ikeoji et al. (2002) summarize the following
as ways to make more effective use of communi-
ty based resources:

+ Motivation of the teacher’s resourcefulness.
The teacher should be motivated to look in-
ward to see alternative uses of community
resources in the day to day instruction.

+ An initiative for cordial-social community
relationship. The community hosting every
school should be made to accept their roles
in conducive environment where the learn-
ing can take place.

+ Retraining and workshop for science teach-
ers. There is need for science teacher (chem-
istry) to be re-trained for effectiveness.

Research Objectives

The purpose of the present study was to
determine the extent to which some factors have
influenced the effective teaching of chemistry
which is a foundation of science and technolo-
gy. The study therefore investigates the ade-
quacy of facilities available in chosen schools,
the adequacy of periods allocated for the sub-
ject (both theory and practical) and the type of
employed personnel for chemistry as well as the
type of recommended chemistry textbooks used
compared with the present syllabus.

RESEARCH METHODOLOGY

The study used the quantitative research
design and survey research method of data col-
lection. Five schools were selected in the Buffa-
lo City Metropolitan Municipality area. The
study involved twenty students and four teach-
ers selected at random to respond to the ques-
tionnaire in each school making a total of one
hundred students and twenty teachers in sec-
ondary schools in the Eastern Cape Province of
South Africa in the Buffalo City Metropolitan
Municipality selected town of East London. The

factors considered in the research include: stan-
dard and equipped laboratories; enough science
practical periods, relevant and recommended
textbooks, teachers academic and professional
qualifications. Data for the research study was
collected through self-administered question-
naires and the use of random sampling method.
The research instrument used contains two
questionnaires developed for the teachers and
the students of chemistry in the selected
schools. Questions related to the factors influ-
encing effective teaching of Chemistry are usu-
ally insightful. Participants in the survey were
assured strict confidentiality in order to obtain
the necessary information. Responsive ques-
tions such as the names and contact addresses
of the respondents were removed from the ques-
tionnaire. The questionnaire consisted of struc-
tured questions which made it easy for the re-
spondents to indicate their views. The use of
four-point likert scale questions enabled re-
sponded to indicate their opinion on various
factors influencing effective teaching of Chem-
istry in the Secondary Schools in Buffalo City
Metropolitan Municipality in the Eastern Cape
Province of South Africa. The likert scale is a
scale in which respondents indicate their level
of agreement with statements that express a
favourable or unfavourable attitude towards a
concept being measured, comprising of five cat-
egories (Cooper and Schindler 2003). Primarily,
five-point Likert scale consists of strongly dis-
agree, disagree, neutral, agree, and strongly
agree. But for the purpose of this study, four-
likert scale questions which consist of strongly
disagree, disagree, agree, and strongly agree
except for demographic questions were used.
Data analysis included Statistical Package for
Social Sciences (SPSS), using Chi-square of
goodness of fit test to confirm the authenticity
of the data collected as the statistical tool. The
empirical research for the study was conducted
in the main survey.

RESULTS AND DISCUSSION

The instruments designed for this study were
used to collect data for the study. A total num-
ber of one hundred students and twenty teach-
ers were given the test items which were collect-
ed for analysis. The statistical result is present-
ed in the table followed by a general discussion
of the results.
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Table 1: Chi-square for the students and teachers’
responses on the adequacy and inadequacy of
good recommended textbooks

Items Student Teacher  Total
Adequate good recomm- 83 15 98
ended textbooks (81.7)" (16.3)"
Inadequacy good recomm- 17 5 22
ended textbooks (18.3) (3.7)"
100 20 120

“Figure in the parenthesis is the expected score

From the result in the Table 1 as for the teach-
ers’ response to the adequacy of good recom-
mended textbooks of chemistry, the expected
value of 16.3 is greater than the observed value
of 15. This, however, contradicted the values
obtained in the response of student in which
the observed value of 83 is greater than the ex-
pected value of 81.7. This shows that there is no
relationship in the two responses. The observed
value for the teachers’ response to the inade-
quacy of good recommended textbooks of chem-
istry of 5 is greater than the expected value of
3.7. However, the students’ response to inade-
quacy good recommended textbooks gave ex-
pected value of 18.3 which is greater than the
observed value of 17. This shows that there is
no relationship in the two responses. To con-
firm this further, the data were subjected to chi-
square statistical tool and it was found out that
the calculated value of 0.6735 is lower than the
table value of 3.841(p>0.05) which shows that
there is no significance relationship in the re-
sponse of teachers and students as to the ade-
quacy and inadequacy of good recommended
chemistry textbooks.

Table 2: Chi-square for the students and teachers’
responses on the adequacy and inadequacy of
practical periods for chemistry

Items Student Teacher Total

Adequate periods
Inadequacy periods

33 (34.2)° 8 (6.8) 41
67 (65.8)" 12 (13.2)" 79
100 20 120

“Figure in the parenthesis is the expected score

From the result shown in the Table 2, 34.2
which is the expected value of students’ re-
sponse to adequacy of period allotted to chem-
istry is greater than the observed value of 33.
Besides, the expected value of 6.8 is lesser than
the observed value of 8 for the teachers’ re-
sponse. As for the response of students to the
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inadequacy of period allotted to chemistry the
observed value of 67 is greater than the expect-
ed value of 65.8 which is quite different from the
response of teachers in which the observed val-
ue of 12 is less than the expected value of 13.2.
Again, the overall expected value in the respons-
es of students and teachers to the adequacy of
period allotted to chemistry and that of the re-
sponses of the inadequacy of period allotted is
the same as the observed value. So, all these
figures show that there is no significance rela-
tionship in the responses of students and teach-
ers on the adequacy and inadequacy of period
allotted to chemistry.

Using Chi-square statistical tool, the value
for the Table 2 is 0.3849, which is greater than
the table value of 3.841(p>0.05) hence; it showed
that there is no significance relationship in the
responses of teachers and students on the ade-
quacy and inadequacy.

Table 3: Chi-square for the students and teachers’
responses on the adequacy and inadequacy of
chemistry laboratory

Items Student Teacher Total

Adequate chemistry 62 (64.2)" 15 (12.8)" 77
laboratory

Inadequate chemistry 38 (35.8)" 5 (7.2)" 43
laboratory

100 20 120

“Figure in the parenthesis is the expected score

The results obtained as indicated in Table 3
showed that , the value calculated for the stu-
dents’ response to the adequacy of chemistry
laboratory is 62 which is less than the expected
value of 64.2, while in the case of teachers’ re-
sponse, the calculated value of 15 is more than
the expected value of 12.8. Besides, for the re-
sponse to inadequacy of chemistry laboratory,
the value calculated from the students’ response
which is 38 is more than the expected value of
35.8. However, in the teachers’ response, the cal-
culated value of 5 is less than the expected val-
ue of 7.2. These two results show that there is
no relationship in the two responses that is
teachers’ and students’ responses to the ade-
quacy and inadequacy of the chemistry labora-
tory. When tested with chi-square statistical tool,
the calculated value was found to be 1.2609
(p>0.05) which is quite lower than the table val-
ue of 3.841and as result, it showed that, there is
no significance relationship in the responses of
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teachers’ and students’ as to the adequacy and
inadequacy of the chemistry laboratory. The re-
search questions showed that, lack of adequate
practical periods, adequate laboratory facilities
make the teaching of chemistry to be ineffective
in most schools used for the research. This was
supported by Adefunke (2008) and Asebiomo
(2009) in their series of experimental statements
said, “For effective teaching and learning of a
subject, there must be adequate learning and
teaching facilities such as good and well-
equipped laboratory experienced and qualified
teachers with good teaching methods.”

Adeyemi (2008) and Adesoji and Olatunbo-
sun (2008) described practical chemistry as can-
didate’s ability to use manipulative skills, accu-
rate and sharp use of five senses in a well coor-
dinate manner and ability to apply the knowl-
edge acquired to solve other problems. To
achieve this, enough materials, science and tech-
nology learning environment must be provided
to promote learners’ skills and knowledge
through rich and various characteristics (Dop-
pelt 2006; Helding and Fraser 2013). According
to Ojimba (2013), students learn more from sci-
entific lessons when they are given the oppor-
tunity to learn through doing the work them-
selves than when they are simply allowed to
watch. Hofstein and Mamlok-Naaman (2007) at-
tributed that:

“Laboratory activities appeal as a way to
learn with understanding and, at the same time,
engage in a process of constructing knowledge
by doing science”. He therefore advocated that
meaningful learning is possible in the laborato-
ry if students are given opportunities to manip-
ulate equipment and materials to be able to cre-
ate their knowledge of phenomena and related
scientific concepts. According to Hofstein and
Lunetta (2004) and Hofstein et al. (2005), school
laboratory activities have special potential as
media for learning that can promote important
science learning outcomes for students and pro-
fessional development experiences have the po-
tential to help teachers develop skills and the
confidence to construct effective learning envi-
ronments that include substantive science lab-
oratory experiences. Students enjoy measuring,
manipulating apparatus, classifying data, de-
signing experiments, hypothesizing and making
inferences.

Adeyemi (2005, 2008) observed that equip-
ment, material and chemical are not stocked spe-

cifically for the teaching of chemistry and the
outcome of such a situation is that most chemis-
try teachers handle the subject negligently and
very superficially and the science laboratory is
a critical variable in academic performance. The
student activities are most completely neglect-
ed and demonstration classes are held not ac-
cording to schedule but according to how con-
venient it is for the teachers. Abdullah (2009)
observed that an important ingredient for the
effective science teaching is an appropriate
items; of equipments and materials.

It was also discovered that the relevant chem-
istry textbooks were inadequate for the students,
thereby making the work cumbersome for the
teachers and thus ineffective. Textbook insti-
tutes an important tool for academic achieve-
ment; this is in support of Owoeye and Yara
(2011) and DomNwachukwu and DomNwachuk-
wu (2010) that most chemistry textbooks recom-
mended for use in schools are not comprehen-
sive enough and, therefore, hinder effective
learning among students. This at times leads to
the loss of interest in the subject as it would not
serve the primary aim of setting up to a good
foundation for the students on the subject. Text-
book exposes student to a common learning ex-
perience. The textbook is a potential valuable
asset to teachers due to the support and self-
confidence embedded therein (Igaro etal. 2011).
The issue of personnel was not left out in the
findings as most of the teachers handling the
subject are not professionals on the job, though
they are graduates. For instance, a biochemist
who had to teach chemistry in the secondary
school will not be as effective as a specialist in
the subject itself and this is what operates in
most of the schools visited. The few qualified
and experienced teachers only have few oppor-
tunity of attending in-service courses, work-
shops and seminars (Afolabi 2013).

This was supported by Ojibara (1998) in
Afolabi (2003) and Grissom (2005) emphasized
that the teacher is expected to be academically,
physically and intellectually fit in society at large.
It was further intimated that the teacher skills,
disposition and most especially teacher profes-
sional’s status could affect their efficiency at
desirable behavior and enhance the academic
achievement of the students. Adesoji and Ola-
tunbosun (2008) also stated that whatever the
profession, there is need for training to create
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awareness of the problems of that profession.
He stressed that such training, would improve
the level of competence for dealing with such
problems. This means that schools with stable,
experienced and qualified teachers usually have
better school facilities in terms of textbooks,
equipments and the laboratories than that school
which have difficulty in attracting experienced
and qualified staff. He further said that atten-
dance at chemistry workshop is expected to en-
hance the understanding of the teachers as to
the facilities which are necessary for students’
achievement in chemistry.

In-service on the job education create form
for further learning which expose the workers to
new development and ideas in their area of study.
It could also be refreshing courses which make
the professional not to lose grips with their skills,
attitude or knowledge. In some cases, the re-
ward for such training is promoting to a new
rank or the acquisition of better and higher sta-
tus in essence of this view, absent of this train-
ing affect the teachers in delivery of its duties
effectively and paying teachers’ enhanced sala-
ry to take care of their socio-economic needs to
avoid divided attention in their duty (Nbina 2010,
2012; Ojimba 2013).

CONCLUSION

The finding showed that, lack of adequate
practical periods, inadequate laboratory facili-
ties make the teaching of chemistry to be inef-
fective in most schools used for the study. It
was also discovered that the relevant chemistry
textooks were inadequate for the students, there-
by making the work cumbersome for the teach-
ers and thus ineffective. The issue of personnel
was not left out in the findings as most of the
teachers handling the subject are not profes-
sional on the job, though they are graduates.
Some of the respondents also highlighted that
some of the teachers teaching chemistry in the
high schools will not be as effective as a spe-
cialist in the subject itself due to inappropriate
educational qualification to teach the subject
and this is what operates in some of the schools.
The few qualified and experienced teachers only
have few opportunity of attending in-service
courses, workshops and seminars. Most of the
schools had no laboratory attendant and where
present, they are just school certificate holders.
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This makes the teaching of chemistry ineffec-
tive because the teacher has to over work him-
self/herself before presenting the lesson proper
to the student, and this may even discourage
the teacher in the area of practicals thus, affect-
ing the whole module.

In addition, the finding also showed that
only one school had ‘First Aid” materials in their
laboratory. This is also important and can make
the teaching of the subject to be ineffective as
little accident is always found to accompany
chemistry practicals and to reduce such, both
enlightenment program and availability of cer-
tain drugs must be sought for. From the analysis
of some of the high schools visited, it was dis-
covered that, those schools with adequate facil-
ities, like good and well equipped laboratories,
relevant and recommended textbooks, few num-
ber of chemistry students, with enough practi-
cal periods enjoy effective teaching of the sub-
jects by their teachers.

IMPLICATIONS OF THE STUDY

Generally, the implications of this study are
mostly relevant to the educators, teachers and
government as well as some other policy-mak-
ers in order to bring about changes in the learn-
ing environment and improve educational stan-
dard in the nation. The educators will see the
need to ensure that the areas of problem to both
the teachers and students will be handled. The
researchers may also locate gaps for research
based on the suggestions for further studies.

RECOMMENDATIONS

Considering the findings and the conclusions
drawn from this study, some recommendations
were made for effective teaching of chemistry.
These are:

+ As practical is an integral part of the sub-
ject. Then there should be well-equipped
laboratories with essential amenities like
water system, electricity and fire extinguish-
er, to mention but few.

+ Most importantly, the teachers’ academic
and professional qualifications should be
based on the required discipline, that is,
chemistry. Non-chemistry graduates should
not be employed to teach chemistry as this
will affect the effectiveness of such teach-
ers as he/she can easily run away from dif-
ficult topics.
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+ Another important factor is the employment
of qualified laboratory attendants to help
the teacher in preparation of laboratory for
practicals. This will make the work of the
teacher to be less cumbersome and thus
promote effective teaching.

+ Provision of relevant and up-to-date text-
books for both teachers and students will
also promote effective teachings as the
teacher can prepare ahead from different
textbooks and the students can also read
ahead of the class. Besides, the government
should prevent the infiltration of those ir-
relevant and low standard textbooks into
the schools.

+ the teaching of the subject to encourage
the student of the subject and to promote
effective teaching. This is because the
teacher would not need to rush over the
topics in an attempt to beat time.

+ Another important factor or suggestion is
the issues of the teaching methods. The
chemistry teaching methods must be re-ori-
ented. The curriculum for chemistry must
be properly addressed and the same of work
must not be overloaded. Further, because
what was discovered in the present
scheme of work is that, it is overloaded
and this does not call for effectiveness
on the part of teachers. As a matter of
fact, the classroom teachers should be
involved in the drawing of scheme for the
teaching of chemistry.

+ Lastly, prompt payments of teachers’ sala-
ries, allowances and organization of semi-
nar will promote effective of the subject.

LIMITATIONS AND AREA FOR
FURTHER RESEARCH

The study focused on only a small sample
size which was utilized in this study and did not
cover a large sample size and also, it’s included
only some selected high schools in the area but
did not cover all the high schools in the munic-
ipality area. This study investigated the factors
influencing effective teaching of chemistry in
high schools with a particular reference to Buf-
falo City Metropolitan Municipality, Eastern
Cape Province of South Africa, using 180 re-
spondents. The future researcher may repeat this
study by using larger population such as a whole
province or nation.

In addition, future researchers should focus
on such variables as improvisation of the sci-
ence equipment, the role of counselors in advis-
ing the students of their choice; contribution of
government policy and availability of industries.

ACKNOWLEDGEMENTS

To God be all the glory and praise, for His
tender mercies, loving kindness and grace to
carry out this research and to finish it well.

The researchers would like to express their
greatest gratitude to Dr. Atanda for his valuable
support, advice, enthusiasm and encouragement
during the period of the study. A special vote of
thanks goes to the teachers and students who
completed questionnaires.

The authors also wish to acknowledge
Goven Mbeki Research and Development Cen-
tre (GMDRC), University of Fort Hare for finan-
cial support.

REFERENCES

Abdulahi A 1982. Science Teaching in Nigeria. llorin.
Nigeria: Atoto Press Limited.

Abdullah NM 2009. Blame Government for Mass Fail-
ure — Mataimaki TonMaiyashi. Daily Trust: The
Online Edition. From <https://www.scribd.com/doc/
34545165/students-attitudes-towards-chemistry-in-
some-selected-secodnary-schools-in-akure-south-
local-government-area-ondo-state> (Retrieved on
29 October 2014).

Abuseji FA 2007. Student and teacher related variables
as determinants of secondary school students aca-
demic achievement in chemistry. Journal Pendidi-
kan, 32(1): 3-18.

Adefunke TO 2008. Quality assurance in the upper
basic education through effective curriculum imple-
mentation. Nigerian Journal of Curriculum Stud-
ies, 15(30): 23-33.

Adesoji FA, Olatunbosun SM 2008. Student, teacher
and school environment factors as determinants of
achievement in senior secondary school chemistry
in Oyo State, Nigeria. The Journal of International
Social Research, 1(2): 13-34.

Adewuyi JO, Okemakinde T 2012. Analysis of factors
influencing public expenditure on primary educa-
tion in Oyo and Lagos States, Nigeria (1990-2004).
European Journal of Humanities and Social Sci-
ences, 12(1): 522-536.

Adeyegbe O 1996. Essentials of Practical Chemistry
for Secondary Schools. Ibadan: Macmillian Ltd.
Adeyemi T 2005. The influence of the number of sci-
ence laboratories on students’ academic performance
in senior secondary examinations in Ekiti State,

Nigeria. Research in Education, 74(2): 91-98.

Adeyemi TO 2008. Science laboratories and the quali-

ty of output from secondary schools in Ondo State,



EFFECTIVENESS OF TEACHING OF CHEMISTRY

Nigeria. Asian Journal of Information Management,
2(1): 23-30.

Afangideh ME 2009. Curriculum implementation at
the basic education level. Curriculum Organization
of Nigeria: Curriculum Theory and Practice. Nige-
ria, pp. 168-179.

Afari E, Aldridge JM, Fraser BJ Khine MS 2013. Stu-
dents’ perceptions of the learning environment and
attitudes in game-based mathematics classrooms.
Learning Environ Res, 16(1): 131-150.

Afolabi CY 2013. The influence of gender, age, train-
ing and experience on teachers’ perception in Ado
and Efon Local Government Areas, EKiti State, Ni-
geria. International Journal of Academic Research
in Progressive Education and Development, 2(2):
36-45.

Aina KJ 2012. Challenges and prospects of primary
science teaching in Nigeria. Continental J Educa-
tion Research, 5(2): 32-37.

Akbaba-Altun S 2004. Information technology class-
rooms and elementary school principals’ roles: Turk-
ish experience. Education and Information Tech-
nologies, 9(3): 255-270.

Akpan J, Strayer J 2010. Which comes first the use of
computer simulation of frog dissection or conven-
tional dissection as academic exercise? J Computer
Math Sci Teach, 29(2): 113-138.

AL-Rawajfih A, Fong SF, Idros SNS 2010. Effects of
principals’ support on teachers’ self-efficacy in in-
tegrating e-learning in the Jordanian Discovery
Schools. Modern Applied Science, 4(9): 147-151.

Aschbacher PR, Li E, Roth EJ 2010. Is science me?
High school students’ identities, participation and
aspirations in science, engineering, and medicine. J
Res Sci Teach, 47(5): 564-582.

Asebiomo AM 2009. Teachers assessment of integrat-
ed science curriculum in federal capital territory
Abuja for effective implementation. Nigerian Jour-
nal of Curriculum Studies, 16(2): 173-181.

Bond-Robinson J 2005. Identifying pedagogical con-
tent knowledge (PCK) in the chemistry laboratory.
Chemistry Education Research and Practice, 6(2):
83-1083.

Burmeister M, Rauch F, Eilks | 2012. Education for
Sustainable Development (ESD) and chemistry edu-
cation. Chem Educ Res Pract, 13(2): 59-68.

Chang IH, Chin JM, Hsu CM. 2008. Teachers’ percep-
tions of the dimensions and implementation of tech-
nology leadership of principals in Taiwanese Ele-
mentary Schools. Educational Technology and So-
ciety, 11(4): 229-245.

Cheung D 2009. Students’ attitudes toward chemistry
lessons: The interaction effect between grade level
and gender. Res Sci Educ, 39(1): 75-91.

Chionh YH, Fraser BJ 2009. Classroom environment,
achievement, attitudes and self-esteem in geogra-
phy and mathematics in Singapore. International
Research in Geographical and Environmental Ed-
ucation, 18(1): 29-44.

Cooper DR, Schindler PS 2003. Marketing Research.
USA: McGraw-Hill Companies, Inc.

DomNwachukwu SN, DomNwachukwu CS 2010. The
Effectiveness of Substituting Locally Available Ma-
terials in Teaching Chemistry in Nigeria: A Case for

615

Science Education in Developing Countries. Pub-
lished Online First 17 March 2010. From <http://
onlinelibrary.wiley.com/doi/10.1111/j.1949-8594.
2006.th17920.x/full> (Retrieved on 10 October
2014).

Doppelt Y 2006. Teachers’ and pupils’ perceptions of
science-technology learning environments. Learn-
ing Environ Res, 9(2): 163-178.

Dori YJ Barnea N 2007. In service Chemistry Teach-
ers’ Training: The Impact of Introducing Computer
Technology on Teachers” Attitudes and Classroom
Implementation, International Journal of Science
Education Published online first February 24, 2007.
From <http://www.tandfonline.com/toc/tsed20/19/
5#.VE910CKUeSo> (Retrieved on 13 October
2014).

Esu AEO, Anyanwu SO 2008. Quality assurance in post
basic education: Instructional leaders/administrators
roles. Nigerian Journal of Curriculum Studies,
15(2): 96-102.

Felder RM, Felder GN, Diet EJ 2013. The Effects of
Personality Type on Engineering Student Perfor-
mance and Attitudes. Journal of Engineering Educa-
tion. Published online first January 2, 2013. From
<http://onlinelibrary.wiley.com/doi/10.1002/j.2168-
9830.2002.th00675.x/pdf> (Retrieved on 13 Oc-
tober 2014).

Frank MC, Saxe R 2012. Teaching replication. Per-
spectives on Psychological Science, 7(6): 600-604.

Francis LJ, Greer JE 2006. Measuring attitude towards
science among secondary school students: The af-
fecting domain. Research in Science and Techno-
logical Education, 17(2): 219-226.

Grissom JB 2005. Physical fitness and academic achieve-
ment. JEP Online. 8(1): 11-25.

Harlen W, Holroyd C 1997. Primary teachers’ under-
standing of concepts of science: Impact on confi-
dence and teaching. International Journal of Sci-
ence Education, 19(1): 93-105.

Harr N, Eichler A, Renkl A 2014. Integrating pedagog-
ical content knowledge and pedagogical/psycholog-
ical knowledge in mathematics. Front Psychol, 5:
1-9.

Harry IH 2011. Attitudes of students towards science
and science education in Nigeria. (A case study in
selected secondary schools in Obio/Akpor Local
Government Area of Rivers State). Continental J
Education Research, 4(2): 33-51.

Helding KA Fraser BJ 2013. Effectiveness of National
Board Certified (NBC) teachers in terms of class-
room environment, attitudes and achievement
among secondary science students. Learning Envi-
ron Res, 16: 1-21.

Helen C 2010. Restorative Practice in School: A Psy-
chological Perspective. Seminar Three: Inter-Dis-
ciplinary Perspectives on Restorative Approaches
to Conflict in Schools. From <http://www. restor-
ativejustice. org/10fulltext/cowiehelen/at_ down-
load/file> (Retrieved on 13 October 2014).

Hofstein A, Lunetta VN 2004. The laboratory in sci-
ence education: Foundations for the twenty-first
century. Inc Sci Ed, 88: 28-54.

Hofstein A, Mamlok-Naaman R 2007. The laborato-
ry in science education: The state of the art. Chem-
istry Education Research and Practice, 8(2): 105-
107.



616 IKECHUKWU PETER EJIDIKE AND AKEEM ADEWALE OYELANA

Hofstein A, Eilks I, Bybee R 2011. Societal Issues and
Their Importance for Contemporary Science Edu-
cation: A Pedagogical Justification and the State of
the Art in Israel, Germany and the USA. Int J Sci
Math Educ. Published online first January 4, 2011.
From <http://link.springer.com/article/10.1007/
s10763-010-9273-9 (Retrieved on 11 October
2014).

Hofstein A, Navon O, Kipnis M, Mamlok-Naaman R
2005. Developing students’ ability to ask more and
better questions resulting from inquiry-type chem-
istry laboratories. Journal of Research in Science
Teaching, 42(7): 791-806.

Hume DL, Carson KM, Hodgen B, Glaser RE 2011.
Chemistry is in the news: Assessment of student
attitudes toward authentic news media-based learn-
ing activities. Journal of Chemical Education,
83(4): 662-667.

Igaro K Adjivon A, Oyelakin O 2011. Adapting the
study of chemistry in senior secondary schools in
the Gambia to cost-reducing strategies. African Jour-
nal of Chemical Education, 1(2): 13-34.

Igbuzor O 2006. The State of Education in Nigeria.

From <http://www.gamji.com/article6000/
NEWS6144.htm> (Retrieved on 29 September
2014).

Ikeoji CN, Agwuubike CC, Nmalada NA 2002. Commu-
nity based resources in teaching agriculture in sec-
ondary schools-An alternative strategy for sustain-
able development in Africa. STAN Proceedings, 41:
201-205.

Ikoya PO, Onoyase D 2008. Universal basic education
in Nigeria: Availability of schools’ infrastructure
for effective program implementation. Education-
al Studies, 34(1): 11-24.

Jaakkola T, Nurmi S, Veermans K 2011. A comparison
of students’ conceptual understanding of electric
circuits in simulation only and simulation-laborato-
ry contexts. J Res Sci Teach, 48: 71-93.

Jegede S A 2003. The Effect of the Component Task
Analysis Model of Instruction on Students’ Perfor-
mance in Chemistry. PhD Thesis, Unpublished. Ado-
EKiti: University of Ado-EKiti.

Johnson L 2011. Teaching Outside the Box: How to
Grab Your Students by Their Brains. Francisco: Jos-
sey Bass,

Kasalta K, Tzougraki C 2004. Attitudes toward chem-
istry among 11" grade students in high schools in
Greece. Science Education, 88(4): 535-547.

Learning Things LLC 2014. Teaching Chemistry to
Middle School Students- Huge Selection of School
and Homeschool Curriculum. From <https://www.
learningthings.com/blog/index.php> (Retrieved on
2 October 2014).

Mohammed AM 2006. Creating Opportunities for Con-
tinuing Professional Development of Teachers: The
National Teachers’ Institute Experience. Paper Pre-
sented at the 1" National Conference of the Facul-
ty of Education, University of Abuja. From <http:/
/www.ntinigeria.org/doc/Address_ Creating_ Oppor-
tunies_ for_Continuing_ Prof_ Development_ of _
Teachers. pdf> (Retrieved on 10 October 2014).

Nbina B 2012. Revisiting secondary school science
teachers’ motivation strategies to face the chal-

lenges of the 21st century. Journal of Emerging
Trends in Educational Research Policy Studies, 2(6):
413-417.

Nbina JB 2010. Re-visiting secondary school science
teachers’ motivation strategies to face the chal-
lenges in the 21% century. New York Science Jour-
nal, 3(12): 15-20.

Nnachi R 2009. Curriculum Implementation at the
Tertiary Level of Nigerian Education. In: Curricu-
lum Organization of Nigeria (Ed.): Curriculum The-
ory and Practice. Abuja, Nigeria. pp. 186-195. From
<http://onlinelibrary.wiley.com/doi/10.1111/j.1949-
8594.2006.th17920.x/full> (Retrieved on 1 Octo-
ber 2014).

Nwoye AN 2012. Assessment of Resources and the
Level of Entrepreneurial Skills Acquired by Sec-
ondary School Physics Students in Anambra State.
Master’s Thesis, Unpublished. Akwa: Nnamdi Aziki-
we University.

Nzekwe OJ 2013. The Impact of the Implementation
of the Nigerian Curriculum Initiatives on Second-
ary School Administrators and Teachers in Enugu
State: Graduate Division of Educational Research.
PhD Thesis, Unpublished. Calgary: University of
Calgary.

Ojibara NLB 1998. Teacher Classroom Behavior and
Pupils Academic Behavior in Asa LGA Primary
Schools. Master’s Thesis, Unpublished. llorin: Uni-
versity of llorin.

Ojimba DP 2013. Science education reforms in Nige-
ria: Implications for science teachers. Glo Adv Res
J Peace Gend Dev Stud, 2(5): 086-090.

Okafor P N 1998. Science literature: A vehicle for
national development. Journal of Technical Edu-
cation Review, 1: 74-88.

Okecha RE 2008. Teachers’ perception and perceived
contributions towards the success of the Universal
Basic Education (UBE) programme. College Stu-
dent Journal, 42(2): 554-564.

Okoro M 2011. Funding Teacher Education: a Cata-
lyst for Enhancing the Universal Basic Education
in IMO State of Nigeria. PhD Theses, Unpublished.
South Orange NJ 07079: Seton Hall University.

Onaofo SO 1993. Developing curriculum in chemistry.
In: E Irowi (Ed.): Curriculum Development in Nige-
ria. Ibadan: Sam Bookman Publishers, pp. 39-63.

Osborne J, Dillon J 2010. Good Practice in Science
Teaching: What Research Has To Say. 2nd Edition.
Maidenhead, UK: McGraw-Hill Open University
Press, pp. 46-67.

Osborne J, Simon S, Collins S 2010. Attitudes Towards
Science: A Review of the Literature And Its Impli-
cations. International Journal of Science Education.
Published online first November 26, 2010. From
<http://www.tandfonline.com/doi/abs/10.1080/
0950069032000032199#.VE-M7SKUeSo> (Re-
trieved from 2 October 2014).

Owoeye JS, Yara PO 2011. School facilities and aca-
demic achievement of secondary school agricultur-
al science in EKkiti State, Nigeria. Asian Social Sci-
ence, 7(7): 64-74.

Pereira Al, Ferreira OA, Silva A, Afonso E, Barreiro
MF 2013. In-Service Teacher Training in Portugal:
Objectives, Organization and Impact on Teacher’s



EFFECTIVENESS OF TEACHING OF CHEMISTRY

Career. International Conference Initiatives in
Chemistry Teacher Training, Limerick, Portugal,
29 November.

Pyatt K, Sims R 2012. Virtual and physical experimenta-
tion in inquiry-based science labs: Attitudes, perfor-
mance and access. J Sci Educ Technol, 21: 133-147.

Rai OM 1985. Setting a Standard Laboratory. Lon-
don: Heinemann Books Ltd.

Read JR, Kable SH 2007. Educational analysis of the
first year chemistry experiment ‘Thermodynamics

617

Think-In": An ACELL experiment. Chemistry Ed-
ucation Research and Practice, 8(2): 255-273.
Sam V 2009. FCT Schools: Few Classes, Many Unqual-
ified Teachers. Punch, Daily, February 16. From
<http://www.punchontheweb.com/article-print2.
aspx?theatric=Art2009021517573768> (Retrieved

on 30 September 2009).

Wolf SJ, Fraser BJ 2008. Learning environment, atti-
tudes and achievement among middle-school sci-
ence students using inquiry-based laboratory activi-
ties. Res Sci Educ, 38: 321-341.





