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ABSTRACT
Conceptual understanding and interest in integrated science concepts have
been a challenge to most pre-service teachers. Therefore, this research focused
on pre-service College of Education teachers’ conceptual understanding and
interest in some Integrated Science concepts, mainly basic electronics,
balancing of chemical equations, and infectious and non-infectious diseases.
Second-year pre-service teachers from the three Colleges of Education
affiliated with the University of Education, Winneba, in the Eastern Region of
Ghana, were used as the study population. Simple random sampling technique
was used to select second year Pre-service Teachers. In all, 255 pre-service
teachers were used for the study. The instrument adapted for the study was
achievement tests on integrated science concepts, and a questionnaire on
students interest in integrated science concepts was used to gather the data.
The quantitative data was analysed using frequency, means, standard deviation
and correlation and the qualitative data was thematically analysed. The results
revealed that pre-service teachers conceptual understanding of balancing of
chemical equation were very low, followed by basic electronics but have a
partial scientific understanding of infectious and non-infectious diseases. Pre-
service teachers’ exhibited a moderate interest in basic electronics, balancing
of chemical equations, and infectious and non-infectious diseases could be due
to the abstract nature of the concepts. There was no correlation between
interest and performance. It was recommended that tutors at the Colleges of
Education use conceptual change strategies to help improve pre-service
teachers’ conceptual understanding and interest in the selected concepts in

integrated science.
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CHAPTER ONE
INTRODUCTION

This section of the study comprises the background to the study, the
problem statement, the purpose of the study, and research questions. It further
discusses the significance of the study, delimitation, and limitations of the
study. The section ends with the organisation of the rest of the study.
Background to the Study

Learning at higher levels of science in Ghana is built upon the
groundwork laid at the country’s primary and secondary institutions. Students,
teachers, and policymakers in Ghana agree that the elementary school years
are crucial for laying the groundwork for future scientific inquiry (Adu-
Gyamfi & Ampiah, 2016). An understanding of environmental responsibility
and a concern for the health of both local and global ecosystems may be
developed via scientific education (Azure, 2015). Understanding the
interconnectedness of all life and the planet on which it depends is aided by
this perspective. Exploring the natural world and teaching pupils about ethics
are two ways to ensure humanity’s continued existence in the modern world
(Bybee, 2010). To promote teaching and learning of school science at all
levels of pre-tertiary education in Ghana is to help in the development of
creativity, enterprising, innovation, and morally sound learners who will
understand the scientific process of investigation and experimentation in order
to widen their scope and understanding of the natural world (Azure, 2015). In
agreement with Ofori-Appiah et al.(2018), we may say that the scope of
science includes both the content and the methodology behind our

understanding of natural and built environments. Furthermore, Ofori-Appiah
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et al., (2018) indicated that quality teaching and learning of integrated science
is crucial for developing scientifically literate citizens and improving
economic productivity for sustainable development. Integrated science
concepts are important as they bring together scientific knowledge from
different science disciplines perspectives and link to solve problems within the
learners’ environment (Leischow et. al, 2008).

In order to help its member nations promote scientific literacy
uniformly across both the elementary and secondary education levels.
introduced the idea of integrated science curricula. Arokoyu (2012) argue that
combining different lines of thinking enhances scientific discovery. Therefore,
Arokoyu believe contemporary science education should be multidisciplinary,
based on a cohesive society, and targeted at increasing students’ scientific
literacy. Those are the main features, aspects, and elements of integrated
science. The potential and difficulties of teaching integrated scientific ideas
are related to science in a manner that transcends the traditional boundaries
between disciplines (Otarigho & Djagbo, 2013). They further claimed that
integrated science concepts are taught through a dynamic process approach to
understanding and study. The significance of integrated scientific possibilities
for Africa and the world cannot be overstated. There is a worldwide push for
scientific integration in primary schools, and many developed countries
reportedly include science instruction at the secondary and tertiary levels.
Sakpaku (2016) reported that implementing integrated science at the junior
secondary school level has been very useful in Ghana and Nigeria. The
teaching of science has become a staple in classrooms all around the globe,

and Ghana is no different (Ansah, Amoah & Baah, 2018). This is because
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development in the current world is knowledge based on science and
technology.

For this reason, there is a need for many professionals to be
knowledgeable in several areas of science. This results from problems that can
only be solved by the co-ordination of research in several specialties (Ansah,
Amoah & Baah, 2018). As a result, every country is under pressure to raise
scientific literacy in their populations.

Through effective science education, learners can show that a wider
spectrum of scientific thoughts and ideas can be created, modified, and
developed (MOE, 2010). In order to work scientifically, learners must
observe, inquire, discuss, forecast, analyse, explore, investigate, and
experiment while using the knowledge and skills they have learned to create
projects (Tam, 2000). Science education prepares students for a more
scientifically and technologically oriented world and encourages them to value
scientific inquiry and work together with others to solve problems (Bukhari &
Jita, 2009). Learning integrated science facilitates students’ investigations and
problem-solving tasks, which greatly develops students’ inventive and creative
capacities (MOE, 2010).

In Ghana, integrated science is one of the important subjects taught at
the various pre-tertiary levels (primary, junior high, and senior high schools)
and the tertiary levels (Colleges of Education and universities). Integrated
science is made up of four major science subject areas: chemistry, biology,
physics, and agriculture science (MOE, 2010). Integrated science is
compulsory for every student in pre-tertiary schools and those in the Colleges

of Education in Ghana to study because of its interdependence of science
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concepts to solve societal problems. The major objective of teaching and
learning integrated science in Ghanaian schools is to promote national
development and push the country to achieve a strategic programme of
scientific and technological literacy and also help these students to apply
concepts learned in their daily life activities to help students solve
environmental problems (MOE, 2010). Objectives and aims of teaching and
learning integrated science at Ghana’s pre-tertiary level can be achieved based
on certain favorable conditions. For instance, teachers teaching the subject are
well-trained and grasp both the subject matter (content knowledge) and the
pedagogical content knowledge (teaching methods in science). Again, when
needed, teaching and learning materials required for teaching the subject are
readily available (Ofori-Appiah et al., 2018).

Integrated Science is one of the foundation courses offered in
Ghanaian Colleges of Education Curriculum, this is because graduates from
the Colleges of Education teach at pre-tertiary schools, specifically at the
primary and Junior high levels. Pre-service teachers are allowed to learn
different concepts in integrated science in aspects of chemistry, biology,
physics and agricultural science. Among the concept in chemistry are the
balancing of chemical equations, metals, and non-metals, exploitation of
minerals, rusting, organic and inorganic compounds, and acids, bases, and
salts. Concepts in physics include energy concepts, basic electronics, solar,
heat, sound, nuclear, electrical, magnetism, forces, motion and pressure, work,
and machines. Concepts in biology include: photosynthesis, atmosphere and

climate change, infectious diseases, forms of energy and energy

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

transformation, variation and inheritance, and concepts in agricultural science
include: endogenous technology, biotechnology, and safety in the community.

Teaching integrated science at the primary school level aims to instill a
scientific mindset in instructors and pupils as they instruct and learn about its
subject matter. Adu-Gyamfi and Ampiah (2016) mention that one goal of the
integrated science curriculum was to create more capable scientists in the
many scientific disciplines who could conduct scientific research at the highest
level of education. At the Basic School, teachers who teach integrated science
are supposed to educate students on how to investigate and learn about their
surroundings. To achieve this, teachers must ensure learners develop the two
types of integrated science concepts through conceptual or procedural
understanding (MOE, 2010).

The growth of students’ scientific literacy and comprehension of core
scientific concepts is of primary importance (Anim-Eduful & Adu-Gyamfi,
2022b). Due to the importance of conceptual knowledge in making sense of
scientific phenomena, Anderson, Krathwohl, and Bloom (2001) advocate its
inclusion in science education. To obtain conceptual understanding, make
meaningful knowledge, interpret and apply concepts learned in other
disciplines (Anderson et al., 2001). Problem-solving, abstract thinking,
application to new contexts, and making connections between seemingly
unrelated facts are all areas in which students who are guided towards
conceptual understanding can excel (Ormrod, 1999), whereas procedural
understanding concerns with the scientific process of acquiring knowledge

(Wang & Berlin, 2010).
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For learners to conceptualise the Integrated Science concept, the
interest of the learners must be considered and developed (Abdi & Rahmania,
2023). Students’ interest in learning science concepts directly affects the
learners’ performance, and teachers play vital roles in developing students’
interest in science learning (Adu-Gyamfi, 2013). Students’ interest in learning
science concepts is very important, and learning interest greatly influences
learning outcomes (Abdi & Rahmana, 2023). Abdi and Rahmania (2023)
espoused that students with high positive learning interests will have positive
learning outcomes towards a particular concept learning. Again, students’
interest in learning science concepts will yield a high attachment to learning
(Ainley, 2012). According to MOE (2010), the primary goal of science
education is to ensure that students have a firm grasp of the fundamentals of
scientific inquiry. The integrated science curriculum aims to improve students’
scientific literacy so that they can first earn a livelihood and then contribute
meaningfully to the nation’s economy (MOE, 2010).

Mensah and Somuah (2013) indicated that certain integrated science
concepts are perceived to be difficult for teachers and students to teach and
learn. Among such concepts are: basic electronics, chemical equations,
electrical energy, acids-bases and salts, and infectious and non-diseases.
Twissel (2018) reiterated that teachers and students perceive basic electronic
concepts as abstract and difficult for students to understand at the high school
level. Adu-Gyamfi (2014) investigated challenges in-service teachers
encounter when teaching integrated science in Senior High Schools at

Mampong Municipality in the Ashanti region of Ghana. The findings of the
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study suggested that concept a such as basic electronics was perceived to be
difficult to teach as it appeared to be abstract for in-service teachers.

The basic electronics concept is perceived to be difficult because its
functioning cannot be readily observed in the real world, but only the
technological products that can be observed (Kocijanic, 2018). For instance,
Twissel (2018) revealed that students could not determine a capacitor and
LED in an electronic circuit. Although basic electronics is hinged on the
voltage and current concepts of Ohm’s Law, it is difficult for students to learn
(Metioui & Trudel, 2012). Learning basic electronics is very important in this
fast-changing technological world (Kocijanic, 2018). In this rapid economic
world, basic electronic devices are fast changing our life. Industry,
communication, transport, food and nutrition, and medicine all depend on
electronic devices even more than we are able to realise (Kocijancic, 2018).
Basic electronics concept in the ever-changing technological world, which is
treated in the Colleges of Education is incorporated into the Integrated Science
Il course and the major purposes of learning basic electronics are to identify
household electronic appliances and functions of these household Electronic
appliances and to also comprehend the flow of electricity through electronic
appliances.

Osei-Himah, Amoah, and Parker (2018) employed action research to
help improve pre-service teachers’ understanding of basic electronics through
practical activities. It was revealed through the pre-test results before the
intervention stage of the study that pre-service teachers of Atebubu College of
Education in Ghana had a weak understanding of basic electronics. The

subsequent result of the study indicated that the experimental group’s
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performance significantly improved better than the control group’s. Osei-
Himah et al. (2018) concluded that using activity-oriented teaching strategies
improves students understanding of basic electronic concepts in integrated
science.

However, none of the studies on basic electronics reviewed above have
investigated pre-service teachers’ conceptual understanding using a
quantitative study that uses a two-tier diagnostic test. The two-tier diagnostic
test instrument would help identify pre-service teachers’ conceptual
difficulties, either factual or alternative conceptions (Anim-Eduful & Adu-
Gyamfi, 2022b). Again, the two-tier diagnostic test would enable pre-service
teachers to bring to bear conceptions they have in basic electronics and
balancing chemical equations.

Balancing chemical equations is another concept considered difficult to
comprehend by students (Mensah & Somuah, 2013). Hanson (2016) posited
that students have difficulties understanding chemical phenomena like
chemical reactions. Chemical equations are an essential part of a Scientist’s
language. How to relate symbols and formulas to chemical names and writing
full symbolic expressions were identified as abstract among Ghanaian pre-
service teachers at the tertiary level (Hanson, 2017). Hanson (2017) argues
that pre-service teachers at the tertiary level had challenges identifying and
naming chemical compounds that needed remediation. Hanson also indicated
that pre-service teachers had difficulties identifying the valency of atoms in a
molecule and radicals. Using stoichiometric coefficients to indicate the mole
ratio of compounds in a balanced chemical reaction was difficult for students

to conceptualize (Hanson, 2017). Johnstone (2000) asserted that concepts of
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atoms and atomicity, molecules and molecular formula, atomic structure, and
bonding are difficult for students to learn. Reports from WAEC Chief
Examiners (2013) indicated that students who attempted to answer questions
about balancing chemical equations performed poorly and exhibited some
difficulties. For instance, some students copied exactly the skeletal equations
as their answers, while others introduced the wrong co-efficient to balance the
chemical equations. The reports also indicated that students who attempted to
answer these questions had chemical formulae of compounds wrongly written.
For example, some students provided Cu,SOs4 as the chemical formula for
Copper (I1) tetraoxosulphate (V1) instead of CuSOs in a chemical equation.
Again, some students provided FesO as the chemical formula for Iron (I1)
oxide instead FeO. Even though studies have found the concepts of balancing
chemical equations are difficult for students to learn, there is no evidence
about pre-service teachers’ conceptual difficulties in balancing chemical
equations at the College of Education level. This is evident that the concept of
balancing chemical equations needs professional teachers who have had
training in this difficult area of chemistry to help learners understand.

The West African Examination Council (WAEC) chief examiner’s
report in the Integrated Science for Senior High Schools (WAEC: 2014; 2015;
2016; 2017; 2018 and 2019) lamented students’ poor performance in
integrated science. According to the WAEC Chief Examiner’s Report (2015),
students’ performance in questions relating to basic electronics, such as
transistor junctions, circuit symbols for N-P-N transistors, circuit diagrams,
and functions of parts of electronic circuits, were poorly answered. It was

stated categorically by the WAEC Chief Examiner’s report (2018) that
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students exhibit general weakness and have inadequate knowledge of
scientific concepts in basic electronics as those who attempted questions
regarding the concepts gave answers of resistor for a diode and the function of
an inductor shows the presence of current instead of generate a magnetic field/
allows direct current (DC) to pass through it but blocks alternating current
(AC)/ filters circuits.

Disease is defined as “a specific abnormal condition that adversely
affects the structure or function of all or part of an organism. Diseases are
classified based on the causative organism that causes the disease (pathogens).
Pathogenic diseases are diseases caused by a living organism that can be
transferred to individuals, whereas non—pathogenic diseases are not caused by
a living organism and is mostly caused by genetic and environmental factors
such as lifestyle (Adjibolosoo et al. 2018). Examples of pathogenic diseases
include the following: Cholera, Measles, Typhoid, Polio, Tuberculosis,
Tetanus, Yaws, and HIV AIDS. To the biologist, a vector is an organism that
transfers the parasite from individual to individual (Baqui et al., 1993) or
through air, water, and food. Non-pathogenic diseases have varied
implications on the lives of both children and adults, from which pre-service
teachers are not exempted. Infectious and non-infectious diseases have not
seen many studies in educational research; most studies on infectious and non-
infectious diseases are done in the medical field.

A Plethora of studies has revealed the existence of misconceptions
among pre-service teachers (Halim, Yong, Subahan, & Meerah, 2014,
Santyasa, Warpala, & Tegeh, 2018). The misconception in science occurs and

exists from primary school to the tertiary level (Santyasa et al., 2018).
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It has become crucial for a number of reasons to address students and
pre-service elementary teachers’ misconceptions about fundamental scientific
concepts. For instance, teacher explanations were frequently the main focus of
science instruction in elementary schools (NRC, 1997). As a result, the pupils
frequently see the instructor as the only source of knowledge they can rely on
to understand concepts and learn (NRC, 1997). For science concepts to be
effectively taught at the basic level, teachers must have a solid foundation in
their subject matter (Appleton, 2006). Good knowledge of the subject matter is
relevant (Anim-Eduful & Adu-Gyamfi, 2022b) for the teacher to effectively
deal with questions from students during instruction since level of teacher
content knowledge influence how well students conceptualize the contents
taught (Anim-Eduful & Adu-Gyamfi, 2021). Teaching elementary school
students effectively requires that science teacher educators pay close attention
to pre-service elementary school teachers’ conceptual understanding of
science concepts that are central to teaching elementary school students.
Misconceptions among educators about important scientific ideas may have
far-reaching consequences for students’ grasp of those ideas being taught in
the classroom (Anim-Eduful & Adu-Gyamfi, 2021). Etobro and Banjoko
(2017) state that misconceptions are concepts with unusual interpretations and
meanings in students’ perceptions that have not been scientifically proven to
be correct. Naive views, wrong notions, prejudices, and repeated hazards are
all names for the same thing: a misconception (Etobro & Banjoko, 2017).
However, learners at various levels brought emerging ideas or concepts about
science before formal education. Students’ initial ideas are sometimes

contradictory and inappropriate to generally accepted ideas or concepts.

11
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Students develop misconceptions about scientific concepts through poor
teaching due to teachers’ lack of understanding of the concepts (Herr, 2021),
inadequate observation and false assumptions by teachers (Vosniadou, 2014),
and understanding of natural phenomena before formal teachings (Halim et al.,
2014) and learning process, and teacher’s paradigm that learning is the transfer
of knowledge.

The word misconception or alternative conception has several
meanings. A correct understanding of a concept, its misuse, the erroneous
classification of concept examples, confusion between various concepts,
improper hierarchical relationships, or the over- or under-generalization of
concepts are all examples of alternative conception. Adu-Gyamfi (2013)
revealed that non-science students lack interest in learning school science.
Most often than not, students re-engage better with learning materials and
explore.

Nevertheless, the level of preparation offered to science instructors
determines whether or not students will grasp and use the scientific principles
they are taught to bring about the necessary growth (Ansah, Amoah, & Baah,
2018). Much attention must therefore be paid to the training of science
teachers at the various universities and colleges of education. Quality training
of science teachers will go a long way to ensure scientifically literate citizens,
which would positively impact the country’s development. Against this
background, the researcher investigated pre-service teachers’ conceptual

understanding and interest in some selected topics in integrated science.

12
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Statement of the Problem

Junior high school pupils struggle to understand topics in integrated
science (Mensah & Somuah, 2013). Mensah and Somuah noticed that some
topics in the integrated scientific curriculum were difficult for teachers and
students. Chemical compounds, electrical energy, acids, bases, salts, basic
electronics, and infectious and non-infectious diseases were all included in the
Integrated Science Syllabus. Basic electronics, balancing equations, Disease,
and infection were difficult. Teachers and students perceive these concepts
(basic electronics, electrical energy, acids, bases and salts, and infectious
diseases) in integrated science to be difficult to teach and learn (Sakpaku,
2016). What makes students perceive these concepts in integrated science as
difficult to learn is unknown. This implies that students’ conceptual
difficulties in learning these concepts in integrated science need to be
diagnosed. The studies by (Mensah & Somuah 2013, and Sakpaku, 2016) did
not attempt to unravel the specific challenges in the students’ conceptual
understanding of these selected concepts; therefore, the need to fill that
knowledge gap. This knowledge gap could result from pre-service teachers’
Conceptual difficulties and alternative conceptions, lack of interest, and
misconception.

Alternative science conceptions have been found and are still prevalent
among primary school students (Halim et al., 2014; Santyasa, Warpala, &
Tegeh, 2018). Misconception can be described as ideas that provide an
incorrect understanding of the original facts constructed based on people’s
interaction with nature. Many reasons could account for students’

misconceptions. First, it could be due to the difficult and abstract nature of

13
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science concepts to students (Anim-Eduful & Adu-Gyamfi, 2022b; Tatli &
Ayas, 2013); lack of appropriate teaching and learning materials (Anim-
Eduful & Adu-Gyamfi, 2022a); teachers’ insufficient content knowledge in
the subject matter (Anim-Eduful & Adu-Gyamfi, 2021) and use of
inappropriate instructional strategies (Adu-Gyamfi, Ampiah & Appiah, 2018).
For instance, Anim-Eduful and Adu-Gyamfi (2022a) concluded in their study
that teachers’ content knowledge of a particular science concept greatly
influences what and how the concepts have been taught to the students, and
this also influences how well the students understand the concepts. Again,
Anim-Eduful and Adu-Gyamfi (2022a) revealed that the nature of science
concepts influence how the concepts are taught by teachers and learned by
students. This could imply that students’ misconceptions about science
concepts could be directly transferred from the teacher that taught the concepts
(Anim-Eduful & Adu-Gyamfi, 2021). Findings from the abovementioned
studies mean that students’ misconceptions are mostly conceived directly by
their classroom teachers during lesson instructions.

Addressing students’ alternative conceptions about fundamental
integrated science ideas, particularly those of pre-service elementary teachers,
has become critical for various reasons. First, at the elementary school level,
science is frequently taught through reading or teacher explanations of
concepts to students, where students frequently view the teacher as the sole
authority and dispenser of science knowledge, and students rely on teachers
for their learning (NRC 1997). Second, subject matter knowledge (Adu-
Gyamfi & Asaki, 2023; Anim-Eduful & Adu-Gyamfi, 2022a) is required to

teach science concepts efficiently and effectively (Appleton, 2006). Hence, the
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teacher teaching the science concepts should be well-equipped with the
content knowledge to ensure good content delivery and understanding for
students to conceptualize (Anim-Eduful & Adu-Gyamfi, 2021).

The purpose of elementary school science instruction is to enhance
students’ learning through the teacher’s explanation of science concepts, the
teacher must have a firm grasp of the subject matter to respond effectively to
questions raised by students during instruction. Elementary school is where
children’s scientific education often begins, it is crucial that teachers and
educators in the field pay special attention to the conceptual grasp of science
ideas held by pre-service elementary school teachers. Pre-service elementary
teachers with strong and deep science content knowledge would be
appropriate personnel suited for teaching science and students learning
science(Anim-Eduful & Adu-Gyamfi, 2021).

These reports suggest that students at every level of education, from
Junior High School, Senior High School through to the Colleges of Education,
and even pre-service teachers at the tertiary (Hanson, 2016) have conceptual
difficulties in answering questions on basic electronics, balancing of chemical
equation and infectious and non-infectious diseases concepts in integrated
science. However, there appears to be no evidence in the literature that directly
points to the exact conceptual difficulties colleges of education pre-service
teachers have in basic electronics, balancing of chemical equations, and
infectious and non-infectious diseases concepts in integrated science.
However, another factor that needs to be considered is the pre-service
teachers’ interest in the study of integrated science. As explained by Ainley

(2012), interest is considered a way and manner to achieve educational goals.
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According to Ainley(2012), students will learn science better and subsequently
choose science concepts because of their interest.

According to Haussler and Hoffmann (2000), there are three
components that contribute to students’ enthusiasm for science: the
environment in which they study science, the substance of their coursework,
and the activities they do in connection with their coursework. Therefore, the
setting where children learn about science is a robust indicator of their
engagement. Science as a) a socioeconomic venture, b) a method of enriching
emotional experience, c) an intellectually demanding endeavour, d) a way of
qualifying for professional life, ) a means of increasing practical competence
in a variety of settings piques curiosity. Morgan and Aboagye (2022)
conducted a study on teachers’ classroom management practices: Predictors of
students’ interest in science, and their findings revealed that, generally,
students’ interest correlate moderately with classroom management practices.
From their study, it makes it clear that how classroom management practices
influence students learning of science is much to be desired. Studies on
students’ interests have been found to correlate significantly with students’
academic achievement (Amadi, 2021). For instance, Amadi (2021)
investigated whether there is a correlation between students’ interest and their
academic achievement in Nigeria using a correlational research design. The
study employed a simple random sampling technique using a ballot method to
collect quantitative data from 1715 secondary school science (chemistry)
students. Interest and performance on chemistry exams were positively and

significantly related (r = 0.814, p<0.00). Amadi (2021) concluded that this
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positive correlation (0.814) indicated that students’ interest increases with an
increase in students’ academic achievement in science (Chemistry).

As pre-service teachers in the Colleges of Education are trained to
teach these scientific concepts in integrated science to pupils at the basic
school level, it is, therefore, appropriate to investigate the relationship between
Colleges of Education, pre-service teachers conceptual understanding and
interest in basic electronics, balancing chemical equations and infectious and
non-infectious diseases.

Purpose of the Study

This study investigated pre-service teachers’ conceptual understanding and
interest in basic electronics, balancing chemical equations, and infectious and
non-infectious diseases in integrated Science at the Colleges of Education
level. To achieve this, the study:

1. Explore colleges of education pre-service teachers’ level of conceptual
understanding in basic electronics, balancing chemical equation,
infectious and non-infectious disease in integrated science.

2. Explore what conceptual difficulties colleges of education pre-service
teachers have on basic electronics, balancing chemical equation,
infectious and non-infectious disease in integrated science.

3. Explore the level of interest of colleges of education pre-service
teachers’ have in basic electronics, balancing chemical equation,
infectious and non-infectious disease in integrated science?

4. Explore the relationship between colleges of education pre-service

teachers’ interest and their conceptual understanding in basic
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electronics, balancing chemical equation, infectious and non-infectious
disease in integrated science.

Research Questions
The following research questions were formulated to guide the study:

1. What is the level of conceptual understanding of colleges of education pre-
service teachers’ in basic electronics, balancing chemical equation,
infectious and non-infectious disease in integrated science?

2. What conceptual difficulties and alternative conceptions do colleges of
education pre-service teachers in basic electronics, balancing chemical
equation, infectious and non-infectious disease in integrated science?

3. What is the level of interest of colleges of education pre-service teachers’
have in basic electronics, balancing chemical equation, infectious and non-
infectious disease in integrated science?

4. What is the relationship between colleges of education pre-service teachers
interest and their conceptual understanding in basic electronics, balancing
chemical equation, infectious and non-infectious disease in integrated
science?

Significance of the study

This study would inform participants about students’ learning and the
necessity of obtaining a conceptual understanding of key science ideas in
integrated science. The study’s findings would inform Tutors in Colleges of

Education about the importance of assisting, developing, and improving pre-

service teachers’ conceptual understanding of Basic Electronics, Balancing

Chemical Equations, and Infectious and Non-infectious diseases in Integrated

Science. The findings will help the Ghana Education Service (GES) and the
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Ministry of Education (MoE) to determine how to collaborate with Ghana
Tertiary Education Commission to improve pre-service teachers’ conceptual
understanding in order to facilitate effective and efficient teaching and
learning of integrated science at the primary school level.

Delimitation

There are forty-six (46) Colleges of Education in Ghana pursuing four-
year Bachelor of Education in Basic Education, of which pre-service teachers
are being introduced to Integrated Science Il, but the study was delimited to
Colleges of Education in the Eastern region affiliated to the University of
Education Winneba.

Many science concepts stipulated in integrated science curricula and
taught at the Colleges of Education are perceived to be difficult. However, the
study focused on basic electronics, balancing chemical equations, and
infectious and non-infectious diseases.

Limitations

Since the concepts of basic electronics, balancing of chemical
equations, and infectious and non-infectious diseases are taught to students
from the primary school level to those at the Colleges of Education, students’
poor performance and conceptual difficulties in the concepts could not solely
be attributed to how the concepts were taught at the College level only, but
also to other levels as well. Hence, there could be other factors this study
could not address.

Definition of Terms
A-Tier: Answer Tier

ATISC: Achievement Test on Integrated Science Concepts

19

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

PST: Pre-Service Teachers
QSIISC : Questionnaire on Students Interest in Integrated Science Concepts
R-Tier: Reason Tier
Organization of the Study

The study was presented in five chapters. Chapter one dealt with the
introduction, background to the study, statement of the problem, the purpose
of the study, research questions, the significance of the study, delimitations,
and limitations. The second chapter examined the theoretical framework,
conceptual and literature review highlighting research and other writers’
perspectives. Chapter three covered the research methods, including design,
population, sampling processes, data collection instrument, pre-testing,
validity and reliability of the research instruments, data collection procedures,
data processing and analysis, and ethical considerations. The results were
presented in chapter four, and the outcomes were examined. Chapter five
focused on the study summary, major findings of the study results,

conclusions, recommendations, and suggestions for inquiry.
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CHAPTER TWO
LITERATURE REVIEW

The literature review is divided into three main sections: theoretical
review, empirical review, and conceptual framework of the study. The
theoretical review consists of a review of conceptual change theory and its
relevance to the selected concepts under study. The empirical review delves
into studies on conceptual understanding in integrated science and delimits it
to the selected concept under study, the conceptual difficulties and
misconceptions  students encounter in the form of conceptual
misunderstanding and factual misunderstanding in integrated science, to
understand these concepts in detailed, the scope, structure and the organization
of J.H.S, S.H.S, and Colleges of Education integrated science curriculum was
reviewed in addition. The conceptual framework of this study was structured
to direct the study making use of all the variables in the study: students
conceptual understanding, in the form of their achievement and their reasoning
ability in these selected concepts, students’ conceptual difficulties and
alternative conceptions in the form of conceptual misunderstanding and
factual misunderstanding and how these variables relate to the interest of the
colleges of pre-service education teachers.
Conceptual Change Theories

The theory of conceptual change that Posner, Strike, Hewson, and
Gertzog developed in 1982 is currently considered as one of the most
influential ideas on the process of conceptual change. According to this idea,
learners experience conceptual change when they come into contact with new

knowledge that contradicts their preexisting beliefs or mental models.
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Learners are said to participate in a process called accommodation, in which
they change their preexisting mental models to make room for the new
knowledge they have acquired. The notion of conceptual transformation has
significantly impacted the direction that research on science education has
taken, and it has been utilised in various educational settings. In 1982, Posner,
Strike, Hewson, and Gertzog devised a framework for understanding how
people modify their beliefs and understandings of the world around them
called the conceptual change theory.

This theory provides a framework for understanding how individuals
rewrite their beliefs and understandings of the world. The idea proposes that
individuals’ previous knowledge and beliefs greatly impact how they perceive
new information and that learning is frequently characterized by a process in
which new information is reconciled with previously held views and
knowledge.

According to the conceptual change theory proposed by Posner and
colleagues, people’s previous knowledge and beliefs are organised into mental
frameworks or “schemas.” By offering a framework for interpretation, these
schemas assist individuals in making sense of new information. Individuals,
however, may feel cognitive dissonance or bewilderment when new
knowledge disagrees with preexisting schemas. Individuals may participate in
the process of accommodation or assimilation in order to resolve this conflict.
During this process, they may alter their schemas or build new ones to
accommodate the new knowledge. Conceptual transformation is seen as more
than merely a social interaction or a teaching approach, according to Ozdemir

and Clark (2007), expanding on the work of Posner et al. (1982). Instead, we
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see conceptual transformation as a process through which students’ existing,
potentially harmful beliefs about a topic are exposed and revised, or new,
more helpful, reasonable, and understandable conceptions are introduced. This
study’s conceptual shift focuses on pre-service teachers’ struggles with
understanding fundamental electronics, chemical equation balancing, and
infectious vs non-infectious illness. This gives room to how Mezirow’s looked
at transformative learning as a conceptual change approach.
Mezirow’s transformative learning theory

Jack Mezirow established the idea of transformational learning in the
1990s, and it has become one of the most important theories of conceptual
change. According to Western Governors University (2020), transformative
learning is the concept that learners change their worldviews as they learn new
information and through critical reflection. This is done by analysing their
prior ideas and understanding as they acquire new knowledge. In accordance
with this idea, humans are capable of experiencing a significant shift in their
worldview due to a change in the fundamental assumptions and beliefs that
guide their viewpoint on reality. Mezirow claims that the transformation
process comprises a series of phases, each of which entails critical reflection
on one’s experiences, assumptions, and beliefs. This theory strongly
emphasizes the value of critical thinking and discourse in encouraging
conceptual growth.

The theory postulates that learners experience transformational
learning when they participate in meaningful discussions with individuals who
hold diverse viewpoints and critically reflect on their assumptions and beliefs.

Learners have the opportunity to acquire new ways of thinking about
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themselves and the world around them as a result of participating in this
process. The disorienting dilemma is the first stage of conceptual change
theory. This stage occurs when an individual confronts a circumstance or
event that questions their preexisting ideas. One could have feelings of
perplexity, uncertainty, and even worry. The individual then moves on to the
next step, of self-examination, when they reflect critically on their beliefs and
preconceptions in light of the unsettling situation. The third step is called the
critical examination of assumptions, and it is when the individual assesses the
validity and correctness of their already-held ideas and assumptions. The
individual reaches the fourth stage, recognizing different views, when they
become conscious of alternate ideas and opinions contradicting their
preexisting beliefs. The individual will then begin to explore new ways of
thinking and behaving based on the new information and comprehension they
have obtained, which brings us to the fifth stage, which is the investigation of
new alternatives. The last stage is taking action based on new insights. This is
when the individual uses their newly acquired knowledge and understanding
of circumstances that occur in the actual world, and this will help pre-service
teachers form appropriate concepts on these selected areas in the integrated
science. (Kitchenham, 2008; Western Governors University, 2020).
Jean Piaget’s Stages of Cognitive Development and Theory

The idea of assimilation and accommodation is another of Jean
Piaget’s contributions to conceptual transformation research. According to this
school of thought, students and, in this study, pre-service teachers actively
develop their view of the world by engaging in a process that involves

assimilation and accommodation of new information. The process of
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assimilating new knowledge into preexisting mental structures is referred to as
accommodation, whereas the process of accommodating preexisting mental
structures to new information is referred to as assimilation.

According to Piaget, the process of cognitive development may be
broken down into a number of distinct phases, each of which is distinguished
by a qualitatively unique way of thinking. These ideas have significant
repercussions for the field of education since they can serve as a basis for
developing instructional approaches that promote learning and conceptual
development. If a learner’s current conception is useful and the learner can
handle problems within the existing conceptual schema, then the learner will
not feel the need to revise the current conception, as stated by Posner, Strike,
Hewson, and Gertzog (1982). However, if the student’s present notion is not
useful and cannot address difficulties using the student’s current conceptual
schema, more instruction may be necessary. When the learner’s current line of
thinking does not adequately address a number of challenges, only modest
revisions to that line of thinking are required. This phenomenon has been
referred to as “conceptual capture” (Hewson, 1981) or “weak restructuring”
(Carey, 2000). In situations like this, the process of assimilation continues
without any requirement for accommodation being met. According to one
school of thought, for a student to successfully adopt a scientific notion in
place of their first conception, the learner must first feel unhappy with their
prior belief. The term “conceptual exchange” (Hewson, 1981) or “radical
restructuring” (Carey, 1985; 2000) is used to refer to this more significant shift

in perspective. According to Posner et al. (1982), for effective conceptual
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transformation, the scientific theory must also be comprehensible, credible,
and productive.

A new idea must be explicable and comprehensible to the person
acquiring the knowledge to be considered intelligent. To be considered
plausible, the new idea in question has to have some basis in reality. To be
considered fruitful, the new thought must give the learner the impression that
it may be useful in resolving existing issues. The viewpoint of Posner and
colleagues is that these cognitive criteria ought to be satisfied throughout the
learning process to achieve fruitful conceptual transformation. The primary
objective is to induce cognitive dissonance in the learner so they feel unhappy
with their current understanding of the topic. The learner may then come to
adopt a normative position as one that is comprehensible, credible, and
productive. This perspective has been particularly significant as a theory to
discover a learner’s specific conceptions, which come from the interplay
between the learner’s beliefs and knowledge.

Relevance of the Study of Integrated Science

Different authors and researchers have defined integrated science as a
subject. Brown (1977) states that there are three major categories that may be
used to conceptualise integrated science as the unity of all knowledge. This
means that integrated science takes a unifying perspective of knowledge. The
numerous conceptual components that make up the framework are recognised,
which offer the same notion and distinct meanings in different fields of study
and represent a conceptual unity of the sciences. Last but not least, the idea is
seen as a unified process of scientific research, with this feature highlighting

the methodological differences and similarities across the disciplines, making
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it an interdisciplinary study. The field is a group effort including several
subjects and multiple perspectives on a given topic or theme, with the final
synthesis being up to the individual student (Brown, 1977). Instead of
focusing too much on the distinctions between the many branches of science,
an integrated approach to education and research highlights the commonalities
between them.

Brown (2007) defines integrated science as a program that gives students
experiences to help them build an operational understanding of the structure of
science. This understanding helps students improve their lives and help them
become more responsible members of society. The idea of integration in
science classes in schools emphasizes concepts, themes, and instructional
strategies. The integration of science courses indicates the presentation of
science courses in society, according to. Brown (2007) also believes that
integrated science as a program of study can be described in four major ways.
Thus, integrated science can be explained as follows:

i. Integrated science has a broad perspective of knowledge, seeing it as

fundamentally indivisible or one.

ii. ldentifying and naming the many conceptual pieces that comprise the
framework constitutes the conceptual unity of the sciences.

iii. A standardised approach to the scientific investigation: this feature
highlights the methodological differences and similarities within
disciplines.

iv. A field of study that draws from other fields to examine a single topic
or theme from various angles allows the student to draw whatever

conclusions he sees fit.
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Many African nations are currently investigating the viability of
introducing integrated science at all levels of the educational system as a result
of its unmeasurable advantage, due to its capacity to enable people to
comprehend the natural world and address problems in life and at work
methodically and rationally, the study of science is extremely significant today
(MOE, 2010). Science and technology allow one to learn more quickly. With
more knowledge, Nations can progress toward greater development and
advancement (MOE, 2010). For this knowledge to be fast understanding by
students, Students must be instructed in problem-solving techniques for any
nation to advance more swiftly.

Scientific education aims to instill in students an appreciation for and
knowledge of the natural world and all that it has to offer, including the need
to preserve and protect its resources. According to Ansah, Amoah, and Baah
(2016), enhancing students’ capacity to acquire information and increase their
conceptual understanding is one of the primary goals of scientific education.
The Ghana Education Service integrated Science Syllabus (MOE, 2010)
argues that students have excellent opportunities to develop good attitudes and
values through their exposure to science. These include:

1. the desire to investigate their surroundings and question what they
discover.

2. adesire to identify and answer questions through scientific research.

3. inventiveness in proposing novel and meaningful solutions to issues.

4. the ability to accept all knowledge as tentative and to modify their

position if the evidence is convincing.
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5. persistence and patience in investigating a problem until a satisfactory
solution is discovered.

6. concern for living things and understanding of their responsibilities
toward sustaining the quality of the environment.

7. honesty, integrity, and precision in documenting and reporting
scientific data.

8. alove of, respect for, and admiration for nature, as well as a desire to

preserve natural balance (MOE, 2010)

Findings revealed in this literature review provides adequate evidence
of the importance of the study of science and the relevance of integrating the
various branches of science.

The Rationale for Ghanaian Integrated Science Syllabus

The Ministry of Education (MOE, 2010) of the Ghana Education
Service (GES) argues that utilizing scientific knowledge is essential in various
everyday contexts. As a result, it is crucial that every person in Ghana has a
solid grounding in the basics of science. To accomplish the country’s strategic
programme of scientific and technical literacy as quickly as possible, this is
intended to foster a culture of scientific inquiry. Every student in the nation, at
every educational level, must be exposed to science education to foster the
kind of scientific thinking and culture that will make this scientific literacy
agenda a success. Improving people’s ability to think critically about
phenomena and other real-world problems is a major goal of fostering a
scientific mindset and culture. The basic goal of science education is to ensure
that students have a firm grasp on the fundamentals of scientific methods and

scientific inquiry, as stated by Bell, Blair, Crawford, and Lederman (2003). As
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stated in the 2010 integrated science syllabus there is an intentional attempt to
improve students’ scientific literacy and provide them with the foundational
scientific knowledge they will need to first make a living and then make
significant contributions to the nation’s economy. The integrated science
syllabus is aimed at helping the student to:
1. analyse and resolve issues in one’s local surroundings using
experimentation and analysis.
2. maintain a healthy equilibrium between the many forms of life and
non-life by considering their interdependence and the cyclical nature of
change.
3. employ environmentally responsible practices for the benefit of
humanity and society.
4. make good use of home equipment by thoroughly familiarising oneself
with its fundamental functions and design.
5. See energy as a vital resource for life should be investigated,
conserved, and optimised.
6. embrace a scientific worldview that emphasises objective observation
and careful analysis of events.
7. seek answers to real-world issues by integrating scientific and
technological knowledge (MOE, 2010).
Scope, Structure and Organization of the J.H.S, SHS, and Colleges of
Education Integrated Science Curriculum.

The material covered in integrated science follows a curriculum
progression beginning in elementary school and continuing through high

school and into teacher training institutions. The subjects of Health,
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Agriculture, and Industry are all part of the Integrated Science curriculum,
which also covers the more fundamental sciences. The goal in compiling these
topics was to give a solid grounding for students interested in furthering their
education in science-related fields, as well as the knowledge and skills
necessary to fulfil the demands of daily life.

Teachers and students both see some integrated scientific curriculum
components as challenging, as reported by Mensah and Somuah (2013). They
determined that the following sections of the Integrated Science Syllabus were
the most challenging: elementary electronics (43.3%), chemical compounds
(21.7%), electrical energy (20.0%), acids, bases, and salts (11.7%), and
diseases and infections (11.7%). The most challenging subject on the list was
“basics electronics,” scoring about 43%, followed by “electrical energy,”
which is connected to electronics. The most straightforward category was
illness and infection.

The integrated scientific curriculum also makes use of a spiral method.
This is characterised by a gradual but steady repetition of previously learned
material at ever higher levels of complexity. With the spiral method, students’
scientific knowledge and abilities may be tailored to their learning pace
(MOE, 2010).

The Integrated Science curriculum spans all three years of secondary
education: elementary, junior high, and senior high. The five themes that
permeate our annual projects are the following: Matter’s Variety; Cycles;
Systems; Energy; and Matter’s Interactions. The three-year curriculum is
divided into five portions, each corresponding to one of the five topics

Integrated Science Syllabus (MOE, 2010).
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Pre-Service Teachers’ Conceptual Understanding in Integrated Science

It takes the capacity to create meaning, interpret, and explain to grasp a
notion (Anderson et al., 2001). Having a firm understanding of the principles
that govern a domain and the interrelations between units of knowledge in a
domain ( Johnstone et al.,1976). Students need to develop two primary forms
of comprehension throughout their education, notably in integrated science. In
particular, the ability to understand both concepts and processes. Procedural
understanding is focused on learning how science is done, whereas conceptual
understanding focuses on learning new scientific information and expanding
one’s understanding of core scientific concepts(Wang & Berlin, 2010).
Specifically, conceptual science understanding is the knowledge that requires
an in-depth understanding of underlying and foundation concepts behind the
algorithms performed in Science. While conceptual knowledge is important in
any field of study, it is especially crucial in scientific education due to the
need to make sense of phenomena (Anderson et al., 2001).

Lin, Yen, Liang, Chiu, and Guo (2016) posited that all these processes
of conceptual change must occur to aid students in appreciating the fact that
“there are other competitive conceptions that may be more appropriate for
explaining a phenomenon” (p. 2633). One such conception is the alternative
conception. Individuals’ scientific ideas that differ from expert scientific
opinions are referred to as alternative ideas. These concepts have been given
various names, the most popular and appealing of which is ‘alternative
conceptions (Wandersee et al. 1994), which are mentally constructed ideas
that make sense to the individual and help the individual make sense of new

information. It is personal information that differs from public (accepted)
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knowledge. Alternative conceptions are not limited to pre-service teachers;
advance scientists also have them.

Therefore, one of the major responsibilities of the teacher in the
classroom is to identify students’ misconceptions and guide them in achieving
conceptual change. Teachers should not expect students to give up their
alternative conceptions, as Hewson et al. (1992) argued; instead, they should
use instructional strategies that give those conceptions a fair shot at competing
with the accepted scientific ones. For this reason, science educators need to
foster an environment where students feel comfortable questioning and
debating the material’s validity. (Dass and Yager, 2009) recommends that
teachers teach inquiry-driven project-based learning to promote conceptual
change in science among students. Thomberg believes teachers could be
equipped with the skill to facilitate inquiry-driven project-based learning
through regular staff development programs.

Pre-service teachers are those students in the various colleges of
education, technical universities, and universities who are being prepared to
teach at the various basic schools and second-cycle institutions in the country.
For several reasons, it is now crucial to determine the level of scientific
literacy among future teachers and uncover any misunderstandings. To begin,
many elementary schools use reading and teacher explanations to introduce
scientific concepts to their students. That is why it is not uncommon for pupils
to look at their teachers as their only source of knowledge (NRC, 1997). In
addition, advanced pedagogical content knowledge is required to successfully
teach scientific ideas (Appleton, 2006), and this cannot be achieved without

first acquiring subject matter knowledge. Therefore, it is crucial in scientific
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education that pre-service instructors fully grasp key concepts, particularly in
areas that pupils find challenging. This is because if pre-service teachers have
misconceptions or a lack of conceptual understanding in areas students find
challenging, then those ‘wrong’ scientific concepts will be perpetuated up the
education system, from elementary school to college. The development of a
scientific culture essential to rapidly implementing a national strategy to
improve citizens’ knowledge of science and technology would be hampered
by this issue. If science education fails to adequately teach students how
science works and how scientists conduct their research, it will fail to achieve
its primary instructional goal (Bell, Blair, Crawford, & Lederman, 2003).
Elementary school teachers have been studied for over two decades,
and the results show that many of them lack the subject understanding and
pedagogical acumen to effectively teach fundamental scientific principles to
their students (Abell & Smith, 1994; Appleton,2006). According to Crawford,
and Lederman, 2003, educators surveyed had views on fundamental scientific
notions that were at odds with those generally accepted in the scientific
community. Ansah, Amoah, and Baah (2018) conducted a research to evaluate
the grasp of the mole idea among future science educators. The research they
conducted was based on a survey. The research participants were selected
using a systematic process of purposeful sampling. Two first-year science
classrooms at Wesley College of Education served as the study’s sample.
Sixty (60) students made up the entire sample size. The research results
showed that the future science instructors who participated in the study had
various misconceptions regarding the mole notion because they lacked a solid

conceptual knowledge of it. Studies show that students often utilise formulas
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to answer issues involving stoichiometry because they have different mental
models of the subject (Dahsah & Coll, 2008). The capacity to solve numerical
issues and conceptual knowledge was shown to be unrelated in the research
conducted by Boujaoude and Barakat (2000) on students’ capacities to do
stoichiometric calculations. Relatedly, Hanson (2016) examined how
preservice teachers in Ghana conceptualised stoichiometry. Despite the
algorithmic foundations, the trainees still had trouble translating word
problems into mathematical equations, indicating more chronic conceptual
interpretation challenges. According to research by Schmidt and Jigneus
(2003), Swedish students shared these shortcomings and used logical
reasoning, the mole method, and proportionality to translate sentence
problems into mathematical equations, which often led to the development of
Para conceptions when solving problems involving stoichiometry. To answer
identical stoichiometric issues, both instructors and students resorted to
formulas, as was also found by Dahsah and Coll (2008), rather than using a
more proactive learner-centered or constructivist approach. Sanger (2005)
observed that while assessing students’ conceptual grasp of balanced
equations and stoichiometric ratios, many were unsure of the difference
between subscripts and coefficients and whether or not to include unreacted
chemical species in the equation. The students were tasked with doing two
stoichiometric calculations using the balanced equation they developed. The
students’ ability to do basic stoichiometric calculations and understand the
relative reaction rates of the two reactants was tested by analysing their written
replies. Students who struggled with understanding the relationship between

subscripts and coefficients in stoichiometric calculations had a lower average
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score. Most of the stoichiometric calculations conducted by the students,
whose balanced equations included unreacted chemical species, used
inaccurate reacting ratios of the starting ingredients.

In an attempt to ascertain the possible contributing factors to the lack
of conceptual understanding among science students, it was discovered that
science topics are hardly taught as conceptual lessons (Antwi, 2013). Antwi
noted in his study of physics teacher trainees’ experiences with interactive
engagement that practical activities were hardly carried out in teacher training
institutions, as was observed in chemistry teaching and learning.
Unfortunately, research shows that learning in most Ghanaian schools is
limited to one’s ability to learn sets of guiding steps, especially where
mathematical expressions and solutions are required. These practices do not
result in a holistic conceptual understanding (Antwi, 2013). It is also worth
noting that science students’ success in quantitative problem-solving is not a
reliable measure of conceptual understanding (McDermott & Shaffer, 1992;
Mazur, 1997). According to studies (McDermott & Shaffer,1992; Von Korff
et al., 2016), students who excel in addressing quantitative problems often
have trouble with more abstract conceptual concerns. Despite a lack of
familiarity with fundamental physics ideas, some students do well on exams
(McDermott & Shaffer, 1992; Hussain, Latiff, & Yahaya, 2012). Many pupils
in many underdeveloped nations reportedly do not demonstrate enough
conceptual comprehension when presented with issues that need such
understanding. It has been found in the past by Talabi and Hanson (2004) that
few Ghanaian schools conduct pre-assessments in the sciences to determine

students’ prior conceptions and practical activities. Since students’ existing
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knowledge affects their ability to absorb new concepts, it is crucial to consider
it before teaching (Hanson, 2016). This may help alleviate the problem of
pupils lacking conceptual comprehension. Educators in the field of science
have a responsibility to take the appropriate measures to ensure that students
are taught using effective approaches that foster conceptual comprehension.
Pre-Service Teachers’ Conceptual Difficulties and Alternative Conception
in Integrated Science.

Ideas developed by students which differ from scientific explanations
are known as misconceptions (Halim, Yong, & Meeran 2014). Misconceptions
are ideas that go against mainstream scientific consensus. According to
Kuczmann and Budapest (2017), misconceptions are alternative conceptions
that contradict established scientific ideas yet seem well-grounded based on
certain tests and experiences or logical conclusions.

According to Science Teaching Considered: A Handbook (Science
Teaching Reconsidered) (NRC, 1997), science teaching misconceptions are
classified into five types. The five types of misconceptions are discussed
below:

i)  Preconceived notions: These are popular beliefs formed due to
incomplete observations or prior experiences. It is also views that are
formed without proof or evidence, also known as unconscious biases.
Prejudices, stereotypes, and numerous other unconscious biases are
examples. Ground water, for example, exists as underground rivers.

i) Nonscientific beliefs: Students acquire beliefs from nonscientific
sources, such as religious or mythical teachings (NRC, 1997). For

example, the cause of species extinction is due to a predicted flood.
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iii) Conceptual misunderstandings occur when a general principle or
example is misapplied. For example, blood flows like ocean tides and
tornadoes are drawn to mobile home parks.

iv) Vernacular  misunderstandings: These are caused by a
misunderstanding of the meaning of the words. For example, work is
misunderstood in its meaning by different people in their local dialect.

v) Factual misunderstandings: These are lies that people frequently
acquire early in life and continue to believe into adulthood (NRC,
1997). For instance, in movies, a rocket explodes outside the earth’s
cell, and there is a loud detonation. Sound requires a carrier to be
heard; a vacuum lacks such mediums.

A number of misconceptions have been found to occur among students
at the primary and tertiary levels. These misconceptions are still prevalent
among students, although these misconceptions have been revealed overtimes
(Halim, Yong, Subahan, & Meeran, 2014; Santyasa, Warpala, & Tegeh,
2018). In contrast to conceptual comprehension, conceptual misunderstanding
includes ideas that are “wrong and flawed” (Gurel, Erylmaz, & McDermott,
2015) and at odds with accurate scientific information or assertions. These
“wrong and flawed” perspectives are also known as “preconceptions,”
“alternative frameworks,” or “naive conceptions” (Calyk, Ayas,& Ebenezer,
2005, p. 49). Misunderstandings and alternative conceptions can be persistent
(Sangam & Jesiek, 2012), inhibit learning and repel change (Turgut, Gurbuz &
Turgut, 2011). Ensuring an effective understanding of scientific concepts
among students involves guiding students from their alternate conceptions or

preconceptions towards a more scientific one through conceptual change.
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Discovering and exploring one’s conceptions, discussing them with
peers in one’s learning community, evaluating one’s conceptions in light of
“scientific models and explanations for plausibility,” and finally, “refining,
reconstructing, reconciling, or rejecting personal conceptions to align with the
scientifically sound and agreed upon conception” (p. 2) are all steps in the
process of conceptual change, as described by (Sel, & Soézer, 2019).
Misconception, in its simplest form, is the outcome of pupils’ fostering a
mistaken notion rather than proper information, leading to a lack of
comprehension of a topic. Misconceptions provide unique challenges in the
classroom while teaching courses in the natural sciences (Stein, Larrabee, &
Barman, 2008).

Pre-service and in-service educators, like the rest of us, tend to
misunderstand key scientific ideas that are fundamental to their job (Asoko,
2002). There are several sources for student misunderstandings. A lack of
access to conceptual resources and experiences, inadequate teaching of these
concepts, and previous exposure to scientific phenomena in natural contexts
are only a few reasons students struggle to grasp abstract ideas. (Disessa,
2002; Mayer, 2002; Vosniadou, 2014). Many of these are learned early via
faulty observation and incorrect assumptions, while others are disseminated
through inaccurate textbooks and fictional media. Careful observation and
critical thinking skills are usually sufficient to detect misunderstandings (Herr,
2021). Previous research has also shown that pupils’ comprehension of natural
phenomena often develops before introductory lessons are taught formally
(Halim, Yong, & Meeran, 2014). The learning process, curriculum, and

teacher’s perspective that learning is the transmission of information are all
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possible suspects as to why misunderstandings occur in a classroom context
(Uce & Ceyhan, 2019). Based on the nature of student mistakes, Kuczmann
and Budapest (2017) found that student misunderstandings indicate a unique
knowledge gap. This shortcoming may reflect an inability to recall specific
information or understand the connections between different types of
information.

The effects of misunderstandings on students’ education may be
profound. As students continue to expand on their knowledge, correcting the
misunderstandings holding them back from learning more sophisticated ideas
becomes increasingly challenging. Students who do not actively engage their
prior knowledge are more likely to either not absorb the material taught in
class or to memorise it for an exam but then forget it once they are back in
their natural environment. There is credible data demonstrating that students’
misunderstandings might impede their learning. Sirhan (2007) suggests pupils’
prior knowledge may contribute to certain misunderstandings. According to
Roschelle (1995), textbooks, instructors, or the instruction itself may
contribute to students’ misunderstandings of scientific concepts. This latter
factor is frequently blamed for disseminating false beliefs, sometimes known
as “school-made misconceptions” (Barke et al., 2009). This suggests that the
approach to teaching a certain idea may lead to misunderstandings on the side
of the pupils. As a result, students should not shoulder all the guilt for their
misunderstandings (Sirhan, 2007).

Trundle et al. (2007) advocated for studies that use interventions to
grow pre-service elementary teachers’ content knowledge. Other findings

suggest that eradicating misconceptions among students calls for conceptual
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change by providing all the essential information and factual knowledge. The
emergence of misconceptions could be avoided. (Kuczmann & Budapest,
2017).
The Concept of Basic Electronics in the Study of Integrated Science

The physics component of integrated science has been plagued by low
effort or poor performance across the board (Aina, 2013). The field of physics
is heavily reliant on mathematics and quantitative analysis. It is sometimes
referred to as a “measurement science” (Omosewo, 2009). Several studies
have shown that students’ performance in introductory physics is dismally
poor. The literature on this topic is sparse (Akanbi, 2003; Aiyelabegan, 2003).
Students in other countries, not only Ghana, also have a dismal track record. It
has been documented in various parts of Africa, including Nigeria and Kenya.
According to Wanbugu, Chiangeiywo, and Ndirit (2013), the perceived
difficulty of the subject makes physics unpopular among Kenyan students.
Because of this, most students avoid it, and as a result, their physics grades
suffer. Adeyemo (2010) ascribed the low performance to the challenging
(mathematical) character of the topic, whereas others (Oladejo, Olosunde,
Ojebisi, & Isola, 2011) linked it to the inadequate teaching pedagogies used by
physics professors. According to Atsumbe, Owodunni, Raymond, and
Uduafemhe (2018), and Santosh (2021), Electronics is the discipline of
science that examines the flow and control of electrons (electricity) as well as
their behaviour and effects in vacuums, gases, and semiconductors. Similarly
to this, according to Atsumbe, Owodunni, Raymond, and Uduafemhe (2018),
electronics is an area of science and technology that focuses on the

investigation of electron flow and regulation in electrical circuits as well as
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their behaviour and effects in vacuums, gases, and semiconductors.
Electronics is sometimes referred to as a discipline of physics and electrical
engineering that deals with the emission, behaviour, and consequences of
electrons utilising electronic equipment.

The Institute of Electrical and Electronics Engineers (IEEE), the top
professional association in the field, produces standards that frequently include
electronic components (Steinberg, Andrews-Todd, Forsyth, Chamberlain,
Horwitz, Al Koon, Rupp, & McCulla, 2020). Electronics plays a unique role
within the engineering community. Students who study electronics have a
thorough understanding of the engineering involved in the production, upkeep,
and repair of residential and commercial electronic devices. (MOE, 2010).
Forces, energy, earth movement, and fundamental electronics are all included
in the integrated science’s physics component at a certain Ghana institution.

The first year of physics courses for students at Ghanaian institutes of
education must include a course in fundamental electronics. In an electronics
course, students will learn about the flow of electricity through gases and
evacuated tubes, induced electricity and its applications, cathode rays, positive
rays and their properties, simple electronic devices, diode properties, and
oscilloscope television tubes. They will also learn about the band theory of
solids, energy level diagrams for conductors, semi-conductors, and insulators,
doping, and the types of semiconductors P- and N-types, P A few more
include n-p-and p-n, fundamental terms and structures and their uses, colour
coding, and integrated circuits (ICS). In addition to all of these electronics
principles, pre-service teachers are exposed to the fundamentals of the subject,

learning how to recognise the parts of an electronic circuit and understand the
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purpose of common home appliances as well as the parts that enable a variety
of uses for them. Though the content of basic electronics is not mathematical
compared to other branches of physics, Pre-service teachers still perceive it as
difficult and perform poorly in electronics. It is, therefore, a matter of concern
( MOE, 2010).

Knowledge of electronics is crucial to the development of modern
civilization (MOE, 2010). Every nation is seeing a rise in electronics and
communication engineering thanks to the discovery of the electron. It plays a
crucial role in various fields, from the military and space programmes to the
internet and the entertainment business. Electronics and Communication
Engineering covers much ground (Lo, 2023). Electrical and electronic
engineers are at the cutting edge of applied technology, always striving to
improve the tools and systems we rely on daily. We develop new solutions to
the world’s energy, communication, and information problems, from solar
panels to cell phones. Below are a few of the numerous challenges electrical
and electronic engineers address

i.  Rapid technological growth, a revolution in information and consumer

technology and digital media

ii.  Urgent need for alternative and sustainable solutions for energy and
transport

iii.  Development of advanced networks, such as the smart grid

iv.  The automated transport revolution

v.  The intertwining of computing and manufacturing in Industry

vi. Advances in medical science, aerospace, robotics and artificial

intelligence.
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The study of electronics plays a very crucial role in the 21% century.
The knowledge of electronics and the application of electronic engineering
principles and techniques is relevant for solving practical electronic problems
in our daily lives (CRDD, 2012). However, Atsumbe, Owodunni, Raymond,
and Uduafemhe (2018) observe that instructors of courses like basic
electronics struggle to provide students with meaningful classroom activities
that promote rapid conceptual change and comprehension. Research has
shown that many students struggle with basic concepts of electricity and
magnetism (McColgan, Finn, Broder, & Hassel, 2017; Li & Singh, 2017) and
that these misunderstandings and challenges are widespread. This shift makes
it imperative to examine how much students’ future instructors know about
integrated science (electronics) from a conceptual standpoint.
The Concept of Balancing Chemical Equations in the Integrated Science

A chemical equation is the symbolic formulation of the proportional
amounts of reactants and products. The number of atoms of each element on
the left-hand side of the equation (reactants) must be equal to the number of
those same atoms on the right-hand side (products) for the chemical equation
to be considered balanced (Quaittoo, 1996). Based on the assumption that
matter is neither generated nor destroyed during chemical reactions, chemical
equations may be characterised as symbolic and quantitative representations of
the changes that occur throughout the process of chemical reactions (Ahtee &
Varjola, 1998). The substances combined to chemically react are called
reactants; the substances formed are the products. In this case, the reactants are
A and B, and the products are C and D, as shown by the chemical equation xA

+ yB — pC + gD. Stoichiometric coefficients (represented by the subscripts x,
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y, p, and q) express the proportions of reactants to products in a chemical

2 ¢¢

reaction. The arrow denotes “gives,” “yields,” or “forms,” whereas the plus
(+) symbol denotes “and” (Dula, 2018). In a nut shell, Chemical equations
consist of symbols of elements and compounds involved in a chemical
reaction.

This subject is appropriate for research across all levels of student
populations because scientific ideas relating to chemical processes and their
symbolic representations have a major position in the chemistry curriculum.
Despite the central role that the study of chemical reactions plays in the study
of chemistry, students seem to have trouble learning and conceptualising the
notion. There are reports of poor performance among students in problems
relating to chemical reactions. Numerous research studies have examined
students’ misunderstandings and challenges with learning and comprehending
chemical topics (Kariper, 2011; Onwu & Randal, 2006; Taber, 2011).
Although research has shown that accurately writing chemical equations is not
straightforward (Baah & Anthony-Krueger; Baah & Ampiah, 2012; Dula,
2018), it is not impossible. The discovery of misunderstandings among
students is concerning. According to research by Savoy (1988) and Hines
(1990), science students often struggle to learn and apply the abilities
necessary to balance chemical equations. Similar results were found by
Johnstone, Morrison, and Sharp (1976) in Scotland, who found that senior
high school pupils often avoid writing chemical equations and dealing with
calculations using chemical equations. According to research by Anamuah-
Mensah and Apafo (1986), senior high school students in Ghana had trouble

understanding some scientific concepts, particularly chemical combinations.
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About two-thirds of the students in the research said they had a hard time
understanding or never understood the chemical combination that was the
focus of the investigation. In line with these results, studies by Lazonby,
Morris, and Waddington (1982), and Bello (1988) show that students’
enduring difficulties in solving stoichiometric problems are related to their
incorrect representation of chemical equations. According to available chief
examiners’ reports from the West African Examinations Council (WAEC,
2018), students do not have sufficient conceptual knowledge in formulating
chemical equations throughout high school. According to the chief examiners’
report for the SSSCE chemistry paper 2018, most students failed to
demonstrate an understanding of how to form balanced chemical equations.
The same was true in the 2015 study, reaffirming that many applicants could
not write chemical equations correctly. Students in 2016 were found to lack
the ability to formulate reaction equations for Bronsted-Lowry base reactions
with concentrated HCI. Examining officials noted that applicants struggled
with ionic equation drafting in 2018. For the 2021 chemistry theory paper,
students were tasked with determining how much dry oxygen gas is produced
when KCIO3 is heated and writing a balanced chemical equation to describe
this process. Candidates had trouble getting the right mole ratio since they
could not write the equation correctly, as highlighted by the examiners in the
preceding question. Given the above, it is obvious that, although being an
essential skill in chemistry, students have historically struggled with and
lacked a conceptual grasp of the task of constructing chemical equations.
Neither solving nor analysing chemical equations will be possible if pupils fail

to write them correctly.
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According to WAEC Chief Examiners’ report (2013), students who
attempted to balance chemical equations exhibited some difficulties. For
instance, some candidates copied exactly the skeletal equations as their
answers, while others introduced the wrong co-efficient in an attempt to
balance the equations. The reports also indicated that candidates who
attempted to answer these questions wrote the chemical formula wrongly. For
example, some candidates provided Cu.SOs as the chemical formula for
Copper (1) tetraoxosulphate (V1) instead of CuSQOa, Again, in the same vein,
some candidates provided FesO as the chemical formula for Iron (I1) oxide
instead FeO. However, it should be noted that a proper grasp of the concepts
of atoms and atomicity, molecules and molecular formula, atomic structure,
and bonding, valency, the use of brackets, radicals, subscripts, and coefficient
and Molar ratio is necessary for accurate chemical equation writing (Savoy,
1988).

The three main ways to balance chemical equations are the ion-
electron approach, the oxidation number method, and trial and error. The
oxidation number approach is ineffective because it encourages students to
rely only on concrete reasoning (in the Piagetian sense) by having them utilise
a “bookkeeping device” based on internalised algorithms. Herron argued that
the ion-electron technique necessitates hypothetico-deductive thinking (in the
Piagetian sense) since the meaning of the oxidation process is derived from its
place in the larger framework of atomic theory. Aside from students’
misconceptions about chemical equations, records of findings also revealed

that science students have alternate misconceptions concerning concepts such
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as burning, physical and chemical changes, dissolving, and solutions (Calyk et
al., 2005; Demircioglu, 2009).

Teaching chemical reactions implies using three levels of thinking: the
macroscopic, the submicroscopic, and the representational (Johnstone, 2000).
Many students seem to mix up macroscopic and submicroscopic features of
matter, according to the results of previous studies (Bucat, 2004;
Chandrasegaran et al., 2007; Meijer, 2011; Treagust et al., 2011). When all
three are used simultaneously, people experience an “overload of their
working memory space” (Sirhan, 2007). Neglecting the submicroscopic level,
on the other hand, may lead to a number of misunderstandings, which is
particularly crucial when discussing chemical interactions. The use of
metaphorical shortcuts in portraying responses is also crucial. Unfortunately,
symbol-based learning of chemical processes is too common, leading students
to rely primarily on rote memorisation (Dhindsa & Treagust, 2009; Salame et
al., 2011).

The Concept of Infectious and Non-infectious Diseases in Integrated
Science

Research has revealed that disease and infections have not seen many
studies in educational research; most of the studies of diseases are done in the
medical field. According to World Health Organization (WHO, 2020) the term
“disease” refers to a specific aberrant state that adversely affects an organism,
such as humans or animals, on the whole, or in part but is not instantly caused
by external harm (WHO, 2020). Diseases are classified based on the causative

organism that causes the disease(pathogens) (Adjibolosoo et al., 2018).
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Pathogenic diseases are diseases caused by a living organism that can
be transferred to individuals, and non-—pathogenic are diseases that are not
caused by a living organism; they are mostly caused by genetic and
environmental factors (lifestyle). Pathogenic diseases include Cholera,
Measles, Typhoid, Polio, Tuberculosis, Tetanus, Yaws, and HIV AIDS. To the
biologist, a vector is an organism that transfers the parasite from individual to
individual (Baqui et al., 1993) or through air, water, and food. Examples of
non-pathogenic disease have varied implications for the life of both children
and adults, of which pre-service teachers are not exempted; it needs to be
addressed so that the difficulty learners face can be used as a basis to explain
the knowledge about the drug may captivate learners who see the treatment of
infectious disease for the first time in an Integrated Science lesson or clinic
and the skills involved in the diagnosis, and as a result, will pay more attention
and engage more deeply.

Relationship between Pre-Service Teachers Interest and Conceptual
Understanding

A personal investment in the topic increases the likelihood that a
student will return to it and learn more about it over time (Harackiewicz,
Durik, Barron, Linnenbrink, & Tauer, 2008). Traditional indicators of
academic achievement, such as enrollment and grades, may be predicted by
gauging a student’s level of interest in learning.

For learners to conceptualize the Integrated Science concept, the
interest of the learners must be considered and developed. It is a fact that
interest in a concept will directly affect the performance of the learners that

are engaged in these selected concepts.
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Among many concepts in Integrated Science, this study teases out
Basic Electronics, Balancing Chemical Equations and Diseases to further
checks Pre-service teachers conceptual understanding, also verify the
relationship that exists between the performance of the learners and the
interest they have for the concept understudy, the level at which the learners
can perform and the level of conceptual understanding pre-service teachers
possess in light of this, the purpose of this research was to examine pre-service
teachers’ conceptual knowledge of and interest in a particular integrated
science subject. The connection between students academic performance and
their areas of interest.
Conceptual Framework of the Study

The conceptual framework in Figure 1 was designed to guide the
study. It was used as a model for identifying the concepts under study and
their relationships. It is realized that when teachers teach the concepts
effectively to students, there is a high possibility that students can develop an
adequate conceptual understanding (Anim-Eduful & Adu-Gyamfi, 2022b).
Conceptual understanding entails students’ achievement in the selected
concepts, such as basic electronics, balancing of chemical equations and
infectious and non-infectious diseases, and their ability to justify their
reasoning. However, when these concepts are not well-learned, students
develop various conceptual difficulties and alternative conceptions, such as
factual misunderstanding and conceptual understanding. No matter how
teachers present the concepts to students and even when students read from
good textbooks, students still have some level of conceptual difficulties (Nti,

et al., 2023). Pre-service Teachers (PST) interest in selected science concepts
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in integrated science could likely influence their conceptual understanding of

those concepts.

Conceptual Understanding
-Full Scientific Understanding
-Partial Scientific Understanding
-No Scientific Understanding

>
/ X 4
[ Selected | : Interest
| Concepts | ‘
N 4 . Conceptual difficulties &Alternative
- conception

\.| -Factual misunderstanding
-Conceptual misunderstanding

Figure 1: Conceptual framework
Source: Author’s construct (Baah-Yanney, 2023)

Chapter Summary

This chapter reviewed the relevant literature which served as a
backbone for the study. The literature review was divided into three main
sections: theoretical review, empirical review, and conceptual framework of
the study. The theoretical review looked at the selected concepts understudy.
The empirical review highlighted the conceptual understanding in the
integrated science and delimits it to the selected concept under study. Finally,
the conceptual framework discussed the model for identifying the concepts
under study and their relationships. It is realized that when teachers teach the
concepts effectively to students can develop an adequate conceptual

understanding.
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CHAPTER THREE
RESEARCH METHODS

This chapter describes the methodology that was employed for the
study in detail. It comprises the study’s design, population, sample, and
sampling technique, research instruments, data gathering procedure, data
processing and analysis. The chapter also discusses the reliability and validity
of the instruments employed in the study and how the instruments were used
to collect data to determine the pre-service teachers’ conceptual understanding
and interest in basic electronics, balancing of chemical equations, and
infectious and non-infectious diseases.
Research Design

The research design employed in this study was a convergent parallel
mixed methods. This design was used because it allowed for the collection of
both quantitative and qualitative data independently to investigate colleges of
education pre-service teachers’ conceptual understanding and interest in basic
electronics, balancing of chemical equations and infectious and non-infectious
diseases in Integrated Science at the same time (Creswell & Plano Clark,
2011). The quantitative data was collected using an achievement test and a
questionnaire. The achievement was in the form of a two-tier diagnostic test.
The first answer tier (A-tier) with four options (one correct option and three
distractors) investigated pre-service teachers’ achievement of the selected
concepts and was used as the quantitative data. The second tier, which was the
reason-tier (R-tier), demanded the respondents to provide reasons for their
answer tier selected as their answers/explanations to the selected answers for

the A-tier. The reasons provided to the answer tier were used as quantitative
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and qualitative data. The students’ interest questionnaire was also used to
collect quantitative data. The quantitative data (answer tier) from the
diagnostic test and the questionnaires were analysed using means, standard
deviations, and percentages. The qualitative data was analysed thematically
based on the reasons for the selected concepts to establish any conceptual
difficulties as classified by (NRC, 1997). After the analysis, the quantitative
results, which yielded conceptual difficulties from the pre-service teachers’
conceptual understanding of basic electronics, balancing chemical equations,
and infectious and non-infectious diseases, were discussed with the qualitative
data from the pre-service teachers’ explanations of the same concepts. The
findings from students’ explanations provided insight and created a better
picture of pre-service teachers’ conceptual difficulties in learning basic
electronics, balancing chemical equations and infectious and non-infectious
diseases at the College of Education level. The research design used in this

study is seen in Figure 2 below.

-

‘ Quantitative data

Means, percentages, y _—
and standard ’\A 77 :
deviation | Compare and ‘ [ Interpretation
e & W | relate ——J Data obtained
-~ Two databases were ’ were merged

Qualitative data

| compared and discussed
Thematic analysis ‘

Figure 2: Convergent parallel mixed research design.
Source: (Creswell & Plano Clark, 2011)
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Population

There were seven colleges of education in the Eastern Region in the
2020/2021 academic year. Four of the seven colleges of education were
affiliated to the University of Education, Winneba, and the other three were
affiliated to the University of Cape Coast. The population of the pre-service
teachers in the College averagely 200 students in all the four levels making
800 students in each College. In all 3200 pre-service teachers where the
population of the study.The target population were the second-years who have
study the year one integrated science curriculum. The accessible population
were 2400 second year students in the three selected colleges of education
affiliated to University of Education Winneba. There were 1,375 females and
1,025 males in all the three colleges of education.
Study Area

The Eastern Region of Ghana, whose headquarters is Koforidua, was
the study area. The Ghana Statistical Service (GSS, 2020) estimates that
3,244,834 people live in the region. About 53% of the population works in
agriculture; the remaining people are employed in industry and other services.
There are 32 Municipal and District Assemblies in the region. There are
twenty-nine (29) senior high schools, seven colleges of education, and five
universities in the region.
Sample and Sampling Procedure

For this study, purposive sampling technique was used to select three
Colleges out of the four Colleges Education in Eastern Region affiliated to the
University of Education Winneba. This is because students offering integrated

science were selected to participate in the study as the other college of
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education offered elective science to its students hence, its exclusion from the
study. This would have given students in the science-oriented College an
upper hand over other students in the three colleges selected.

Second-year pre-service teachers in Colleges of Education participated
in the study.This is because, the concepts of basic electronics, balancing of
chemical equations and infectious and non-infectious diseases are studied at
the first-year hence had fair knowledge about the concepts. To ensure all the
second-year pre-service teachers in the three Colleges of Education had equal
chance of participating in this study, simple random sampling technique was
used through a computer-generated random numbers selection for the 255
pre-service teachers (Krejcie & Morgan, 1970) for the study.

Data Collection Instruments

Achievement tests and questionnaires were the research instruments
for the study. These were:

1. Achievement Test on Integrated Science Concepts (ATISC)

2. Questionnaire on Students Interest in Integrated Science Concepts

(QSIISC)

Achievement Test on Integrated Science Concepts (ATISC)

ATISC in the form of a diagnostic test was in two sections. Section A, which
included six items (items 1-6), sought biodata from respondents: sex, age,
level, and programme and Section B was made of 21 two-tier four-option
multiple choice test items. Of the 21 two-tier four-option multiple choice test
items, eight were on the concepts: basic electronics (items 7-15), seven on
balancing of chemical equations (items 16-23), and six on infectious and non-

infectious diseases (items 24-30). Pre-service teachers were required to
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correctly respond to the test items as the answer tier (A-tier) and provide
reasons for their selected answer among the four answer options as the reason
tier (R-tier). Respondent inability to select the right option, the answer tier,
was used a basis to explore the respondents’ conceptual understanding level.
Again, the reason for selecting a particular option in the answer tier also
helped explore respondents’ conceptual difficulties.
Validity and reliability of ATISC

After extensive literature review and consultation of different
integrated science textbooks and WAEC past examination items, the
researcher developed these items on ATISC and compared them to the
standard items set by the Institute for Teacher Education and Continuing
Professional Development (ITECPD) of the University of Education,
Winneba. The test items were compared against standardised items on
fundamental electronics, balancing chemical equations, and infectious and
non-infectious illnesses established by the University of Education for
Colleges of Education year after year for semester exams throughout the test
item development process. This was to ensure the instrument’s content
validity, to ensure the test items measure what it intends to measure. To ensure
face validity, the items were shown to three experienced colleague science
tutors at the colleges of education to review the items. The science teachers
were also experience examiners for the West African Examination Council
(WAEC) for over a decade. The items on ATISC were then shown to my
supervisor at the Department of Science Education, University of Cape Coast,
to critique and make suggestions. Suggestions from these experts helped

improve the quality of the instrument.
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The ATISC instrument was then pilot-tested with 49 pre-service
teachers from a College of Education in the Greater Accra Region. After the
pilot test, the difficult item indices were calculated, and this helped to delete
less difficult or extremely difficult items. In all, eleven items were deleted (4,
7,9, 11, 16, 24, 25, 27, 32, 33 and 34) from the initial 32 items and the
number of the items was rearranged. This is because they measured the same
contents measured by other test items. Of the deleted eleven items, four (4, 7,
9, and 11) were from basic electronics, five (16, 24, 25, 27, and 32) were from
balancing of chemical equations, and two (33 and 34) were from infectious
and non-infectious diseases. After that, the Kuder-Richardson 21 (KR21)
coefficient of reliability was calculated and found to be .79. Twenty(21) items
were used for the study with Eight(8) from the concept of basic electronics,
Seven(7) from balancing of chemical equation and Six (6) from Infectious and
Non-infectious Disease.

Questionnaire on Students Interest in Integrated Science Concepts
(QSIISC)

QSIISC was structured on 3-point Likert-type scale questionnaire
ranging from 1 Not Interested (NI) to 3 Very Interested (V1) was used to seek
pre-service teachers’ opinions on their interest in learning of basic electronics,
balancing chemical equations and infectious and non-infectious diseases in
integrated science (see Appendix B). Sixteen self- developed questionnaire
items were on the QSIISC. Of the sixteen items, four items each sought for
pre-service teachers’ interest in learning of basic electronic devices and
balancing of chemical equations, and eight items sought for pre-service

teachers’ interest in infectious and non-infectious diseases.
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Validity and Reliability of QSIISC

There sixteen (16) items on the QSIISC instrument were given to my
supervisor in the Department of Science Education, University of Cape Coast
to be reviewed to ensure their face and content validity. After which it was
pilot-tested in one College of Education in the Greater Accra Region of
Ghana. The Cronbach alpha coefficient value of .90 was obtained to determine
the internal consistency. This value was obtained after six of the items had
been deleted. The value obtained indicated that the questionnaire items were
reliable for the study.
Data Collection Procedure

A letter of introduction was obtained from the Department of Science
Education, University of Cape Coast. The researcher, with the introductory
letter, visited the selected colleges of education to familiarise with the tutors
and school authorities to establish a good rapport. This helped to have a
smooth data collection process. During the data collection process, the
researcher had a brief discussion with tutors teaching integrated science to find
out from them if they had covered concepts under investigation, and they
responded in the affirmative. After that, the researcher met the respondents
(pre-service teachers) and had a brief discussion with them. This helped to
explain the relevance of the study and the reasons why they should participate.
After the discussion, those willing to participate agreed.

The researcher distributed the achievement test and questionnaire
instruments to respondents and ensured they responded independently, as done
during the examination. This ensured that independent work was done.

Respondents spent 70 minutes responding to the achievement test and 20
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minutes responding to the interesting instrument. There was a 100% return
rate.
Data Processing and Analysis

Each item on the achievement test for pre-service teachers scored a
maximum of 2 marks. This gave a total of 42 marks. That is eight items on the
concepts of basic electronics, seven on concepts of balancing chemical
equations, and six on infectious and non-infectious diseases, making a total of
21 items. In order to explore the conceptual knowledge of pre-service
teachers, a structured level of understanding was used from other research in
the field (Anim-Eduful & Adu-Gyamfi, 2021; Anim-Eduful & Adu-Gyamfi,
2022b). Pre-service teachers who replied properly to both levels (content and
reason) received 2 marks; those who responded correctly to one tier (content
or reason) received 1 mark; and those who responded wrongly to both tiers
received 0 mark. The three levels of conceptual understanding were;

1. the first level of Full Scientific Understanding (FSU) goes with correct
content and reason responses.

2. the second level Partial Scientific Understanding (PSU), goes with correct
responses for either content or reason but not both, and

3. the third level, named No Scientific Understanding (NSU), goes with
incorrect responses for both content and reason.

In order to respond to research question one, percentages, means, and
standard deviations were employed. For research question two, pre-service
teachers conceptual difficulties were classified according to NRC (1997) into
five categories. Research question three: students’ interest was categorised

into; not interested, moderately interested, and very interested, which was
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adopted from Glaze (2021) employed in the area of evolution. Frequencies,
percentages, correlation analysis was used to answer research question three to
predict the relationship between pre-service teachers’ interest on their
conceptual understanding in integrated science.
Chapter Summary

This chapter discussed the methodology that was employed for the
study. The research design employed in this study was a convergent parallel
mixed methods. This design was used because it allowed for the collection of
both quantitative and qualitative data needed for the study. 255 pre-service
teachers from seven colleges of education in the Eastern Region constituted
the population. Purposive samplying technique was used to select the three
colleges affiliated to university of education and simple random samplying
was used to selected the pre-service teachers who participated in the study.
Finally two tier Achiement tests and questionnaires were the research

instruments for the study.
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CHAPTER FOUR
RESULTS AND DISCUSSION

This chapter presents the study results for the three research questions
and discusses all the quantitative and qualitative findings from the colleges of
education pre-service teachers’ conceptual understanding and interest in the
selected concept in integrated science.

Level of Conceptual Understanding of Pre-Service Teachers’ in Basic
Electronics, Balancing of Chemical Equation, Infectious and Non-
infectious Disease in Integrated Science Concepts.

Research question one sought to investigate the level of conceptual
understanding of pre-service teachers have in some selected concepts in
integrated science. The criteria used for interpreting the levels of pre-service
teachers’ conceptual understanding in basic electronics, balancing of chemical
equations and infectious and non-infectious diseases in integrated science is
presented in Table 1. Shows the mean ranges for the three levels of conceptual
understanding.

Table 1: Categorisation of Level of Conceptual Understanding

Level Mean range Interpretation

1 1.36-2.00 Full Scientific Understanding

2 0.68-1.35 Partial Scientific Understanding
3 0.00-0.67 No Scientific Understanding

To answer the research question, Table 2 provides the frequency,
percentages, means, and standard deviations used to answer the level of
conceptual understanding in the selected concepts. The maximum mark scored
for each question was 2 marks.
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To determine the most common material which serves as the main
ingredient of sand, Item 7 was used. As shown in Table 2, pre-service teachers
demonstrated no scientific understanding that silicon is the most common
material which serves as the main ingredient of sand (M = .47, SD = .61). This
was evident since 60.0% had no scientific understanding, 21.6% had partial
scientific understanding while only 18.4% fully understood the concept. To
establish that resistors enable light-emitting Diode (LED) to light up because
resistors prevent excess current from flowing through the conductor and thus
conserve energy, Item 8 was used. From Table 2, pre-service teachers
demonstrated partial scientific understanding (M = .87, SD = .78). This indicates
that 43.5% of the students had no scientific understanding, 23.2% exhibited
partial scientific understanding, and 33.3% fully understood the concept.

On Item 9, Pre-service teachers were to identify the type of transistor in
Fig.2a and 2b, the results from Table 2 show that pre-service teachers
demonstrated partial scientific understanding (M=.78, SD=.70). This indicates
that PNP and NPN transistors serve as emitter and collector arranged for current
from collector flowing through the emitter for PNP and current from emitter to
the collector. Since 38.4% had full scientific understanding, 23.1% exhibited
partial scientific understanding, and 38.4% had no scientific understanding. To
determine why LED bulbs are preferred to other bulbs, Item 10 was used. As
seen from Table 2, pre-service teachers demonstrated partial scientific
understanding that LED bulbs are energy efficient, they are preferred to other
bulbs (M= .98, SD=. 79). This was obvious since 30.6% had no scientific
understanding and only 17.6% fully understood and the majority of 51.8%

showed partial scientific understanding of the concept.
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Table 2: Levels of Pre-service Teachers’ Conceptual Understanding in
Integrated Science

Understanding level

Item Full Scientific Partial No Scientific M SD
Understanding Scientific Understandin
n % Understanding g
n % n %

Basic
electronics
Ti 47 184 55 21.6 153 60.0 0.47 0.61
8 oD TEEE 59 23.1 1119 SN 0.87 0.78
9 98 38.4 59 23.1 98 38.4 0.78 0.70
10 b 17.6 132 51.8 78 30.6 0.98 0.79
11 17 o 41 163k 197 77.3 0.42 0.82
12 18 7.1 5 22.4 93 70.6 092 0.61
13 19 75 88 34.5 148 58.0 0.45 0.58
14 25 9.8 67 26.3 163 63.9 043 0.63

Balancing

of equation
ihi5 13 51 36 14.1 206  80.6 0.38 0.79
16 29 114 74 29.0 152 59.6 0.47 0.61
17 7 2.7 54 21.2 194 76.1 0.23 0.46
18 18 7.1 102 40.0 135 52.9 0.59 0.70
19 22 & 8.6 44 178 189 74.1 0.25 0.43
20 (N G 39 15.% 199 78.0 0.23 0.46
21 7 25 21 8.0 227 89 0.24 0.66
Infectious
diseases
22 Bl 3783 107 42.0 53 20.8 1.28 0.85
23 59 231 104 40.8 92 36.1 1.23 0.90
24 DO — 130 51.0 67 26.3 1.14 0.80
25 46  18.0 60 23.5 149 584 0.47 0.61
26 50 231 125 49.0 71 gy 1.06 0.82
27 98 38.4 79 31.0 78 30.6 0.98 0.75

Source: Field data (Baah-Yanney, 2023)

To establish why the P-N junction diode is not connected to any
current, Item 11 was used. From Table 2, pre-service teachers demonstrated no
scientific understanding that if a P-N Junction diode is not connected to any
circuit. This is because there is an electric field at the junction directed from
the N-type side to the P-type side; hence P-N junction diode is not connected
to any current (M=.42, SD=.82). This was evident since 16.1% had partial
scientific understanding, 77.3% had no scientific understanding and only 6.7%
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fully understood the concept. On item 12, which is related to what is the
majority charge carrier in P-type semi-conductor? The results from Table 2
show that pre-service teachers demonstrated partial scientific understanding
about what a majority charge carrier in P-type semi-conductor is (M=.92,
SD=.61). As a result, 22.4% had partial scientific understanding, 70.6%
showed no scientific understanding and only 7.1% fully understood the
concepts that majority charge carrier in P-type semi-conductor are holes.

To determine the behavior of the P end of the P-N junction when
connected to the negative terminal of the battery and the N end to the positive
terminal of the battery the P-N junction behaves like, Item 13 was used. As
presented in Table 2, pre-service teachers demonstrated no scientific
understanding that the P end of the P-N junction, when connected to the
negative terminal of the battery and the N end to the positive terminal of the
battery the P-N junction behaves like an insulator (M=.45, SD=.58). This
shows that 58.0% had no scientific understanding, 34.5% showed partial
scientific understanding, and only 7.5% fully understood the concept. To
establish that a capacitor can charge and discharge current, Item 14 was used.
From Table 2, pre-service teachers demonstrated no scientific understanding
that what can charge and discharge current is a capacitor (M=.43, SD=.63).
This is clear since 26.3% had partial understanding, 63.9% exhibited no
scientific understanding, and only 9.8% fully understood the concept.

To establish the word equation into a chemical equation that one mole
of iron (1) ions (Fe?*) reacts with one mole of an oxide ion (0%) to form iron
(1) oxide (FeQO), Item 15 was used. As presented in Table 2, pre-service

teachers demonstrated no scientific understanding that one mole of iron(ll)
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ions (Fe?") reacts with one mole of an oxide ion (0%) to form iron(ll)oxide
(FeO) (M=.38, SD=.79). This demonstrates that 14.1% had a limited
comprehension of the topic, 80.6% had no scientific understanding, and just
5.1% had a complete understanding. Item 16 was used to determine that, in a
balanced chemical equation, one hydrochloric acid reacts with one mole of
sodium hydroxide to produce one mole of the salt sodium chloride and one
mole of water. Pre-service instructors failed to comprehend the scientific
concept that one mole of hydrochloric acid reacts with one mole of sodium
hydroxide to produce one mole of the salt sodium chloride and one mole of
water as the byproducts (M=.47, SD=.61), as shown in Table 2. This is
consistent with 59.0% of respondents had no scientific comprehension, 29.0%
had limited scientific awareness, and just 11.4% had complete scientific
understanding.

On item 17, students were asked to select a double displacement
reaction among four chemical reactions. From Table 2, pre-service teachers
demonstrated no scientific understanding that a reaction between one mole of
barium chloride and a mole of sodium tetraoxosulphate(\V1) to form barium(ll)
tetraoxosulphate(V1) is a double displacement reaction (M= .23, SD= .46).
This implies that 21.2% had partial scientific understanding, 76.1% shows no
scientific understanding and only 2.7% fully understood the concepts that a
reaction between one mole of barium chloride and a mole of sodium
tetraoxosulphate (V1) to form barium (Il) tetraoxosulphate(\V1) is a double
displacement reaction. To establish that the products formed when one mole of
calcium hydroxide reacts with ammonium chloride are calcium chloride,

ammonia and water, Item 18 was used. As shown in Table 2, pre-service
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teachers demonstrated no scientific understanding that calcium chloride,
ammonia, and water are the products formed when one mole of calcium
hydroxide reacts with Ammonium chloride (M=.59, SD=.70). This indicates
that 40.0% had partial scientific understanding, 52.9% had no scientific
understanding but only 7.1% fully understood the concept.

To determine that hydrogen gas is produced when hydrochloric acid
reacts with zinc metal, item 19 was used. As seen from Table 2, pre-service
teachers demonstrated no scientific understanding that hydrochloric acid reacts
with zinc metal to produce hydrogen gas (M=.25, SD=.43). This shows that
17.3% had partial scientific understanding, 74.1% had no scientific
understanding, and only 8.6% fully understood the concept. To establish that
the products formed when one mole of aluminum trioxonitrate (V) reacts with
three moles of sodium hydroxide to produce aluminium hydroxide and three
moles of sodium trioxonitrate (V), Item 20 was used. From Table 2, pre-
service teachers demonstrated no scientific understanding that aluminum
hydroxide and three moles of sodium trioxonitrate(\V) are produced when one
mole of aluminium trioxonitrate(\V) reacts with three moles of sodium
hydroxide (M=.23, SD=.46). This shows that just 2.7% thoroughly
comprehended the topic, while the remaining 78.0% simply showed a lack of
scientific comprehension.

On item 21, Al (NO3)s + 3NaOH — Al (OH)s + 3NaNO3z What are the
products in the above reaction? The results from Table 2 show that Pre-service
teachers demonstrated a partial scientific understanding that a reaction
between aluminium metal and copper (1) chloride produces aluminium

chloride and copper metal (M=.24, SD=.66). This shows that 8.0% had partial
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scientific understanding, 89.0% had no scientific understanding and only 2.7%
fully understood the concepts that aluminium chloride and copper metal are
produced when aluminium metal reacts with copper (11) chloride.

To establish that lifestyle is not a mode of transmission of infectious
diseases, Item 22 was used. From Table 2, pre-service teachers demonstrated
partial scientific understanding that lifestyle is not a mode of transmission of
infectious diseases (M=1.3, SD=.85). This indicates that 42.0% had partial
scientific understanding, 20.8% had no scientific understanding, with 37.3%
fully understood the concept. On item 23, Diseases are mainly classified into
two, namely. The results from Table 2, pre-service teachers demonstrated
partial scientific understanding that diseases are mainly classified into
pathogenic and non-pathogenic diseases (M=1.2, SD=.90). This is evident that
40.8% had partial scientific understanding, with 36.1% showing no scientific
understanding and 23.1% fully understood the concepts that diseases are
mainly classified into pathogenic and non-pathogenic diseases. To establish
that beriberi is caused by a deficiency of vitamin B1 (thiamine) in the body,
Item 24 was used. From Table 2, pre-service teachers demonstrated partial
scientific understanding that lack of vitamin B1 (thiamine) in what causes
beriberi in the body (M=1.1, SD=.80). This indicates that 51.0% had partial
scientific understanding, 26.3% had no scientific understanding and 22.7%
fully understood the concept.

To establish that cancer, Leukaemia, hypertension, and arteriosclerosis
are non-pathogenic diseases, Item 25 was used. From Table 2, pre-service
teachers demonstrated no scientific understanding that cancer, Leukaemia,

hypertension and arteriosclerosis are non-pathogenic diseases (M=.50,
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SD=.61). This indicates that 23.5% had partial scientific understanding, 58.4%
had no scientific understanding, and 18.0% fully understood the concept that
cancer, Leukaemia, hypertension, and arteriosclerosis are non-pathogenic
diseases.

On Item 26, which one of the following is a symptom of Malaria after
eight days of infections? From Table 2, pre-service teachers demonstrated
partial scientific understanding that malaria is considered an infectious disease
because is caused by the Plasmodium spp., which is a parasite (M=1.1,
SD=.82). This alludes that 49.0% had partial scientific understanding 27.8%
had no scientific understanding and 23.1% fully understood the concepts that
malaria is considered an infectious disease because is caused by the
Plasmodium which is a parasite. To establish that safe sewage disposal,
regular vaccination, and pasteurization of milk help control typhoid disease
infection, Item 27 was used. From Table 2, pre-service teachers demonstrate
partial scientific understanding that typhoid diseases infection could be
prevented by safe disposal of sewage, regular vaccination and pasteurization
of milk (M=1.0, SD=.75). This indicates that 31.0% had partial scientific
understanding, 30.6% had no scientific understanding and 38.4% fully
understood the concept that safe disposal of sewage, regular vaccination and
pasteurization of milk help control typhoid diseases infection.

Means from the scores for demonstrating no scientific understanding,
partial scientific understanding, and full scientific understanding were
calculated to examine the general conceptual understanding of pre-service
teachers on basic electronics, balancing chemical equations, and infectious and

non-infectious diseases. Pre-service teachers had an average mean of .68
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meaning partial scientific understanding in all the areas under study, with the
lowest and highest scores being 1 and 37, respectively, out of a possible 42
points. The study’s findings show that pre-service teachers have limited
comprehension of all three integrated science concepts.

The study key finding is that pre-service teachers had only a partial
understanding of the scientific principles underlying infectious and non-
infectious diseases with a mean of 1.02 and no grasp of the scientific
principles underlying basic electronics .67. Pre-service teachers’ demonstrated
no scientific understanding of concepts of basic electronics could be due to
their perception that basic electronics concepts are abstract and difficult to
learn (Kocijanic, 2018; Metioui & Trudel, 2012; Twissel, 2018). Pre-service
teachers’ demonstration of no scientific understanding of concepts of basic
electronics could also be that they hardly spend much time learning on their
own but largely depends either on their teachers’ information given them
during classroom teaching and learning or on available textbooks which they
find them difficult to learn on their own for better understanding.

Pre-service teachers’ demonstration of no scientific understanding of
concepts of balancing chemical equations could be due to the difficult and
abstract nature of the concepts (Mensah & Somuah, 2013). Pre-service
teachers demonstrate no scientific understanding, possibly because they have
difficulty relating symbols and formulas to chemical names and writing full
symbolic expressions when identified as abstract (Hanson, 2017). Pre-service
teachers who demonstrate no scientific understanding of basic electronics,
balancing chemical equations and partial scientific understanding of infectious

and non-infectious diseases may find it difficult to teach these concepts at the
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basic school level. This is because the teachers enact the science concepts in
the curriculum have difficulties, and then their students may equally find the
concepts difficult to learn (Anim-Eduful & Adu-Gyamfi, 2021) since students
are a true reflection of what their teachers teach them. Again, pre-service
teachers’ demonstration of conceptual difficulties could also be due to
difficulties they had while learning the concepts either from the basic school
level, at the senior high school level, or even at both levels.

It is, therefore, not strange that concepts in integrated science such as
basic electronics, infectious and non-infectious diseases and balancing of
chemical equations are difficult for students right from the basic school level
to the senior high school (Halim et al., 2014; Santyasa et al., 2018) to learn.
Conceptual Difficulties and Alternative Conceptions of Pre-Service
Teachers in Basic Electronics, Balancing of Chemical Equation, Infectious
and Non-infectious Disease in Integrated Science.

Research question two sought to determine pre-service teachers’
conceptual difficulties and alternative conceptions on basic electronics,
balancing chemical equations, and infectious and non-infectious diseases. To
achieve this, pre-service teachers who had their conceptual understanding to
be partial scientific understanding (PSU) and no scientific understanding
(NSU) in their learning basic electronics, balancing chemical equations, and
infectious and non-infectious diseases were the focus. Responses of pre-
service teachers were used to determine their alternative conceptions by
comparing the responses to the NRC’s (1997) five types of alternative
conceptions/misconceptions (i.e., Preconceived notion, Nonscientific belief,

Conceptual misunderstanding, Vernacular misunderstanding, and Factual
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misunderstanding). Pre-service teachers’ explanations classified as conceptual
difficulties were open-coded and constantly compared to the NRC (1997)
classifications. Frequency counts of coded statements from pre-service
teachers were calculated in percentages. This helped to determine the number
of the same statements from pre-service teachers to be quantified. Again, pre-
service teachers who provided no reasons (NR) to explain their answers or had
their space left blank were also calculated (in percentages) to determine the
proportion of pre-service teachers with no reasons.

The difficult nature of the test items was determined using the item
difficulty index (IDI). That is the proportion of pre-service teachers who
answered the item correctly to the total number of pre-service teachers who
attempted to answer the item, as shown in Table 3.

Table 3: Categorization of Item Difficulty Indices

Proportions % Description
0.0-0.40 0-40 Very difficult
0.50-0.60 50-60 Fairly difficult
0.70-0.80 70-80 Moderately difficult
0.90-1.00 90-100 Very easy

Generally, the achievement test items were very difficult for colleges
of education pre-service teachers with a calculated item difficulty index value
of .27 and some conceptual difficulties in most instances but not all. Concepts
of basic electronics, balancing of chemical equations, and infectious and non-
infectious diseases had calculated average item difficult index of .35, .19, and

.26, respectively. These values suggest that balancing of chemical equations
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was the most difficult concept to pre-service teachers, followed by infectious
and non-infectious diseases and basic electronics.

It was also found that most of the pre-service teachers had conceptual
difficulties with the three concepts under study. It was further found that out of
the five ‘classifications of alternative conceptions, only two of the
classifications that is Conceptual misunderstanding and factual
misunderstanding) manifested. Conceptual difficulties and alternative
conceptions of pre-service teachers in basic electronics are presented as
follows.

Item 7 was very difficult for pre-service teachers, with an index of .40.
Of the 208 (81.6%) pre-service teachers with conceptual difficulties, 9(4.33%)
of the pre-service teachers’ explanations were alternative conceptions. That is
208(81.6%) pre-service teachers, 4(1.9%) explanations were conceptual
misunderstandings, 5(2.4%) were of factual misunderstandings category, and
199(95.67%) of the pre-service teachers’ provided no explanations could not
be classified into any of the alternative conceptions types. The excerpts of
conceptual misunderstandings presented on basic electronics and factual
misunderstandings are:

Conceptual misunderstandings: (i) silicon is a non-metal hence it cannot be
an ingredient of sand. An excerpt is, “silicon is a non-metal hence it cannot be
an ingredient of sand because silicon is a non-metal that is, it easily losses an
electron hence cannot be a component of a sand” (Baaba)

(i1) Graphite most common material which also serves as the main ingredient

of sand. An excerpt is: “graphite is a metal which is obtained from the soil
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hence mostly mixes with the sand hence is most common material which also
serves as the main ingredient of sand” (Elorm)
Factual misunderstandings: glass is a component of sand. An excerpt is:
“because glass is obtained from the ground it forms part of sand” (Efua)

Item 8 was very difficult for pre-service teachers with an index of .43.
Of the 170(66.6%) pre-service teachers with conceptual difficulties, 4(2.35%)
of the pre-service teachers’ explanations were alternative conceptions. Of the
170 pre-service teachers, 2(1.2%) explanations were conceptual
misunderstandings and 2(1.2%) were of factual misunderstandings category,
and 166(97.65%) of the pre-service teachers’ provided no explanations, the
excerpts of conceptual misunderstandings presented on basic electronics and
factual misunderstandings are:
Conceptual misunderstandings: (i) bulbs enable LED to lights up. An excerpt
is: “presence of bulbs LED to lights up because bulbs prevent excess current
from flowing through the conductor and thus stores up energy.
(i1) Presence of switch enables LED to lights up. An excerpt is; “enables LED
to lights up because it enables excess current from flowing through the
conductor and thus conserve energy” (Kyeremeh).
Factual misunderstandings: (i) presence of wires enables LED to lights up.
An excerpt is: “presence of wires in LED help to lights up because wires
contains and direct current from flowing through them” (Gyasi).

Item 9 was very difficult for pre-service teachers with an index of 0.40.
Of the 157(61.5%) pre-service teachers with conceptual difficulties, 4(2.54%)
of the pre-service teachers’ explanations were alternative conceptions. Of the

157 pre-service teachers explanations 2(1.27%) were conceptual
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misunderstandings, and 2(1.27%) were of factual misunderstandings category,
and 153(97.45%) of the pre-service teachers provided no explanations. The
excerpts of conceptual misunderstandings presented on basic electronics and
factual misunderstandings are:

Conceptual misunderstanding: (i) only PNP transistors serve as
emitter and collector. An excerpt is; “PNP transistors serve as emitter and
collector because it prevents current flow from the emitter to be collected as it
is arranged in opposite direction to the current flow” (Kofi)

Factual misunderstandings: (i) NPN transistors serve as emitter and
collector because it cuts current flow during light out because it is arranged to
oppose current flow” (Ama)

(if) PNP-only transistors serve as emitter and collector. An excerpt is: “PNP-
only transistors serve as emitter and collector because it can absorb and
discharge current as emitters” (Ben).

Item 10 was very difficult for pre-service teachers, with an index of
.38. Of the 210(82.4%) pre-service teachers with conceptual difficulties,
6(2.86%) of the pre-service teachers’ explanations were alternative
conceptions. Of the 210 pre-service teachers, 3(1.42%) explanations were
conceptual  misunderstandings, and 3(1.42%) were of factual
misunderstandings category, and 204(97.14%) of the pre-service teachers’
provided no explanations. The excerpts of conceptual misunderstandings
presented on basic electronics and factual misunderstandings are:

Conceptual misunderstanding i) LED bulbs consume energy. An
excerpt is; “LED consumes energy hence preferred to other bulbs because

LED bulbs have different colours hence consumes much energy” (Kyeremeh,).
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Factual misunderstandings: (i) all LED bulbs are rechargeable. An excerpt
is: “because all LED bulbs are rechargeable, they are preferred to other
bulbs” (Adwoa).

(ii) All LED bulbs are energy inefficient. An excerpt is: “because all
LED bulbs are energy inefficient due to its technology they are preferred to
other bulbs” (Fiifi).

Item 11 was very difficult for pre-service teachers, with an index of
.35. Of the 238(93.4%) pre-service teachers with conceptual difficulties,
7(2.94%) of the pre-service teachers’ explanations were alternative
conceptions. Of the 238 pre-service teachers, 5(2.1%) explanations were
conceptual  misunderstandings, and 2(0.84%) were of factual
misunderstandings category, and 231(97.14%) of the pre-service teachers’
provided no explanations. The excerpts of conceptual misunderstandings
presented on basic electronics and factual misunderstandings are:
Conceptual misunderstandings: (i) the potential is the same everywhere when
P-N junction diode is not connected to any current. An excerpt is;, “when the
P-N junction diode is not connected to any current the electric potential of the
system is the same everywhere because P-N junction diode does not have
effect whether connected to any current or not” (JB)
(if) The P-type has a higher potential than the N-type side flow when the P-N
Jjunction diode is not connected to any current” (Gyasi)
Factual misunderstandings: an electric field at the junction directed from the
P-type side to the N-type side. An excerpt is: “There is an electric field at the

junction directed from the P-type side to the N-type side when the P-N
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junction diode is not connected to any current because P-type side to the N-
type side are connected in series and parallel at the same time” (Okum)

Item 12 was very difficult for pre-service teachers with an index of .39.
Of the 237(93.0%) pre-service teachers with conceptual difficulties, 2(0.84%)
of the pre-service teachers’ explanations were alternative conceptions. All the
two pre-service teachers explanations were of factual misunderstandings
category, and 235(99.2%) of the pre-service teachers provided no
explanations. The excerpts of factual misunderstandings are:

Factual misunderstandings: (i) electrons are the majority charge
carrier in P-type semi-conductor. An excerpt is; “majority charge carrier in
P-type semi-conductor are electrons because electrons carry negative charges
and there are numerous amount of electrons in P-type semi-conductor”
(Peace). (ii) Equal charge carriers in P-type semi-conductor. An excerpt is:
“Equal charge carriers in P-type semi-conductor because of volatility of P-
type semi-conductor” (Ama)

Item 13 was moderately difficult for pre-service teachers with an index
of 0.54. Of the 236(92.5%) pre-service teachers who had conceptual
difficulties, 2(0.85%) of the pre-service teachers’ explanations were
alternative conceptions. All the two pre-service teachers explanations were of
factual misunderstandings category, and 234(99.2%) of the pre-service
teachers provided no explanations. The excerpts of factual misunderstandings
are:

Factual misunderstandings: (i) a conductor character is seen when P
end of P-N junction is connected to the battery’s negative terminal and the N

end to the positive terminal of the P-N junction. An excerpt is; “because a

76

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

conductor carries ions when P end of P-N junction is connected to the
negative terminal of the battery and the N end to the positive terminal of the
battery the P-N junction it behaves like a conductor” (Papa)

(if) a semi-conductor property is seen when P end of P-N junction is
connected to the battery’s negative terminal and the N end to the positive
terminal of the P-N junction. An excerpt is; “because a semis-conductor lacks
electrons when P end of P-N junction is connected to the negative terminal of
the battery and the N end to the positive terminal of the battery the P-N
junction it behaves like a semi-conductor” (Amoasi)

Item 14 was very difficult for pre-service teachers with an index of .28.
Of the 230(90.2%) pre-service teachers with conceptual difficulties, 7(3.04%)
of the pre-service teachers’ explanations were alternative conceptions. Of the
230 pre-service teachers, 5(2.2%) explanations were factual
misunderstandings, and 2(0.87%) were of conceptual misunderstandings
category, and 227(98.7%) of the pre-service teachers’ provided no
explanations. The excerpts of conceptual misunderstandings presented on
basic electronics and factual misunderstandings are:

Conceptual misunderstandings: (i) light emitting diode charges and
discharges current. An excerpt is, ‘“Light emitting diode charges and
discharges current temporarily due to its emitting properties” (Abbam)

(ii) Transistor charges and discharges current. An excerpt is: ‘“tranmsistor

charges and discharges current due to its ability to store and resist current

flow” (Efua)
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Factual misunderstandings: inductor charges and discharges current. An
excerpt is: “inductor charges and discharges current due to its ability to
stabilize current flow” (BB)

Item 15 was very difficult for pre-service teachers with an index of .08.
Of the 242 (94.7%) pre-service teachers with conceptual difficulties, 4(1.7%)
of the pre-service teachers explanations were alternative conceptions. Of the
242 explanations, 2(0.83%) pre-service teachers’ explanations were
conceptual misunderstandings and factual misunderstandings each category,
and 238(98.3%) of the pre-service teachers provided no explanations. The
excerpts of conceptual misunderstandings presented on balancing of chemical
equations and factual misunderstandings are:

Conceptual misunderstandings: (i) FesO. is formed one mole of
iron(l1) ions (Fe?*) reacts with one mole of an oxide ion (O%). An excerpt is;
“because one mole of iron (Il) ions (Fe**) has a charge of 2 reacts to form
iron (111) ions (Fe**) before it reacts with one mole of an oxide ion (0?) with a
charge of negative 2 to form iron (I11) oxide. This is because iron (Il) is
reduced to iron (I11) hence the product FesO2” (Baaba)

Factual misunderstandings: (i) FeO- is formed when one mole of iron (1)
ions (Fe?*) reacts with one mole of an oxide ion (0%). An excerpt is; “because
the oxide ion (O%) gains one more electrons from the Fe to form O hence the
formation of FeO2 " (Nimo)

(ii) FesO is formed when one mole of iron (11) ions (Fe?*) reacts with one mole
of an oxide ion (0O%). An excerpt is; “because the oxide ion (O%) losses one
electron and the Fe also gains one electron to form O and Fe** hence the

formation of FesO” ( Essel)
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Item 16 was very difficult for pre-service teachers with an index of .18.
Of the 226 (88.6%) pre-service teachers with conceptual difficulties, 7(3.1%)
of the pre-service teachers explanations were alternative conceptions. Of the
226 pre-service teachers’ 2(0.89%) explanations were conceptual
misunderstandings and 5(2.21%) factual misunderstandings category, and
219(96.9%) of the pre-service teachers provided no explanations. The excerpts
of conceptual misunderstandings presented balancing of chemical equations
and factual misunderstandings are:

Conceptual misunderstandings: (i) CHs + O — H>O + CO: is a
balanced chemical reaction. An excerpt is; “this is because carbon, hydrogen
and oxygen atoms are present in both sides that is, all the atoms are in the
reactant side and the product side” (Adu)

(ii) HCl + Mg — MgCl, + Ha. An excerpt is: “hydrogen, chlorine and
magnesium atoms are present at the reactant and the product sides of the
equation” (Ivy)

Factual misunderstandings: Ho  + N> — NHa. An excerpt is: “one mole of
hydrogen gas reacts with one mole of nitrogen gas to produce an ammonia
gas; hence the reaction is a balanced one” (Regina)

Item 17 was very difficult for pre-service teachers with an index of .31.
Of the 248 (97.3%) pre-service teachers who had conceptual difficulties,
5(2.0%) of the pre-service teachers explanations were alternative conceptions.
Of the 248 pre-service teachers’, 2(0.81%) explanations were conceptual
misunderstandings and 3(1.21%) were of factual misunderstandings category,

and 243(98.0%) of the pre-service teachers provided no explanations. The
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excerpts of conceptual misunderstandings presented balancing of chemical
equations and factual misunderstandings are:

Conceptual misunderstandings: (i) a reaction: CsHis(g) + 25/202(9)
—8 CO2(g) + 9H20(g) is a double displacement reaction. An excerpt is;
“CgHi1s(g) + 25/202(g) —8 CO2(g) + 9H20(g) is a double displacement
reaction because there is a formation of carbon(IV)oxide and water” (fiifi).
(ii) The reaction: 2HCl(aq) + Mg(s) — MgCl(aq) + H2(g) is a double
displacement reaction. An excerpt is: magnesium metal displaces hydrogen
atom from the hydrochloric acid to form magnesium chloride and hydrogen
gas (Efua)
Factual misunderstandings: (i) the reaction: 2N20s (g) — 2N2@) + 502(Q) is
a double displacement reaction. An excerpt is: “because one molecule N2Os
has decomposed into two molecules; nitrogen gas (N2) and oxygen gas (O2)”
(Amoani).

Item 18 was very difficult to pre-service teachers with an index of
0.25. Of the 237 (93.0%) pre-service teachers who had conceptual difficulties,
4(1.7%) of the pre-service teachers explanations were alternative conceptions.
Of the 237 Pre-service teachers explanations were of conceptual
misunderstandings and factual misunderstandings category, and 233(98.3%)
of the pre-service teachers provided no explanations. The excerpts of
conceptual misunderstandings presented on balancing of chemical equations
and factual misunderstandings are:

Conceptual misunderstandings: CaClo+ H20. An excerpt is; “the

products formed when one mole of calcium hydroxide reacts with ammonium
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chloride are calcium chloride and water because there is oxygen in calcium
hydroxide that produces the water” (Ama)
Factual misunderstandings: CaClo + NHa. An excerpt is; “the products
formed when one mole of calcium hydroxide reacts with ammonium chloride
are calcium chloride and ammonia” (Ben)

Item 19 was very difficult to pre-service teachers with an index of .24.
Of the 233 (91.4%) pre-service teachers who had conceptual difficulties,
2(0.86%) of the pre-service teachers explanations were alternative
conceptions. Of the 233 pre-service teachers, 1(0.84%) of each of the pre-
service teachers explanations were of conceptual misunderstandings and
1(0.84%) factual misunderstandings, and 231(99.1%) of the pre-service
teachers provided no explanations. The excerpts of conceptual
misunderstandings presented on balancing of chemical equations and factual
misunderstandings are:

Conceptual misunderstandings: hydrochloric acid reacts with zinc
metal to produce carbon dioxide gas. An excerpt is; “this is because Zinc is a

>

very unreactive metal hence reacts with acids to liberate carbon dioxide gas’
(Papa)
Factual misunderstandings: hydrochloric acid reacts with zinc metal to
liberate ammonia gas. An excerpt is; hydrochloric acid reacts with zinc metal
to liberate ammonia gas because zinc metals produces react with concentrated
hydrochloric acid” (Ebenezer)

Item 20 was very difficult for pre-service teachers with an index of .25.
Of the 238 (93.4%) pre-service teachers with conceptual difficulties, 2(0.84%)

of the pre-service teachers explanations were alternative conceptions. Of the
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238, 1(0.42%) of pre-service teachers explanations were of conceptual and
1(0.42%) factual misunderstandings category, and 236(99.6%) of the pre-
service teachers provided no explanations. The excerpts of conceptual
misunderstandings presented on balancing of chemical equations and factual
misunderstandings are:

Conceptual misunderstandings: Al (NO3z); + 3NaOH are formed. An
excerpt is: aluminium trioxonitrate (V) Al (NOs)z and sodium hydroxide
(NaOH) are formed when aluminium trioxonitrate (V) reacts with t sodium
hydroxide” (Erica)

Factual misunderstandings: only NaOH is formed. An excerpt is: sodium
hydroxide (NaOH) is formed when aluminium trioxonitrate (V) reacts with
sodium hydroxide” (Prempeh)

Item 21 was very difficult for pre-service teachers with an index of .11.
Of the 248 (97.3%) pre-service teachers with conceptual difficulties, 2(0.81%)
of the pre-service teachers explanations were alternative conceptions. All the
2(0.81%) of pre-service teachers explanations were of factual
misunderstandings only, and 246(99.19%) of the pre-service teachers provided
no explanations. The excerpts of factual misunderstandings presented on
balancing of chemical equations and are:

Factual misunderstandings: (i) Al (NOz)3 + 3NaOH — Al (OH)3 +
3NaNQs. An excerpt is: “aluminium metal reacts with copper (II) chloride to
yield aluminium chloride and copper metal” (Bernice)

(i) Al + CuCly — Al CI3 + 2Cu. An excerpt is: aluminium hydroxide Al(OH)3
and sodium trioxonitrate(V) are formed when aluminium metal reacts with

copper (Il) chloride” (Mathias)
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Item 22 was very difficult for pre-service teachers with an index of .03.
Of the 160 (94.7%) pre-service teachers who had conceptual difficulties, none
provided explanations to be categorized as alternative conceptions.

Item 23 was very difficult for pre-service teachers with an index of .22.
Of the 196 (76.9%) pre-service teachers who had conceptual difficulties, none
provided explanations to be categorized as alternative conceptions.

Item 24 was moderately difficult for pre-service teachers with an index
of .72. Of the 195 (77.3%) pre-service teachers with conceptual difficulties;
none provided explanations to be categorized as alternative conceptions.

Item 25 was very difficult for pre-service teachers with an index of .24.
Of the 209 (82.0%) pre-service teachers with conceptual difficulties; none
provided explanations to be categorized as alternative conceptions.

Item 26 was very difficult for pre-service teachers with an index of .36.
Of the 196 (76.9%) pre-service teachers with conceptual difficulties, 5(2.55%)
of the pre-service teachers explanations were alternative conceptions. Of the
196 pre-service teachers, 2(1.0%) explanations were conceptual
misunderstandings and 3(1.53%) were of factual misunderstandings category,
and 191(97.45%) of the pre-service teachers provided no explanations. The
excerpts of conceptual misunderstandings presented on infectious and non-
infectious diseases and factual misunderstandings are:

Conceptual misunderstandings: It is not only protein that lead to kwashiorkor
but rather some of the nutrient that contains fats and oils may be added.
(Kojo)

Factual misunderstandings: (i) Beriberi is a lack of vitamin B2. (Sala)
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Q) Because Beriberi is caused by lack of some nutrients such as folic acid
in the body (Kofi)

Item 27 was very difficult for pre-service teachers with an index of .01. Of
the 157(61.6%) pre-service teachers with conceptual difficulties, 3(1.9%) of
the pre-service teachers explanations were alternative conceptions. Of the 157
pre-service teachers, 2(1.27%) explanations were of factual misunderstandings
and conceptual misunderstandings 1(0.64%) category and 154(98.1%) of the
pre-service teachers provided no explanations. The excerpts of conceptual
misunderstandings presented on infectious and non-infectious diseases and
factual misunderstandings are:

Conceptual misunderstandings: because treated nets are meant for
mosquitoes and not bacteria that causes typhoid. (Abeiku)

Factual misunderstandings: (i) safe disposal of sewage such that waste are
not dumped into water bodies or around the environment. (Charity)

The conceptual difficulties exhibited by pre-service teachers could be
due to their inability to demonstrate full scientific understanding of the
concepts of basic electronics, infectious and non-infectious diseases, and
balancing of chemical equations. The findings have shown that not only do
pre-service teachers at the university level have difficulties in relating symbols
and formulas to chemical names, as well as writing full symbolic of
compounds in a chemical reaction (Hanson, 2017), but pre-service teachers at
the Colleges of Education also have same difficulties in balancing of chemical
equations. Pre-service teachers demonstrate their conceptual difficulties in
identifying products of a chemical reactions when the reactants are available,

and also state the appropriate stoichiometric powers in a balanced reaction
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which leads to their inability to balance chemical reactions. The study seems
that not only students at the basic school, senior high, and pre-service teachers
at the university have difficulties in learning the balancing of chemical
equations and basic electronics, but pre-service teachers at the Colleges of
Education also seem to have difficulties.

Again, the findings have shown that not only do students have
difficulties in balancing of chemical equation and organic functional groups
(Anim-Eduful & Adu-Gyamfi, 2022b) but they also exhibit such difficulties in
balancing of inorganic chemical reactions. Results of the study also show that
pre-service teachers at the College of Education seem to have conceptual
difficulties with infectious and non-infectious diseases.

The findings have shown that pre-service teachers exhibited more
misconceptions. This is envisaged that majority of those who had conceptual
difficulties in all the concepts in integrated science were unable to provide
reasons for their options. According to the categories established by NRC
(1997), the students’ alternative perceptions fell mostly into the realms of
conceptual misunderstanding and factual misunderstanding.

Generally, colleges of education pre-service teachers’ harboured 75
alternative conceptions in concepts of basic electronics, balancing of chemical
equations and infectious and non-infectious diseases in integrated science.
Forty-one (41) out of the 75 alternative conceptions came from basic
electronics concepts, twenty-six (26) came from balancing chemical equations,
and eight came from infectious and non-infectious diseases.

Even though all three concepts in integrated science were very difficult

for pre-service teachers, the results seem to suggest that pre-service teachers
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exhibited more conceptual difficulties in basic electronics than in balancing
chemical equations and infectious and non-infectious diseases. Pre-service
teachers’ alternative conceptions were much of factual, 45(60.0%) than
conceptual 30(40.0%) out of the 75 alternative conceptions revealed in this
study.

For basic electronics, pre-service teachers exhibited 41 alternative
conceptions of which 23(56.1%) were factual and that of conceptual
misconceptions was 18(43.9%). Pre-service teachers harboured 26 alternative
conceptions in balancing chemical equations concepts, of which 17(65.4%)
were factual misconceptions, and 9(34.6%) were conceptual misconceptions.
Pre-service teachers exhibited eight alternative conceptions in infectious and
non-infectious diseases concepts, with (62.5%) factual misconceptions and
37.5% conceptual misconceptions. Consequently, pre-service teachers’
exhibition of more factual misconceptions in basic electronics and balancing
of chemical equations seems to suggest that they have difficulties in
understanding these concepts in physics and chemistry, respectively,
compared to concepts of infectious and non-infectious diseases in biology.
Level of Interest of Pre-service Teachers’ in Basic Electronics, Balancing
Chemical Equation, Infectious and Non-infectious Disease in Integrated
Science.

Research question three sought to determine the level of pre-service
teachers’ interest in basic electronics, balancing of chemical equations, and
infectious and non-infectious diseases; data obtained from the level of pre-

service teachers interest were analysed using descriptive (frequency,
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percentage, mean and standard deviations) and further categorised into three
levels each.

To start with data analysis for research question three, the level of
interest of pre-service teachers was determined. Table 4 presents the criteria
for interpreting the level of interest.

Table 4: Format for Interpreting Students Level of Interest in Integrated
Science

Level Range Description

1 1.00to 1.7 Not interested

2 1.71t0 2.4 Moderately interested
3 2.41 10 3.00 Very interested

Adapted from Glaze (2021).
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Table 5: Pre-service Teachers Level of Interest in Studying Concepts in Integrated Science (N=255)

S/IN  Item Not Interested Moderately Very M SD
n % Interested Interested
n % n %

1 I am interested in understanding the relevance of Basic Electronic appliances as commonly 176 69.0 54 21.2 25 98 141 066
use at homes

2 I am interested in reading about uses of Electronic appliance at home 151 59.2 80 31.4 24 94 150 0.63

3 I am interested in Basic Electronic components connection in class 166 65.1 70 27.5 19 75 142 049

4 I am interested in knowing how electronic devices are used in vehicle 199 78.0 49 19.2 7 27 125 049

5 Balancing chemical equation of reaction is a concept that is very interesting to study 50 19.6 63 24.7 142 239 0.99

55.7

6 Understanding Balancing chemical equations arouse my interest in learning chemical 54 21.2 72 28.2 129 506 229 0.79
compounds

7 Basic idea in Balancing chemical equation interest me to learn more of chemical equation 65 255 82 322 108 424 216 0.80

8 It is interesting to know the importance of balancing chemical equation. 71 27.8 81 31.8 103 404 212 081

9 It is interesting to know the spread of infectious and non-infectious disease within the 60 23.5 89 34.9 106 225 0.48
community 41.6

10 I am interested to know that malaria is an infectious disease 48 18.8 86 33.7 121 229 0.76

47.5

11 | am interested to know that personal hygiene reduces infectious diseases 44 17.3 211 82.7 0 00.0 183 0.38

12 lam interested to know that protozoa, bacteria, fungi, virus and yeast causes infectious 46 18.0 88 34.5 121 475 229 0.76
diseases

13 Itis interesting to know that health does not mean absence of diseases only 49 19.2 91 35.7 115 451 226 0.76

14 ltis interesting to know that antibacterial products do not affect disease caused by a virus 54 21.2 102 40.0 99 388 218 0.76

15  Itis interesting to know that deficiency diseases are caused by a lack of nutrients in the 43 16.9 84 32.9 128 50.2 233 0.75
body

16  Interesting facts about disease make me read more about health and hygiene 47 18.4 89 314 128 502 232 0.77

Source: Field data (Baah-Yanney, 2023)
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For the statement, knowledge in Basic Electronics help one to
understand the relevance of electronic appliances at home, Item 1 was used.
Results from Table 5 show that pre-service teachers perceived they had no
interest in the relevance of basic electronic appliances commonly used at
home. (M=1.41, SD=.66). This is evident since 69% were not interested,
21.2% were moderately interested, and 9.8% only were very interested in the
relevance of basic electronic appliances commonly used at homes. The second
item understanding basic electronics, enables one to recognise their uses at our
homes. As seen from Table 5, pre-service teachers were not interested in
reading about the uses of an electronic appliance at home (M=1.5, SD=.60).
This was clear since 59.2% did not show interest, 31.4% showed moderate
interest, and only 9.4% of the pre-service teachers were very interested that
they mostly read about the uses of an electronic appliance at home.

Again, for knowledge of basic electronics, one knows the various
functions of the components of electronic devices. Item 3 was used. As seen
from Table 5, pre-service teachers were not interested (M=1.42, SD=.49). This
was so because 65.1% were not interested, 27.5% were moderately interested,
and only 7.5% of the pre-service teachers were very interested that basic
electronic components connection in classrooms. Also, basic electronics
concepts are complex, abstract and difficult to learn; Item 4 was used. As
shown in Table 5, pre-service teachers were not interested in knowing how
electronic devices are used in the vehicle (M=1.25, SD=.49). It was obvious
that 78% showed no interest, 19.2% of the pre-service teachers were
moderately interested, and only 2.7% of the pre-service teachers were very

interested of knowing how electronic devices are used in the vehicle.

89

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

In addition, balancing the chemical equation of a reaction is a concept
one can understand through various methods. Item 5 was used, and pre-service
teachers were moderately interested in the chemical concept of balancing
chemical equations (M=2.39, SD=.99). This was made possible since 19%
were not 63 (24.7%) were moderately interested, and 142(55.7%) of the pre-
service teachers were very interested of the chemical concept of balancing of
chemical equations. Also, Understanding Balancing Chemical equations
aroused my interest in learning chemistry. Item 6 was used. As indicated in
Table 5, pre-service teachers were moderately interested that understanding
balancing chemical equations aroused my interest in learning chemical
compounds (M=2.29, SD=.79). This was identified in that 21.2% showed no
interest, 28.2% demonstrated partial interest, and more than half 50.6% of the
pre-service teachers were very interested that understanding of balancing
chemical equations arouse my interest in learning chemical compounds.

Continuing with Good knowledge in Balancing Chemical Equations
motivates me to learn more about Chemical compounds, Item 7 was used. As
seen from Table 5, pre-service teachers were moderately interested in basic
ideas in balancing chemical equations interest me to learn more chemical
equations (M=2.16, SD=.80). This was evident since 25.5% were not
interested, 32.2% were moderately interested, 42.4% of the pre-service
teachers were very interested that basic ideas in balancing chemical equation
interest me to learn more of a chemical equation.

Also, it is interesting to know the importance of balancing chemical
equations; Item 8 was used, as seen from Table 5. Pre-service teachers were

moderately interested to know the importance of balancing chemical equations
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(M=2.12, SD=.81). The percentages show that 27.8 were not interested, 31.8
were moderately interested, and 40.4% of the pre-service teachers were very
interested to know the importance of balancing a chemical equation.

Furthermore, for the statement it is interesting to know the spread of
infectious and non-infectious diseases within the community; item 7 was used,
as seen from Table 5. Pre-service teachers were moderately interested to know
the spread of infectious and non-infectious diseases within the community
(M=2.25, SD=.48). This allude to the fact that 23.5% were not interested,
34.9% were moderately interested, and 41.6% of the pre-service teachers were
very interested that it is interesting to know the spread of infectious and non-
infectious disease within the community. Also, | am interested to know that
malaria is an infectious disease; item 10 was used. As seen from Table 5, pre-
service teachers were moderately interested to know that malaria is an
infectious disease (M=2.29, SD=.76). This is clear since 18.8% were not
interested, 33.7% were moderately interested, and 47.5% of the pre-service
teachers were very interested to know that malaria is an infectious disease.

For the statement ‘I am interested to know that personal hygiene
reduces infectious diseases’, Item 11 was used. As seen from Table 5, pre-
service teachers were not interested to know that personal hygiene reduces
infectious diseases (M=1.83, SD=.38). This indicates that 17.3% were not
interested and the rest 82.7% were moderately interested, and none of the pre-
service teachers been very interested to know that personal hygiene reduces
infectious diseases. Also, | am interested to know that protozoa, bacteria,
fungi, virus, and yeast causes infectious diseases; item 12 was used; as shown

in Table 5, pre-service teachers were not interested to know that protozoa,
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bacteria, fungi, virus, and yeast causes infectious diseases (M=2.29, SD=.76).
This was obvious since 18% were not interested, 34.5% were moderately
interested, and 47.5% of the pre-service teachers were very interested to know
that protozoa, bacteria, fungi, virus, and yeast cause infectious diseases.

It is interesting to know that health does not mean the absence of
diseases only; Item 13 was used. Results from Table 5 show that pre-service
teachers) were not interested to know that health does not mean the absence of
diseases only (M= 2.26, SD=.76). This is evident since 19.2% were not
interested, 35.7% were moderately interested, and 45.1% of the pre-service
teachers were very interested to know that health does not mean an absence of
diseases only. Also, It is interesting to know that antibacterial products do not
affect disease caused by viruses, item 14 was used. As presented in Table 5.
Pre-service teachers were moderately interested to know that antibacterial
products do not affect disease caused by viruses (M=2.18, SD=.76). It was not
a surprise 21.2% were not interested, 40% were moderately interested and
38.8% of the pre-service teachers were very interested to know that
antibacterial products do not affect disease cause by virus.

Furthermore, It is interesting to know that deficiency diseases are
caused by a lack of nutrients in the body; item 15 was used; from Table 5, pre-
service teachers were moderately interested to know that deficiency diseases
are caused by lack of nutrients in the body (M=2.23, SD=.75). This shows that
16.9% were not interested, 32.9% were moderately interested, and 50.2% of
the pre-service teachers were very interested to know that deficiency diseases
are caused by lack of nutrients in the body. The last item, Interesting facts

about disease, makes me read more on health and hygiene. As presented in
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Table 5, pre-service teachers were moderately interested in the facts about
disease makes one read more on health and hygiene (M=2.32, SD=.77). This is
evident since 18.4% were not interested, 31.4% were moderately interested,
and 50.2% of the pre-service teachers were very interested in the facts about
disease makes them read more on health and hygiene.

Generally, pre-service teachers’ exhibited moderate interest in basic
electronics, balancing of chemical equations, and infectious and non-infectious
diseases. This could be due to the abstract nature of the concepts (M=2.02,
SD=.70), (Hanson, 2017) and how the students were taught at the junior and
senior high school level. That is, their teachers’ level of understanding of the
concepts and the kind of instructional teaching strategies employed does not
give pre-service teachers the kind of interest needed to interact with the
concept introduced in the classroom. It was clear that pre-service teachers did
not show interest in the concept of basic electronics (M=1.4, SD=.60), this
statement is in agreement to Harackiewicz, Durik, Barron, Linnenbrink, and
Tauer, 2008 that traditional indicators of academic achievement, such as
enrollment and grades, may be predicted by gauging a student’s level of
interest in learning basic electronics. This mean of pre-service teachers
showing no interest in basic electronics is also confirmed by Adeyemo (2010)
who said that the low interst is as a result of the challenging character of the
topic, whereas others (Oladejo, Olosunde, Ojebisi, & Isola, 2011) linked it to
the inadequate teaching pedagogies used by physics professors. According to
Atsumbe, Owodunni, Raymond, and Uduafemhe (2018), electronics is the
discipline of science that examines the flow and control of electrons

(electricity) as well as their behaviour and effects in vacuums, gases, and
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semiconductors. For the concept of balancing of chemical equation and
infectious and non-infectious disease, pre-service teachers showed moderate
interest in these selected area (M=2.2, SD=.85; M=2.2, SD=.68). pre-service
teachers who showed no scientific understanding in the concept of balancing
of chemical equation, however by infering from the mean above indicate
moderate interest in balancing of chemical equation. This findings support the
assertion by WAEC Chief Examiners’ report (2013), which explains students
who attempted to balance chemical equations exhibited some difficulties but
have moderate interest in the concept of balancing chemical equation. The
reports further indicated that candidates who attempted to answer these
questions wrote the chemical formula wrongly. For example, some candidates
provided Cu»SO4 as the chemical formula for Copper (II) tetraoxosulphate
(VI) instead of CuSQOs. Pre-service teachers demonstration of interest in the
concept of infectious and non-infectious was in line with the first research
question as their conceptual understanding level is at the partial scientific level
and also

Relationship between Pre-Service Teachers’ Interest and Conceptual
Understanding On Basic Electronics, Balancing of Chemical Equation,
Infectious and Non-infectious Disease in integrated science.

Research question four sought to examine the relationship between
students’ interest and their conceptual understanding in basic electronics,
balancing of chemical equations and infectious and non-infectious diseases,
data obtained from students’ interest and understanding were analysed by the
use of Pearson’s correlation coefficient to determine the relationship between

students’ interest and their academic achievement (performance).
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The data obtained were explored to determine whether it showed
normal distribution in order to decide which appropriate test statistic to
implement. This helped to take into consideration assumptions regarding
parametric tests. The scale data’s central tendency measures, skewness and
kurtosis, were tested, as seen in Table 6, to determine whether it showed
normal distribution. When a scale data’s mean, median, and peak values are
equal or close, the data shows normal distribution. Again, Tabachnick and
Fidell (2013) indicated that the data is normally distributed when skewness
and kurtosis coefficient values are between + 1.5.

Table 6: Measures of Central Distribution, Skewness, and Coefficients

Dimension Mean Median Skewness Kurtosis

Test Items 14.72 14.49 44 304

The data was explored further to ensure the test of normality using
Kolmogorov-Smirnov. As seen from Table 6, the data can now be confirmed
to be normally distributed as values of either Kolmogorov-Smirnov
(Tabachnick & Fidell, 2013) were below .05. With the significant value of
.001 (being less than p<.05), Table 7 is the result of Kolmogorov-Smirnov
statistics that were further considered. Hence, the information obtained

indicates that the data were normally distributed.
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Table 7: Tests of Normality

Tests of Normality

Dimension Kolmogorov-Smirnov
Statistic Df Sig
Students’ scores .068 255 .008

The relationship between pre-service teachers’ interest and conceptual
understanding in basic electronics, balancing of chemical equation and
infectious and non-infectious diseases was investigated using the Pearson-
product-moment correlation coefficient. After the preliminary analyses were
performed to ensure assumptions of normality, linearity and homoscedasticity
were not violated, As shown in Table 7, there was no correlation between the
two variables (interest and performance), r = .087, n = 255, p = .165. as shown
in table 8.

Table 8: Correlation of Interest and Conceptual Understanding

Interest Sig. N

Pearson Correlation Performance .087 .165 255

This means that students’ interest is not a predictor of their conceptual
understanding in basic electronics, balancing chemical equations and
infectious and non-infectious diseases, but other variables rather contribute to
students’ performance.

In conclusion, the current research contributes to a new perspective of
the literature on pre-service teachers’ conceptual understanding that interest
does not predicts pre-service teachers’ conceptual understanding in basic
electronics, balancing of chemical equations and infectious and non-infectious
in integrated science.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

This chapter summarises the key findings, conclusion, and
recommendations on the pre-service teachers’ interest and their conceptual
understanding of basic electronics, balancing of chemical equations, and
infectious and non-infectious disease concepts in Integrated Science at the
Colleges of Education in Eastern region affiliated University of Education
Winneba.
Summary

This study investigated the interest of pre-service teachers on their
conceptual understanding of basic electronics, balancing chemical equations,
and infectious and non-infectious diseases in the Colleges of Education in the
Eastern Region of Ghana. To answer the research questions raised, diagnostic
test items and a questionnaire on a 3-point Likert scale were pilot tested to
ascertain their validity and reliability. The sample used was 255 level 200 Pre-
service teachers for the 2020/2021 academic year drawn from three Colleges
of Education in the Eastern region of Ghana. A convergent parallel mixed
method design was used to collect quantitative data on their performance and a
questionnaire on students’ interests. The diagnostic test’s second tier (reason
tier) was extracted and used for the qualitative aspect of the study for the three
integrated science concepts under study.
Key findings
The key findings from the study based on the results from research questions

are presented as.
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1. The findings from the exploration of pre-service teachers’ level of

2.

conceptual understanding of basic electronics, balancing chemical

equations, infectious and non-infectious diseases are:

a. Pre-service teachers were at the partial scientific understanding
level of learning basic electronics, balancing chemical equations,
and infectious and non-infectious diseases. The average of the
means of all three concepts was within the partial scientific
understanding.

b. Pre-service teachers demonstrated no scientific understanding of
the concepts of basic electronics. Such as resistors that enable LED
to light up; PNP and NPN transistors serve as emitters and
collectors arranged for current from the collector flowing through
the emitter for PNP and current from emitter to the collect; because
LED bulbs are energy efficient, they are preferred to other bulbs;
majority charge carrier in P-type semi-conductor are holes;

c. Pre-service teachers demonstrated no scientific understanding of
the concept of balancing chemical equations.

d. However, pre-service teachers demonstrated a partial scientific
understanding of infectious and non-infectious diseases.

It was found that most pre-service teachers had conceptual difficulties

in basic electronics, balancing chemical equations, and Infectious and

non-infectious diseases. Pre-service teachers had conceptual and
factual misunderstandings out of the five classifications of alternative

conceptions of the three concepts under study.
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3. The findings from the exploration of the relationship between pre-
service teachers’ interest and their conceptual understanding in basic
electronics, balancing of chemical equations and infectious and non-
infectious diseases is that generally, pre-service teachers’ exhibited a
moderate interest in basic electronics, balancing chemical equations
and infectious and non-infectious diseases.

Conclusions

The study has shown that pre-service teachers’ conceptual
understanding is at partial scientific understanding; however, pre-service
teachers demonstrated no scientific understanding of basic electronics and
balancing chemical equation concepts but partial scientific understanding of
infectious and non-infectious disease concepts. Results from this research
support the difficulty level of the idea as described by Mensah and Somuah
(2013) in their integrated science curriculum and add to the body of
information that pre-service teachers usually experienced challenges with the
three chosen concepts under consideration.

The study also revealed that pre-service teachers had conceptual
difficulties and alternative conceptions in all the concepts under study. The
conceptual difficulties manifested in that many pre-service teachers could not
write or respond to the given reason tier option selected. The alternative
conceptions expressed by pre-service teachers were classified into five
categories (NRC, 1997). Only two alternative conceptions were expressed
(i.e., conceptual misunderstanding and factual misunderstanding). This could
be because pre-service teachers have false ideas learnt while growing up that

they did not get any opportunity to unlearn till adulthood, i.e., from wrong
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approaches to teaching, alternative conception transferred from teachers to
learners, or learners’ experiences of untrue or incomplete observations. There
is an obvious favourable non-significant association between the enthusiasm
of pre-service teachers and student achievement. This manifested when
Pearson correlation analysis was tested, and further linear regression was used
to confirm the results. It also clearly showed that interest did not relate to pre-
service teachers’ academic performance.
Recommendations

Based on the key findings of the study, the following recommendations
are made:

a. As pre-service teachers demonstrated partial scientific conceptual
understanding of basic electronics, balancing of chemical equations
and infectious and non-infectious diseases, Tutors at the Colleges of
Education should use conceptual change strategies to help improve
pre-service teachers understanding of integrated science concepts.

b. Science Tutors at the Colleges of Education should design and
develop teaching strategies that challenge pre-service teachers’
conceptual construction of knowledge.

c. Tutors at the Colleges of Education should employ well-tailored
innovative teaching methods to help stimulate pre-service teachers’
interest in learning integrated science concepts.

Suggestions for Future Research
1. The study examined pre-service teachers conceptual understanding of
basic electronics, balancing of chemical equations, and infectious and

non-infectious diseases at the Colleges of Education. The study,
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however, did not intervene with any treatment to help pre-service
teachers develop scientific conceptions on basic electronics, balancing of
chemical equations and infectious and non-infectious diseases with ease.
Therefore, it is suggested that future studies include treatments to
improve pre-service teachers’ conceptual understanding of fundamental
electronics, chemical equation balance, and contagious and non-
infectious diseases.

2. The study examined pre-service teachers conceptual understanding of
basic electronics, balancing chemical equations and infectious and non-
infectious diseases. The research did not, however, look into the
conceptual knowledge of the teachers of integrated science at the
colleges of education. Therefore, it is suggested that future studies
consider investigating the conceptual knowledge of teachers who teach
integrated science at colleges of education.

3. Also, the study examined the relationship between pre-service teachers’
interests and academic performance. However, the study did not examine
the relationship between other variables, such as pre-service teachers’

perception and self-efficacy belief and their academic performance.
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APPENDIX A
PRE-SERVICE TEACHERS’ CONCEPTUAL UNDERSTANDING AND
INTEREST IN BASIC ELECTRONICS, BALANCING OF CHEMICAL
EQUATIONT, INFECTIOUS AND NON-INFECTIOUS DISEASES IN
INTEGRATED SCIENCE
Questionnaire for Pre-Service Teachers
Dear respondents

Thank you for your interest in this questionnaire. This questionnaire is
intended to investigate pre-service teacher’s conceptual understanding and
interest in some selected topics in Integrated Science. The study seeks to gain
insight into the following topics; Basic Electronics, Balancing Chemical
Equation, Infectious and Non-infectious Diseases. The questionnaire should
take approximately 45 minutes to complete. The study will enable pre-service
teachers and tutors to come out with issues and suggestions concerning these
challenging concepts in the Colleges of Education Science Curriculum.
Results will be shared with practitioners and researchers across the world to
improve teaching and learning. Responses provided will be confidential. The
information you provide will be de-identified for any publication or
dissemination. To participate in the questionnaire, kindly answer the
questions at the end of this page. By indicating “Yes” and participating in the
questionnaire, you are giving your consent for your responses to be used in
this study. Should you require more information about the questionnaire,
please send a mail to any of these emails: kofibaahyanney@gmail.com |
aduaboagye@ucc.edu.gh

Kindly fill the space provided by ticking (V) the box following the options

| am ready to proceed  Yes[ ] No[ ]
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Part I: Demographic Characteristics of Pre-Service Teachers: This
section seeks personal information about you..

Sex: Male[ ] Female[ ]

Age:16-20[ ] 21-25[ ] 26-30[ ] 31andabove[ ]

Educational Level: 100[ ]200[ ] 300[ ]

Region of your college.........ccovvviiiiiiiiiiiiicic e

Program Offering in the College..............ccovviiiiiiiiiiiiiiiin.

© g~ w b E

Highest academic qualification at start of training:

GCE “O” Level [ ]

GCE “A” Level [ ]

SSSCE/WASSCE [ ]

DBE [ ]
Part I1: Conceptual understanding in Basic Electronics.

7. The most common material which also serves as the main ingredient of sand
(SRS TRtORA S N eorsrerer 7 I s SO ... ..............
A. Graphite
B. Germanium
C. Glass
D. Silicon

Give reason for your response?

Fieure 1a Figure 1b
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8. Infigure, 1a the LED does not lights up but in figure 1b the LED lights

up. What is the cause of the observation in figure 1b?

A. Presence of Resistor

Presence of Switch

B.
C. Presence of Wire
D.

Presence of Bulb

Give reason for your response?

Fig. 2a Fig. 2b

The Figure below is made up of two types of Transistors.

9. Identify the type of transistor in Fig.2a and 2b.

o w >

D.

PNP only
NPN only
PNP and NPN

None of the above

Give reason for the response?
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10.

Why would you prefer LED bulbs to other bulbs in the market?
A. It consumes energy
B. Itisenergy efficient
C. New technology
D

. Rechargeable

Give reason for the response?

11.

12.

If a P-N Junction, diode is not connected to any

SR, . ............... R

A. The potential is the same everywhere.

B. The P-type has a higher potential than the N-types side.

C. There is an electric field at the junction directed from the N-
type side to the P-type side.

D. There is an electric field at the junction directed from the P-
type side to the N-type side.

Give reason for your response?

What is the majority charge carrier in P-type semi-conductor?
A. Holes.

B. Electrons.

C. Both equal.

D. None of the above.

Give reason for response?

13.

When the P end of P-N junction is connected to the negative

terminal of the battery and the N end to the positive terminal of the

battery the P-N junction behaves likes......................ooeeeie.
A. A conductor

B. Aninsulator
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C. A super-conductor

D. A semi-conductor

Give reason for the response?

14. One of the following electronic components can charge and
discharge current.
A. Light emitting diode.
B. Transistor.
C. Capacitor.
D. Inductor.

Give reason for your response?

PART Ill: Conceptual understanding in Balancing Chemical
Equations

15. Represent the word equation below into a chemical equation:

Iron (11) react with Oxygen gas to produce Iron (II) oxide.

Fez + O2 — FeO2

Fe?* + O — Fe203

Fe + O — Fe30

2Fe + O2 —2FeO

Give reason for your response?

o o w >

16. All the following are unbalanced chemical equations except?
A. CHs + 02 — H20 + CO>
B. H + N2 — NH3
C. HCl+Mg — MgClz + H
D. HCI + NaOH — NaCl + H.O
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Give reason for your response?

17. Select a double displacement reaction among the following.
A. CgHis(g) + 25/202(g) —8 CO2(g) + 9H20(9g)
B. BaClys) + NazSO4(ag) — BaSOaag) + 2NaCl
C. 2HCl(aq) + Mg(s) — MgCla(aq) + H(g)
D. 2N20s(g) —» 2Nz + 502(g)

Give reason for your response?

18. What are the possible products that will be formed if Ca (OH):
reacts with

CaClz+ H20

H>O + NH3

CaCl; + NH3

CaClz + NHz + H20

Give reason for your response?

o w >

. Hydrogen gas.

A

B. Carbon dioxide gas.
C. Nitrogen oxide gas.
D

. Ammonia gas.
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Give reason for your response?

Answer questions 20 -22 using the chemical equation shown below:
Al (NO3)z + 3NaOH — Al (OH)3 + 3NaNO3
20. What are the reactants in the above chemical equation?
A. Al (NOs3)s + 3NaOH
B. Al (OH)s + 3NaNOs3
C. Al (NOz3)3
D. 3NaOH

Give reason for your response?

21. What are the products in the above reaction?
A. Al (NO3)s + 3NaOH
B. Al (OH)s; + 3NaNOs
C. Al (NOz3)3
D. 3NaOH

Give reason for your response?

Select a balanced chemical equations for each of the following
descriptions of a chemical reaction, include the phases of the
reactants and products.

22. Aluminium metal reacts with copper (Il) chloride to produce
aluminium chloride and copper metal.
A. Al +Cu?Cl— AlICl3 + Cu
B. Al (NOz)z + 3NaOH — Al (OH)s + 3NaNO3
C. 2Al +3CuCl; — 2A1Clz + 3Cu
D. 3Al +3CuCl2 — Al Clz + 3Cu

Give reason for your response?
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PART 1V: Conceptual understanding in infectious and non-

infectious Diseases.

23. One of the following is not a mode of
transmission of Infectious diseases.
A. Air.
B. Water.
C. Food.
D. Lifestyle.

Give reason for your response?

24. Diseases are mainly classified into two namely
A. Infectious and communicable disease.
B. Non-infectious and Non-communicable.
C. Pathogenic and Non-pathogenic diseases.
D. Genetic and environmental diseases.

Give reason for your response?

25. Which of the following diseases does not match with the right

deficiency nutrient?

l. Night blindness----------------------- Lack of vitamin A.
. Beriberi ----- ----------Deficiency of Vitamin D.
. GOIter -==--mmmmmmmmmmmmmm oo Deficiency of iodine.
V. Kwashiorkor-----------==----------- Deficiency of Protein.

A. I only

B. Il only

C. I11 only

D. IV only
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Give reason for your response?

26. These are list of non-pathogenic diseases, select the ODD one?

I. Beriberi, Scurvy
I1.Cholera, Chickenpox
I11.Cancer, Leukaemia
IV.Hypertension, Arteriosclerosis

A.l only

B.land Il only

C.1l only

D.llIl and IV only

Give reason for your response?

27. Which one of the following is a symptom of Malaria after eight
days of infections?

A. Prolonged cough with blood-tinged sputum.

B. Chest pain, severe abdominal sensation.
C. Fever, shaking chills, severe headache.
D.

Weight loss, fatigue, finger clubbing.

Give reason for your response?

28. Which of the following is not caused by non-infectious
diseases?

A. Malnutrition.

B. Genetic.
C. Virus.
D

. Environment.
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Give reason for your response?

29. Why should you consider malaria as an infectious disease?
A. The presence of Plasmodium Spp.
B. The presence Human blood
C. The presence of litter
D. The presence of Virus

Give reason for your response?

30. Which of the following is not a Control measure for the typhoid
diseases.
Safe disposal of sewage.
Regular vaccination.

Pasteurization of milk.

o w >

Sleeping under treated nets.

Give reason for your response?
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This part of the questionnaire seeks to find out the level of interest pre-service

teachers have in Basic Electronics, Balancing Chemical Equation, Infectious

and Non-infectious Diseases.

It comprises of a five likert scale questionnaire. Tick (\) Not Interested (NI),
Slightly Interested (SI), Moderately Interested (MI), Very Interested (VI) and
Highly Interested (HI)

SIN | Items NI | MI | VI
1 Knowledge in Basic Electronics help us to understand
the relevance of electronic appliances at home.

2 Understanding Basic Electronics enable us recognize
their uses at our homes.

3 Knowledge of Basic Electronics makes us know the
various functions of the components of electronic
devices.

4 Basic Electronics concepts are complex, abstract and
difficult to learn.

5 Balancing chemical equation of reaction is a concept
one can understand through applying variety of
methods.

6 Understanding Balancing Chemical equations arouse
my interest in learning chemistry.

7 Good knowledge in Balancing Chemical Equations
motivates me to learn more of Chemical compounds.

8 Understanding causes and effects of diseases help me
live a very healthy lifestyles.

9 My knowledge and interest in learning diseases help
me practice good hygiene.

10 Good knowledge in diseases help me prevent the
spread of infectious and non-infectious diseases within
my locality.

11 I am interested to know that personal hygiene reduces
infectious diseases

12 | am interested to know that protozoa, bacteria, fungi,
virus and yeast causes infectious diseases

13 It is interesting to know that health does not mean
absence of diseases only

14 It is interesting to know that antibacterial products do
not affect disease caused by a virus

15 It is interesting to know that deficiency diseases are
caused by a lack of nutrients in the body

16 Interesting facts about disease make me read more

about health and hygiene
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APPENDIX C
PRE-SERVICE TEACHERS’ CONCEPTUAL UNDERSTANDING AND
INTEREST IN BASIC ELECTRONICS, BALANCING OF CHEMICAL
EQUATIONT, INFECTIOUS AND NON-INFECTIOUS DISEASES IN
INTEGRATED SCIENCE.
MARKING SCHEME

Part I11: Conceptual understanding in Basic Electronics.
7. The most common material which also serves as the main ingredient of sand
lsler o W T RS

A. Graphite

A. Germanium

B. Glass

C. Silicon
Give reason for your response?
Silicon is a component of sand with chemical formula of sand as SiO..
Misconception: Because it gives semiconductor in transistor as it is used. (39)
Glass is a product from sand mix with other elements. (56).
The breakdown of particles (smaller) make up sand. (33)
Graphite are made out of carbon and since carbon are found deep down the
earth, it is the main ingredient of sand. (216)
Because after Glass has been broken down it can grand up to be sand. (232)
Because silicon...... (252)
Glass is made from natural and abundant raw materials (sand, soda ash and
limestone) (250)

Graphite is a type of rock and rocks weathers to form soil. (231)
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Because is germanium is a bad conductor of electricity (222)

Figure 1a

Figure 1b

8. In figure, 1a the LED does not lights up but in figure 1b the LED lights

up. What is the cause of the observation in figure 1b?

A

O 0w

Presence of Resistor
Presence of Switch
Presence of Wire

Presence of Bulb

Give reason for your response?

The function of the resistor is to prevent excess current from
flowing through the conductor and thus conserve energy.
Misconception: The LED will emit light when small current
passes or flows through it.

The cell (battery) is working well. (33)

Figure 1a. has no switch Figure 1b has a switch. (20).
LED Bulds has high and power voltage (221)
Because it is connected to a capacitor, is the capacitor that
helps the LED to lighting. (250)
For the fig. 1la LED together with the connected wire and
battery cannot lights up but for the 1b is together with the
transistor so it can light up. (222)
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Fig. 2a Fig. 2b

The Figure below is made up of two types of Transistors.

9. Identify the type of transistor in Fig.2a and 2b.
PNP only

NPN only

PNP and NPN

D. None of the above

O w >

Give reason for the response?

The diagram has emitter and collector arranged for current
from collector flowing through the emitter for PNP and current from
emitter to the collect in the case of NPN transistor.

Misconception: Fig 2A is an NPN and Fig. 2b is a PNP
transistor.

Chemical energy is stored in the battery hence for that energy
to be converted into light energy, it requires a medium which is the
conducting wire needs not only to be connected but also be properly
and carefully connected. (61)

LED bulds are good in current (33)

Negative goes with negative and positive goes with
positive.(211)
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9. Why would you prefer LED bulbs to other bulbs in the market?
A. It consumes energy
B. Itisenergy efficient
C. New technology
D. Rechargeable
Give reason for the response?
In Light Emitting Diode small current is able to power high load.
Misconception: Because the lighting is very high as compare to the
others.
LED bulb are low conductors of current. (216)
LED Bulbs has high and powerful low voltage flow. (240)
Because it is the quality and also durable. (253)

10. If a P-N Junction, diode is not connected to any current.................
A. The potential is the same everywhere.
B. The P-type has a higher potential than the N-types side.
C. There is an electric field at the junction directed from the
N-type side to the P-type side.
D. There is an electric field at the junction directed from the P-
type side to the N-type side.
Give reason for your response?
After joining p-type and n-type semiconductors, electrons from the n-region
near the p-n interface tend to diffuse into the p-region. As electrons diffuse,
they leave positively charged ions (donors) in the n-region. Likewise, holes
from the p-type region near the p-n interface begin to diffuse into the n-type
region, leaving fixed ions (acceptors) with negative charge.
Thus, an electric field is established at the junction directed from the n-type
side to the p-type side.
Misconception: The p-type is the hole or proton which has a higher voltage.
Both can be directed by its side (33)
Because the P-type has a higher potential than the N-types
(221)
An electric field is established at the junction directed from the

n-type side to the p-type side. (235)
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Because there is not diode in present with the connection.
(240).

There is no any current flow through it, so is potential. (253)

If the P-N diode does not connect to any current, it affect its

same potential. (230)

11. The conductivity of a semi-conductor........................

A. Increases with an increase in temperature.
B. Decreases with an increase in temperature.
C. Is independent on temperature.

D. Increases up to certain temperature and remains constant

Give reason for your response?

When temperature is increased in case of a semiconductor
the free electron get more energy to cross the energy gap to
the conduction band from the valance band. So more
electrons can go easily to the conduction band so resistance
decreases with temperature.

Misconception: Because it control high current flow.
Semi-conductors have the tendency to conduct more
electrons at this stage as the bend between their particles
decreases creating more free ions. (39)

The changes of current can increase to a certain temperature
and remains constant. (33)

Because it increase up to certain temperature and remains
constant. (221)

Semi-conductor decrease the current flow of (216)

12. What is the majority charge carrier in P-type semi-conductor?

A
B.
C.
D.

Holes.
Electrons.
Both equal.

None of the above.

Give reason for response?

In p-type semiconductor, large number of holes is present. Hence,

holes are the majority charge carriers in the p-types semiconductor. The holes
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(majority charge carriers) carry most of the electric charge or electric current
in the p-type semiconductor.
Misconception: P-type and semiconductors can both charge and
discharge.
13. When the P end of P-N junction is connected to the negative terminal
of the battery and the N end to the positive terminal of the battery the
P-N junction behaves liKes..............cooiiiiiiiiiiiiiiiiiiins
A. A conductor
B. An insulator
C. A super-conductor
D.

A semi-conductor

Give reason for the response?
In this condition P — N junction is reverse biased that’s
why when the P end of P — N junction is connected to the
negative terminal of battery and the N end to the
positive terminals of the battery, then
the P — N junction behaves like an insulator. Current does not
flow through the circuit.
Misconception: To allow the partial flow of current in a
circuit.
14. One of the following electronic components can charge and discharge
current.
A. Light emitting diode.
B. Transistor.
C. Capacitor.
D. Inductor.
Give reason for your response?
The function of the capacitor is to store electric charge temporarily. It
is measured in microfarads (uF).
Misconception: Because it can be used to amplify electronic signals,
switching, etc.
The transistor is used for amplification and switching and as such, if

the transistor is switching and as such, if the transistor is switched on electric
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charges flows through the circuit but when it is switched off, electric charges
are unable to do so. (61).

Inductors can charge on current and discharge current. (20)

Because when you add it the negative and positive side of the
transistor, it does not allow the light to light up. (223)

Transistor when connect to a source of energy light come and when
disconnect it goes off. (216)

Answer(Transistor)

PART Ill: Conceptual understanding in Balancing Chemical
Equations
15. Represent the word equation below into a chemical equation:

Iron metal react with Oxygen gas to produce Iron (I1) oxide.
Fe; + O — FeO2
Fe?* + O, — Fe203
Fe + O — Fe30
Fe + O2 — FeO

o w >

Give reason for your response?
In the formation of FeO, the reactant Fe?*combining with one O?%to
produce the compound FeO.
Misconception: Because the chemical symbol of iron is Fe and
Oxgyen is O. (223)
Because iron react with oxygen gas (221)
Because the law of chemical equation say when the is two attach both
iron and oxygen in chemical equation the two ie. Multiplying both iron
and oxide to give FeO,, (253).

16. All the following are unbalanced chemical equations except?
A. CHs+ 02, — H20 + CO2
B. H, + N2 — NH3

C. HCl+Mg — MgClz + H
D. HCl + NaOH — NacCl + H20

Give reason for your response?
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In balancing chemical equation, the number of atoms at the reactant
side must be equal to the number of atoms at the product side, there
should be balance of positive and negative charges on the atoms.
Misconception: There are two atoms of hydrogen, one atom of
sodium, chlorine and Oxygen at the reactant side and the same at the
product side. Thus, an acid and a base produces salt and water only.
(39).
Because is a balanced chemical equation (221)
Because any balance chemical equation have no any addition sign
between. (44).
Because in chemical equation there is any additional sign between the
equation been given. (253)
Sodium chloride and water (231)
The answer is A because it is the right chemical equation and how to
arrange it the right chemical equation and how to arrange it. (230)
17. Select a double displacement reaction among the following.
A. CgHig(g) + 25/202(g) —8 CO2(g) + 9H20(9)
B. BaClzs) + NazSOaaq) — BaSOa4(aq) + 2NaCl
C. 2HCI (aq) + Mg(s) — MgClz(aq) + H2(g)
D. 2N20s (g) — 2Nz + 502(9)
Give reason for your response?
The reaction between sodium sulphate solution and barium
chloride solution, Sodium sulphate chemically reacts with
barium chloride in the form of their aqueous solution to form a
white precipitate of barium sulphate.
Misconception: When a hydrochloric acid reacts with
magnesium it produces magnesium chloride and hydrogen gas.
(39)
Because it has a double displacement. (221).
Because there is no any chemical equation been arrange in that
form. (253)
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18. What are the possible products that will be formed if Ca (OH). reacts

with

o o w >

NHACI ..o, ?
CaCl2+ H20

H>0 + NHs

CaClz + NH3

CaCl2 + NHsz + H20

Give reason for your response?

It is the property of an alkali that when an alkali reacts with
ammonium salts it produces ammonia gas, Calcium chloride
(salt) and water.

Misconception: When Calcium hydroxide react with
Ammonium Chloride it produces calcium chloride, ammonia
gas and water only. (39)

Because the gas produced hydrochloric acid reacts. (221)

19. The gas produced when hydrochloric acid reacts with zinc metal

Hydrogen gas.
Carbon dioxide gas.
Nitrogen oxide gas.
Ammonia gas.

Give reason for your response?

“Zinc has the tendency to react with hydrochloric acid by its nature. Zinc is an

electropositive element. It is easily oxidized by hydrogen. If zinc is added

with hydrochloric acid in a glass beaker, it starts reacting with the acid

immediately”. Generally metals which are above in the reactivity series

displace hydrogen from dilute acids except Copper, Gold and Silver which are

below the series.
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Answer questions 21 -23 using the chemical equation shown below:
Al (NO3)3 + 3NaOH — Al (OH)3 + 3NaNOs

20. What are the reactants in the above chemical equation?
A. Al (NOs)s + 3NaOH
B. Al (OH)s + 3NaNO3
C. Al (NO3)3
D. 3NaOH
Give reason for your response?
Reactant are the starting material in a chemical equation and
they are represented at the left side of the equation. In this case
Al (NO3)z + 3NaOH
Misconception: Sodium chloride is also known as common
salt
21. What are the products in the above reaction?
A. Al (NOs)s + 3NaOH
B. Al (OH)s + 3NaNOs
C. Al (NOz3)3
D. 3NaOH

Give reason for your response?

The chemical formula of the products which is also refer to as
the substances formed in the chemical reaction are placed
at the at the right side of the equation, in this case Al (OH)3
+ 3NaNO3

Select a balanced chemical equation for each of the following

descriptions of a chemical reaction, include the phases of the

reactants and products.
22. Aluminium metal reacts with copper (Il) chloride to produce
aluminium chloride and copper metal.
A. Al +Cu*Cl— AlCls3 + Cu
B. Al (NO3)s + 3NaOH — Al (OH)3 + 3NaNOs
C. 2Al +3CuCl2 — 2A1Cls + 3Cu
D. 3Al +3CuCl2 — Al Clz + 3Cu
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Give reason for your response?

The aluminum metal reacts with copper chloride (ions) that is
sprinkled over the foil. When the copper chloride (ion) powder
reacts with the aluminum metal, the ions and the metal change
form. The aluminum metal now becomes the ion, which dissolves
away, weakening the foil.

Misconception: Because the chemical symbol for Aluminium is
Al Chlorde is Cl (223)

23. At high temperatures during baking, Sodium hydrogen tri-oxo-
carbonate (IV) (baking soda) decomposes (reacts) to produce sodium
carbonate, carbon dioxide, and dihydrogen monoxide (water).

A. 2NaHCO3 — Na2COs3 + CO2 + H20

B. NaHCO, — NaCOz+ COz +H>0

C. NaCO3 —NaCOz+ CO3 +H20

D. 4NaHCO3z — Na,CO3 +2 CO, + H20
Give reason for your response?

The explanation is that the sodium bicarbonate decomposes into
sodium carbonate (Na2CO3), carbon dioxide (CO2), and water
when it is heated. The balanced chemical equation for this reaction
IS

2NaHCOs (s) «» Na2COs3 (s) + CO2 (g) + H20 (9)

Sodium hydrogen carbonate is a white solid at room temperature.
It is a crystalline compound, but it can also be found in the form of
fine powder. Its other physical characteristics include the fact that it
is odorless and soluble in water. Sodium bicarbonate has a

slightly bitter taste owing to its alkaline nature.

PART 1V: Conceptual understanding in infectious and non-
infectious Diseases.
26. One of the following is not a mode of
transmission of Infectious diseases.
A. Air.
B. Water.
C. Food.
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D. Lifestyle.
Give reason for your response?

All the first three options are mode or medium of transmission of
infectious diseases but Non-infectious diseases are not caused by
pathogens and therefore cannot be spread from one person to
another. Instead, non-infectious diseases are caused by factors such
as genetics, malnutrition, environment and lifestyle.
Misconception:
Infectious diseases can not be transmitted through food.
27. Diseases are mainly classified into two namely
A. Infectious and communicable disease.
B. Non-infectious and Non-communicable.
C. Pathogenic and Non-pathogenic diseases.
D. Genetic and environmental diseases.
Give reason for your response?
Diseases are mainly classified on whether it was caused by organism or
not caused by organism. Pathogenic and non-pathogenic diseases.
Misconception: some people get their diseases from their parent and
the community they found themselves. (23)
Diseases can be contracted genetically or environmentally. (64)
When one lacks vitamin D, the person gets rickets. (51)

28. Which of the following diseases does not match with the right
deficiency nutrient?

l. Night blindness---------=----==-==---- Lack of vitamin A.
. Beriberi ----- -------Deficiency of Vitamin D.
I1l.  Goiter ----------=-=====moem-- Deficiency of iodine.
IV.  Kwashiorkor --------------- Deficiency of Protein.

A | only

B. Il only

C. I11 only

D. IV only

Give reason for your response?

Beri-beri is caused by deficiency of Vitamin B1(thiamine)in the
body and not Vitamin D.

Misconception:

Pathogenic are from (223)

Beriberi is a lack of vitamin B2. (253)

Because Bl is caused by lack of some nutrients in the body (64)
It is not only protein that lead to kwashiorkor but rather some
of the nutrient may be added. (78)
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It is not only protein that lead to kwashiorkor but rather some
of the nutrient may be added. (78)
29. These are list of non-pathogenic diseases, select the ODD one?
I. Beriberi, Scurvy
[1.Cholera, Chickenpox
I11.Cancer, Leukaemia
IV.Hypertension, Arteriosclerosis
A.l only
B.land Il only
C.ll only
D.11l and IV only
Give reason for your response?
Cancer, Leukemia, Hypertension and Arteriosclerosis are caused
by either once lifestyle, genetic or not exercising and these can all
grouped under non-infectious diseases.
Misconception: They are cause by external
Cholera, chickenpox has causative organism. (48)
It is caused by lack of balance diet.
30. Which one of the following is a symptom of Malaria after eight
days of infections?
A. Prolonged cough with blood-tinged sputum.
B. Chest pain, severe abdominal sensation.
C. Fever, shaking chills, severe headache.
D. Weight loss, fatigue, finger clubbing.
Give reason for your response?
Literature from mayo clinic .org confirms the symptoms of
malaria after eight days of infections as Fever, shaking chills
and severe headache.
32. Which of the following is not caused by non-infectious
diseases?
A. Malnutrition.

B. Genetic.

C. Virus.

D. Environment.
Give reason for your response?
The statement is referring to the cause of infectious disease among the
option. It is clear among the option viral diseases can be transmitted
from one to another.
Misconception: The environment has nothing to do with infectious
diseases and non-infectious but its habit and the causes that matters.
(57)
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Environment is not a disease but our surrounding (20).
Malnutrition is when the amount of nutrient required by the body is
less, therefore, it is a non-infectious disease. (51)
Because malnutrition disease cause by malnutrition cannot be transfer
to another person. (74)
Genetic is not caused by non-infectious disease because we inherit
from our parents but non-infectious disease is caused through air-
borne, water born and food borne. (205)
It is caused by in balanced diet. It caused by non-infectious diseases
(249)
Because it cannot be transmitted from one person to the other. (239)
33. Why should you consider malaria as an infectious disease?

A. The presence of Plasmodium Spp.

B. The presence Human blood

C. The presence of litter

D. The presence of Virus
Give reason for your response?
This is because the Plasmodium spp (p. falciparum, P. vivax, P. ovale,
P. malariae) is the parasite that caused the disease Malaria.
Misconception: it considered as infectious because it caused by the
female Anopheles Mosquitoes. (64)
Because it is not spread through the food we eat but rather from the
environment. (51)
As the name implies, infectious (being affected). Malaria is an
environmental cause disease and hence an infectious disease. (79)
Because the mosquitoes that bit are in the community and transfers
sickness through the bite. (184)

34. Which of the following is not a Control measure for the typhoid
diseases.
Safe disposal of sewage.
Regular vaccination.

Pasteurization of milk.

o o w >

Sleeping under treated nets.
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Give reason for your response?

The organism Salmolena typhi can be control by all the option
above with exception of Sleeping under treated nets.
Misconception: safe disposal of sewage such that waste are not
dumped into water bodies or around the environment. (64)
All the above can control typhoid except that (184)
Because treated nets are meant for mosquitoes and not bacteria s
that causes typhoid. (186)
35. What is the name of the vector that causes Malaria?

A. Male Anopheles Mosquito

B. Female Anopheles Mosquito

C. Male Tsetse fly

D. Female Black fly

Give reason for your response?
It is the vector that carries the plasmodium parasite, in this instance

the female Anopheles Mosquito.
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APPENDIX D
DEPARTMENT OF SCIENCE EDUCATION
_ COLLEGE OF
E-mail:dse@ucc.edu.gh
— EDUCATION STUDIES
~ TELEGRAMS & CABLE
8, UNIVERSITY OF CAPE
) UNIVERSITY, CAPE
' COAST
COAST
CAPE COAST, GHANA
TELEPHONE.
OFFICE: +2333321-34890

Our Ref.: DSEE/R.2/V.1/295 Date:14™ June, 2021
Your Ref.: 0022

TO WHOM IT MAY CONCERN
Dear Sir/Madam
LETTER OF INTRODUCTION

We write on behalf of Obed Baah-Yanney, an M.Phil. (Science Education)
student with registration number ET/SED/19/0012 who has been assigned to
collect data at your institution.

Mr. Baah-Yanney is conducting a research on the topic: “ PRE-SERVICE
TEACHERS’ CONCEPTUAL UNDERSTANDING AND INTEREST IN
BASIC ELECTRONICS, BALANCING OF CHEMICAL EQUATIONT,
INFECTIOUS AND NON-INFECTIOUS DISEASES IN INTEGRATED
SCIENCE.”

We therefore write to introduce and request that you grant him the needed
assistance.

Counting on your usual cooperation.

Thank you.

Yours faithfully,
Godwin Kwame Aboagye (PhD)

SUPERVISOR
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