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ABSTRACT

This study compared the effectiveness of 5E learning cycle model based on
constructivist theory approach over traditionally designed instruction on second year
students of St. Fidelis Senior High School understanding of the concepts of diffusion and
osmosis. Two classes were randomly selected for the study; 32 students in the control
group received the traditional instruction, while another 32 students in the experimental
group received the 5E Model of instruction. Test scores and Inquiry-Based Instruction
Questionnaire were analysed quantitatively and qualitatively. One-way ANOVA was used
to analyse students test scores. This indicate significant differences between pre-test and
post-test (p < 0.05) for both 5E method of instruction and the traditional method of
instruction suggesting an improvement in students’ understanding of diffusion and osmosis
after treatment. The results from the one-way ANOVA showed that there was (p < 0.05)
significant difference between the mean of post-test scores of the 5E model of instruction
and the post-test means traditional method of instruction (p < 0.05). This suggests that the
use of 5E model would lead to higher student achievement. Both quantitative and
qualitative analyses suggested that the teaching activities promoted students’ conceptual
understanding. However, some of the students still held some misconceptions after the 5E
model of instruction. In addition, most students appeared to have had very good attitudes
toward using it in the science lessons suggesting that the 5E model instructional model

motivates students to learn integrated science.

Xi
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CHAPTER ONE

INTRODUCTION

1.1 Overview

This chapter presents the background to the study, including the statement of the
problem, the purpose of the study, and the research questions addressed by the study. In
addition, it looks at the educational significance, limitations and the delimitations of the

study and the organization of the study.

1.2 Background to the study
St. Fidelis Senior High School in Tease, Kwahu Afram Plains South District in the
Eastern Region has about 350 students from first year to third year. The school is mixed

sex school and they have opportunities to interact throughout the school day.

The aspiration of many science teachers is to improve science achievement through
the use of more effective instructional strategies, promoting the active role of the learner,
and promoting the facilitative role of the teacher. Thus, effective teachers use a diversity of
methods and approaches to assist their students in the learning process. The common
teaching methods preferred by science teachers are the lecture method and question-and-

answer approach (Mohapatra, 2013).

The guiding principle and major motivating factor that spur many teachers to join
the teaching profession is their desire to impart knowledge to students. However, they soon

realize that the resources and materials needed to achieve their aims are non-existent. The
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ideal situation should be that teachers should rather be innovative in their teaching

approaches in harnessing resources and materials for their lessons.

The West African Senior School Certificate Examination 2013 results for St.
Fidelis Senior High School showed that 31 out of 217 candidates, representing 14.29%,
presented had between grades C4 and C6 in integrated science, with the best being CA4.
This is not surprising since most of the students do not have interest in the subject. This is

expressed by students lukewarm attitude to the subject during lessons.

One possible reason for student lukewarm attitudes toward integrated science may
be a shortage of well-qualified science teachers capable of providing a positive experience.
Moreover, many science teachers are required to teach science outside their own subject
areas. This undermines their confidence, leading them to offer a significantly more closed
and less stimulating experience. Students usually complain that school science consisted of
too much repetition and too much copying and note taking. They are not given enough
opportunity and time to discuss any of the ideas or their implications. There is very strong
empirical evidence that some of the fundamental concepts on which scientific
understanding is built are commonly misunderstood by learners, and that there are patterns

in the difficulties that they experience (Wang & Schmidt, 2001).

The concepts of osmosis and diffusion are fundamental to mastering many topics in
chemistry and biology. The students will have a relatively easy and better understanding of
more advanced topics, if they have a good grasp of the forces that lead to these phenomena
and the resulting consequences. It is rather unfortunate that many senior high school

teachers do not devote much instructional time on these concepts. This, inevitably, leaves

2
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students with only basic understanding of these fundamental forces. Since they play a
crucial role in the study of science, it is important that students have an unambiguous
understanding of the concepts and how they relate to real world situations. It is against this
background that this research is undertaken to find out whether the use of 5E model can

have influence on the teaching and learning of integrated science in senior high schools.

1.3 Statement of the problem

Science education researchers have established that students’ misconceptions in
science are very persistent and that traditional instruction is not very effective in promoting
conceptual understanding (Driver, Guesne, & Tiberghien, 1985; Wandersee, Mintzes, &

Novak, 1994).

The concepts of diffusion and osmosis are important in science. Many integrated
science teachers at the senior high school level more often than not run through these
topics. This leads to a little understanding for the students. Students are simply expected to
memorize the definitions of these terms. According to Bloom’s Taxonomy, memorization
ranks low as such there is not a high level of understanding by the students. The likelihood
of such students forgetting these definitions and terms is very high. West African
Examinations Council (WAEC) Chief Examiners Report (2008) encourages teachers to

shift emphasis from knowledge to comprehension and application in instructional delivery.

As a student advances, the pursuit of further knowledge, these ideas become very
relevant in the students understanding of many concepts in integrated science. Because
students do not receive adequate education in these areas, it is often hard for students to

truly grasp the reasoning behind the phenomena learned in later courses (Patel, 2012).

3
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1.4 Purpose of the study

A promising model of understanding to promote student understanding of science
is the 5E model. This is evident by several recent science education studies that have used
constructivist 5SE Model in varying contexts using a variety of science topics. (Aydede

Keserciog, & Arabaciog, 2010; Bryce & Macmillan, 2005).

The main purpose of this study was to compare the effectiveness of the 5E learning
cycle model based on the constructivist theory approach over traditionally designed
instruction on second year students of St. Fidelis Senior High School understanding of

diffusion and osmosis concepts.

1.5 Research Questions

The following research questions guided the study.

1. What is the effect of the 5SE model on second year students St. Fidelis Senior High

School of understanding of the concept of diffusion and osmosis?

2. What are some of the misconceptions held by second year students of St. Fidelis

Senior High School about diffusion and osmosis?

3. Will the use of the 5E instructional model bring any change in the attitude of

second year students in St. Fidelis Senior School toward science?
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1.6 Research Objectives

The study seeks to:

1. To study the effect of the 5E model on understanding of the concept of diffusion

and osmosis of second year students of St. Fidelis Senior High School.

2. ldentify some misconceptions held by second year students of St. Fidelis Senior

High School about diffusion and osmosis.

3. Determine the effectiveness of the 5E model of instruction in improving second

year students attitudes towards teaching and learning of integrated science.

1.7 Null Hypothesis

To further guide this study, the following null hypotheses were stated and tested at
0.05 level of significance.
Hol: There is no significant difference in the mean gain achievement pre-test scores
between students taught with 5E model and traditional method.
Ho2: There is no significant difference in the mean gain achievement of pre-test scores and
post-test scores of students taught by the traditional method.
Ho3: There is no significant difference in the mean gain achievement of pre-test scores and
post-test scores of students taught using 5E model method.
Ho4: There is no significant difference in the mean gain achievement post-test scores

between students taught using 5E model and traditional method.
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1.8 Significance of the study

It is hoped that the outcome of the research would enable teachers and
administrators improve students’ interest and understanding of the concept of diffusion and
osmosis, in particular, and science in general in St. Fidelis Senior High School Tease.

Consequently, its adoption to foster teaching and learning of integrated science.

This study would also serve as a source of reference for those who wish to carry out

research into similar issues on how well science is taught and learnt in schools.

1.9 Delimitations of the Study

The scope was narrowed due to the rather short time frame that the study was
carried out. In the study the intervention stage, the lessons were delayed because the
researcher who doubles as the teacher had to liaise with the teacher who handles the

second year class.

This study was limited to only SHS 2 students, since they have had adequate
exposure to concepts in science and were not under any examination pressure and,

therefore, expected to be in a better position to take part in the study.

1.10 Limitations of the Study

The study should have been conducted in other Senior High Schools in the District.
However, the study was narrowed down in scope. Due to time frame and financial
constraints, the study was limited to only St. Fidelis Senior High School Kwahu Afram

Plains South District of the Eastern Region.
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1.11 Organisation of the Study

This study is presented in five chapters. The first chapter deals with the background
to the study, statement of the problem, purpose of the study, research questions,
significance of the study, delimitation of the study, limitation of the study, and
organization of the study. In Chapter Two, literature that is relevant to the research was
reviewed. Chapter Three discusses the research design, population and sample and the
sampling procedures, the research instrument for collecting the data, the method of data
collection and data analysis. Chapter Four, deals with the results and discussion. Chapter
Five discusses the findings and looks at summary of findings, conclusions,

recommendations and suggestions.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Overview

This chapter discusses the literature related to the subject under study. The

following is the outline for the literature review:

a) Theoretical framework,

b) why we educate for understanding,

c¢) traditional instructional method,

d) constructivism,

e) inquiry and the learning cycle,

f) 5E learning model as a scientific pedagogy,
g) concept of diffusion and osmosis,

h) misconceptions,

i) attitude of students towards learning.

2.2 Theoretical framework

This research has its theoretical basis on the constructivist learning theory.
Constructivist teaching is based on the constructivist learning theory. Constructivism in
science education is based upon a philosophy that all learning is constructed and that new
knowledge is built upon the prior experiences of the learner (Naylor, 1999; Kruckeberg,
2006). The foundation of constructivism is attributed to the work of Dewey, Piaget and

Vygotsky, who argue that how students respond to new learning situations is influenced by

8
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their prior knowledge (Hyslop-Margison & Strobel, 2011). This philosophy has influenced
a change in science curriculum and instruction to take into account students’ experiences.
Fox (2001) asserts that the foundation of constructivism is based upon the idea that
learning is not passively absorbed. It is an active process in which knowledge is both
invented and personal to the learner. The key for learning is fundamentally linked to the
active participation of the learner. New knowledge can only be constructed by linking

meaning to the learner’s previous, existing knowledge (Naylor, 1999).

Constructivism also gives teachers another angle to look at how students learn and
to focus on processes and provides suitable ways of documenting change and
transformation. It also serves as a reminder to teachers to look for different ways of
engaging individual students, develop rich environment for exploration, prepare coherent
problem sets and challenges that focus the model building effort, elicit and communicate

students perceptions and interpretations(Abdal-Haqqg, 1998)

Ultanir (2012) argues that some aspects of the pedagogy of Dewey, Piaget and
Montessori share some commonality in regards to the knowledge learning process of a
child. Each of them agrees that the acquisition of knowledge and learning is about
constructing meaning as opposed to passive reception. An individual’s process of

developing new knowledge is affected by previously acquired knowledge.

Constructivists again maintain that individuals construct or create their own new
understandings or knowledge through the interaction of what they already know and
believe and the ideas, events, and the activities with which they come into contact

(Richardson, 1997). The settings of a constructivist learning environment is characterized

9
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by, engagement, inquiry, problem-solving, and collaboration with others. The teacher in
such an environment serves as a guide, facilitator, and co-explorer who encourage learners
to question challenge, formulate their own ideas, opinions, and conclusions de-

emphasizing “correct” answers and single interpretations (Ismat, 1998).

Several publications cite the importance of teachers' modeling constructivist
approaches that engage students in interdisciplinary exploration, collaborative activity, and
field-based opportunities for experiential learning, reflection, and self-examination
(Kaufman, 1996;Kroll & LaBosky, 1996) if future teachers are to be able to employ these

strategies in schools.

Piaget (1970) suggests that learning occurs through the construction of meaning
rather than through passive reception. According to Piaget, when a student is confronted
with new information, he performs the functions of assimilation and adaptation. He
compares this information with knowledge that already exists in his mind. If the old
information does not conform to the new, he reorganizes his mind with respect to the new

information. Thus a learner’s cognitive development can be said to be a continuous effort.

2.3 Why Educate for Understanding?

The ultimate goal of science education is that we want to improve students’
knowledge and understanding of scientific concepts. The question is why should we pursue
understanding? Perkins (1993) argues that knowledge and skill themselves does not
guarantee understanding and that people can acquire knowledge and routine skills without
understanding their basis or when to use them. Therefore, knowledge and skills that are not

understood do students little good.
10
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Additionally, the goal of science education has always been to prepare individuals
who would develop a certain level of scientific understanding after their formal education
in school. These scientifically literate individuals would be capable of applying their
knowledge and skills acquired in science, whenever personal or socially relevant issues
demanded such understanding. For instance, by having an understanding of science
contents such as Physiology, Biology and Chemistry, scientifically literate individuals
would be able to use reasons to form their opinions and draw valid individual inferences
about such health-related issues such as nutritional awareness and medicine usage, rather
than being misled or duped by propaganda or positions not supported by evidence (Wang

& Schmidt, 2001).

In the long term, education must aim for active use of knowledge and skill (Perkins,
1992). Students acquire knowledge and skills in school so that they can put it to a more
practical use in various professions, such as engineers, doctors, and scientists that require

appreciation, understanding and judgment.

Science concepts are important to science instruction, and students’ understanding
of these concepts is crucial to successful teaching and learning. It is in this vain that Millar
(1989) noted that without an understanding of science concepts it would be nearly
impossible for students to follow much of the public discussion of scientific results or

public issues pertaining to science and technology.

According to Johnstone (1991), science can be understood at three different levels,
each increasingly difficult: the phenomena (macroscopic), the particle (microscopic), and

the 'symbolic. For example, if we consider water, most two-year-old children can

11
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recognize and name the colorless, odorless liquid in a glass as water because they know the
properties of the phenomenon water. A second way to understand water is to represent it as
a collection of particles (molecules) that have attractive forces between them and that
consists of the atomic particles hydrogen and oxygen. This mode of representation is
certainly more complex than focusing on the physical properties of water. A third way of
representing water is by using the symbols for hydrogen and oxygen to represent the
formula. In addition, symbolic mathematical formulas can be used to show properties of
water. For example, the density of water equals mass/volume or D = M/V = 1.0 g/mL at |
atm and 4°C. Students with a sound conceptual understanding of water integrate these three

ways of representing water into long-term memory.

Perkins (1993) ponders on the query: What is understanding? And you will realize
that good answers are not obvious. To draw a comparison, we all have a reasonable
conception of what knowing is. When a student knows something, the student can bring it
forth upon call and tell us the knowledge or demonstrate the skill. However, understanding
something is a more subtle matter. A student might be able to recite reams of facts and
demonstrate routine skills with very little understanding. Perkins (1993) sums it up that
somehow, understanding goes beyond knowing; understanding something is a matter of

being able to carry out a variety of "performances” concerning the topic.

One thing seems clear when it comes to understanding; even young children are
likely to hold on to their own explanations (ideas) about the world despite what they are

told in school. Unless students are faced with experiences that challenge their conceptions,

12
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they are not likely to change their conceptions of how things work or accept alternative

descriptions as useful or important (Suping, 2003).

One factor which has contributed to low interest in science by students’ hence low
understanding of concepts by students is the method adopted for teaching and learning
science. Fensham (2008, p. 20-21) listed four views of students which contribute directly

to low interest in science:

(1) Science teaching is predominantly transmissive;

(ii) The content of school science has an abstractness that makes it irrelevant;

(ii1) Learning science is relatively difficult, for both successful and unsuccessful students;

(iv) Hence, it is not surprising that many students in considering the senior secondary
years asking: Why should | continue studying science subjects when there are more

interactive, interesting and less difficult ones to study?

This unhealthy development in the outlook of students towards science has sparked
the search for alternative methods of science teaching and learning which can stimulate
students’ interest in science. Science education as a field of study is, therefor,e in dire need
of methods with qualities, such as lesson clarity, promotion of self-activity, promotion of
self-development, stimulation of interest and curiosity, and relying on the psychological
process of teaching and learning to recommend to science teachers. The methods should

encourage science teaching and learning that is better than it is now.

13
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In summary, understanding something is a matter of being able to carry out a

variety of "performances” concerning the topic (Perkins, 1992).

2.4 Traditional Instructional Method

The traditional method of teaching and learning sees teachers as passing over their
knowledge to their pupils (Bennett, 2003 B; Trowbridge, Bybee, & Powell, 2000). This
view is strongly linked to expository teaching; teachers standing at the front telling their
pupils about scientific ideas. The traditional method implies that the role played by pupils
in the learning process is largely passive, and that a pupil’s mind is a blank slate onto
which knowledge can be written. Ajaja (2013) states the following advantages of the

traditional teaching method:

1. It is easy to create interest in a topic or subject by the teacher.

2. Students easily acquire knowledge, new information, and explanation of events or

things.

3. It helps students to clarify and gain better understanding of a subject, topic, matter or

event.

4. Students and teachers cover more content materials within a short period of time.

The major limitation of this method is that there is relatively little student activity
and involvement (Bennett, 2003; Trowbridge et al., 2000). Thus, the students are said to be
passive .The limitation experienced with the transmission approach led to the development

of other views of science teaching and learning.

14



University of Education,Winneba http://ir.uew.edu.gh

2.5 Constructivism

Learners have diverse levels of ability which needs training and practice, as most of
scientific and technological achievements of man emanate from the ideas of innovators.

These hidden ideas have to be developed through training and practice.

We, therefore, need teaching and learning strategies that will provide us with a
wide range and advanced educational potential that will help our students to build on their
information, develop their mental abilities and train them to be innovative and novel. This
can only be done by giving the students the opportunity to express, shape and test their
ideas by providing them with appropriate resources, raising their interests and exciting
their deep insightful thinking with the help of guided modules and various strategies and
teaching methods. One of the key educational theories, the constructivist theory is
interested in arousing the learner’s thinking and makes him/her active, interactive and

positive during the learning process.

Constructivism is defined as a set of beliefs about knowledge that begins with the
assumption that reality exists but cannot be known as a set of truth (Tobin & Tippins,

1994).

Constructivists embrace the concept that learners bring their own ideas about how
the world works. According to the constructivist view, “learners test new ideas against that
which they already believe to be true. If the new ideas seem to fit in with their pictures of
the world, they have little difficulty learning the ideas ... if the new ideas don’t seem to fit
the learners’ picture of reality then they won’t seem to make sense. Learners are likely to

dismiss them ... or eventually accommodate the new ideas and change the way they
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understand the world” (Colburn 2003, p. 59). Kruckeberg (2006) indicates that if new
content is not connected to students’ prior experiences, it is difficult for the student to find

it meaningful, which impacts their ability to assimilate the new information.

Constructivist thinking assumes that anything constructed by the learner becomes
meaningful and compels the learner to a perspective about learning through the individual
systems and experience and to find a relationship between the previous and the new

knowledge (Gordon, 2009).

Von Glasersfeld (1993) argues that constructivism is a way of knowing that
recognizes the real world as a source of knowledge. Students are expected to learn about
the external world made up of objects and events. Students can however form
approximations of reality, but never a true idea of it. What we can endeavour to achieve is
to build useful ideas about the world that are viable and can be used to understand and
explain nature. This thought implies that reality is dependent upon the mind for its
existence, hence knowledge is constructed by the mind rather than being a facsimile of

reality (Von Glasersfeld, 1993).

Artino (2008) indicates that literature on education confirms that learners’ success
is dependent on their flowing, comprehensive cognitive inventory and subsequently its
good utilization and application in solving problems; thus, the learner is not static, and
should acquire renewable concepts and knowledge, and should improve him/herself in
order to remain continual and interactive with others, so that he/she would be able to solve

his/her real problems in meaningful tasks.
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The aim of a constructivist model, consequently, is to give students experiences
that make them adjust their conceptions. The students will therefore be able to “redefine,
reorganize, elaborate, and change their initial concepts through self-reflection and

interaction with their peers and their environment” (Bybee 1997, p. 176).

Educational literature is replete with researches where constructivist approach was
used; it has been shown that constructivist teaching strategies were effective in enhancing
students understanding and achievement. Treagust (1996) concluded after his studies that
constructivism allow for greater learning success. Active participation has been shown to
lead to both greater understanding and greater interest in science. Hand, Treagust, and
Vance, (1997) in the study investigated junior secondary school students perceptions of
implementation of constructivist approach to the teaching of science, where students were
more actively involved, had more discussions, practical work, and more fun. It was
concluded that students were more active in the learning process and had opportunity to
see and control their thinking as they constructed knowledge more confidently and became
more confident in their understanding of science. Consequently, constructivist teaching and
learning approaches led to a greater understanding of concepts. Caprio (1994) after
examining the effectiveness of the constructivist approach, compared with the traditional
lecture-lab method concluded that students taught by constructivist methodology seemed
more confident of their learning. They had considerably better exam grades. Furthermore,
Akkus, Kadayifci, and Atasoy, (2003) looked at the effectiveness of the instruction based
on the constructivist approach by focusing on the in-class teacher student and student-

student interaction within small groups over traditional method. The results indicated that
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students instructed by constructivist approach acquired chemical equilibrium concepts

better than the students instructed by traditional method.

2.6 Models in Education

Generally, a model is a representation of a phenomenon, an object, or idea (Gilbert,
1991). In science, Tregidgo and Ratcliffe (2000) define a model as the outcome of
representing an object, phenomenon or idea (the target) with a more familiar one (the
source). For example, one model of the structure of an atom (target) is the arrangement of

planets orbiting the Sun (source).

Models play an important role in the teaching and learning of many concepts in
science. Models are an indispensable part of scientific inquiry and communication (Giere,
Bickle, & Mauldin, 2006; Morgan & Morrison, 1999). Also, models are effective and
essential in the production, dissemination, and acceptance of scientific knowledge
(Halloun, 2007; Gilbert, 1991). They can be used to make otherwise abstract entities

visible (Francoeur, 1997).

Instructional design models provide for a systematic approach of implementing the
instructional design process for a specific educational initiative (Morrison, Ross & Kemp,

2004).

Instructional models can be defined as practice-oriented theories offering explicit
guidance on how to help people learn that offer situation-specific methods, that in turn are

described in terms of components, and that are known to be effective for learning under
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some conditions (to some extent). Instructional models or theories fit into an existing body

of practical design knowledge ready for application. (Reigeluth, 1999).

2.7 Inquiry and the Learning Cycle

The National Science Education Standards (NSES,1996) define inquiry as:
Inquiry is a set of interrelated processes by which scientists and students pose
questions about the natural world and investigate phenomena; in doing so,
students acquire knowledge and develop a rich understanding of concepts,
principles, models, and theories. Inquiry is a critical component of a science
program at all grade levels and in every domain of science, and designers of
curricula and programs must be sure that the approach to content, as well as the
teaching and assessment strategies, reflect the acquisition of scientific
understanding through inquiry. Students then will learn science in a way that

reflects how science actually works (p. 214).

Inquiry-based methods of teaching science focus on student-constructed learning as
opposed to teacher-transmitted information. Inquiry encourages students to connect their
prior knowledge to observations and to use their observations as evidence to increase
personal scientific knowledge (Shields, 2006). In inquiry-based science education, children
become engaged in many of the activities and thinking processes that scientists use to
produce new knowledge. Bybee (2002) outlines five essential features to inquiry in the

classroom, those are as follows:

1. Learners engage in scientifically orientated questions.

2. Learners give priority to evidence in responding to questions.
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Learners formulate explanations from evidence.
Learners connect explanations to scientific knowledge.

Learners communicate and justify explanations

2.7.1 Key to Inquiry’s Successful Use in the Biology Classroom

According to Uno (1990) keys to successful use of inquiry in classroom are:

1.

The use of inquiry requires a good rapport between the teacher and the students.
Asking open-ended questions to create a student-dominated atmosphere so that

discussions prevail is key to the success of inquiry based lessons.

Have students use as many hands-on activities as possible to help them discover
biological concepts for themselves and provide students with an introduction to a

concept and enough background information.

It is important to incorporate elements of the scientific method as often as possible
to allow the student to make observations, form hypotheses, and test their

hypotheses through experimentation.

Before class, prepare questions which will help to steer the direction of the class,
however, be flexible and allow periodic discussion. Ensure you ask only one
question at a time and try to avoid yes/no questions or lower order questions as
often as possible. Leave sufficient wait time to allow students to answer the
questions. Do not answer your own questions: if there is no response, rephrase the

question until there is one.

Try to involve everyone.
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In contrast, the traditional classroom often looks like a one-person show with a
largely uninvolved learner usually dominated by direct and one-sided instruction.
Traditional approach follows the assumption that there is a fixed body of knowledge that
the student must come to know. Students are expected to blindly accept the information

they are given without questioning the instructor (Stofflett, 1998).

The traditional approaches seek to transfer thoughts and meanings from the teacher
to the passive student leaving little opportunity for student-initiated questions, independent
thinking or communication between students. Even with the activities-based subjects,
activities may be done in a group but would not encourage discussion or exploration of the
concepts involved. This teacher-centered method of teaching also assumes that all students
have the same level of background knowledge in the subject matter and are able to absorb

the material at the same pace (Lord, 1999).

In structured inquiry the student is presented with the input by the teacher to
explore along with the procedures and materials. The learning cycle model is a teaching
procedure consistent with the inquiry nature of science and with the way children naturally

learn (Cavallo & Laubach, 2001).

Scientific inquiry is an opportunity for students to gain insights not only into
science concepts and principles, but also into the ways in which scientists think and
operate when they acquire knowledge about nature. Classifications of the goals for
laboratory instruction clearly reflect these two aspects of practical work in science
education, listing among other areas the promotion of scientific thinking and the scientific

method and the development of conceptual understanding. These classifications have
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contributed significantly to clarifying the role of practical experimental work in science
education. In addition, studies investigating the aims that teachers pursue in experiments
have provided precise empirical information so that it is possible, to identify appropriate
activities and experiences from all modes of instruction that will best facilitate these goals

(Deka, 2010).

2.8 The 5E Model (Learning Cycle) as major scientific pedagogy

This study makes use of the 5E Model as the major pedagogical tool for the
following reasons. First, 5E Model is one of the widely-adopted pedagogies as an indoor
activity in the of teaching natural-science (Bybee, Taylor, Gardner, Van Scotter, Powell,
Westbrook, & Lande, 2006). The 5E Model of instruction is seen as an effective hands-on,
minds-on, inquiry-based scientific pedagogy, especially for enhancing understanding

(Stamp & O’Brien, 2005; Bybee et al., 2006).

Learning cycle which is an inquiry- based teaching model, is useful to teachers in
designing curriculum materials and instructional strategies in science. The model is derived
from constructivist ideas of the nature of science, and the developmental theory of Jean

Piaget (Piaget, 1970).

The 5E Model was originally proposed by Karplus as part of SCIS, the Science
Curriculum Improvement Study (Atkin & Karplus, 1962; Karplus & Thier, 1967) with the
underlying principle that children have an experience with the phenomena in the learning
of the concept / topic. It is a teaching-and-learning procedure that is consistent with the
privileged status of inquiry and with ways in which students learn naturally (Musheno &

Lawson, 1999). The Learning Cycle has been used in science education from its
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conception. In the earlier stages, the learning cycle, as a teaching method, was made up of
three stages: exploration, reaching a concept and application. However, as the objectives of
science teaching developed further, learning cycle consisted now of four stages:
exploration, explanation, elaboration and evaluation(Musheno & Lawson, 1999). The
Biological Science Curriculum Study (BSCS), headed by Bybee in 1993, developed a
constructivist study method called The 5 E Learning Cycle, which are the stages of (1)
Engagement, (2) Exploration, (3) Explanation, (4) Elaboration and (5) Evaluation. The 5E
learning cycle has been shown to be an extremely effective approach to learning (Lawson

1995; Guzzetti, Taylor, Glass and Gammas, 1993).

The following is explanation of these stages (David 2003; Khataybeh 2005).

2.8.1. Engagement

Engagement stage is designed to help students understand the learning task and
make connections between learning experiences. It should stimulate interest and prompt
students to identify their own questions about the topic. Students explore the questions
raised after they gain more understanding of the topic and the tools needed to investigate
the ideas. Activities in this stage include reading, posing a question, defining problem, or
demonstrating a discrepant event, then using small group discussions to stimulate and
share ideas. To connect science to students’ lives, we frequently use historical events, such
as natural disasters, to stimulate curiosity and motivate learning. Instructors help students
connect previous knowledge to the new concepts introduced in the unit. Here you can
uncover what students know and think about a topic as well as determine their
misconceptions.
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2.8.2. Exploration

In the Exploration stage students have the opportunity to get directly involved with
the key concepts through guided exploration of scientific, geographic, economic, and other
data sets. They have to identify patterns in the data and connecting them to Earth
processes. This further should arouse student curiosity and new questions develop.
Frequently, students diverge from the slated activity to explore their own questions,
continually building on their knowledge base. Through this process of questioning and
exploration, students would begin to formulate their understanding of the basic concepts.
In this stage, instructors have to observe and listen to students as they interact with each
other and the data sets. Probing questions help students clarify their understanding of major
concepts and redirect their investigations when necessary. It is essential to allow adequate
time at this point for students to thoroughly investigate the guiding questions in the
module, as well as the questions they have generated themselves. The purpose is to provide

hands-on experiences they can use later to formally introduce a concept, process or skill.

2.8.3. Explanation

In this stage, students are introduced more formally to the lesson’s science
concepts. Through readings and discussions, students gain understanding of the major
concepts and can verify answers to questions or problems posed earlier. In addition, more
abstract concepts not easily explored in earlier activities are introduced and explained. As
students formulate new ideas to interpret observations made in the exploration, appropriate
scientific terminology can be introduced. It is important that students’ explanations are

clearly connected to the experiences they had in the engage and explore phases by the
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teacher. If students have unresolved questions, they may continue to look for solutions in

the elaborate stage.

2.8.4. Elaboration

In the elaboration stage, some students may still have misconceptions, or they may
understand the concepts only in the context of the previous exploration. Elaboration
activities can help students correct their remaining misconceptions and generalize the
concepts in a broader context. These activities also challenge students to apply, extend, or
elaborate upon concepts and skills in a different situation, resulting in deeper
understanding. Providing closure to the lesson and verifying student understanding is

critical at this point.

2.8.5. Evaluation

Although the fifth phase is devoted to evaluation, a skillful teacher evaluates
throughout the 5E model, continually checking to see if students need more time or
instruction to learn the key points in a lesson. Ways to do this include informal
questioning, teacher checkpoints, and class discussions. Each lesson also includes a formal
evaluation, such as a written quiz or poster session. These formal evaluations take place at

the end of the lesson.

In summary the 5E learning cycle lesson plan would be to:

1) garner students’ interest in the topic of the day;

2) discover what they already think they know;
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3) present more accurate information grounded in research;

4) allow students to apply their new knowledge, and

5) evaluate/assess the results.

The results of numerous studies have revealed the effectiveness of the learning
cycle on the educational results like achievement, scientific attitudes and thinking skills at
all levels, which are fundamental objectives of the scientific education, and appeared in the
general outlines of science curriculums in Jordan (The Ministry of Education, Jordan,

2006)

According to Qarareh (2012), the learning cycle strategy makes great strides in the
educational field as an effective teaching strategy due to its harmony with the nature of
science and that the subject is a scientific knowledge and research and thinking method,
and also because its attaches great importance to the learner. Adams, Bevevino, & Dengel
(1999) have explored the 5E instructional model approach in their study. It was found that

the 5E instructional model encouraged students to develop their own frames of thought.

Cavallo (2003) in a study examined students’ interpretations of chemical reactions
using open-ended questions during the learning cycle, with a study sample of (60) students
of the ninth primary grade, the results revealed an improvement in students understanding
when implementing the learning cycle as compared to the students who studied using the

traditional method.

In a study, Kevin (2003) investigated the effect of the constructivist learning cycle

on students’ achievement in studying the law of mechanics. The study sample consisted of
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two groups: (1) an experimental group studied using the learning cycle, and (2) a control
group studied using the traditional method. The results of the study showed a higher

achievement of the experimental group.

Researchers in science education have established that students’ alternative
conceptions in science are very tenacious and that traditional instruction is not very
effective in promoting conceptual understanding (Wandersee et al. 1994; Driver et al.

1985).

Lindgren and Bleicher’s (2005) findings were applied on 40 teachers of the primary
stages and showed that implementing learning cycle had greatly improved on teachers’

understanding and increased students’ comprehension of the scientific concepts.

The 5E model is a model that promises to promote student understanding of
science. This is manifest by several recent studies in science education that have used
constructivist 5SE Model in varying contexts using a variety of science topics (Aydede et al.
2010; Bryce and Macmillan, 2005; Hardy, Joen, Moller, & Stern, 2006; Tural, Akdeniz, &
Alev, 2010). For example, in their study of an eighth-grade genetics class, Balci,
Cakiroglu, and Tekkaya, Capa, & Yilmaz, (2006) made a comparison of the effectiveness
of the 5E Learning Cycle with the effectiveness of expository instruction. According to
their conclusions, the activities for students in the 5E Learning Cycle helped them to
activate their prior knowledge and to overcome their struggles with their misconceptions.

In addition to the knowledge gains, these students had the opportunity of
interacting that helped the students further extend the conceptual understanding. Thus a

few misconceptions that they held are corrected.
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All the above studies reveal that the 5E model is successful in facilitating
conceptual understanding. Hynd, McWhorter, Phares, & Suttles (1994) Posner, Strike,
Hewson & Gertzog, (1982) tend to agree that conceptual change models concentrate on

Piaget’s ideas and principles of constructivist learning theory.

Four conditions need to be present in order for students to undergo a conceptual

change (Mestre, 1994). These are:

1. Student dissatisfaction with an existing conception. (If an explanation makes sense to

the student and is unchallenged, there is no motivation to change it.)

2. Students must have some minimal understanding of the concept or they will not

appreciate its meaning.

3. Students must view the new concept as plausible or they will not give it serious

consideration.

4. Students must see the new concept as useful for interpreting or predicting phenomena.

2.9 Concept of Diffusion and Osmosis

According to Odom and Barrow (1993), diffusion and osmosis are seminal
concepts, because they are related to many aspects of living organisms, and serve as key
concepts to understanding of important life processes that students frequently encounter in

their daily life. Thus, these concepts need to be learned and taught well.

The concepts of transport across cell membrane, i.e., diffusion, osmosis and active

transport are very important for biology students for sound understanding of the
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functioning of the cell. Diffusion is the primary method of short distance transport in cells
and cellular systems. Osmosis is used to explain water uptake by plants, turgor pressure in
plants, water balance in aquatic creatures and transport in living organisms (Odom, 1995).
Unfortunately students find these topics very difficult to understand (Friedler, Amir, &

Tamir, 1987).

Students may connect diffusion and osmosis in nature and other daily life process
around them. The concept of diffusion can be easily understood in terms of how the
substance transitions and gas exchange occurs in body cells. This is because diffusion is
one of the short distance transport methods in cells and cellular systems (Odom & Barrow,

1993).

Sanger and Sanger (2001) conclude in their study that students are unfamiliar with
particulate drawings, they may misinterpret these drawings. Most of the concepts in
diffusion and osmosis are closely related to concepts present both in chemistry and in
physics, such as solutions, particulate nature of matter, and permeability. Consequently
understanding of these concepts requires the understanding and application of knowledge
in physics and chemistry as well as biology. Johnstone & Mahmoud (1980) have observed
that osmosis is regarded by teachers and students as being among the most difficult

biological concepts to understand.

2.10 Misconceptions

The concepts of diffusion and osmosis are critical for understanding life processes.
They are introduced in many biology courses (e.g. general biology, cell biology,

physiology, ecology). They are also closely related to concepts in physics and chemistry,
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such as permeability, solutions, and the particulate nature of matter (Friedler et al., 1987).
Several science education researchers have reported student misconceptions associated
with these topics (Marek, 1986; Zuckerman, 1994; Odom & Barrow, 1995). One reason
why students may have difficulty with the concepts of diffusion, osmosis and active
transport is that these concepts require students to visualize and think about chemical
processes at the molecular level (Johnstone & Mahmoud, 1980; Friedler et al., 1987,

Westbrook & Marek, (1991).

Odom and Barrow (1995) believe that students have difficulties with the concepts
of diffusion and osmosis because: (1) formal reasoning skills are required to understand
these two processes, (2) making sense of these constructs subsumes understanding of other
technical concepts, e.g. solution, solute, solvent, semi-permeability, molecular movement,
net movement and direction of movement, and (3) there is often confusion between the

vernacular and scientific usages of terms, e.g. pressure, concentration and quantity.

Diffusion and osmosis concepts are typically abstract, because they are the
movements of biological materials. Hence, most students hold some mistakes or
misconceptions about the concepts in their mind (Tekkaya et al., 2000). Odom and Kelly
(2001) state that it is important that the concepts are to be fully understood by students
because they often come across them in their daily life. Students who fully understand the
concept of diffusion and osmosis can make constructive comments about their own

metabolism and the scientific events in nature they come across.

Calik and Urey (2008) are of the view that despite the fact that student’s pre-

existing idea is very crucial for further learning, an unstructured (or structured
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inaccurately) idea may generate an obstacle to achieve conceptual learning. Such incorrect
views are generally named misconceptions, different from those accepted by scientific
community. The misconceptions held by students are also pieces of intellectual thought in

case of concepts.

The challenges science teachers face in lesson delivery remains: Why is it so
difficult to successfully teach for students to understand the concepts of osmosis and
diffusion? This may be partly due to the fact that these processes result from the constant,
random motion of invisible particles, and a significant number of students struggle to
comprehend such abstract ideas. While students understood that there is a random
component to biological processes (e.g., diffusion), students were unable to link this
randomness to emergent systematic behaviors (e.g., net movement of particles through a

membrane) (Garvin-Doxas & Klymkowsky, 2008).

Why misconceptions arise can be explained by several factors such as student’s
insufficient prior knowledge, his/her bias, his/her deficiency of motivation, teacher’s
insufficient content knowledge, paying more attention to details instead of concepts,
textbooks including misconceptions, using daily life language instead of scientific one and
cultural factors, meaning that some concepts may lead to different meanings in various

cultures (Harrison., 1998; Lubben, Netshisuaulu, & Campell, 1999).

Artun and Costu, B (2011) in a study concluded that primary student-teachers held
some misconceptions about various aspects of the diffusion and osmosis. The main reason
why they held this misconception as supported by Westbrook and Marek (1991) is that

primary student-teachers have little abstract thinking ability about the concepts.
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2.11 Attitude of students towards learning science

Attitude is an important concept in social judgments and behaviors and thus, is one
of the most important concepts in decision making (Venkatesh & Morris, 2003). Thus

altitude gives an indication of how to handle situations.

There is no consensus among researchers on the meaning of attitude. Different
researchers define attitude differently. Indeed, many researchers interchangeably use the
words attitude and interest. Gardner (1975) defined attitude as “a learned predisposition to
evaluate in certain ways objects, people, actions, situations or propositions involved in
learning science”. Salta and Tzougraki (2004), also defined attitude as “the tendency to
think, feel or act positively or negatively towards objects in our environment”. According
to Yara (2009), attitude towards science means interest or feeling towards studying

science. It is the students® tendency to liking or disliking science.

Many factors could contribute to student’s attitude towards studying integrated
science. According to Hendrickson (1997) attitudes are the best predictor for estimation of
students’ success. Furthermore, Halladyna and Shanghnessy (1982) have found a number
of factors related to students’ attitude to science. Such factors include teaching methods,
teacher’s attitude, influence of parents, gender, age, cognitive styles of pupils, career
interest, societal view of science and scientists, social implications of science and

achievement.

Attitudes are acquired through learning and can be changed through persuasion
using a variety of techniques. Attitudes, once established, help to shape the experiences the

individual has with object, subject or person. Although attitude changes gradually, people
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constantly form new attitudes and modify old ones when they are exposed to new

information and new experiences (Adesina & Akinbobola, 2005).

One of the factors that could influence the student’s attitude is the method of
instruction. Aiyelaagbe (1998) reports of a more positive attitude of students after exposing

them to self-learning strategy.

In conclusion, this chapter reviewed literature by experts in different spheres of
study relevant to the subject under study as well as the researchers’ view on the topic. The
discussion was focused on the concept of understanding models, constructivist theory, 5E
learning cycle as well as the concept of diffusion and osmosis and students’ misconception
on diffusion and osmosis and the attitude of students towards science. Numerous studies
conducted using the 5E instructional model, evidence repeatedly reveals that the model
increases the success of students, elevates their conceptual understandings and positively
changes their attitudes (Baker & Piburn, 1997; Tandel, and Pinalben , 2006). Researchers
report that generally students have many inaccurate conceptions and misconceptions about
diffusion and osmosis, and that they find these two concepts difficult to differentiate

(Friedler et al., 1987; Friedrichsen & Pallant, 2007).
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CHAPTER THREE

METHODOLOGY

3.1 Overview

This chapter describes the research design employed in this research, the study area
for the research, the research population, sampling procedure, research instruments and
intervention strategy, method used to collect data and analysis of data to examine the
effects of the 5SE model on students conceptual understanding St. Fidelis Senior High

School.

3.2 Research Design

Mixed quantitative and qualitative research was selected for the research design.
Creswell (2003), recognizing that all methods such as observations and interviews
(qualitative data) combined with traditional surveys (quantitative data) have limitations,
notes that researchers feel that biases inherent in any single method can neutralize or

cancel the biases of other methods.

A pre-test and post-test with control and experimental groups were carried out for
the study. The second year class of St. Fidelis Senior High School is organized into two
classes for the core subjects A (Artsl and Arts2) and B (Agric, Business and Home
Economics). These two classes were randomly assigned as control and experimental
groups. The experimental design pattern is shown in Table 1. In the pattern, B was
experiment group while A was the control group. First measurement done by performing a

pre-test and second measurement is done after intervention by performing a post-test.
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Table 1: The Experiment Design Pattern

Groups Pre-test Experiment treatment Post-test
Experimental group B X B
Control group A - A

After instruction, based upon the 5E Instructional Model, students completed the
5E Inquiry Based Instruction Questionnaire and assessed their comfort in learning from
constructivist-based instruction. Student comments provided further understanding into

their selections.

This study examined whether or not activities prepared according to the 5E
instructional model had an impact on student achievement. Experimental and control
groups were composed of total 64 students studying at St. Fidelis Senior High School.
There were 32 students in each of experimental and control groups. Lessons were given in
both groups with two different methods for two weeks. Both the control group and the

experimental group from second year class were taught by the same person.

3.3 Study area

The study was conducted at a co-educational Senior High School, St. Fidelis Senior
High School. The school was established in 1991. Currently, there are about 350 students
and 26 teachers. Most students in the school come from lower middle-class and poor
families in the rural areas of Ghana. The school was chosen, because it could provide the
researcher with sufficient resources and adequate facilities to conduct and complete the

study. Moreover, the school Acting Headmaster then and current substantive Headmaster
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of the school showed a strong support and encouraged teachers in the school to learn new

things from the study to improve their teaching and students’ learning.

3.4 Research Population

The population of the survey was constituted by second year students of St. Fidelis
Senior High School in the Kwahu Afram Plains South District in the Eastern Region of
Ghana. However, the second year students of St. Fidelis Senior High School numbering
about 121 were purposively chosen for the research because they were not under pressure

to write any external examination neither were they new to concepts in integrated science.

3.5 Sample and sampling procedure

Classes were randomly assigned as the “control” (traditional method of instruction)
and “experimental” (5E Model method of instruction) groups. The total sample size was 64
made up of 32 experimental (B class) and 32 (A class) control group of both male and
female students. Simple random sampling was used to select the size of 64 students from
the 121 students. In order to ensure the equivalence at experimental and control groups,
students’ previous year exam scores were examined and pre-test was conducted to verify
the comparability of knowledge of diffusion and osmosis of the two groups. Three (3)
science teachers and one (1) administrator were included to ensure the effectiveness of the

study.

The single pre-test and post-tests were preferred to establish baseline data through
administering one single pre-test to establish confidence in the effectiveness of the

methods considered and their treatment procedures. This reason agrees with Wiseman’s
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(1999) stand that if a group scores approximately the same on each of the pre-test and then,
after the treatment, improves significantly on the post-tests, the researcher has grounds for
more confidence in the effectiveness of that treatment. The pre-test was administered once,
and the contents of the post-test were copied from the instrument used for pre-test and the

items were restricted to the contents covered in period of instruction.

3.6 Research Instrument /Tools

Three main assessment instruments, that is subject matter pre-test and post-test
(Diffusion and Osmosis Diagnostic Test (DODT), the Inquiry-Based Instruction
Questionnaire and observation were employed to answer the research questions in the

study. They are explained further into more detail in the sub-sections that follow.

3.6.1 The Diffusion and Osmosis Diagnostic Test (DODT)

To ascertain students’ understanding and misconceptions about diffusion and
osmosis, Diffusion and Osmosis Diagnostic Test (DODT) adopted from Odom and Barrow
(1995) was used in the pre-test and post-test. This test has been proven to be an effective
instrument in assessing students’ understanding of the concepts of diffusion and osmosis

(Odom & Kelly, 2001).

The DODT is a validated two-tier diagnostic test designed to assess understanding
of diffusion and osmosis concepts. The DODT comprised of a 12 two-tier multiple choice
format. Items for the diagnostic instrument were based on the two-tier multiple-choice
format by Odom and Barrow (1995). The first tier consisted of a content question with

two, three or four choices. The second tier consisted of four possible reasons for the first
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part: three alternative reasons and one scientifically accepted reason. The conceptual areas
covered by the test were particulate and random nature of matter, concentration and
tonicity, the influence of life forces on diffusion and osmosis, the process of diffusion and

the process of osmosis.

Prepositional knowledge statements are used to define content boundaries of
diffusion and osmosis concepts. A list of 22 prepositional knowledge statements required
for understanding diffusion and osmosis at a level of sophistication appropriate for senior
high school students were identified (appendix D). All 22 propositional knowledge
statements were matched to the items on the Diffusion and Osmosis Diagnostic Test. All of
the questions, except one, incorporated more than one of the propositional knowledge
statements. Item 4 matched only propositional knowledge statement 5, which is concerned

with concentration as measured by the number of particles per unit volume (appendix E).

3.6.1.1 Scoring the items

An item was scored correct on the Diffusion and Osmosis Diagnostic Test if both
the desired content and reason answer were selected. Items were evaluated for both correct

and incorrect response combinations selected as indicated in Table 2.
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Table 2: Criteria for Analyzing the Two-Tier Test Items

Categories Marks Marks
First tier Second tier

True response True reason (T-T) 3

False response True reason (F-T) 2

True response No reason (T-N) 2

True response False reason (T-F) 1

False response No reason (F-N) 0

False response False reason (F-F) 0

No response No reason (N-N) 0

(Adopted from Odom and Barrow, 1995)

3.5.1.2 Validity of DODT

The content validity of DODT was established by submitting the test (appendix A)
as well as appendix C and D to three qualified science teachers at the senior high school
level. They established whether the test items and the concepts tested were within the
content of diffusion and osmosis as specified in the syllabus. They also ascertained
whether the level of difficulty in the items selected in the DODT were appropriate to the
form two senior high school students. These items were designed to measure students’
understanding of diffusion and osmosis and were used to compare subject-matter

knowledge of students in the control group and experimental group.

39



University of Education,Winneba http://ir.uew.edu.gh

3.6.2 5E Based Instruction Questionnaire

A questionnaire designed to determine students’ attitudes toward SE instructional
model in the science classroom was applied in the study. Students completed the 5E
inquiry based instruction questionnaire (adapted from Neo & Neo, 2009) to assess their
comfort in learning from the constructivist-based instruction, hence attitude. Students
responded to a series of statements by either selecting Agree or Disagree and then

elaborates further by providing comments (Appendix C).

The two point scale was adopted because it makes relative comparisons meaningful
and makes it easier for the students per their level comprehension. Also Neutral points
attracts respondents, who actually slightly lean toward a favorable or unfavorable response
(Sauro, 2011). The basic assumption behind attitude scale is that it is possible to uncover a
person’s internal state of beliefs, motivation, or perceptions by asking them to respond to a
series of statements (Fraenkel & Wallen, 1996). The mean percentage of students who
selected Agree on the questions pertaining to learning style was compared to those who
selected Disagree to determine the impact of the treatment on student comfort. Student

comments provided insight into their selections.

3.7 Pilot Study of Instruments

The DODT was tested with a sample of 20 SHS 3 students from the same
secondary school as the students who participated in the study. These students did not

participate in the actual study. The DODT was pilot-tested to:
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1. improve the validity and reliability of instrument. Items that were too difficult
could be rephrased, while the terms or wording could be modified whenever
necessary;

2. identify and clarify any unanticipated problems and difficulties which might arise
during the actual study; and

3. help refine the research procedures such as test administration, scoring procedures

and data analysis

3.8 Validity and reliability of the instruments

Nitko (2001) notes that validity is the soundness of the interpretations and uses of
student’s assessment results. It can also be defined as the appropriateness or correctness of
inferences, decisions, or descriptions made about individuals, groups or institutions from
test results. Golafshani (2003) validity describes whether the means of measurement are
accurate and whether they are actually measuring what they are intended to measure. In
order to ensure the content validity of data collected, five (5) colleague teachers, including
three (3) science teachers scrutinized the DODT and Inquiry-Based Instruction
Questionnaire items to offer relevant suggestions for improvement. This helped to improve

the validity of the instruments.

A Test-retest was carried out using SPSS version 17 on DODT. Test-retest
reliability can be defined as “a measure of the reproducibility of the scale, that is, the
ability to provide consistent scores over time in a stable population” Aaronson, Alonso,
Burnam, Patrick, Perrin & Stein (2002). Test-retest (Stability) reliability coefficient was

found to be 0.913, indicating a high level of consistency of the instrument. This agreed
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with the recommendations of Wiseman (1999) that reliability has to do with accuracy and
precision of a measurement procedure, a high reliability value of 0.70 or higher shows that

the test is reliable (accurately) measuring the characteristic it was designed to measure.

3.9 Intervention strategy

Two treatments were used in the study:

1. Teaching using traditional method (control group); and

2. Teaching using 5E model (experimental group),

Both groups were taught by the researcher. The study was carried out in the second
term of the 2013/2014 academic year. In order to check the implementation of both
treatments in control and experimental groups, classroom observations were carried out. In
the control group, implementation of instruction based on traditional method was used
while in the experimental group implementation of instruction based on 5E learning cycle
model was analyzed carefully. During the process of observation, the interaction between
teacher-students and students-students; participation and contribution of students into
learning environment; behaviour and attitude of students as well as the physical conditions
and material availability of the classroom was observed. Before observation of the real
implementation process, the researcher visited the classrooms was 2 times, sat silently at

the back and observed the classroom.

The 5E instructional model activity was used in the experimental group; traditional
teaching took place through the use of question and answer methods. Diffusion and

Osmosis Diagnostic Test (DODT) was used as a test instrument. Both the pre-test and
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post-test were scored out of 36. The achievement test was given to both groups as pre-test
and post-test. The implementation continued in both groups for a period of two weeks.
3.9.1 Teaching Approaches Used with the Experimental Group (5E Model Teaching
Activities)

In this study, the 5Emodel based on the constructivist learning theory was used to
improve assess senior high school students’ conceptual understanding of diffusion and
osmosis. The goal at this stage was to maximize students’ active involvement in the
learning process. The teaching activities related to each of the stages of the 5E model are

outlined below.

3.9.1.1 Diffusion

3.9.1.1.1 Engage Stage

To engage prospective students in exposing their prior understandings of the
concept of diffusion, they were asked to observe the following activity and answer related
to the concept of diffusion in order to disclose pre-instructional knowledge and instill
interest by students. An individual observing three beakers that demonstrated the diffusion
of ink in water in progressive time period and the related question was: How does a drop of
ink spread in a beaker of water? The goal at this stage was to increase students’ attention,

get them interested and ready to learn.

3.9.1.1.2 Explore Stage

The explore stage consists of the students answering the question that was posed to

them in the ‘‘engage stage’ by playing a game related to diffusion with their peers and
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individually answering the following questions: ‘‘Define diffusion’” ‘‘What causes
molecules to move around? Explain the relation between temperature and diffusion rate.
How do you think ink dyes the water?’” They also discussed and interacted with each
other. Teacher only provided questions, suggested approaches, gave feedbacks, and

assessed understandings.

3.9.1.1.3 Explain Stage

The researcher, who teaches science course, provided scientific explanations with
appropriate examples. The teacher guided students toward coherent and consistent
generalizations, helped students with distinct scientific vocabulary, and provided questions

that helped students to use this vocabulary to explain the results of their explorations.

3.9.1.1.4 Elaborate Stage

Students were provided activities to enhance their understanding through two
activities: (1) translation of learned concepts to their personal lives; and (2) a conceptual
change text about diffusion. Subsequently, students were given an opportunity to
demonstrate their new understandings by integrating the acquired knowledge through the
game activity, the instruction given by the researcher, translation of concepts into their
personal lives, and a conceptual change text about diffusion. A discussion of all the
activities in the classroom culminated in elaborating students’ understandings of the

concept of diffusion.
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3.9.1.1.5 Evaluate Stage

The evaluate stage consists of assessing students’ understanding of the concept of
diffusion, which consisted of three new related questions. An example is as follows:
““While Helena had breakfast, her mother served her a cup of tea with cubes of sugar.
Helena added a cube of sugar into her cup of tea and stirred it to make it sweet. This
activity demonstrates the concept of diffusion because sugar molecules are equally
dispersed in the cup of tea.”” Following this scenario was a question asking students to give
examples of diffusion from real life to evaluate whether they had understood the concept of
diffusion. For evaluation purpose, students were also asked the following question: Discuss

what would happen if diffusion did not occur?

3.9.1.2 Osmosis

3.9.1.2.1 Engage Stage

To engage prospective students in exposing their prior understandings of the
concept of osmosis, they are asked to perform the following activity and answer a related
question. “Peel the yam tuber, cut it into two parts, and make a cavity with the aid of the
knife into the two cut yam tubers. Pour water into the two Petri-dishes. Place each half of
the yam tubers with base down into the Petri-dishes containing water. Add small quantity
of sugar to yam tissue A and allow yam tissue B to serve as control experiment.” The set-
up was allowed to stand for 4-6 hours. The related question was: “How does water move

across the yam membrane into the sugar solution?”
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3.9.1.2.2 Explore Stage

The explore stage consisted of the students answering the question that was posed
to them in the ‘‘engage stage’’ by playing a game related to osmosis with their peers and

2% ¢¢

individually answering the following questions: ‘‘Define osmosis’’ ‘‘what causes water
molecules to move through the yam tissue with sugar solution?” Explain why water
molecules did not move across the yam membrane that did not contain sugar?” They also

discussed with each other.

3.9.1.2.3 Explain Stage

The researcher, who teaches the subject integrated science, provided scientific
explanations with appropriate examples and questions from the students were answered.

This was to clarify doubts and define relevant terms.

3.9.1.2.4 Elaborate Stage

Students were provided activities to enhance their understanding through activities
such as the teacher drawing an image on the board. Students must predict what a plant
look like in a salt solution through a written statement and a drawing. They supported their
statements with evidence from their previous investigation. Subsequently, students were
given an opportunity to demonstrate their new understandings by integrating the acquired
knowledge through the game activity, the instruction given by the teacher, translation of
concepts into their personal lives, and a conceptual change text about osmosis. A
discussion of all the activities in the classroom culminated in elaborating prospective

teachers’ understandings of the concept of osmosis.
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3.9.1.2.5 Evaluate Stage

The evaluate stage consists of assessing students’ understanding of the concept of
osmosis, which consisted a few related questions. An example is as follows: ‘‘Fishermen
would store their fish by cleaning them, then covering them in salt. The pieces of fish
eventually become hard and stiff as a board! Does osmosis help explain what happened to
the fish?”’ Subsequent to this scenario was a question asking students to give examples of
osmosis from real life to evaluate whether they had understood the concept of osmosis.

They were also asked to discuss the relevance of osmosis in real life situations.

3.9.2 Approach with the Control Group

A traditional instruction method was used with the control group. The researcher
used direct teaching and question and answer methods to teach related topics and basic
concepts. Basic explanations and question and answer methods suited the traditional
teaching approach where students are completely passive, were used in teaching the
diffusion and osmosis. Teaching strategies embodied the use of the researcher’s

explanations and textbooks.

Instruction was provided by researcher through lecture and discussion methods to
teach the concepts. The entire class was structured as a unit, notes were written on the
chalkboard about the definition of concepts. The fundamental principle is that there is
transfer of knowledge from the teacher to the students. The teacher explained the concepts
of diffusion and osmosis and directed questions that prompted discussions. Worksheets

were developed specifically for each lesson.
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Written responses were required from the students which were collected and
corrected. Each lesson, in general, consisted of presenting the correct way to work out
problems. Much of the instructional time was devoted to instruction and engaging in
discussion that arised from the researcher’s explanation and questions. The idea is that
there is a fixed body of knowledge that the student must come to know. Students are
expected to blindly accept the information they are given without questioning the instructor

(Stofflett, 1998), under the traditional method of teaching.

3.10 Data collection procedure

The data were collected by the researcher himself. For the data collection prior
permission was sought from the Headmaster of St. Fidelis Senior High School. According
to time schedule, two weeks was given to the experimental group and control group. The
experimental group was taught through the 5E model and the control group was taught
through traditional lecture method. Both groups were taught after the pre-test. At the end of
the teaching period, the post-test was given to students and the data collected were used to

test the hypotheses.

At the end of the study, a questionnaire survey was introduced to students in the
experimental group to gather information regarding their attitudes toward using the 5E

instructional model in the science classroom.

3.11 Data Analysis

The data on test scores as well as data on questionnaires were put forward

according to the responses of students. The data analysis was carried out using SPSS
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version 17.0 for Windows and Microsoft Excel 2010. In order to analyse the instructors’
implementation of the 5E learning model according to the student views and the
relationship; mean, standard deviation, frequency and percentage calculations were used.
One-way Analysis of Variance (one-way ANOVA) is a technique used to compare means
of two or more samples using the F distribution (Howell, 2002). Although typically it is
used to compare means of three or more samples, it can be used for comparison of two

sample means in this research.

3.12 Summary

This chapter looked at the methodology that was used by the researcher for the
study. This includes research design, population for the study, sample and sampling
techniques used, research instrument, research intervention, data collection procedure and

method of data analysis.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Overview

In this chapter, the results of the research work are presented. They are presented in
the order of the statement of the research questions. The sub-sections also include: analysis
of achievement gains of students. Again, some results of students’ misconceptions were
identified. Finally, results of questionnaire on the attitude of students towards toward

science are presented.

4.2 Analysis of Findings Related to Research Questions

4.2.1 Research Question 1: What is the effect of the 5E model on second year students
of St. Fidelis Senior High School of understanding the concept of diffusion and
0Smosis?

Statistical tools were used for the analysis of the collected data. One-way Analysis
of Variance (ANOVA) was used to compare the treatment groups on achievement and to
test for significant difference between students’ pre-instructional and post-instructional test
scores. A sample of pre-test and post-test of two students, one in the control group and the

other in the experimental group is presented in Appendix B.

With respect to the pre-test scores, all the participants in the two groups were
equivalent regarding the knowledge of the concepts before the treatment as shown in Table
3. This was demonstrated by comparison of their mean scores and confirmed with the one-

way ANOVA test at p = 0.05. Table 3 shows that students taught with the 5E learning

50



University of Education,Winneba http://ir.uew.edu.gh

cycle scored hight marks than those taught by the traditional method. On the comparison of
the pre-test and post-test means, the data indicated an improvement of 7.78 from 10.56 to
18.34 out of a total of 36 marks for the traditional method and improvement of 11.21 from
11.22 to 22.59 out of 36 marks for 5SE model on achievement. However, comparison of
post-test mean scores indicated a relatively higher mean for 5SE model (22.59) than the

traditional method (18.34) a difference of 4.25 marks.

Table 3: Comparison of Pre-Test and Post-Test Achievement Means of the 5E
Learning Model and Traditional Method Groups

Test type/instructional method N Mean SD

(@) Pre-test

5E model 32 11.21 3.61
Traditional 32 10.56 3.57
(b) Post-test

5E Model 32 22.59 4.81
Traditional 32 18.34 5.47

The concepts of transport across cell membrane i.e. diffusion, osmosis and active
transport are very important for biology students for sound understanding of the
functioning of the cell (Odom & Barrow, 1993). The pre-test results of the present study
clearly showed poor understanding of the processes of diffusion and osmosis for the

control and experimental groups (Table 3).
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Some biology concepts are very difficult for teachers to teach as well as for
students to learn due to the abstract nature of the concepts and the processes involved that
are not physically observable. Hence, for better understanding of the concepts of
membrane transport, visualization of chemical processes at molecular level is required

(Johnstone & Mahmoud, 1980; Friedler et al., 1987; Westerbrook & Marek, 1991).

The one-way ANOVA comparison of groups shown in Table 4 revealed that there
was no significant difference (p > 0.05) at the beginning between the means of pre-test
scores of the 5SE model and traditional method groups in terms of students’ achievement of
Diffusion and Osmosis Diagnostic Test (DODT) (p > 0.05) before treatment. The
calculated F value was less than the critical F value (Table 4). With this result, Ho:1 was
retained because there is really no significant difference in pre-test scores between
students taught with 5E model and traditional method. Therefore, the two groups could be

treated as comparable groups.

Table 4: ANOVA of Pre — Test Scores of 5E Model and Traditional Method Groups

Source of variation SS df MS F P-value Fcrit
Between groups 6.890625 1 6.890625  0.533128  0.468045  3.995887
Within groups 801.3438 62 12.9249

Total 808.2344 63

The results from the one-way ANOVA suggested that there was a significant
difference (p > 0.05) between the mean of pre-test scores and the mean of post-test scores
of traditional method (Table 5). With this result, Ho:2 was rejected because there was
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significant difference in pre-test and post-test scores of students taught with the traditional

method.

Table 5: ANOVA of Pre and Post — Test Scores of Traditional Method Group

Source of variation SS df MS F P-value Fcrit
Between groups 968.7656 1 968.7656 53.96084 0.00000 3.995887
Within groups 1113.094 62 17.95313

Total 2081.859 63

The results from the one-way ANOVA suggested that there is a significant
difference (p < 0.05) between the mean of pre-test scores and the mean of post-test scores
5E model method (Table 6). With this result, Ho:3 was rejected since means of the pre-test
scores was significantly (p < 0.05) lower than that for the post test scores of the 5E

method.

Table 6: ANOVA of Pre and Post — Test Scores of 5E Model

Source of variation SS df MS F P —value F crit
Between groups 2070.25 1 2070.25 96.1329 0.00000 3.9958
Within groups 1335.19 62 21.5353

Total 3405.44 63

The results from the one-way ANOVA showed that there is significant difference
(p < 0.05) between the mean of post-test scores of the 5E model of instruction and
traditional method. With this result, Ho:4 was rejected since mean of post-test scores of the

5E model is significantly (p < 0.05) higher than the post-test scores of the traditional
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method of instruction. This indicates that the students instructed by 5E model of instruction
gained more achievement than the students instructed by traditional method.

Table 7: ANOVA of Post — Test Scores of 5E Learning Model and Traditional
Method Groups

Source of variation SS df MS F P —value F crit
Between groups 289 1 289 10.8796 0.00161  3.99589
Within groups 1646.94 62 26.5635

Total 1935.94 63

Figure 1 shows the percentage distribution of control and experimental group
scores in the Post-test. It is evident from the graph that the students in the experimental
group (5E Model group) achieved relatively higher marks than their counterparts in the

control group (traditional method).
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Figure 1. Percentage Distribution of Control and Experimental Group Scores in the
Post-Test.
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The higher achievement of students in the 5E model group as compared to the
lower achievement of students in the traditional group is noteworthy. The ANOVA
analysis showed that the method of teaching does predict students’ achievement in groups
with varying instructional methods. However, while the unique and significant effect of 5E
model on students’ achievement over and above lecture method is applauded, there were
several specific observations that were made about the findings in relation to the two
instructional methods. First, the analysis indicated that the two methods had significant
effects on students’ achievement in science. Since the post-test scores of all the students in
the two groups were significantly greater than their pre-test scores, it therefore follows that
the post-test achievement scores was earned not by chance but as a result of treatment with
the prescribed instructional methods. This implies that both methods compared have the
potential to cause learning to take place but at varying degrees which was the basis for this
study. The ability of this study to establish a cause and effect relationship as found, agrees
with the principle of experimental research as recommended by Wiseman (1999). It has
been agreed that in experimental research, a treatment must be confirmed to be responsible

for any difference noticed.

Secondly, the analysis showed a significant difference in achievement scores
between the 5E model and traditional instructional groups. The data analysis of the present
study showed that the mean score (22.59) of the 5E model group was significantly higher
(p < 0.05) than the mean score (18.34) of the traditional method group in the Diffusion and
Osmosis Diagnostic Test (DODT). The variations in achievement scores between the two
groups may be due to the variation in the teaching strategies adopted in each of the groups

and their comprehension of the methods of instruction. Students taught with 5E model
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strategies outscored those taught with traditional method suggests that the students in the
5E model group may have been more active in the learning process than those in the
lecture group and thus contributing to their higher achievement scores. This is hinged on
the assertion that students learn better by doing (Gordon, 2009). The low achievement
scores as found among the students taught with traditional method may not be unrelated
with the transmission approach involved, where the teachers pass over their knowledge to

their pupils.

The significantly higher achievement of students taught with 5E model over those
taught with lecture method as found in this study is consistent with the findings of earlier

researchers on this same subject matter (Adams et al., 1999, Cavallo, 2003; Kevin, 2003)

Diffusion and osmosis as a topic includes abstract and theoretical concepts
(Johnstone & Mahmoud, 1980; Friedler et al., 1987; Westbrook & Marek, 1991). For this
reason students have difficulty in understanding the diffusion and osmosis concepts. So, it
can be concluded that, while teaching diffusion and osmosis concepts, the teachers should
make the scientific concepts as concrete as possible. Children's prior knowledge of
phenomena is an important part of how they come to understand school science. Therefore,

teachers also should be more sensitive to student's prior knowledge.

Through the instruction designed according to 5E model, the teacher was aware of
students prior knowledge. Since learning is a social process, students worked in groups
with their friends. So interaction is maximized through this way. In the learning process as
rightly put by Bybee (2002), students also made hands-on and minds- on activities. They

participated actively in instruction. In this strategy, in the first phase of cycle called
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“engagement”, students were asked several questions. Here the purpose of teacher was to
activate students’ prior knowledge. In the exploration phase, the teacher asked a question
for students to explore the phenomena by themselves. In two phases, teacher let the
students to discuss with their friends. In this learning environment, students made

connections between the new concepts and the existing ones.

4.2.2 Research Question 2: What are some of the misconceptions held by second year
students of St. Fidelis Senior High School about diffusion and osmosis?

Students misconceptions were identified based on the students responses to the pre-
test and post-test which are presented in Table 8. As seen from Table 8, students’
misconceptions changed (pre-test and post-test). It shows a decrease in terms of the
number of students who had misconceptions prior to the implementation of the 5E
instructional method. A total of 16 misconceptions were identified with the pre-test as seen
in Table 8, however after the intervention, SM#1 SM#10 and SM#16 were seen to have

been corrected after the post-test.

Diffusion is a concept that students in high school biology should understand. Yet
there is much evidence that points otherwise. Westbrook and Marek (1991) demonstrated
that despite instruction, misconceptions about diffusion persisted. They found that college
freshmen in zoology expressed as many misconceptions about diffusion as seventh-grade
life science students (37% and 38%, respectively). The results of the Diffusion and
Osmosis Diagnostic Test suggest that the students of St. Fidelis Senior High School did not

acquire a satisfactory understanding of diffusion and osmosis concepts.
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Table 8: Students’ Misconceptions (SM) and Difficulties Elicited by Analysing each Test Item

ltem

Misconceptions

Pre-test (students)

Post-test (students)

When a drop of blue dye is added to the
beaker of water, after several hours the water
will turn a light blue colour. This process is;

During the process of diffusion,
particles will generally move from

1. Osmosis

2. A reaction between
water and dye

3. The lack of a
membrane means that
osmosis and diffusion
cannot occur

4. The blue dye
separates into small
particle and mixes
with water

5. low to high
concentration

6. There are too many
particles crowded into
one area, so they
move to an area with
little room

7. The particles tend
to move until the two
areas are isotonic, and
then the particles stop
moving

11

15
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Table 8: Students’ Misconceptions (SM) and Difficulties Elicited by Analysing each Test (Continued.)

ltem

Misconceptions

Pre-test (students)

Post-test (students)

If a small amount of sugar is added to a
container of water and allowed to set
for a very long period time without
stirring, the sugar molecules will

When a drop of blue dye to a container of
clear water and after several hours the entire
container turns light blue. At this time,
molecules of dye;

8. be more concentrated
on the bottom of the
container

9. The sugar is heavier
than water and will sink

10. There will be more
time for settling

11. have stopped
moving

12. If they were still
moving, the container
would be different
shades of blue

13. If the dye
molecules stopped,
they would settle to the
bottom of container

14. Molecules are
liquid, if it were solid
the molecules would
stop moving

20

12

20

10
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Table 8: Students’ Misconceptions (SM) and Difficulties Elicited by Analysing each Test (Continued.)

Item Misconceptions Pre-test (students) Post-test (students)
Suppose there are two large beakers with 15. Diffusion moves

equal amounts of clear water at two different  faster at low

temperatures. Next, a drop of green dye is temperatures 17 6

added to each beaker of water. Eventually the

water turns light green. Which beaker became ~ 16. It helps the .

light green first? molecules to expands 4
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Based on the information presented in Table 8, a matrix of possible types of
changes was constructed (see Table 9). As seen from Table 9, four different types of
possible changes were observed in the students’ misconceptions. Although all
possibilities were observed, their frequency varied considerably, and these data are
presented in Table 10. For instance the first possibility indicates the persistence of the
misconception even after the intervention, whilst the second possibility indicates that

after the intervention the misconception was non-existent.

Table 9: Possible Types of Changes in Students’ Misconceptions and Difficulties
Based on Table 8

Possibility of changes  Pre-test Post-test Sample changes in Table 8
1 v v B2 (the 1st SM)

2 v X B4 (the 2nd SM)

3 X X B6 (the 4th SM)

4 % 2l B26 (the 2nd SM)

v Persistence of misconceptions
% The non-existence of misconceptions

Table 10 reveals positive conceptual changes. It indicates the percentage of
students who still held the various misconceptions. This seems to show that student’
misconceptions had decreased after the S5E model intervention. For example, percentage

of the SM#1 decreased from 19 to 0% for pre- and post-tests (+19 conceptual changes
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occurred) and percentage of the SM#5 decreased from 75% to 13% for pre- and post-tests

(+62 conceptual changes occurred).

A great difference in the performance between the pre-test and post-test after
treatment was observed in some of the items. For example, in one item related to the
process of diffusion, students were asked about the nature of movement of particles
during the process of diffusion. Before the treatment, 75% of the students in the
experimental group selected the wrong combination, which was ‘during the process of
diffusion, particles will generally move from low to high concentration’. After the
treatment, approximately 13% of the students in the experimental group selected that

same wrong combination.

Data presented in Table 4 clearly show that after the intervention students
improved in their understanding. Furthermore, students’ misconceptions reduced from the
pre-test to the post-test (see Table 8 and 10). This positive conceptual change was found
to be statistically significant (see Table 6). Interestingly, of the possible types of changes
(see Table 9), the one most frequently observed was type 2, that is misconception in the
pre-test and conceptual understanding in the post-test. These findings are consistent with
the 5E model studies on various topics (Diakidoy & Kendeou 2001; Pinarbasi, Canpolat,

Bayrakc, & Geban, 2006; Costu, Ayas, & Niaz, 2010).

The students had the chance to elicit their prior conceptions as well as adapt and
explain their conceptions through the activities of the 5E model. As the students took part
in the 5E model activities, they became dissatisfied with their prior conceptions, and thus

conceptually struggled to make changes based on the 5E activities, and reinforced their
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understandings with scientific ideas and explanations provided by the teacher. Results
showed that while some students retained their own conceptions even after the lessons,
most of their conceptions reflected conceptual change. In SM#5, students’ conceptions
“‘During the process of diffusion, particles will generally move from low to high”’
decreased from pre-test (75%) to post-test (13%), a positive conceptual change (+62). SM
#6 ‘‘there are too many particles crowded into one area, so they move to an area with
little room’” decreased from pre-test (22%) to post-test (13%), a positive conceptual
change (+9). The reason why a few students maintained their conceptions could be

because of their lack of abstract thinking (Westbrook and Marek, 1991; Odom, 1995).

SM#13 “‘If the dye molecules stopped, they would settle to the bottom of
container’” decreased from pre-test (31%) to post-test (19%), a positive conceptual
change (+12). SM#14 ‘‘molecules are liquid, if it were solid the molecules would stop
moving’’ decreased from pre-test (28%) to post-test (3%), a positive conceptual change
(+25). This agrees with the assertion that students may have difficulty with the concepts
of diffusion, osmosis and active transport due to their inability to visualize and think
about chemical processes at the molecular level (Johnstone & Mahmoud, 1980; Friedler

etal., 1987; Westbrook & Marek, 1991).
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Table 10: Conceptual Changes about Students’ Misconceptions (SM) and Difficulties through each Test

Item Misconceptions Pre-test (%) Post-test(%6) Percentage change

79

When a drop of blue dye is added
to the beaker of water, after
several hours the water will turn a
light blue colour. This process is;

1. Osmosis 19 0 19
2. A reaction between

water and dye 28 9 9
3. The lack of a
membrane means that
osmosis and diffusion
cannot occur

4. The blue dye
separates into small
particles and mixes
with water

During the process of diffusion, 5. low to high
particles will generally move from  concentration

6. There are too many
particles crowded into
one area, so they move 22 13 9
to an area with little

room

7. The particles tend to

move until the two

areas are isotonic, and 19 6 13
then the particles stop

moving

34 3 31

75 13 62
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Table 10: Conceptual Changes about Students’ Misconceptions (SM) and Difficulties through each Test (Continued.)

Item Misconceptions Pre-test (%) Post-test (%0) Percentage change

99

If a small amount of sugar is added

8. be more concentrated

to a container of water and allowed on the bottom of the 63 28 35
to set for a very long period time container
without  stirring, the  sugar . )
molecules will 9. The sugar is _hea_vler 38 29 16
than water and will sink
10. There will be more 6 0 6
time for settling
When a drop of blue dye to a 11. have stopped 63 19 44
container of clear water and after moving
several hours the entire container :
turns light blue. At this time, 12. If they were still
mo'ecu|e50fdye; moving, the Co-ntalner 19 5 13
would be different
shades of blue
13. If the dye molecules
stopped, they would
settle to the bottom of S 19 12
container
14, Molecules  are
liquid, if it were solid 28 3 25

the molecules would
stop moving
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Table 10: Conceptual Changes about Students’ Misconceptions (SM) and Difficulties through each Test (Continued.)

Item

Misconceptions Pre-test (%) Post-test (%0) Percentage change

Suppose there are two large
beakers with equal amounts of
clear water at two different
temperatures. Next, a drop of green
dye is added to each beaker of
water. Eventually the water turns
light green. Which beaker became
light green first?

15. Diffusion move
faster at low 53 19 4
temperatures

16. It helps the

molecules to expand L2 0 13
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4.2.3 Research Question 3: Will the use of the 5E instructional model bring any
change in the attitude of second year students in St. Fidelis Senior School toward
science?

Students responded to a series of statements about inquiry-based projects by either
selecting Agree or Disagree and then elaborated further by providing comments (Appendix
B). The percentage of students who selected Agree was compared to the percentage of

students who selected Disagree. The findings from the survey are exhibited in Table 11.

Furthermore, the mean percentage of students who selected Agree on the questions
relating to learning style was compared to the mean percentage of students who selected
Disagree (Figure 2) to determine the impact of the treatment on student comfort. Student
comments provided insight into their selections. Overwhelmingly about 94% had a
relatively positive attitude towards the new approach as opposed to the 6% who thought

otherwise.

The results of the study seemed suggested that the students developed a more
positive attitude towards science after exposure to the 5E model, which is similar to studies
by Aiyelaagbe (1998), who reported a more positive attitude of students after exposing
them to self-learning strategy. The positive attitude adopted by the students towards
learning science with the use of the 5E model will definitely lead to greater understanding
of science topics. This is line with the assertion by Hendrickson (1997), that attitudes are

the best predictors for estimation of students’ success.

Additionally, some students provided comments on the strengths and weaknesses

of the 5E instructional model. For the strengths of the tool, some students explained that
67



University of Education,Winneba http://ir.uew.edu.gh

the class was ‘interesting and fun’. Additionally, they were able to learn at their own pace.
Some students wished that they could learn other topics via the same method of
instruction. For the weaknesses of the model, some students expressed that the period per
lesson was rather short for them to explore all other things. It was also observed that the 5E
Model class seemed to be more active and participatory. Compared to the traditional

method class was less participatory and interactive.

Table 11. Responses and Corresponding Percentages (%) of Students Attitudes
toward using 5E Model Instructional in the Science Classroom

Agree Disagree
Number Percentage Number Percentage
(%) (%)
1. I was motivated to be part of the class e el . 0
2. | found the class to be challenging 4 90 P 94
3. | found the class to be interesting 4 i 3 94
4. 1 am very satisfied with my contribution to 31 96.9 1 3.1
the class
. . . . ! 31 96.9 1 3.1
5. I enjoyed working on items in the in class
6. The class made it easy to learn about 29 90.6 3 9.4
diffusion and osmosis
7. 1 enjoyed working with my classmates 31 96.9 1 3.1
29 90.6 3 9.4

8. We worked together as a team
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1.88, 6%

= Agree
m Disgree

Figure 2. Post-treatment Inquiry-Based Instruction Questionnaire: Questions
pertaining to learning preference. Mean percent (%) of student responses, (N=32).
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMMENDATIONS

5.1 Overview

This chapter deals with the summary of findings, conclusions, recommendations

and suggestions.

5.2 Summary of Findings

In short, this study showed that the 5E learning cycle model is an effective teaching
strategy. On the contrary, traditional instruction does not seem effective in developing
students’ understanding of diffusion and osmosis concepts. 5E learning cycle model can
provide teachers with many insights into how students can learn about and appreciate
science. By using this teaching strategy, better acquisition of scientific concepts could be
observed. 5E learning cycle model is useful not only in improving achievement, but it they

helps students construct their views about science and develop personal thinking abilities.

In spite of improving the students’ understanding of diffusion and osmosis some
misconceptions still lingered on the minds of students. Furthermore, the 5E model of
instruction enabled students to develop more positive attitude towards science as a school

subject.

The findings of this study had further established the fact that acceptable methods

of instruction are capable of changing students’ attitude towards science.
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5.3 Conclusion

The findings of this study indicated that both the 5E model and traditional
instructional methods showed significant effects on students’ achievement as measured
with immediate post-test. There was, however, a variation in the levels of achievement
between students in the two instructional groups compared. Students in the 5E learning
model group were found to score significantly higher marks probably because of the
interplay of a higher students’ activity during the lessons and social interaction which is a

significant feature in the structure of the method.

The major findings of this study indicate that an appropriate method for teaching
and learning science could be the 5E model of instruction. This method will, however be
very effective only if teachings are trained on the 5E model as a mode of instruction.
However, before the adoption of the method as an appropriate instructional strategy, the
teachers should be well trained to acquire the skills necessary for its use. The efficient
acquisition of the skills necessary for its use by the Science teachers will reduce the
limitations associated with the method. The traditional method could still be used to teach
very abstract topics to enable students easily acquire knowledge, new information, and

explanation of events or things.

Also, it will reduce the frustration students will experience with the other methods
when dealing with very novel concepts and, consequently, lead to fewer student

misconceptions.

The 5E model group developed a more positive attitude towards science after

treatment. If problem-solving instructional strategy, such as the 5E model, could draw
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many students to offering science in Ghana, it would be necessary for science teachers to
adopt this method so as to solve the problem of many students shying away from science at
the senior high school level. Teachers should be aware of students’ attitudes towards
integrated science as a core subject. They must know that attitudes affect the students’

achievement and should strive to improve students’ attitudes.

5.4 Recommendations

Based on the results of this study, it is recommended that the use of 5E model, a
type of instructional strategy that is capable of transforming students from passive
receptacles of information into active learners, should be used to teach science. Teachers
are exposed to new and emerging techniques that are relevant for the class room and can

motivate students, and thereby increase their achievement.

Relevant educational authorities, such as the Ghana Education Service, should also
consider providing teachers with adequate professional development, time and incentives

to encourage them to integrate inquiry and technology, appropriately, into their instruction.

Teacher educationalists should embrace problem-solving techniques in their
various institutions to facilitate the use of the method in to the senior high schools. It
would also be essential to organize seminars and workshops for practicing teachers so that
the importance and appropriateness of the problem-solving technique for science teaching

and learning could be extended.

Further, identification of misconceptions is needed to develop strategies to provide

students with the accurate conceptual knowledge required for scientific problem solving.
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5.5 Suggestions

1)

2)

3)

Also the following suggestions are made for further researchers:

Further research studies can be carried out to investigate the effectiveness of 5E
model of instruction approach in understanding science concepts in different
schools. So, more accurate results can be obtained and a generalization for Ghana
can be provided.

A study can be conducted for different levels and different science topics to
investigate the effectiveness of the 5E learning cycle model. This study can be
conducted with larger sample size in order to obtain more accurate results.

Other teaching strategies, such as the concept mapping, and cooperative learning,

can be used.
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APPENDICES

APPENDIX A

The Diffusion and Osmosis Diagnostic Test

Directions: DO NOT WRITE ON THE ASSESSMENT. This assessment consists of 12
pairs of questions which examine your knowledge of diffusion and osmosis. Each question
has two parts: A multiple choice response followed by a multiple choice reason. On the
answer sheet provided, please circle one answer from both the response and reason
sections of each question.

1a. Suppose there is a large beaker full of clear water and a drop of blue dye is added to the
beaker of water. Eventually the water will turn a light blue color. The process responsible
for blue dye becoming evenly distributed throughout the water is:

a. 0SmMOsis

b. diffusion

c. a reaction between water and dye

1b. The reason for my answer is because:

a. the lack of a membrane means that osmosis and diffusion can not occur.
b. there is movement of particles between regions of different concentrations.
c. the dye separates into small particles and mixes with water.

d. the water moves from one region to another.

The Particulate & Random Nature of Matter

2a. During the process of diffusion, particles will generally move from:

a. high to low concentrations

b. low to high concentrations

2b. The reason for my answer is because:

a. there are too many particles crowded into one area, therefore they move to an area with
more room.

b. particles in areas of greater concentration are more likely to bounce toward other areas.
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c. the particles tend to move until the two areas are isotonic and then the particles stop
moving.

d. there is a greater chance of the particles repelling each other.

3a. As the difference in concentration between two areas increases, the rate
of diffusion:

a. decreases b. increases

3b. The reason for my answer is because:

a. there is less room for the particles to move.

b. if the concentration is high enough, the particles will spread less and the rate will be
slowed.

c. the molecules want to spread out.

d. the greater likelihood of random motion into other regions.

4a. A glucose solution can be made more concentrated by:

a. adding more water

b. adding more glucose

4b. The reason for my answer is because:

a. the more water there is, the more glucose it will take to saturate the
solution.

b. concentration means the dissolving of something.

c. it increases the number of dissolved particles.

d. for a solution to be more concentrated one must add more liquid.

5a. If a small amount of sugar is added to a container of water and allowed
to set for a very long period of time without stirring, the sugar molecules will:
a. be more concentrated on the bottom of the container

b. be evenly distributed throughout the container

5b. The reason for my answer is because:

a. there is movement of particles from a high to low concentration.
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b. the sugar is heavier than water and will sink.

c. sugar dissolves poorly or not at all in water.

d. there will be more time for settling.

6a. Suppose you add a drop of blue dye to a container of clear water and
after several hours the entire container turns light blue. At this time, the
molecules of dye:

a. have stopped moving

b. continue to move around randomly

6b. The reason for my answer is because:

a. the entire container is the same color; if they were still moving, the
container would be different shades of blue.

b. if the dye molecules stopped, they would settle to the bottom of the
container.

c. molecules are always moving.

d. this is a liquid; if it were solid the molecules would stop moving.
Concentration &Tonicity

7a. Suppose there are two large beakers

22with equal amounts of clear water at two different temperatures. Next, a drop of green
dye is added to each beaker of water. Eventually the water turns light green (see figure 1).

Which beaker became light green first?

e C ec

Figure 1

Figure 1A
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a. Beaker 1  b. Beaker 2

7b. The reason for my answer is because:

a. the lower temperature breaks down the dye.

b. the dye molecules move faster at higher temperatures.
c. the cold temperature speeds up the molecules.

d. it helps the molecules to expand.

8a. In figure 2, two columns of water are separated by a membrane through which only
water can pass. Side 1 contains dye and water, side 2 contains pure water. After two hours,
the water level in side 1 will be:

a. higher b. lower c. the same height

8b. The reason for my answer is because:

a. water will move from the hypertonic to hypotonic solution.
b. the concentration of water molecules is less on side 1.

c. water will become isotonic.

d. water moves from low to high concentration.

1. A glucose solution can be made more concentrated by adding more glucose because the
more water there is, the more glucose it will take to saturate the solution.

9a. Side 1 is 10% salt solution and side 2 (15% salt solution). Side 1is ___ to side 2.
a. hypotonic  b. hypertonic c. isotonic

9b. The reason for my answer is because: Figure 3

a. water is hypertonic to most things.

b. isotonic means "the same".

c. water moves from a high to a low concentration.

d. there are fewer dissolved particles on side 1.

The Influence of Life Forces on Diffusion& Osmosis

10a. If a freshwater plant cell was placed in a beaker of 25% salt water solution, the central
vacuole would:

a. increase in size
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b. decrease in size

c. remain the same size

10b. The reason for my answer is because:

a. salt absorbs the water from the central vacuole.

b. water will move from the vacuole to the salt water solution.

c. the salt will enter the vacuole.

d. salt solution outside the cell can not affect the vacuole inside the cell.

11a. Suppose you killed the freshwater plant cell with poison and placed the dead cell in a
25% salt water solution. Osmosis and diffusion would:

a. not occur

b. continue

c. only diffusion would continue

d. only osmosis would continue

11b. The reason for my answer is because:

a. the cell would stop functioning.

b. the cell does not have to be alive.

c. osmosis is not random, while diffusion is a random process.
d. osmosis and diffusion requires cell energy.

12a. All cell membranes are

a. semi-permeable

b. permeable

12b. The reason for my answer is because:

a. they allow some substances to pass.

b. they allow some substances to enter, but they prevent any substance from leaving.
c. the membrane requires nutrients to live.

d. they allow ALL nutrients to pass.
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APPENDIX B Sample Marked Scripts
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Figure 1B. Pre-test and Post-test of student A22 (control group)
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Figure 2B. Pre-test and post-test of student B21 (experimental group)
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APPENDIX C

5E Model Based Instruction Questionnaire

Participation in this research is voluntary and participation or non-participation will not
affect your grades or class standing in any way. The purpose of this questionnaire is to
provide you with the opportunity to share your opinion on inquiry based instruction on.
Check Agree or Disagree for each statement, then provide further explanation for your
selection in the Comments column. Please answer each question honestly. Your answers

will be anonymous. Agree

Agree

Disagree

Comments

1. 1 was motivated to be part of
the class

2. | found the class to be
challenging

3. | found the class to be
interesting

4. 1 am very satisfied with my
contribution to the class

5. | enjoyed working items in the
class

6. The class made it easy to learn
about diffusion and osmosis

7. | enjoyed working with my
classmates

8. We worked together as a team

Is there anything else you would like to tell me?

(Adapted from Neo and Neo, 2009)

96




University of Education,Winneba http://ir.uew.edu.gh

APPENDIX D

Table 1D. Propositional Knowledge Statements Required for Understanding
Diffusion and Osmaosis

[

. All particles are in constant motion.

2. Diffusion involves the movement of particles.

3. Diffusion results from the random motion and/or collisions of particles (ions or molecules).

4. Diffusion is the net movement of particles as a result of a concentration gradient.

5. Concentration is the number of particles per unit volume.

6. Concentration gradient is a difference in concentration of a substance across a space.

7. Diffusion is the net movement of particles from an area of high concentration to an area of low
concentration.

8. Diffusion continues until the particles become uniformly distributed in the medium in which they are
dissolved.

9. Diffusion rate increases as temperature increases.

10.

Temperature increases motion and/or particle collisions.

11.

Diffusion rate increases as the concentration gradient increases.

12.

Increased concentration increases particle collisions.

13.

Diffusion occurs in living and nonliving systems.

14.

Osmosis is the diffusion of water across a semipermeable membrane.

15.

Tonicity refers to the relative concentration of particles on either side of a semipermeable membrane.

16.

A hypotonic solution has fewer dissolved particles relative to the other side of the membrane.

17.

A hypertonic solution has more dissolved particles relative to the other side of the membrane.

18.

An isotonic solution has an equal number of dissolved particles on both sides of the membrane.

19.

Osmosis is the net movement of water (solvent) across a semipermeable membrane from a hypotonic

solution to a hypertonic solution.

20.

Osmosis occurs in living and nonliving systems.

21.

A semipermeable membrane is a membrane that selectively allows the movement of some substances

across the membrane while blocking the movement of others.

22.

Cell membranes are semipermeable.

(Adopted from Odom and Barrow, 1995)
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APPENDIX E

Table 1E. Item number, propositional knowledge statements and topics areas tested

by Diffusion and Osmaosis Diagnostic Test (DODT).

Item Topic area Propositional
Number statements

1 The process of diffusion 2,4

2 The particulate and random nature of matter 2,4,5,6,7,12
3 The particulate and random nature of matter 2,3,4,11,12
4 Concentration and tonicity 5

5 The process of diffusion 4,5,6,8

6 The particulate and random nature of matter 1,2,3,8

7 Kinetic energy of matter 9,10

8 The process of diffusion 14,19, 21

9 Concentration and tonicity 15, 16, 17, 18
10 The process of osmosis 14,19, 22

11 The influence of life forces on diffusion and osmosis 13,20

12 Membranes 21, 22

(Adopted from Odom and Barrow, 1995)
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