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This study aimed to develop the learning units on plant biology incorporated with
an analogy technique for lower secondary school students, and to study learning outcomes
of the students who studied through the learning units including learning achievement,
conceptual status, learning retention, and satisfaction toward the instruction.

Research methodology consisted of two stages, preparatory and confirmatory
stage. In preparatory stage, research materials which included learning units and materials
for collecting data were developed. The learning units consisted of five main topics drawn
on the Thai Basic Education Curriculum B.E. 2551 including plant cell and organelles, plant
transportation, photosynthesis, plant reproduction, and plant response. Analogies were
selected and verified to use for designing the learning activities. The instructional materials
including a teaching guide and a learning guide were examined by the experts on the basis
of their appropriateness and consistency, then; the learning units were trialed with 48
seventh grade students from Rattanakosinsomposh Ladgrabang School in order to improve
their quality and collect data to set a criterion score. In confirmatory stage, the learning
units were implemented with 48 seventh grade students from Suratpittaya School. Data
collection included pre-test and post-test of student’s achievement scores and student’s
conceptual status scores. The student's satisfaction toward the instruction was collected
after the implementation. After two weeks of the instruction, the students took the
achievement test again as the retention test. Classroom observations and teacher’s
interviews were documented by the researcher for the result discussion.

The research finding showed that after learning through the learning units, the
students’ scores from the achievement test, the conceptual status test, and the students’
satisfaction questionnaire were higher than the criterion scores at the .05 level of
significance. In addition, there was also a correlation between the conceptual status score
and learning retention score at the .05 level of significance. These results supported the

research hypotheses.
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CHAPTER 1
INTRODUCTION

Background

One of the important characteristics of the new science of learning is the emphasis
on learning with understanding (Branford; Brown;& Cocking. 2000: 8). Students need to
know, use, and interpret scientific explanations of the natural world to be competent in
science. They must understand the relationship among central scientific concepts and use
them to build and critique scientific arguments (Michaels; Shouse; & Schweingruber.
2008: 19). The vision of science learning in the National Science Curriculum Standards in

Thailand state:(The Institute for the Promotion of Teaching Science and Technology. n.d: 4)

Basic science learning is for greater understanding, better appreciation of nature and the
environment. This viewpoint should make the learners integrate various and diverse disciplines
leading to creativity in the development of the quality of life. It should also enhance our ability to

collaborate to manage the natural world more sustainably.

An emphasis on understanding leads to the study of the knowing process. The
contemporary view of learning is the constructivist theory which states that people construct
new knowledge and understandings based on what they already know and believe
(Branford; Brown; & Cocking. 2000: 10). Because students come to science classrooms
with various perspectives and experiences, they may construct their own ideas about
everyday phenomena. Sometimes, those ideas are scientifically limited or incorrect
(Branford; & Donovan. 2005: 399). The problematic issues of learning science with
understanding that have been studied in many of literatures include the effect of students’
alternative conceptions on learning new knowledge, and the level of abstractness of
scientific concepts themselves.

Students may hold alternative conceptions which are inconsistent with the
scientific knowledge before they come to formal education. The constructivist view of
learning suggests that those alternative conceptions effect how the students interpret
learning experience in classroom. Wandersee, Mintzes and Novak (1994: 181) have
summarized the result of 400 studies on alternative conceptions in science which

represented about 20 percent of the entire body of literature. They also identified eight



assertions which reflect how science educators view teaching and learning in science.
Those assertions suggest that students bring their alternative conceptions to the formal
science instruction, and the result of the interaction between a student’s prior knowledge
and the knowledge presented in formal instruction is a diverse set of unintended learning
outcomes.

Several studies suggested that Thai students also hold alternative conceptions in
many areas of science including plant biology. Juntarung (2001: 115) studied student’s
conception concerning cell, cell division, and the transportation through cell membrane. The
result revealed that most primary school students in his study hold alternative conceptions
on the transportation through cell membrane and cell division. In addition, they have only a
partial understanding of cell theory. Another research study was conducted by Rojanapong
(2002: 81). The results of this study suggested that most high school students have
alternative conceptions on photosynthesis, and have partial understanding on plant growth
and the relationship between plants and animals. These results supported the notion that
student ideas may change over the instruction but this change is not consistent with the
teacher’s expectation.

There are several learning theories used to explain how student's conception
develops over time. One of the well-known learning theories that explain how student
construct new conception based on the previous one is the conceptual change model.
The critical feature of this theory is the status of conception which refers to the degree of
the conception which a person knows and accepts it. Status is determined by its
intelligibility, plausibility and fruitfulness to that person. Hewson and Thorley (1989: 543)
have considered two possibilities which can be happened when a learner perceives a new
conception. First, the new conception can be incorporated with existing conceptions if the
new conception is intelligible, plausible, and probably fruitful to a learner. This process was
called assimilation or conceptual capture. Second, if the new conception is intelligible to the
learner but contradicts with the relevant existing conceptions, it cannot be plausible to the
learner. This is because two conflicting conceptions cannot be plausible to one person at
the same time. Understanding the new conception is blocked by the existing conceptions.
In order for a person to accept it fully, the status of the existing conception has to be
lowered before the status of the new conception can be raised. This process was called
accommodation or conceptual exchange.

The conceptual change model suggests the instructional strategy that focuses on

students’ ideas and the process of raising the status of scientific concepts and lowering the



status of the alternative one. Unfortunately, the abstractness of scientific knowledge can
make the process of raising status difficult for the teacher and students. Jonestone (1993:
118) proposed the level of scientific explanation that suggests the reason why science is
difficult to understand considering the level of abstractness of concepts. The scientific
concepts in chemistry that can be observed are perceived as the concepts in macro level
while the concepts that cannot be observed such as the explanation in molecular level are
considered as the concepts in micro or submicro level. In addition, chemical formula or the
equations of chemical reactions are considered as the concepts in the symbolic level. This
principle can be applied to physics concepts and biology concepts. For biology, the
multilevel of thought includes concepts in macro, micro and biochemical level. Many of the
concepts of science are in micro level. Students cannot use their ideas in long-term
memory to make sense of the new scientific concepts. Johnstone also suggested that the
best strategy to understand this kind of concept is an analogy which has to be carefully
thought.

From those learning theories described previously, students tend to have
difficulties when their existing knowledge is not available for making sense the new concept
to be taught, or the scientific concept is in the micro level which is too difficult for the
students to understand. Effective teaching strategies; therefore, should focus on addressing
student’s ideas and making the new concept intelligible, plausible and fruitful to students.
The learning cycle is one of the most effective teaching models for science. This model is
derived from the developmental theory of Jean Piaget, especially from the mental
functioning process related to the notion of assimilation, accommodation (Abraham; &
Renner. 1986: 122) Renner, Abraham and Birnie (1988: 40) argued that curriculum
materials and instructional strategies which are compatible with Piaget's ideas such as the
learning cycle would give the student the opportunity to assimilate information by exploring
the learning environment, accommodate that information by developing a concept to explain
or organize the information, relate the new concept to existing knowledge by expanding the
new concept to explain different phenomena. The three phases of the learning cycle are
exploration, term introduction and concept application which Abraham and Renner
(1986: 123) believed that they correspond to Piaget's elements of assimilation,
accommodation, and organization. Sunal and Sunal (2003: 43) also described the
advantages of the learning cycle that it helps elementary and middle school students
construct new scientific knowledge by creating conceptual change through interaction with

the social and natural world.



One of the essentials sequences in the learning cycle is when the teacher
introduces a new concept to students after the learning experience has been explored. It is
necessary for the students to make connections between their experiences and an
explanation of those experiences. Sunal and Sunal (2003: 335-338) argued that similes,
metaphors, analogies, models, and stories are frequently used to create that connection in
teaching science. An analogy is the comparison between an unfamiliar concept and a
familiar one in order to explain that unfamiliar concepts. Harrison and Treagust (2008: 13)
also suggested that if the analogies are used in science teaching appropriately, they
promote concept learning because they encourage students to build links between past
familiar knowledge and experiences and new contexts and problems. Venville and Treagust
(1996: 295-320) described the role of analogies in promoting conceptual change in biology.
They pointed out that analogy acts as a sense maker providing an initial, intelligible idea of
the new concept for the learner. In other words, analogies can raise the status of new
conceptions by making them intelligible to students.

There are several ways to present analogies in classrooms. Curtis and Reigeluth
(1984: 101-102) described three aspects of using analogies in classroom context which
include analogies in testing, analogies in oral communication and analogies in text. Other
researchers (Bean, et al ,1990; Fortman,1993; Lai,1998) offered pictorial analogy and
analogy based animation as the alternative ways to teach science with analogy in the
classroom. Lai (1998: 151-152) argued that analogies can be easily presented through
different visual displays especially with the microcomputer. In addition, Milheim (1993: 172)
pointed out that animated computer graphics can provide concrete visual information about
the moving and changing of an object over time which cannot be achieve with the static or
pictorial graphics.

From the literature review above, there was a possibility to utilize the learning
cycle and the analogy technique to promote student’s conceptual learning in plant biology to
raise the status of new conceptions, improve learning achievement and learning retention.
In this study, the learning units were developed based on the learning cycle. Furthermore,
analogies for teaching plant biology were presented to students in several formats including
pictorial-verbal, animation, and an analogical model. The evidence of student’s learning
outcome in term of the conceptual status, learning achievement and learning retention were
collected using the conceptual status test based on Thorley’s status analysis categories

(1990), the achievement test and the retention test, respectively. The student’s satisfaction



toward the instruction was also measured by the student’s satisfaction questionnaire as the

process of learning unit evaluation.

Objectives of the study

The objectives of this research study were:
1. To develop learning units on plant biology incorporated with an analogy
technique for lower secondary school students
2. To evaluate students’ learning outcomes after the implementation of the
learning units by analyzing:
2.1 Students’ learning achievement
2.2 Students’ conceptual status
2.3 Students’ learning retention

2.4 Students’ satisfaction towards the instruction

Significance of the study

Many Thai secondary school students continue to have alternative conceptions
about plants or have a difficult time learning scientific concepts in the micro or abstract level
even after taking a biology class. It is conceptual understanding that students have to
experience in order to restructure their existing knowledge and make sense of scientific
ideas. This study provided evidence how the analogy technique and the learning cycle
enhance the students’ learning outcomes. Moreover, learning activities and instructional
media derived from this research can be used by science teachers directly or adapted for
teaching scientific concepts about plant to address students’ alternative conceptions and

develop the scientific one.

Scope and limitation of the study
This study intended to develop and implement the learning units on plant biology
which consists of a teaching guide and a learning guide. The content of these units was

based on Thailand’s Basic Education Curriculum B.E. 2551.



Participants
The participants in each phase of study were as follows:
1. Participants during the development of materials for collecting data:
The participants during the development of materials for collecting data were
151 of lower secondary school students (grade7) from Ratwinit Matthayom School, and
48 of lower secondary school students (grade 7) from Rattanakosinsomposh Ladgrabang
School.
2. Participants during field trial study:
The participants during field trial study were one science teacher and 48 of
lower secondary school students (grade 7) from Rattanakosinsomposh Ladgrabang School.
3. Participants during main study:
The participants during main study were one science teacher and 48 of

lower secondary school students (grade 7) from Suratpittaya School.

Variables
1. Independent variable:
The integration of the analogy technique and the learning cycle
2. Dependent variables:
2.1 Students’ learning achievement
2.2 Students’ conceptual status
2.3 Students’ learning retention

2.4 Students’ satisfaction toward the instruction

Definition of terms

1. Learning units: A set of content, learning experiences and instructional material
that were created in order to promote student’s learning to achieve the learning objectives.
The plant biology learning units incorporated with an analogy technique were developed to
enhance learning achievement, conceptual status, and learning retention. Analogies were
selected and verified to use for designing learning activities. The learning units consisted of
five main topics drawn on the Thai Basic Education Curriculum B.E. 2551 including plant
cell and organelles, plant transportation, photosynthesis, plant reproduction, and plant

response. The learning unit materials included a teaching guide and learning guide.



2. Students’ learning achievement: The student's ability to remember,
understand and apply scientific concepts, and science experimental skills which are the
expected learning objectives of the instructional unit. Students’ learning achievement in this
study was determined by the achievement test.

3. Students’ conceptual status: An indication of the degree of the conception
which a person knows and accepts it. Status is determined by its intelligibility, plausibility
and fruitfulness to that person. In this study, the conceptual status test was constructed
based on the Thorley’s status analysis categories (1990), and was used to determine the
students’ conceptual status.

4. Students’ learning retention: Students’ ability to recall scientific knowledge that
has been studied for two weeks. Students’ learning retention in this study was determined
by the achievement test after studying with the learning units for two weeks.

5. Students’ satisfaction towards the instruction: The satisfaction toward the
instruction is defined as a feeling of pleasure or favor towards the instruction incorporated
with analogy technique. It is composed of three aspects including learning activities,
instructional media and assessment used in the learning units. The students’ satisfaction
questionnaire was used to determine how well the learning activities, instructional media
and assessment are favorite to the students.

6. Analogy technique: The teaching method that used analogies as the tools for
rendering scientific concepts more intelligible and plausible. This technique was adapted
from Harrison; & Treagust (1993) which is composed of six steps for introducing analogies
to students: (1) introducing the target concept, (2) recalling the analog concept by
presenting analogy to students, (3) identifying similar features of concepts between target
and analog (4) mapping similar features (5) identifying dissimilar features of concepts
between target and analog (6) drawing conclusions about concepts. Analogies used in this
study are presented in several formats including analogy in text, pictorial analogy, analogy-
based animation, personal analogy, and an analogical model. The descriptions of each
format are as follows:

6.1 Analogy in text: A text analogy is found in the learning guide book where
the author intends to use analogy to explain difficult scientific concepts. In this study text
analogies were used along with all other formats.

6.2 Pictorial analogy: The pictorial analogy presents features of the analog

and the target concept to be compared via pictures. This form of presentation can facilitate



visualization of the abstract target concept and emphasize the features to be compared.
Pictorial analogies were used for teaching cell functions and photosynthesis in this study.

6.3 Analogy-based animation: The analogy-based animation provides concrete
visual information about the moving and changing of an object over time. In this case, the
features of analog concept can be compared with the features of the scientific one in the
animated computer graphics form. In this study, an analogy-based animation was used for
teaching the diffusion process.

6.4 Personal analogy: The personal analogy compares abstract scientific
concepts to students’ real world situations such as people, money, food, and relationships.
In this study, personal analogy was used for teaching the diffusion process.

6.5 Analogical model: The model can be used as a tool to present analogical
relationships between the features of the model and the features of the scientific concept.
Gas diffusion model developed in this study was used to present the molecular movement
of particles in gas diffusion process. The main ideas of osmosis process including the
concentration of solution, semi-permeable membrane, and the movement of water
molecules were compared with the features of osmosis model developed in this study.

7. The learning cycle: The instructional model that is composed of three phases.
These phases are exploration, term introduction and concept application. The exploration
phase provides the opportunity for students to test their ideas with the new experience. This
phase also leads to the identification of a pattern of the phenomena. The second phase,
term introduction, starts with the introduction of new terms which are used to refer to the
pattern discovered during exploration. In this study the scientific conceptions in micro level
were introduced by using the analogy technique. In the last phase, concept application,
students apply the new term or thinking pattern to address new problems in the related
context.

8. Cutting score: The score used as the standard point for criterion-evaluation.
The students who have test scores at this point or more than this point are classified as the
master of the learning objectives. Therefore, the assumption is that the learning units will
be qualified as the effective one if the student’s mean scores is significantly more than the
cutting score. In this study, the cutting score is used as the criterion-reference
measurement for students’ achievement scores and students’ conceptual status scores.

The process of establishing cutting score followed Berk (1976: 4).



Theoretical framework

The learning activities and instructional materials in this study were developed in
order to enhance students’ learning outcomes on plant biology. The theory of learning that
contributes to this study is the conceptual change model (Hewson,Beeth; & Thorley.
1998: 199) and the multilevel of scientific conceptions (Johnstone. 1993: 118). Conceptual
change model describes learning as the process of conceptual status change over time.
Teaching for conceptual change should focus on students’ ideas and the process of raising
status of scientific concepts and lowering status of the alternative one. Multilevel of scientific
conceptions explains why certain scientific concepts are difficult to understand. It is micro or
submicro level that students usually have difficult to learn. Therefore, it may be difficult to
make those concepts intelligible and plausible to students. Analogies were used in this
study to provide cognitive tools that help students transfer their existing knowledge
understand, organize and visualize new knowledge (Glynn, Duit, & Thiele,1995: 255). The
analogy technique was integrated in the sequence of the learning cycle which provided the
inquiry teaching context where students investigated phenomena from scientific
experiments, and the instructional materials provided the scientific explanation using
analogy technique. The students who participated in this instruction were expected to
develop understanding in plant biology. The evidence of students’ learning outcome were
collected in terms of scores from the achievement test, conceptual status test, retention
test, and satisfaction questionnaire. Figure 1 illustrates the theoretical framework of this

study.

Research hypotheses
The hypotheses of this study were:

1. Students’ achievement mean score was higher than the cutting score of
achievement test.

2. Students’ conceptual status mean score was higher than the cutting score
of conceptual status test.

3. There was a positive correlation between the conceptual status scores and
the retention test scores.

4. Students’ satisfaction towards the learning units was at a high level.
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FIGURE 1 THEORETICAL FRAMEWORK OF THE STUDY




CHAPTER 2
REVIEW OF THE LITERATURE

In this chapter, related educational theories and research conducted in the past
are described to provide a framework of what is known about a topic from previous
research. It is also the expectation to provide a theoretical background including the
literature about the variables in this study. The topics of the literature review are as follows:

1. Alternative conception
. Conceptual change
. Levels of scientific conceptions
. The learning cycle
. Analogy technique
. Learning from pictorial-verbal analogy and analogy-based animation
. Learning retention

. Educational assessment

© 00 N o 0o o W DN

. Conclusion

1. Alternative conception

Children usually develop ideas about the world around them before they are taught
science in school. Sometimes, these ideas are consistent with the scientific ideas which are
taught. In many cases, however, there are significant differences between children’s ideas
and the scientific ones (Driver. 1994: 1). Alternative conceptions refer to students’
conceptions that are not consistent with currently accepted scientific conceptions.
Wandersee, Mintzes; & Novak (1994: 181) have summarized the results of 400 studies
conducted on alternative conceptions in science and have identified eight of the most
frequently repeated assertions which reflect how science educators view teaching and

learning in science. The assertions are that:

1. Learners come to formal science instruction with a diverse set of alternative
conceptions concerning natural objects and events.
2. The alternative conceptions that learners bring to formal science instruction cut across
age, ability, gender, and cultural boundaries.
3. Alternative conceptions are tenacious and resistant to extinction by conventional

teaching strategies.
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4. Alternative conceptions often parallel explanations of natural phenomena offered by
previous generations of scientists and philosophers.

5. Alternative conceptions have their origins in a diverse set of personal experiences
including direct observation and perception,peer cultureand language,as well as in
teachers’ explanations and instructional materials.

6. Teachers often subscribe to the same alternative conceptions as their students.

7. Learners’ prior knowledge interacts with knowledge presented in formal instruction,
resulting in a diverse set of unintended learning outcomes.

8. Instructional approaches that facilitate conceptual change can be effective class room

tools.

Scott, Asoko; & Leach (2007: 38) have also derived fundamental insights from
their review of literature related to students’ conceptions and conceptual learning in science.

Their assertions are consistent with the cognitive perspective.

1. Individuals’ beliefs about the natural world are constructed, rather than received.
2. There are strong commonalities in how individuals appear to think about
the natural world.
3. A person’s existing ideas about a given subject greatly influence his/her subsequent

learning about the subject.

Barman; et.al (2006: 73-79) conducted a study on students’ ideas about plant and
plant growth. The result of this study indicated that K-5 students tended to imagine the way
plants need materials to grow as the same process as how humans require nutrients. For
example, students usually think that plants eat, drink, and breathe. Plants in the students’
view are provided sunlight, water, and food externally, much like students’ ideas of how
they take in food and water to grow, or stand in the sun to be warmer. It was unclear what
the grades 3-5 students believe about the role of light and nutrients are on plant growth.

Westbrook; & Marek (1991: 649-660) conducted a cross-age study on students’
ideas about diffusion. Seventh grade students, Tenth grade students and college zoology
students were examined for understanding of the concept of diffusion. The result of this
study showed that none of the 300 students have a complete understanding of the diffusion
concept. The conclusion was that the alternative conceptions of the diffusion concepts were

prevalent regardless of the age of the student or the level of schooling.



13

Aleixandre; et al. (1996: 10) have summarized the results of studies on students’
alternative conceptions related to photosynthesis, and concluded that two specific
alternative conceptions were found in most studies; their incidence spans across ages and

cultures. The alternative conceptions are that:

1. Plants obtain organic materials(food) from the soil.

2. Photosynthesis is the respiration of plants.

Marmaroti, Panagiota; & Galanopoulou (2006: 384) have recently reviewed the
research on students’ alternative conceptions on photosynthesis and came to the same
conclusion as Aleixandre et al. The two most common alternative conceptions are that
plants obtain their food from the soil, and confusion between the processes of
photosynthesis and respiration. In addition, the review suggested that students were not
able to describe the energy transfer occurring during the photosynthetic process.

Aleixandre; et al. (1996: 10) suggested that the existence of the student’s ideas
about food for plants should not be surprising. From daily life experiences, students know
that plants grow in soil, and their growth is promoted if we water them and add various
fertilizers to the soil. Moreover, this idea is not completely wrong. Plants do get water and
important inorganic substances from the soil, but these materials do not contain energy for
supporting plant growth and development. Stavy; et. al. (1987: 112) suggested that
students who have the idea that plants obtain organic materials from the soil might be
referring to organic fertilizers.

Another alternative conception related to respiration, and very common among
middle school students, is that “plants respire during the night; during the day plants
perform photosynthesis, which is also a process of respiration.” Alternatively, students may
say that “during the day, plants absorb carbon dioxide and discharge oxygen and this is
respiration, at night the process is reversed” (Stavy; et al. 1987: 110). Both respiration and
photosynthesis have a gas exchange component which includes the same gases, namely
oxygen and carbon dioxide. The term ‘breathing’ is used for this component of respiration.
For students who are not aware of the complex biochemical reaction of both processes,
they often develop conceptions which confuse both processes (Aleixandre; et al. 1996: 11).

Haslam; & Treagust (1987: 206) constructed the diagnostic test to survey students’

alternative conceptions on photosynthesis across ages. The results of this study have been
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used as evidence that alternative conceptions are resistant to change even after formal
education. The students’ alternative conceptions included:

1. Respiration in green plants takes place only during the day.

2. Respiration does not take place in the presence of light energy.

3. Carbon dioxide gas is given off in largest amounts by green plants in the presence of
sunlight.

4. Photosynthesis occurs in green plants all of the time.

5. Photosynthesis occurs when there is no light energy.

6. Carbon dioxide is used in respiration when there is no light energy to photosynthesize.

7. Oxygen gas is used in respiration which only occurs in green plants when there is no
light energy to photosynthesize.

8. Green plants make their food from oxygen gas in the presence of light energy.

9. Respiration in green plants is a chemical process to obtain energy which occurs in
plant cells but not in animal cells.

10.Respiration in green plants is the taking in of carbon dioxide and giving off of oxygen
gases through plant stomata.

11. Green plants respire only at night (when there is no light energy).

12. In the process of respiration, carbon dioxide and water are used by the green plant
to produce energy during which time glucose and oxygen waste are produced.

13. The green pigment called chlorophyll combines with the carbon dioxide in the
presence of light energy and produces glucose and water.

14. Non green plants like fungi which do not contain chlorophyll or similar pigments can
also photosynthesize.

15. The most important benefit to green plants when they photosynthesize is the
removal of carbon dioxide from the air through the leaf’s stomata.

16. Respiration takes place in all plants only when there is no light energy and in all

animals all the time.

Marmaroti, Panagiota; & Galanopoulou (2006: 383) have developed a questionnaire
for assessing all aspects of the photosynthesis concept, and administered to 290 Greek
pupils aged 15 After carrying out cross-analysis, the research finding are as follows:

1. The students were not able to conceive photosynthesis as a chemical reaction
and they did not appreciate the role of chlorophyll.

2. Student’s misunderstanding of the energy concept concerns the form of energy
required as well as the notion of harnessing the sun’s energy.

3. Some students hold the alternative conception that plants receive all their

nutrients from the environment.
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4. Students confuse photosynthesis with respiration and also believe that

respiration occurs when there is no photosynthesis.

2. Conceptual change

Since the 1980s, the study of conceptual change teaching and learning has been
developed in various theoretical frameworks. Duit and Treagust (2003: 671-688) have
reviewed research studies on conceptual change and also proposed the alternative
approach for analyzing conceptual change. In their article, the researchers defined
conceptual change as “learning pathways from students’ pre-instructional conceptions to the
science concepts to be learned” (Duit; & Treagust, 2003: 671). Conceptual change learning
includes adding new knowledge to preexisting knowledge without replacing the preexisting
one, and restructuring the preexisting knowledge in order to understand the new
knowledge.

Research on conceptual change has developed a unique vocabulary because
conceptual change can happen at a number of levels and because different authors use
alternative terms to describe similar learning. The most common understanding is that there
are two types of conceptual change. The first type has been called weak knowledge
restructuring, assimilation, or conceptual capture. The second type has been called
strong/radical knowledge restructuring, accommodation, or conceptual exchange (Treagust.
2006: 26).

Tyson; et al. (1997: 389) described two kinds of conceptual change as “big
changes and small change” in term of the levels of conceptual change. At the basic level,
there is the simple addition of knowledge into the conceptual structure. This kind of
conceptual change is described as knowledge accumulation and does not involve
restructuring. Alternatively, there are some kinds of change to the existing conceptual
structure that occur rather than simple addition of new knowledge. This kind of conceptual
change is called revision. The latter is most commonly described as conceptual change and
is divided into strong revision and weak revision. In order to provide the comparison of
various descriptors for these degrees of conceptual change, Tyson; et al. (1997: 390) also
presented a table that illustrates the authors’ names and the specific descriptive terms they

used in their studies.
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2.1 Conceptual change in various perspectives
2.1.1 The epistemology perspective on conceptual change
The best-known conceptual change model in science education was
originated by George Posner, Kenneth Strike, Peter Hewson, and William Gertzog in 1982.
In this conceptual change model, if the learner is dissatisfied with his or her prior
conception and the new conception is intelligible, plausible, and or fruitful, accommodation
of the new conception may follow. The new conception is intelligible, if it is non-
contradictory and its meaning is understood by the student; plausible means that in addition
to the student knowing what the conception means, he or she finds the conception
believable; the conception is fruitful if it helps the learner solve other problems or suggests
new research directions. The extent to which the conception meets these three conditions is
termed the status of a learner’'s conception (Treagust. 2006: 26). This conceptual change
model has been highly influential in the design of instructional materials and activities and
the way in which the results of this study were analyzed. The details of this model will be
described later.
2.1.2 The ontology perspective on conceptual change
Conceptual change theory based on the ontology perspective used
specific ontological terms to explain how students conceptualize science entities, and the
process of change occurs when the students change the entities of their concepts. Two
examples of this perspective are, heat needs to change from a flowing fluid to kinetic
energy, and a gene needs to change from an inherited object to a biochemical process
(Duit; & Treagust. 2003: 677).
2.1.3 The social/affective perspective on conceptual change
The social/affective lens of conceptual change was introduced by
Pintrich et al. (1993: 167-199). Instead of focusing on individual logical reasoning, this
perspective suggests that dissatisfaction with an inappropriate conception is dependent on
affective features. In their article, Pintrich et al. (1993: 168) claimed that the learning models
which focus only on cognition tend to avoid an individual’'s goals, intentions, purposes,
expectations, or needs. This cognition-only strategy is useful for researchers in the
experimental setting where the subjects are provided clearly defined goals, problems, or
tasks, but the model may lose some usefulness when applied to learning that takes place

within the context of an actual classroom. Students can and do adopt different goals and
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purposes for their work, and their motivational beliefs can be important factors that influence

their willingness to persist at the task.

2.2 Student’s conceptual status
In order to define the status of a student’s conception, it is necessary to
describe the conditions for conceptual change. From the conceptual change model
developed by Posner et al, there are several important conditions which must be fulfilled
before an accommodation is likely to occur. The following four guidelines seem to express

conditions which are common to most cases of accommodation (Posner; et al. 1982: 214).

1. There must be dissatisfaction with existing conceptions. Scientists and students are
unlikely to make major changes in their concepts until they believe that less radical changes
will not work. Thus, before an accommodation will occur, it is reasonable to suppose that an
individual must have collected a store of unsolved puzzles or anomalies and lost faith in the
capacity of his current concepts to solve these problems.

2. A new conception must be intelligible. The individual must be able to grasp how
experience can be structured by a new concept sufficiently to explore the possibilities inherent
in it. Writers often stress the importance of analogies and metaphors to lending initial meaning
and intelligibility to new concepts (Ortony, 1975; Belth, 1977; Black,1962).

3. A new conception must appear initially plausible. Any new concept adopted must at
least appear to have the capacity to solve the problems generated by its predecessors;
otherwise it will not appear a plausible choice. Plausibility is also a result of consistency of the
concepts with other knowledge. A new idea in, say, astronomy is less likely to be accepted if it
is inconsistent with current physical knowledge or if it simply has no clear physical account.
Physical scientists prior to the 20th century, for example, were reluctant to accept what
geologists were claiming about the age of the world since they had no theory which would
allow the sun to provide energy for that period of time.

4. A new concept should suggest the possibility of a fruitful research program. It should

have the potential to be extended; to open up new areas of inquiry.

The status of a person’s conception refers to the features of the conception that
meet these conditions. Expressed in these terms, the conceptual change model is about
changing, i.e., raising or lowering, the status of conceptions. As more conditions are met,
the conception’s status is raised. Intelligibility is a necessary requirement for raising status
of a concept. Without intelligibility, a conception has no status to a person and cannot

become either plausible or fruitful. If conditions that were once met are no longer seen to
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be, the conception’s status is lowered. The status of a person’s conception may not
become unintelligible from intelligible because once we know what an idea is; we are likely
to remember it, even if we no longer believe it (Hewson; & Thorley. 1989: 542).

Teaching for conceptual change is likely to facilitate students considering different
ideas and find that some ideas become more (and others less) acceptable to them.
In other words, the status of their ideas changes, with the status of some being raised and
of others being lowered. Activities aimed at raising the status of particular ideas should be
a part of teaching for conceptual change. The objectives of these activities might be
constructed to present and develop the ideas, to provide examples of them, to apply them
to other circumstances, to give different ways of thinking about them, and to link them to
other ideas. Activities aimed at lowering the status of other ideas also should be a part of
teaching for conceptual change. These activities might aim to explore their unacceptable
implications, to consider experiences which they are unable to explain, or to find ways of
thinking about them that point to their inadequacies (Hewson; Beeth; & Thorley. 1998: 207-
208).

Hewson and Hewson (1992: 59) argued that investigating the status of student’s
conceptions is important in various ways. First, their investigation provides a powerful
method of analyzing instruction, whether or not it was designed based on the conceptual
change model. Second, it provides valuable techniques for a teacher who wants to
influence the course of conceptual change in their students. Third, it opens up new
instructional possibilities by introducing status as an explicit part of classroom discussion.
Finally, it provides evidence to support or deny the conceptual change model’s assertions
for researcher to test this model. In addition, Lemberger (1995: 26) claimed that the
evidence of conceptual change learning can be derived from the learners’ statements that

are related to the status of their conceptions.

2.3 The role of conceptual status in interpreting the type of conceptual change

The conceptual change process is most likely to occur when a student's

existing knowledge interacts with a new conception to be learned in the classroom. Hewson
and Thorley (1989: 543) have considered two possibilities which can occur when a learner

considers a new conception.
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The new conception can be incorporated with existing conceptions if the learner is able
to find the new conception intelligible, plausible, and fruitful. When all of these conditions have
been met, the status of the concept will have risen. This process was called assimilation by
Posner et al. (1982) and conceptual capture by Hewson (1981). If, however, the new
conception is intelligible to the learner, and appears to be in contradiction with relevant existing
conceptions, it cannot be plausible to the learner. This is because conflicting conceptions
cannot simultaneously be plausible to one person. The new conception’s acceptance is blocked
by the existing conceptions. In order for a person to accept it fully, the status of the blocking
conception has to be lowered before the status of the new conception can rise. This process
was called accommodation by Posner et al. (1982) and conceptual exchange by Hewson

(1981).

The processes of conceptual capture and conceptual exchange are both examples
of conceptual change. Determining the status of a student's conception can help one

determine which kind of conceptual change happened in classroom.

2.4 Determining conceptual status

In order to determine the status of a student’s conception, it is necessary to
have some communication from the students and have the statement from students to be
analyzed. An analyst needs to take three steps in the determination of status (Hewson; &
Hewson, 1992: 62). First, identify the representation of a conception from student’s
statement. Second, identify comments on the conception that are made by students related
to the status of conception. Finally, interpret statements of representations and comments in
term of their intelligibility, plausibility, and fruitfulness. The difficulty of this task depends on
whether or not the person who makes the statements has used the conceptual change
model technical language (intelligible, plausible, and fruitful).

The following are different methods of status determination. The choice of one
method over another may depend on whether data is gathered in individual or classrooms
interviews, and whether or not the technical language of the CCM is used.

2.4.1 Non-technical interview

In this technique, interviewees do not know the technical language of the
conceptual change and the interviewer performs the analysis of status. If the interviewing
style is clinical and the interviewer has explicitly elicited comments about conceptions, the

task of status determination becomes less interpretive and therefore easier.
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2.4.2 Non-technical classroom discourse
The statements related to the status of conceptions are collected from
classroom discourse. However, there will be relatively fewer comments about status than in
an interview even when the teacher has status determination in mind because there are
many students and different purposes in a classroom. Thus the analyst is likely to require a
more complex framework, and the task of analysis is more interpretive and difficult.
2.4.3 Technical interview
Interviewees are expected to know the technical language of the
conceptual change model and thus the interviewer can ask for status directly, e.g., “Is this
idea plausible to you?” The interviewees become partners in the analysis. While the quality
of the analysis depends on how well interviewees can use the technical language, the
validity of the outcome of the analysis depends on the evidence the interviewees have
provided about the meaning they give to the technical terminology as well as the way in
which they use it.
2.4.4 Technical classroom discourse
In this method, the technical language becomes a part of the normal
classroom vocabulary. Like the second method, the complexity of a classroom will decrease
the amount of status conversation, even when it is one of the teacher’s purposes. Like the
third method, the explicit use of the technical language both facilitates analysis and

influences its quality.

2.5 Related research on conceptual status determination

Hennessey (1991) conducted a classroom study which utilized technical
classroom discourse analysis for determining status of students’ conceptions.
The objectives of this study were to determine the status of students’ conceptions of force
and motion, and to probe the relationship between the status of the students' conceptions
and corresponding changes in the content of those. The study was conducted in three
phases. In Phase | (7 weeks), the students learned the technical language of the
conceptual change model and established a consensus about a set of descriptors for each
of the technical terms. Phase Il (10 weeks), was a unit on force and motion. In this phase,
data was gathered by having the students comment on both the content and status of
selected force explanations. In Phase Il (after a six week delay), further data about status

and content was gathered. This study concluded that the students had the ability to use the
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technical terms of conceptual change model. However, the status analysis became a low-
inference task suitable for use in normal classrooms when the students provided direct
evidence of the status of their conceptions. In addition, the data support the model's
prediction of a correlation between conceptual exchange and changes in plausibility but do
not support the notion of a change of fruitfulness as being correlated to conceptual
exchange.

Lemberger (1995) studied the relationship between a model-building in
problem-solving classrooms and conceptual change learning. He utilized status
determination for gathering evidence of students’ conceptual learning and identifying the
process of conceptual change. This study was conducted in a genetics course which was
designed to provide an environment for students to pose problems and try to find the
solutions for themselves. The problems were based on anomalous data, and the students
had to work in an effect-to-cause direction to propose solutions. Solutions to the problems
were constructed through the process of conceptual change known as conceptual capture.
The method for determining status was non-technical classroom discourse in which the
researcher conducted discourse analysis to interpret students’ statements. This research
found that student statements reflected explicit changes in the status of their conceptions of
several important genetic concepts.

Thorley (1990) developed discourse analysis categories for interpreting
conceptual change in classroom discourse. This study identified and described what the
author called “the occurrence of status-related interactions” in discourse samples from
science classrooms having a conceptual change orientation. Recordings were obtained from
classrooms of three physics teachers addressing "force and motion," and one life science
teacher focusing on "photosynthesis." Thorley’s category system can be used to analyze
content in science classroom discourse.

Tsui; & Treagust (2007) utilized Thorley’s status analysis categories to
determine the status of students’ conceptions about genes. The study used
multidimensional conceptual change frameworks. The authors used a case-based design
with multiple data collection methods, and used an interpretive approach to analyze
the data. The students in their study learned genetics in classroom lessons using
the software BiolLogica that provides multiple representations of gene. Results of the online
tests and interview tasks revealed that most students improved their understanding of

genetics as evidenced in the development of genetics reasoning. However, the analysis of
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students’ status of gene conception indicated that only four students’ post-instructional

conceptions were intelligible—plausible—fruitful.

3. Levels of scientific conceptions

This section deals with the nature of scientific concepts in order to explain why
certain concepts are difficult for students. Scientists develop models and representations as
ways to think about the natural world. The kinds of model that scientist construct vary
widely, both within and across disciplines. Nevertheless, in building and testing theories,
the practice of science is governed by efforts to invent, revise, and contest models. Using
models in another important way that scientists make their thinking visible (Michaels,
Shouse, & Schweingruber. 2007: 109). Scientists constructed mental models or conceptions
for which there are no directly observable instances (for example atoms, electric fields) and
conceptions that have no physical reality. Such concepts have certainly increased
the explanatory and predictive power of science (Schollum; & Osborne. 1985: 55).
Considering the level of scientific conceptions, Johnstone (1982: 377) refers to three levels
used by chemists as follows:

- Descriptive and functional: This is the level at which chemists can see and
handle materials, and describe their properties in terms of color, hardness and so on. At
this level chemists are also interested in the possibility of conversion of one material into
another with consequent change in properties.

- Representational: This is the level at which chemists try to represent chemical
substances by formulae and their change by equations.

- Explanatory: This level is ‘atomic and molecular, a level at which chemists
attempt to explain why chemical substances behave the way they do’. Chemists invoke
atoms, molecules, ions, isomers, polymers, and so on to give a mental picture by which to
direct their thinking and rationalize the descriptive level mentioned earlier.

Johnstone (1993: 118) also propose the level of conceptions for physic and
biology. In physics, there are three similar levels: the macro, the invisible (e.g. forces,
reactions, electrons) and the symbolic (math, formulae etc). Biology has its three levels: the
macro (plant or animal), the micro (cells), the biochemical (DNA etc.). Figure 2 illustrates

the interaction of three levels as the triangle.
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Macro

Submicro Symbolic

FIGURE 2 LEVELS OF SCIENTIFIC CONCEPTIONS

Source: Johnstone, A.H. (1993). Why is science difficult to learn? Things are
seldom what they seem. In Teaching Learning and Assessment in Science Education.
Edwards, Dee; Scanlon, Eileen; & West, Dick. editors. pp. 113-123. London: The Open

University

Many of the concepts of science are at the micro level. Students cannot use their
ideas in long-term memory to make sense of the new scientific concepts. Johnstone
(1993:121) also suggested that the best strategy to understand this kind of concepts is an

analogy which has to be carefully thought.

4. The learning cycle

The learning cycle approach is an instructional model which can be used to design
curriculum materials and develop instructional strategies for science classrooms. The model
is derived from the developmental theory of Jean Piaget, especially with the mental
functioning process in that theory (Abraham; & Renner. 1986: 121) The mental functioning
process begins with assimilation. Learners try to assimilate data from their environments
into their mental structures where those data are processed. The mental structures can be
changed with the process called accommodation. The learners use assimilation and
accommodation together to connect the newly developed and understood concepts with the
other concepts in a network of relationships. In other words, the new concepts must be

organized with other concepts (Renner; Abraham; & Birnie. 1988: 39-40). Curriculum
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materials and instructional strategies which are compatible with Piaget's ideas would give
the student the opportunity to assimilate information by exploring the learning environment,
accommodate that information by developing a concept to explain or organize
the information, and organize or relate the new concept to existing knowledge by applying
the new concept to explain different phenomena (Renner; Abraham; & Birnie.1988: 40).

The overall goal of the learning cycle is to help elementary and middle school
students construct new scientific knowledge by creating conceptual change through
interaction with the social and natural world. The inquiry teaching strategy takes into
account students’ developmental level and helps them use their prior knowledge as they
learn new thought processes, develop higher levels of thinking, and become aware of their
own reasoning. This strategy is designed to adapt instruction to help students (Sunal; &
Sunal. 2003: 43)

1. become aware of their prior knowledge.

2. compare new science ideas to their prior knowledge.

3. connect new science ideas to what they already know.

4. construct their own new scientific knowledge.

5. apply the new scientific knowledge in a novel situation.

Since 1979, several key studies have compared the learning cycle approach with
traditional approaches. The conclusions of the research can be summed up in the following
statements( Abraham; & Renner,1986 : 123).

- The learning cycle approach more accurately reflects scientific inquiry
processes than traditional approaches.

- The learning cycle approach emphasizes the explanation and investigation
of phenomena, the use of evidence to back up conclusions, and the designing of
experiments.

- Traditional approaches emphasize the development of skills and techniques,
and receiving of information, and the knowing of the outcome of an experiment before
doing it.

- Using the learning cycle approach, formal operational students learn both
concrete and formal concepts better than concrete operational students.

- For concrete operational students, the learning cycle approach is superior to
traditional approaches in content achievement and intellectual development gains.

- Formal operational students learn equally well with learning cycle or

traditional approaches.
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- The learning cycle approach is superior to traditional approaches in the

retention of gains of content achievement.

4.1 The three phases of the learning cycle

The learning cycle approach divides instruction into three phase which
Abraham and Renner (1986: 123) believe that there is a one-to-one correspondence
between Piaget's elements of assimilation, accommodation, and organization and the
phases of learning cycle that are gathering the data (exploration), conceptual invention and
conceptual expansion (discovery).The three phases of the learning cycle has been
introduced by Robert Karplus and the persons who developed the materials of the Science
Curriculum Improvement Study(Renner; Abraham; & Birnie ,1988: 39). The terms
exploration, invention and discovery that referred to each phase of the learning cycle
continued to be used by Karplus and others through 1975. However, in 1976-1977, it
became apparent that many teachers were having a difficult time understanding what the
terms invention and discovery were intended to mean in context of classroom lessons. The
learning cycle phases as exploration, term introduction, and concept application are
suggested instead because the names of the phases are intended to convey meaning to
teachers. Teachers can introduce scientific terms during the second phase of the learning
cycle, but they cannot introduce concepts. The concepts must be invented or constructed

by students (Lawson; 2002: 161). The details of each phase are as follows:

4.1.1 Exploration

During exploration, students learn through their own actions and
reactions in a new situation. They explore new materials and new ideas. The new
experience should raise questions or complexities that they cannot resolve with their
accustomed ways of thinking. In this way, exploration provides the opportunity for students
to reveal their prior knowledge. This can encourage students to analyze the reasons for
their ideas. That analysis can then lead to an explicit discussion to find the ways to test
alternative ideas through the generation of predictions. The gathering and analysis of
results may then lead to a rejection of some ideas and the retention of others. Exploration

should also lead to the identification of a pattern of regularity in the phenomena.
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4.1.2 Term introduction
The second phase, term introduction, starts with the introduction of a
new term or terms such as metabolism and coldblooded, which are used to refer to the
patterns or ideas which are discovered during exploration. Such terms may be introduced
by the teacher, the textbook, a film, or another medium. This step should always follow
exploration and relate directly to the ideas discovered during the exploration activity.
4.1.3 Concept application
In the last phase of the learning cycle, concept application, students
apply the new term or thinking pattern to additional examples. After the introduction of cold-
bloodedness, for instance, concept application might be concerned with determination of

the type of metabolism of other invertebrates or of vertebrates such as mice or humans.

4.2 Linking exploration and term introduction with conceptual bridges
Conceptual bridges are aspects of a lesson that facilitate student’s conceptual
change by helping create meaningful links between their experiences and an explanation of
those experiences. Similes, metaphors, analogies, models, and stories are frequently used
to create conceptual bridges in teaching science (Sunal; & Sunal. 2003: 335-338).
4.2.1 Using Models
Mathematical expressions and graphs of events are two examples of
models. Others are diagrams and physical models such as charts or a plastic model of a
human ear. The model is taught by making connections for students between real-world
observations and the model.
4.2.2 Using Similes, Metaphors and Stories
Similes are figures of speech that compare two unlike things such as,
a rock can have stripes that look like layers. Metaphors are words or phrases, or figures of
thought where one idea is used in place of another to suggest a likeness between them,
such as, if a cell were a boat, the nucleus would be its captain. Stories in books also
attempt to represent or model real-world events. It is assume that the characteristics of one
well-known idea, which is the new idea are immediately transferred to the lesser known

idea, which is the new idea of the lesson.
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4.2.3 Using Analogies
An analogy is more elaborate and explicit than simile. When analogies
are used to teach science ideas, the new idea is first introduced during the Exploration
phase of the learning cycle. The second step during the Term introduction phase is to
review, explain, and identify the important characteristics of the known idea used in the
analogy. This is followed by an explanation of the new idea. Its key characteristics are
highlighted by comparing them to the better known idea used in the analogy. The

characteristics of analogy will be discussed in more detail later.

5. Analogy technique

Harrison (2008: 9) pointed out that the attraction of analogies in science,
mathematics, social studies, technology, and literature lies in the ability to explain abstract
ideas in familiar terms. Using analogy in classroom is common for the teacher who tries to
explain scientific knowledge, for example, an artery or vein is like a hose or tube; the earth
is round like a ball; the eye works like a camera; and plants, animals, and microorganisms
are classified into functional groups, like the separate sections for fresh foods, canned
foods, stationery, and cleaning supplies in a supermarket. With analogies, objects and
processes, especially those that cannot be seen, like atoms and molecules can be
described and explained to students. Glynn, Duit; & Thiele (1995: 251) have defined
analogy in science teaching that “An analogy is drawn by identifying similarities between
two concepts. In this way, ideas can be transferred from a familiar concept to an unfamiliar
one. The familiar concept is called the analog and the unfamiliar one the target. Both the
analog and the target have features. If the analog and the target share common or similar
features, an analogy can be drawn between them. A systematic comparison, verbally or
visually, between the features of the analog and target is called a mapping”. In this sense,
analogy can usually be used to explain the unfamiliar concepts to students by comparing to
the familiar concepts.

When students study new concepts, meaningful learning proceeds when they find
and visualize connections between the new concepts and the concepts that they already
know. This is especially important in inquiry learning where connections are built between
familiar and non-intuitive science contexts. Inquiry learning includes students’ investigation
of scientific questions and problems. The students need to discuss and interpret the data.

Sometimes the teacher offers analogies to help the students make sense of the collected
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data. If the analogies are appropriate, they promote concept learning because they
encourage students to build links between past familiar knowledge and experiences and
new contexts and problems (Harrison; & Treagust. 2006: 12). Therefore, the analogies act
like a conceptual bridge connecting physical experience to the abstract scientific

explanations.

5.1 Analogy category in science teaching
Curtis; & Reigeluth (1984: 99-117) analyzed 216 analogies found in science
textbooks and developed classification system for analogies. They finally grouped analogies
according to the level of enrichment which has three levels; simple analogy, enrich analogy
and extended analogy. The details of each group are as follows.
5.1.1 Simple analogy
Simple analogy is the most basic level of an analogy. It composes of
an analog, a target and a connector such as “is like” or “may be compared to” There are no
explanation for this kind of analogies. It tends to be used in cased where the relationship
between the target and the analog is highly obvious and needs little or no explanation.
An example of a simple analogy is “The spinal cord is like a large cable which extends
down through the hollow vertebrate”
5.1.2 Enriched analogy
A simple analogy can be enriched for the learner by stating the
explanation for the relationship between an analog and a target. In addition, an enriched
analogy may also contain the limitations or the unlike characteristics between the analog
and the target.
5.1.3 Extended analogy
Extended analogy is the most complex level of enrichment which
the various analogs are used to explain one target or more than one target. The extended
analogy has been also called multiple analogies. Harrison (2008: 46) described the
advantages of using multiple analogy that “ multiple analogies are effective because each
analogy explains only the ideas where it works well, and students can choose the analogies
that best suit their experience and thinking needs”. In other word, multiple analogies can
reduce alternative conceptions, which can be generated by using only one analogy

presenting only one aspect of the sophisticated concept, and provide choices for all
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students who have different experiences and interests to make sense of the new

conception.

5.2 Presentation format for analogy technique
Analogies can be presented in several ways. Curtis and Reigeluth (1984: 101-
102) described the contexts for using analogies in three aspects which include analogies in
testing, analogies in oral communication and analogies in text.
5.2.1 Analogies in testing
Many standardized tests use analogical reasoning as a testing device.
The Miller Analogies Test, often used for admission to graduate schools, consists strictly of
analogical problem solving.
An example of a test analogy is :

Elephant : large : : ant :

(a) ground; (b) clean; (c) small; (d) loud; (e) happy

The first pair of words (elephant, large) is related as an animal to its
size; therefore, the second pair must share a similar (analogous) relationship. Hence,
the correct answer is (c) small.

5.2.2 Analogies in oral communication

A less formal context for analogies is oral communication, which may
include oral instruction. In this category, analogies are used to explain and clarify
information that is given from one person to another. Oral analogies are often used to
explain a concept to another person. This type of analogy may take on various formats,
depending on its ability to be understood. Oral analogies usually permit feedback from
the receiver of the analogy so that the person using the analogy can clarify or explain it
further.

5.2.3 Analogies in text
A text analogy can be found in many science text books where the

author intends to explain difficult scientific concepts. This type of analogy is quite different
from a test analogy or an oral analogy. It differs from the test analogy because it is
intended as a cognitive strategy to improve the learner's understanding of the more
complex concept being presented, rather than as a means of determining the learner’s
general level of analogical reasoning ability. It differs from the oral analogy in that it has no

mechanism for receiving feedback from the learner.
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5.2.3 Pictorial analogy

The alternative ways in which analogy was presented to students in
science educational research has been proposed. Instead of presenting text or oral
communication alone, some researcher introduced pictorial analogies to enhance student’s
understanding in science content because they can facilitate a visualization of the abstract
target concept (Duit. 1991: 655). Teachers can use the pictorial analogy to emphasize the
features of analog concept to be compared. In practice, most pictorial analogies are
accompanied by some verbal explanation; therefore, they should be referred to as pictorial-
verbal analogies ( Treagust. 1993: 295)

Bean;& et al. (1990: 223) introduced a pictorial analogy with its written
form to help students understand biological concepts. The purpose of their study was to test
the hypothesis that combining a pictorial analogy (figure 3) with its written form would
produce greater understanding of cell structure and function than using the analogical study
guide alone. The result of this study confirmed the hypothesis. Students who received
instructional combining a pictorial analogy comparing the cell to a factory and an analogical
study guide expressed the comprehension of cell structure and function concepts
significantly better than students who used only the study guide.

Fortman (1993: 56) has published a series articles presenting pictorial
analogies in chemistry topics such as, states of matter, types of solids, quantum numbers
and orbitals, heat flow, thermodynamics, and entropy etc. Figure 4-6 presents his pictorial

analogy dealing with quantum numbers.
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Source: Bean, Thomas W.; et. al. (1990, March/April). Learning Concepts from
Biology Text ThroughPictorial Analogies and an Analogical Study Guide. The Journal of
Educational Research. 83(4): 233-237

n Quantum Number

Size of House

FIGURE 4 ANALOGY TO THE INCREASING SIZE OF ATOMIC ORBITALS WITH

INCREASING VALUE OF THE n QUANTUM NUMBER

Source: Fortman, John J.(1993, August). Pictorial Analogies VII: Quantum Numbers

and Orbitals. Journal of Chemical Education, 70(8): 649-65

A Quantum Number

Shape of House

FIGURE 5 ANALOGY TO THE RELATIONSHIP OF THE ./
QUANTUM NUMBER AND THE SHAPE OF ATOMIC ORBITALS

Source: Fortman, John J. (1993, August). Pictorial Analogies VII: Quantum Numbers and

Orbitals. Journal of Chemical Education, 70(8): 649-650
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myg Quantum Number

Orientation of the House

South East

FIGURE 6 ANALOGY TO THE DIRECTIONAL RELATIONSHIP OF THE M, QUANTUM NUMBER

Source: Fortman, John J. (1993, August). Pictorial Analogies VII: Quantum Numbers

and Orbitals. Journal of Chemical Education, 70(8): 649-650

5.2.4 Analogy-based animation

One of the alternative formats for presenting analogies is analogy-based
animation. In contrast to static graphics or pictorial analogy, Milheim (1993: 172) suggested
that animated computer graphics can provide concrete visual information about the moving
and changing of an object over time. Lai (1998: 151-160) investigated the effects of visual
display within a Computer-Based Learning (CBL) program that taught computer
programming language through analogies. The first version of the lesson presented
the analogy through text only. The second version of the lesson supplemented the text
analogies with static graphics. The third version was further provided with animation for
the analogy. Seventy-eight college students were randomly assigned to the three groups.
A main finding was that analogical text can be supplemented with appropriate static
graphics to increase the level of concept learning produced by computer based learning.
The subjects who used the CBL program with static graphics showed a greater increase in
recall and recognition of concepts than the subjects who used the CBL program that
presented the analogy through text or animated representation. The author suggested that

analogy based animation in this study did not directly represent the real process that
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happens in a computer, and it needs additional guidance for interpreting the animation.
Suggestions for further research have been also proposed which include the investigation of
(a) long-term retention of the gains from the treatment with different visual display, (b) the
effect of animation with units of study other than programming learning, (c) the effects
of animation with different levels of learner control.
5.2.5 Personal analogy

Personal analogy compares abstract scientific concepts to students’ real
world situations such as people, money, food, and relationships. Treagust (1993: 295)
suggested that students can be physically involved in a personal analogy by role-playing
activities. For example, students may be asked to walk around the classroom in a manner
that their directions of travel are like the motion of electrons through a wire or ionic
migration through a solution during electrolysis. Alternatively, the students may only be
involved at a mental level. Treagust (1993: 295) also pointed out that personal analogies
cause better learning of concepts and that this learning approach is enjoyable; however,
personal analogies can cause students to give intuitive feelings to inanimate objects and
concepts

One of the studies considering the effectiveness of the personal analogy
conducted by Tsai (1999: 83-90). In this study, the analogy was presented in the form of
role-playing in which students acted as particles and worked together to perform
the conditions of phase change in microscopic view. To demonstrate the phase change of
Br,, the students in pairs worked together as the Br molecule and all students were identical

Br atoms. The two persons in each team should be held together in every situation. When

the teacher assumed the temperature of -10 °c (in Bry’s solid stage), the students, as

teams of two persons were asked to have minute movement. When the teacher assumed

the temperature of 20 °c (in Br,’s liquid stage), the students, still as teams, were asked to
have a more rapid movement. In order to create more violent motion, students’ original

structure would become looser, unconsciously. The same activity rule was applied to

the temperature of 75 °c (Br,’s gaseous stage).

The result of Tsai's study revealed that the students in the experimental
group who learnt from the analogy activity did not perform better than those who were in
control group in the posttest. However, the comparison of a retention test between these
two groups indicated that there was dramatically regression of the students’ performance in

control group; on the other hand, there was merely a little regression for experimental
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subjects. The result showed its positive influence on students’ long-term understanding
(Tsai. 1999: 89).

In addition to participate in a role-playing activity, students can also learn
from a personal analogy at the mental level. Harrison; & De Jong (2005: 1135-1159)
observed a teacher’'s analogy on chemical equilibrium. The teacher in their study had
students think about “school dance” as the analog to understand the target concept which is
chemical equilibrium. The analog concept is that there are 1,000 students in the
gymnasium, half boys and half girls. Everyone is blindfolded and has to walk around until
they find a partner. Feeling the head of a partner is the only way boys and girls can pair off
because boys have stubble and girls have their hair in pony-tails. After they find the partner,
they can go into the commitment room, up to a maximum of 500 students or 250 couples,
with the teacher as gatekeeper. If more students want to go to the room, some students
have to leave. This analog situation was to be compared with the concept of chemical
equilibrium where boy-girl meetings represent atom collisions, and the couples going to the
commitment room represent a chemical reaction and bonding. The idea of simultaneous
forward and reverse reactions with the same rate was compared with the idea that a new
couple can enter the commitment room only when one of the 250 couple in the room split.

Table 1 shows the analog and the target of this personal analogy.
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TABLE 1 THE “SCHOOL DANCE” PERSONAL ANALOGY FOR CHEMICAL EQUILIBRIUM

Analog (familiar situation) Target (science concept)
Chemical reaction
Dancing students in the gym (reactants) Moving and colliding particles
Commitment between students Chemical bond (product)

Reaction rate

Number of people in the gym Concentration effect on reaction rate
Speed of running students Temperature effect on reaction rate
Extent of body contact Surface area effect on reaction rate

Equilibrium conditions

Couples going in and out the commitment room. Simultaneous forward and reverse reaction
Couples going in and out at the same time Rate of forward=rate of reverse reaction
Gym doors are sealed Reaction system is closed

Source: Harrison, Allan G.; & De Jong, Onno. (2005, December). Exploring the
Use of Multiple Analogical Models When Teaching and Learning Chemical Equilibrium.

Journal of Research in Science Teaching. 42(10) : 1135-1159

5.2.6 Analogical model

The term model is used in many different ways. Coll (2005: 184) had
defined a model as “a representation of an idea, object, event, process or a system” and
“analogies may be considered a subset of models as they involve the comparison between
two things that are similar in some respects”. In another perspective, Duit (1991: 651)
viewed the model as a tool for providing analogies because it is the analogical relation that
makes a model a model and there appears to be some concurrence in that both model and
analogies have the common feature considering the structural mapping of different domains.

Harrison and De Jong (2005: 1136) gave the example of how the kinetic
theory model provides the analogical relation between “moving ball in a box” and “moving
atoms in the flask”. The shared attributes between the analog and the target are that elastic
collisions between balls are like perfectly elastic inter-atom collisions and balls hitting the
box wall apply a force like the pressure atoms produce when they bounce off the flask’s
wall. Harrison (2008: 10) stated that most models are analogies and he treated analogical
models and verbal analogies in the same way. Furthermore, he also proposed the model of

an analogy and an analogical model which is illustrated in figure 7.
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Analog Analogy Target
analog attribute 1 <— idea mapping 1 —» target attribute 1
analog attribute 2 <— idea mapping 2—» target attribute 2
analog attribute n <— Ildea mapping n —» target attribute n
Familiar object or statement Scientific object or concept

FIGURE 7 A MODEL OF AN ANALOGY AND AN ANALOGICAL MODEL

Source: Harrison, Allan G. (2008). Teaching With Analogies: Friends or Foes? In
Using Analogies in Middle and Secondary Science Classrooms. Harrison, Allan G.; & Coll,

Richard K., editors. pp. 6-21. California: Corwin Press.

5.3 An instructional sequence of analogy technique
Science educators have developed several approaches to instructional
analogies to aid students’ learning. Dagher (1998: 195-211) have summarized models for
teaching with analogies, and three models are described here as an instructional sequence
that is relevant to this study.
5.3.1 The General Model of Analogy Teaching (GMAT)
One of the earliest models for teaching scientific analogies was
proposed by Zeitoun in 1984. There are nine steps to used analogies in science teaching:
1. Measuring student characteristics related to analogical reasoning
ability, ability to handle visual imagery. This step is optional.
2. Assessing students’ prior knowledge to determine whether
analogies are helpful or not.
3. Analyzing the learning materials of the topic to determine
whether they already contain analogies
4. Judging the appropriateness of the analogy by considering the
extent to which the analogies are (a) familiar and/or (b) highly complex, having many
attributes that correspond to the great domain.
5. Determining the characteristics of the analogy in relation to

the characteristic of students.
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6. Selecting the strategy of teaching and medium of presentation.
This involves choosing between three strategies: student self-developed, guided teaching,
or expository teaching. Additional choices have to be made concerning the medium of
presentation: written, oral by teacher, slide presentation, demonstrations, games,
manipulatory models, pictures and graph.

7. Presenting the analogy includes several steps: Introducing the
target concept, introducing the analog, connecting the analogy to the target, presenting the
analogous attributes one by one starting with the most salient first, using transfer statement
to present the irrelevant attributes, and finally discussing those irrelevant attributes.

8. Evaluating the outcomes by determining students’ knowledge of
attributes of the topic and identifying misconceptions they might have acquiring from using
the analogy.

9. Revising the stages after evaluating every stage of the model in
order to determine whether additional discussion, an alternative analog, or a different
strategy is needed.

5.3.2 Teaching With Analogies Model (TWA)

The Teaching With Analogies model is based on an extensive study
of high school physics, chemistry, and biology textbooks. There are six components to this
model:

1. introducing the target concept

2. recalling the analog concept

3. identifying similar features of concepts between target and analog

4. mapping similar features

5. drawing conclusions about concepts

6. indicating where the analogy breaks down.

Harrison; & Treagust. (1993: 1291-1307) have modified this model by reversing
step five and six, and used in their study.
5.3.3 Student-Generated Analogies Model

Teaching by this method consists of presenting students with a new
topic or an event that illustrates a number of science concepts and asking them to produce
and modify explanations about that particular phenomenon. With the teacher as facilitator,

students engage in four steps as follows:
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1. explaining the phenomenon

2. creating their own analogies to achieve a better understanding of the
phenomenon

3. applying the analogy to the phenomenon by identifying similarities
and differences

4. participating in a class discussion to discuss the degree of adequacy
of the suggested analogies in explaining phenomena.

The common feature of each model is the mapping process which includes
identifying similarities and differences between the target concept and the analogy. This is
because teaching with an analogy might generate misunderstanding if the students connect
the wrong attributes of the analogy to the target concepts. In this study, the sequence of
teaching with analogies are (1) introducing the target concept, (2) recalling the analog
concept by presenting the analogy to students, (3) identifying similar features of concepts
between target and analog (4) mapping similar features (5) identifying dissimilar features of

concepts between target and analog (6) drawing conclusions about concepts.

5.4 Advantages of analogies

Duit (1991: 666) described the benefit of using analogies in science
instruction that analogies are powerful tools to facilitate the learners’ knowledge construction
from the concepts that are already available. With a constructivist perspective of learning,
these advantages include:

5.4.1 Analogies are valuable tools in conceptual change learning, which open
new perspective.

5.4.2 Analogies may facilitate an understanding of the abstract by pointing to
similarities in the real world.

5.4.3 Analogies may provide visualization of the abstract.

5.4.4 Analogies may provoke students’ interest and may therefore
motivate them.

5.4.5 Analogies force the teacher to take students’ prior knowledge into

consideration. Analogy use may also reveal misconceptions in areas already taught.
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5.5 Analogy contribute to conceptual change in biology

Venville and Treagust (1996: 295-320) described the role of analogies in
promoting conceptual change in biology. The analogies have been viewed from different
perspectives of conceptual change. The contributions of analogies to conceptual change are
as follows.

5.5.1 The analogy can help students as a sense maker that makes a new
concept intelligible for the students. This is the beginning condition for conceptual change
learning

5.5.2 The role of the analogy is a memory aid when the physical objects or
processes are used to explain biological process because the students can easier recall
the mental model from the physical science framework theory than from the biological
framework theory

5.5.3 An analogy may have the role of transforming the ontological category
of a concept from the misplaced ontological category to the preferred category. In this
sense the role of the analogy in the process of conceptual change could be described as a
transformer.

5.5.4 The analogy increased students' confidence that the learning task was
something achievable. This is the motivation factor for conceptual change learning. The
analogy acts as a motivator in that it eliminates the technical vocabulary, encourages

confidence to learn the content and allowed the learning process to proceed.

5.6 Disadvantages of analogies

Despite of the advantages of analogies as previously described, Duit
(1991: 666) listed the disadvantages of using analogies as follows:

5.6.1 There are always features of the analog structure that are different from
those of the target. These features may cause misunderstanding for students who try to
compare the different features of the analog and the target.

5.6.2 Analogical reasoning is only possible if the intended analogies really are
drawn by the students. If students hold misconceptions in the analog domain, analogical
reasoning will transfer them into the target domain. It is therefore important to ensure that

the intended analogies really are drawn by the students.
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5.6.3 Although analogical reasoning appears to be quite common both in daily
life and in other contexts, spontaneous use of analogies provided by teachers or learning
media seldom happens. Analogical reasoning in learning situations requires considerable

guidance.

6. Learning from pictorial-verbal analogy and analogy-based animation
Because this study utilizes the advantages of pictorial-verbal analogy and analogy-
based animation in term of visual representation of the analogies, the theory on how picture
and animated graphic effects student’s learning need to be reviewed. This section aims to
report the literature including the principle of representation, learning from text and graphics,

and learning from animation.

6.1 The principle of representation

Andrade and May (2004: 86) defined a representation as “a sign, symbol or
token that ‘re-presents’ something in its absence”. From this notion, external representations
include paintings, photographs, written descriptions, diagrams and so on. Some of these
representations bear some physical resemblance to the object or event they represent. For
example, a painting or scale model of a town may retain the structural features and spatial
layout of the buildings and streets in that town. Representations that do this are called
analogue representations. Other types of representation, particularly linguistic
representations, do not resemble the represented object or scene in any way. Rather, they
serve as discrete tokens of objects and their interrelations. Thus letters and words are
symbol that have no physical relation to the objects they represented. These
representations are called symbolic representations, because they symbolize rather than
mimic the thing they stand for.

Internal or mental representation serves similar purposes to the external
representations. They provide a means of manipulating, exploring and describing things in
their absence. Mental representations are created by the process of perception and are
exchanged between cognitive processes, serving as the currency of thought. There has
been much debate about the nature of mental representations whether they are analogical
or propositional. In other words, the debates focus on whether we think in images or

language-likes descriptions. However, several theorists have argued that there are different
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forms of representation, which are used selectively depending on the different task

demands and different cognitive processes in operation.

6.2 Learning from text and graphics

Betrancourt; & Chassot (2008: 142-143) summarized numerous research
studies in the last two decades on learning from graphics. Most of research in this area
compared text alone with text and pictures in term of subjects’ performance on retention
and inference tests. The findings largely support the claim that graphics benefit learning,
with most studies indicating that graphics improved memory for the illustrated information
and comprehension of the situation described in the text. Various reasons have been
proposed to explain the effects of graphics. Some of these reasons are associated with
the affective role that graphics can fulfill. Graphics may indeed be “worth a thousand words”
when one needs to describe situations that are inherently spatial and multidimensional,
such as faces, maps, knots, and the like. Moreover, graphics could also help to facilitate
mental model construction by offering an external representation that supports an internal
representation, thus partially offloading information from working memory and increasing

available processing capabilities.

6.3 Learning from animation

The characteristic that distinguishes animations from other graphics is their
direct visualization of changes that occur over time. Animations can be generated by
computers, recorded on video from a real scene, or be formed from a mixture of real and
computer-generated features (Betrancourt; & Chassot. 2008: 142-143). To explain why
animation can contribute to students’ learning, Mayer (2008: 33-34) applied three majors
ideas from cognitive science including duals-channels, limited capacity, and generative
processing. First, the dual-channels idea is that humans possess two channels for
processing information including a visual/pictorial channel for processing pictures and
an auditory/verbal channel for processing words. Second, the limited capacity idea is that
each channel has a limited capacity for processing information. Third, the generative
processing idea is that deep understanding occurs when learners engage in appropriate
cognitive processing such as selecting relevant information, organizing the selected
information, and integrating the selected information with prior knowledge and other

representations. These ideas are summarized in Table 2.



42

TABLE 2 THREE ELEMENTS IN A COGNITIVE THEORY OF MULTIMEDIA LEARNING

Dual channels Learners possess separate channels for processing auditory/verbal material and

visual/pictorial material.

Limited capacity =~ Each channel can process a limited amount of material at one time.

Generative Meaningful learning occurs when learners engage in appropriate cognitive
processing processing, such as selecting relevant words and pictures for further processing,
organizing selected words into a verbal model and organizing selected images into a
pictorial model, and integrating verbal and pictorial models with each other and with

prior knowledge

Source: Mayer, Richard E. (2008). Research-Based Principles for Learning with
Animation. In Learning with Animation: Research Implications for Design. Lowe, Richard; &

Schnotz, Wolfgang, editors, pp.30-48. New York: Cambridge University Press.

Mayer (2008) proposed the cognitive model of multimedia learning which consists
of three memory stores including sensory memory, working memory, and long-term
memory. There are also cognitive processes in this model including selecting words,
selecting images, organizing words, organizing images, and the integration. This model can
explain how students learn from both animation and pictorial-verbal forms of analogy.
Animations or pictures from outside impinge on the eyes and enter through the visual
channel while narration impinges on the ears and enters through the auditory channel. The
result is a brief sensory image in sensory memory-sound images for spoken words and
visuals images for animations and pictures. The first cognitive process is selecting relevant
material for further processing. If the learner pays attention to some of the sounds in
sensory memory, these sounds are transferred to working memory as the process of
selecting words. If the learner pays attention to some of the images, these images are
transferred to working memory as the process of selecting images. Some of the incoming
sounds may be converted into images, and some of the incoming images may be converted
into sound in working memory. The second process is organizing the selected material into
coherent representations. The learner mentally organizes the words into a verbal model and

organized the images into a pictorial model. Finally, the third process is integrating
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the verbal and pictorial models with each other and with prior knowledge. Figure 8 presents

the cognitive theory described above.

MULTIMEDIA SENSORY WORKING MEMORY LONG-TERM MEMORY
PRESENTATION MEMORY
e N Verbal
(@) (c)
Words »| Ears > Sounds » Model
() Prior
T Knowledge
. (b) (d) .
Pictures .| Eyes o| Images | Pictorial
Model
(a) Selecting Words (c) Organizing Words (e) Integrating
(b) Selecting Images (d) Organizing Image

FIGURE 8 COGNITIVE THEORY OF MULTIMEDIA LEARNING

Source: Mayer, Richard E. (2008: 34). Research-Based Principles for Learning
with  Animation. In Learning with Animation: Research Implications for Design. Lowe,

Richard; & Schnotz, Wolfgang, editors, pp.30-48. New York: Cambridge University Press.

When learners do not select the appropriate words and images, the learning
outcome is no learning. This outcome is indicated by poor performance on retention and
transfer tests. When the learner adequately selects the appropriate words and images, but
does not engage in large amounts of organizing and integrating, the learning outcome is
rote learning. This outcome is indicated by good performance on retention test but poor
performance on transfer tests. When learners adequately engage in selecting, organizing,
and integrating, the learning outcome is meaningful learning. This outcome is indicated by
good performance on both retention and transfer tests. These three types of learning

outcomes are summarized in Table 3.
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TABLE 3 THREE TYPE OF LEARNING OUTCOMES FROM WORDS AND IMAGES

Type Cognitive Process Retention Test Transfer Test
During Learning Performance Performance

No learning None Poor Poor

Rote learning Selecting Good Poor

Meaningful learning Selecting, organizing, Good Good

and integrating

Source: Mayer, Richard E. (2008: 36). Research-Based Principles for Learning
with Animation. In Learning with Animation: Research Implications for Design. Lowe,

Richard; & Schnotz, Wolfgang, editors, pp.30-48. New York: Cambridge University Press.

7. Learning retention

Learning retention relates to memory which is the ability to retain information about
a past experience. Learning and memory are related because memory has to do with how
the outcomes of learning are retained or forgotten. Anderson (1995: 6) emphasized
the relationship between learning and memory as the statement: “ learning refers to the
process of adaptation of behavior to experience, and memory refers to the permanent
records that underlie this adaptation”. Practically, studies of learning focus on the rate at
which information or a skill is acquired under given conditions, while studies of memory
focus on the amount of information or a skill that is retained after a given the learning
situation and the materials to be learned, and after a given amount of time after that
situation and materials are discontinued (Carroll. 1993: 248). In this section, the theories of
remembering and forgetting are described including the components of memory, the

separate-store model, and retention function.

7.1 The components of memory
The components of the memory system include encoding, storage, and
retrieval. Andrade; & May (2004: 59) defined memory as the process by which we acquire,
record or encode information, store information in an accessible format, and retrieve that
information later. Houston (1991: 254) described more details about each processes that

encoding refers to the process by which the nervous system develops a representation of
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an external stimulus while storage refers to the persistence of encoded materials overtime,
and finally, retrieval refers to the utilization of this stored information. The components of

memory are illustrated in figure 9.

External stimuli

For example,

External stimuli

For example,

the printed
word CAT

the printed
word CAT

Encoding Retrieval
For example, rehearsing, CAT, or For example, recalling or
making up a visual image of a cat recognizing CAT
Storage

For example, remembering the encoded form of

CAT over time, without thinking about it

FIGURE 9 GENERAL FORM OF ENCODING, STORAGE, AND RETRIEVAL

Source: Houston, John P. (1991). Fundamentals of Learning and Memory. 4th ed.

New York: Harcourt Brace Jovanovich.

7.2 Separate-store model

Memory can be classified in different ways. In 1890, William James described
two types of memory: primary memory, which is memory for events that just happened; and
secondary memory, which is memory for events that happened some time ago. Thus
primary memory is a relatively temporary store, whereas secondary memory is long-lasting.
Primary memory and secondary memory are now commonly referred to as short-term
memory (STM) and long-term memory (LTM) respectively. The model of memory proposed
by Atkinson and Shiffrin in 1968 considers information processing in both separate-stores.
Incoming information from the environment is very briefly captured in sensory registers.

Some of the information in the sensory registers is then transferred to the short-term store,
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from which it may be lost through decay or transferred via rehearsal to the long-term store.
Long-term stores a practically limitless amount of information in meaning-based format.
Information in the long-term store may be lost through decay or interference, or may be

output via the short-term store.(Andrade; & May. 2004: 59-63)

7.3 Retention function

Retention function refers to the measure of retention as a function of time.
Hermann Ebbinghaus performed the first studies of human memory in 1885 and derived the
well known retention curve and learning curve. Ebbinghaus used himself as his subject.
In his study, he learned lists of 13 syllables to the point of being able to repeat the lists
twice in order without error, and then looked at his ability to recall these lists after various
delays. He measured the amount of time he needed to relearn the lists to the same
criterion of two perfect recitations. Figure 10 displays a retention curve as a function of the
delay with relearning. Initial forgetting is rapid, but the rate of forgetting slows down

dramatically over time (Anderson: 1995: 7-8)

60
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FIGURE 10 EBBINGHAUS’S RETENTION FUNCTION

Source: Anderson, John. (1995: 8).Learning and Memory: An Integrated Approach.
Singapore: John Wiley & Sons, INC.
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7.4 Research on learning retention in classrooms

Several research studies in classrooms have been conducted considering
how teaching intervention affects students’ learning retention. Laney (1989: 231) studied
the effect of experience-type teaching and concept-label-type teaching on first graders’
understanding of economic concepts and recall of the concept that they were taught. The
results showed that real-life experiences and invented concept labels enhance first graders’
learning and retention of the economic concept.

Ozden and Gultekin (2008: 1) studied the effects of brain-based Learning on
academic achievement and retention of knowledge in science course. This experimental
study was designed as a pre- and post-test control group model. During the research
process, the instructional approach in the experimental group was a brain-based learning
approach, while the control group was administered a traditional teaching approach.
Analysis of post-test and retention level tests revealed a significant difference between
the groups favoring brain-based learning.

Glynn and Takahashi (1995: 1129) studied the role of elaborate analogy in
students’ learning and retention in cell biology. The elaborate analogy had both graphic and
text components that integrated and mapped key features from an analog (a factory) to the
target concept (an animal cell). The results of the experiment showed that eighth graders
who studied an analogy-enhanced text had greater two-week recall of cell part functions
than students who studied a control text. In Addition, sixth graders who studied an analogy-
enhance text considered the target concept to be more understandable than students who
studied a control text. Glynn and Takahashi (1995: 1129) concluded that the analogy
mapped a familiar, concrete schema onto that of the target concept, making the target

concept more understandable and memorable.

8. Educational assessment

In order to determine the effectiveness of the expected learning unit, the principle
of educational assessment must be applied in the context of research studies. The term
educational assessment refers to “the collection and evaluation of data involving inputs to,
transactions within, and outputs from an educational system” (Payne. 1974: 3) The following
paragraphs describe educational assessment principles regarding this study which include

how educational assessment data can be used, how criterion-referenced measurement
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differ from norm-referenced measurement, and how the cutting score in this study can be

establish as the criteria for criterion-reference measurement.

8.1 Use of educational assessment data

Most educators agree that measurement and evaluation are integral
components of the instructional process. Progress toward the achievement of instructional
goals must be periodically evaluated if effective teaching and learning are to be
accomplished. It is widely recognized that educational objectives and learning experiences
are intimately related. Dressel(1954: 23-24. Ref by Payne. 1974: 9) listed the parallel

elements in instruction and evaluation which illustrate their common objectives. The list is

shown in Table 4.

TABLE 4 THE COMMON ELEMENTS IN INSTRUCTION AND EVALUATION

Instruction

Evaluation

1. Instruction is effective to the degree that it leads

to desired changes in students.

2. New behavior patterns are best learned by
students when the inadequacy of present behavior
is understood and the significance of the new

behavior patterns thereby made clear.

3. New behavior patterns can be more efficiently
promoted by teachers who recognize the existing
behavior patterns of individual students and the
reasons for them

4. Learning is encouraged by problems and
activities that require thought and/or action by each

individual student.

1. Evaluation is effective to the degree that it
provides evidence of the extent of changes in

students.

2. Evaluation is most conductive to learning when

it provides for and encourages self evaluation

3. Evaluation is conductive to good instruction
when it reveals major types of inadequate behavior

and the contributory causes.

4. Evaluation is most significant in learning when it
permits and encourages the exercise of individual

initiative
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TABLE 4 (continued)

Instruction Evaluation

5. Activities that provide the basis for the teaching 5. Activities or exercise developed for the purpose
and learning of specified behavior and also the of evaluating specified behavior are also useful in
most suitable for evoking and evaluating the the teaching and learning of that behavior.

adequacy of that behavior.

Source: Payne, David A. (1974: 9). The Assessment of Learning: Cognitive and

Affective. Canada: D.C. Heath and Company.

From the relationship of instruction and evaluation, the general uses of
measurement data in education can be defined as three broad use categories.
8.1.1 Selecting, Appraising, and Clarifying Instructional Objectives
Achievement in school involves movement toward a specified set of
objectives. Ideally, the specification of objectives will be accomplished before instruction
begins, and will continue as the curriculum is modified to meet individual student needs.
It may even be desirable to administer an achievement test to reveal deficiencies at the
beginning of a course of study. The original objectives may then be modified, enlarged
upon, or discarded, as decreed by data.
8.1.2 Determining and Reporting Pupil Achievement of Educational Objectives
Educational measurement is most frequently used in assessing the level
of pupil achievement in school subjects. The application of measurement procedures yields
more objective data on achievement than does subjective appraisal. Such information is
obviously of critical importance to the student, as it provides him with some perspective on
his position relative to acceptable educational standards.
8.1.3 Planning, Directing, and Improving Learning Experiences
The diagnostic use of measurement data can be extremely helpful. Test
can serve a valuable function by identifying strengths and weaknesses in the achievement
of individual pupils or classes. If the teacher and student can identify the area in which
achievement is less than adequate, individual learning efforts and, for that matter, teaching

can be directed more efficiently.
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In the improvement and facilitation of learning, data on the sequence,
continuity, and integration of learning experiences can be of great value. For example,
the requisite skills and knowledge for certain courses or units can be identified.
The effectiveness of selected instructional practices can also be evaluated. This essentially
involves the use of tests for research. A teacher might compare the results of a new device
or program to previous educational outcomes with the same class, outcomes obtained in

control groups, or outcomes commonly obtained by similar classes.

8.2 The criterion-referenced measurement and norm-referenced measurement

In this study, students’ scores from the achievement test, the conceptual

status test, and the students’ satisfaction questionnaire are interpreted based on a set
criteria. The difference between norm- and criterion- referenced measurement, therefore,
should be clearly identified. Mehrens; & Lehmann (1984: 18) described the distinction

between norm- and criterion- referenced test scores:

“If we interpret a score of an individual by comparing that score with those of other
individuals (called a norm group) this would be norm-referencing. If we interpret a person’s
performance by comparing it with some specified behavioral domain or criterion of

proficiency, this would be criterion referencing”

Several of differences between criterion-referenced and norm-referenced
measures are briefly summarized by Payne (1974: 293) in Table 5. The differences are in
most cases matters of degree rather than kind.

Sax (1974: 254) stated that criterion-referenced measures compare the students
not in relation to others but in relation to the level of performance they will be expected to
achieve in a carefully defined domain of behaviors.

Popham (1993: 134) also pointed out the difference between norm-referenced
tests and criterion-referenced tests in terms of how test scores would be interpreted.
The interpretive framework for norm-reference tests is provided by the norm group’s
performance while criterion-referenced test are used to ascertain an individual’'s status with
respect to a defined behavioral domain. Popham (1993: 134) emphasized the importance of
a sufficiently clear description of the behavioral domain being assessed because
the examinees’ test scores would be referenced to that domain of behaviors in criterion-

referenced measurement.
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TABLE 5 THE DIFFERRENCES BETWEEN CRITERION-REFERENCED AND NORM-
REFERENCED MEASUREMENT

Dimension

Criterion-Referenced Measures

Norm-Referenced Measures

1. Intent

Information on degree to which
absolute external performance
standards have been met
Description of maximum
performance by individuals

groups, and treatment

Information for relative internal

comparisons

Comparisons of individuals,
particularly when high degree of

selectivity is required

2. Directness of

Measurement

Great emphasis

Lesser emphasis

3. Variability among scores

Relative low

Relative high

4. Difficulty of items

Items tend to be easy, but with

some range

Item difficulty localized around 50

percent

5. ltem type

Great variety, but less reliance

on selection-type items

Variety, but emphasis on

selection-type items

6. Discriminating ability of item

Not emphasized

Greatly emphasized

7. Method of establishing
validity

Reliance on content validity

Emphasis on criterion-related

validity

8. Emphasis on reliability

Focus on reliability of domain
sampling; therefore internal

consistency of some interest

Greater concern with parallel form
and test-retest estimates of

performance stability

9. Influence of guessing

Can be of consequence

Generally not a problem

10. Importance of which items

are missed

High

Emphasis on number of missed

items

11. Necessity for maintaining

security of test items

Relatively low

Relatively high

12. Area of education best

served

Instruction

Guidance Selection Grading

Source: Payne, David A. (1974: 294). The Assessment of Learning: Cognitive and

Affective. Canada: D.C. Heath and Company.



52

In conclusion, criterion-reference measurement considers how students’ test
scores would be interpreted. Students’ performances are compared with the specific
criterion they are expected to achieve. In this study, students’ achievement scores and

students’ conceptual status scores are compared with the cutting score of each test.

8.3 Cutting score

Cutting score is used in this study as the standard point for criterion-
evaluation. The students who have test scores at this point or more than this point are
classified as a master of learning objectives.  Therefore, the assumption is that
are the learning units will be qualified as an effective one if the student's mean scores
significantly more than the cutting score. In this study, the cutting score is used as
the criterion-reference measurement for students’ achievement scores and students’
conceptual status scores. The process of establishing cutting score follows Berk
(1976: 4) which has details as follows:

8.3.1 Defining uninstructed and instructed groups of students. The students
who had studied with the learning units in the field trial study were defined as the instructed
group, while the students who had not studied with the instructional unit yet in the main
study were defined as the uninstructed group.

8.3.2 Collecting data of students’ scores from student’s post-test score in the
pilot study as the instructed group scores, and students’ pre- test scores in the main study
as the uninstructed group scores.

8.3.3 Constructing the distribution graph. The instructed and uninstructed
group score distributions are the primary determinants of the tests whether or not they can
classify students as true masters and true nonmasters of an objective. If the distribution is
completely overlapped, it indicates that the test cannot classify students. If there is no
overlap, it indicates that the tests can classify students with perfect accuracy. The point at
which the distributions intersect is the optimal cutting score (figure 11). The possible
outcomes from these steps are the categories of students as follows:

- True Masters (TM): The instructed students who have scores at or
above the cutting score
- False Master (FM): The uninstructed students who have scores at or

above the cutting score (Type Il misclassification)
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- True Nonmasters (TN): The uninstructed students who have
scores below the cutting score
- False Nonmasters (FN): The instructed student who have scores

below the cutting score(Type | misclassification)

————— Instructed Group

= = —Uninstructed Group
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15 + U

FREQUERCY

Type 11 Brror ~
False HABLETS ~
i3]

\ (B ~
~

1} 1 2 3 & 3 & 7 &
SCORES.

Type 1 Error
False Hommasters
()

FIGURE 11 SCORE DISTRIBUTION GRAPH

Source: Berk, A. R. (1976, Winter). Determination of optional cutting scores in

criterion-referenced measurement. Journal of Experimental Education, 45(2) : 4-9.

8.3.4 Calculating the probability of every outcome, the probability of correct
decisions, the probability of incorrect decisions and validity coefficient for each score.
The following formulas in Table 6 can be used in the calculation.

8.3.5 Determining the cutting score from the score which maximizes the
probability of correct decisions, and minimizes the probability of incorrect decisions.

The cutting score can also be the score which maximizes the validity coefficient.
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TABLE 6 FORMULAS FOR THE PROBABILITY CALCULATION

Formulas for the calculation

The probability of every outcomes p(TM) = TM/(M+N)
p(FM) = FM/(M+N)
p(TN) = TN/(M+N)
p(FN) = FN/(M+N)

The probability of mastery BR= p(FN)+ p(TM)

The probability of predicted master in SR= p(TM) +p(FM)

the population

The probability of correct decisions The probability of correct decisions = p(TM) +
P(TN)

The probability of incorrect decisions The probability of incorrect decisions = p (FN) +
p(FM)

The validity coefficient ®Dvc = p(TM) - BR(SR)

\ BR(1-BR)SR(1-SR)

9. Conclusion

Many research literatures in the past indicate that alternative conceptions related
to scientific knowledge have existed across ages and cultures. An alternative conception on
plant biology was one of the subjects having been studied, and the results reveal that
students usually constructed ideas about plants from everyday experiences: for example,
plants gain their organic material (food) from environments while photosynthesis is
perceived as the respiration of plants.

The conceptual change model, one of the well known educational theories,
explains the interaction between students’ prior knowledge and new scientific knowledge to
be learned. Four conditions have been suggested to change students’ alternative
conceptions to the scientific one. The first condition is that the new scientific conception to
be learned needs to be intelligible. It means that the students can make sense of the new
conception, and can represent this conception in different form. Second, the new scientific
conception needs to be plausible which indicates that students believe them. The students

must have evidence that support their own thinking and believing. Third, the scientific
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conception needs to be fruitful. In other words, the students perceive the scientific
conception that it is useful for them. The last condition is that the students’ alternative
conceptions need to be dissatisfied because these conceptions cannot help the students
solve problem or understand new events. The alternative conception is not plausible, or
fruitful, in other words, the status of alternative conception is lowed. The more conditions
are met, the more status of conception is raised. One of the difficulties considering how to
make new conception intelligible is the level of the scientific concept. The students may
have difficulties understanding the concept at the level of micro or symbolic.

The analogy technique can help teachers make scientific conceptions more
intelligible or plausible to the students because the analogy connects what the students are
familiar with to the abstract conception. Analogies can be presented in various forms
including text, picture, and animation. Using instructional media can bring the various forms
of analogy to the classroom environment, and facilitate learning.

Several research evidences indicated that an analogy could enhance learning,
raise the status of the students’ conception, increase knowledge retention, and motivate
students (Duit. 1991: 666; Glynn; & Takahashi. 1995: 1129; Venville; & Treagust. 1996:
295-320; Tsai. 1999: 89). The expected learning outcomes after the students learn from the
analogy technique, therefore, include students’ achievement, students’ conceptual status on
plant biology, students’ knowledge retention, and students’ satisfaction. Educational
assessment is applied to collect data from the students and interpret that data to be
meaningful. Criterion-referenced measurement was used to be the framework for analyzing

data, and the cutting score for each learning outcome will be established.



CHAPTER 3
METHODOLOGY

The purpose of this study was to develop the learning units on plant biology
incorporated with an analogy technique for lower secondary school students, and to study
learning outcomes of the students who studied through the learning units including learning
achievement, conceptual status, learning retention, and satisfaction toward the instruction.
The following steps were used as research methodology in this study

1. Research participants
2. Material of the study
3. Research method

4. Roles of individuals

5. Statistics and Data Analysis

1. Research participants

The participants in each phase of study were as follows:
1. Participants during the development of material for collecting data:
The participants during the development of materials for collecting data were
151 of lower secondary school students (grade 7) from Ratwinit Matthayom School and 48
of lower secondary school students (grade 7) from Rattanakosinsomposh Ladgrabang
School.
2. Participants during field trial study:
The participants during field trial study were one science teacher and 48 of
lower secondary school students (grade 7) from Rattanakosinsomposh Ladgrabang School.
3. Participants during main study:
The participants during main study were one science teacher and 48 of

lower secondary school students (grade 7) from Suratpittaya School.
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2. Materials of the study

Materials of this study were classified into two main parts described as follows:
2.1 The learning units
The learning unit materials which were developed based on the theoretical
framework in this study included a teaching guide and a learning guide. The teaching guide
is composed of 1) the curriculum alignment, 2) the guidelines for using analogies in
classrooms, 3) the lesson plans. The learning activities in the lesson plans were developed
based on the integration of the learning cycle model and the analogy technique. The
learning guide is composed of a lab manual, students’ texts, worksheets and assessments.
The instructional media included the analogical models, and PowerPoint presentations.
2.2 Research instruments for data collection
2.2.1 The achievement test on plant biology
2.2.2 The conceptual status test on plant biology

2.2.3 The students’ satisfaction questionnaire

3. Research methodology

The research methodology in this study consisted of two main stages including
preparatory and confirmatory stages. The process of developing and implementing the
learning units were proceed as follows:

3.1 Preparatory stage
3.1.1 Determining learning objectives
3.1.2 Building explicit steps of students’ knowledge development
3.1.3 Selecting analogies used in the learning units and
designing instructional materials
3.1.4 Evaluating instructional materials
3.1.5 Developing materials for collecting data
3.1.6 Preparing the participating teacher
3.1.7 Conducting field trial study
3.2 Confirmatory stage
3.2.1 Conducting main study
3.2.2 Analyzing data and evaluating the learning units
Both stages are summarized and presented as the methodology framework

shown in figure 12.
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1. Determining learning

objectives

-analyze the learning standards in Thailand’s Basic Education Curriculum B.E. 2551

-establish learning objectives of the learning units.

2. Building explicit steps of
students’ knowledge

development

-specify the process of knowledge structure development by constructing the

concept flow.

v

-categorize scientific concepts based on the multilevel of thought to identify

concepts in submicro level

3. Selecting analogies used
in the learning units and
designing instructional

materials

-select the appropriate analogies to explain scientific concepts including pictorial
verbal analogies, analogy-based animation, personal analogy and analogical models

and evaluate the appropriateness of using analogies by using the expert judging

4. Evaluating instructional

materials

-design instructional materials including teaching guide and learning guide

v

5. Developing materials for
collecting data

-The instructional materials are verified by the experts on the basis of their
consistency with the learning objectives and the instructional model.

The instructional materials are revised based on experts’ suggestions.

v

6. Preparing the teachers

- develop the research tools for collecting data including achievement test,

conceptual status test and student’s satisfaction questionnaire.

v

- organize teacher meeting and workshop to prepare the participating teachers.

7. Conducting field trial study

Confirmatory stage

-conduct teaching experiment in a classroom, and collect quantitative and

qualitative data as the evidence of student’s learning.

8. Conducting main study

v

-implement the instructional unit in a classroom, and collect quantitative and

qualitative data as the confirmation results of this study.

9. Analyzing data and

evaluating the learning units

-evaluate the instructional units based on the analysis of research data, and revise

the instructional units.

FIGURE 12 FRAMEWORK FOR RESEARCH METHODOLOGY
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The first phase began with the analysis of the learning standards in

Thailand’s Basic Education Curriculum B.E. 2551, and then the learning objectives of

the learning units were established.

Step 1: The Analysis of the Learning Standards

The purpose of this analysis was to identify the scientific content

concerning the plant biology subject in Thailand’s Basic Education Curriculum B.E. 2551.

The scientific content was selected as shown in Table 7

TABLE 7 THE LEARNING UNIT CONTENTS

Topics Contents

Periods

Weeks

Plant cell and The variety of cell shape and size of living things

1

organelles Cell structure and the difference between plant cells

and animal cells

1

The function of certain cell organelles

Plant transportation The structures and functions of root, stem and leaf

Transportation through xylem and phloem

Diffusion and Osmosis process

Transpiration process and gas exchange in plants

Photosynthesis The difference between plants and animals about

how they obtain food.

Photosynthesis process

The effect of certain factors on the rate of photosynthesis

The products of photosynthesis and their transformation

The importance of photosynthesis for other living things and the

environment

a|lo o | b

Plant reproduction The structure of flowers

Sexual reproduction and asexual reproduction

Plant response Response to light, gravity and touch

Total

18

| O || O
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Step 2: The Establishing of Learning Objectives
From the results of the previous step, the learning objectives of the
learning units were establish considering the content and the appropriate cognitive skills
based on Bloom’s taxonomy. The details of content and cognitive skills are described in
Table 8.
3.1.2 Building Explicit Steps of Students’ Knowledge development

This step was to build explicit steps of students’ learning that describes
the processes involved in the construction of knowledge. In order to achieve this objective,
the concept flow (firstly originated by The Institute for the Promotion of Teaching Science
and Technology in Thailand) was constructed to represent the expected process of learning
scientific concepts. This concept flow is also described in Table 8 and it was used to

design learning activities and instructional media in the next phase.

TABLE 8 THE OUTLINE OF LEARNING OBJECTIVES AND CONCEPT FLOW

Content Learning objectives Concept flow

1. The variety of 1. Explain the variety of cell shape There are different types of cells which
cell shape and and size of living things considering  have different shapes and sizes depending
size of living things the function of each type of cell. on specific functions of those kinds of cells.
2. Cell structure 2. Identify cell structure from Cell structures compose of three main
and function and diagram. parts which are cell membrane, cytoplasm,
the difference and nucleus.

between plant 3. Compare the difference between ¢

and animal cells the structure of plant Cell membrane is a layer that surrounds

. the cell. It controls the transportation of
and animal cells.

substance trough cells.

4. Describe the function of certain ¢

cell components including cell wall, Cytoplasm is a clear, jellylike material

between the cell membrane and the
cell membrane, cytoplasm, nucleus,

nucleus. There are several organelles being

v

Nucleus is the cell part that controls

chloroplast and vacuole.
in cytoplasm.
5. Explain why animal cells cannot

make their own food. most of the cell’'s activities. It contains

genetic material that determines what traits

living things will have.
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Contents

Learning objectives

Concept flow

6. Apply the concepts of cell

structure to identify unknown cells.

The structures of plant cell differ from
those of animal cell in that plant cells have
cell wall, chloroplast and central vacuole
which do not appear in animal cells.

v

Cell wall is a thick outer covering
outside the cell membrane. It protects and
support cell shape. The cells of plants,
algae, fungi, and some bacteria have cell
walls. Animal cells do not have cell walls.

v
Chloroplast is an organelle that
contains the green pigment, chlorophyill.
Chloroplast is the place where
photosynthesis occurs.
v
Central vacuole is a liquid-filled space
that stores food, water, and minerals. In
most plant cells, the central vacuole takes
up a large amount of space within the cell.
The fluid inside the vacuole helps to support
the plant. An animal cell does not have
central vacuole but it may have small
vacuoles storing substances. Some single-
celled organisms have vacuoles controlling

water balance in their cells.

3. The structure
and functions of

root and stem

7. Recognize the structure of root

and stem.

8. Explain why the structure of root

is proper for water uptake.

A root is the plant part that takes in
water and minerals for plants.

Water with minerals enter the root
through the root hairs which increase the
surface area of the root and so increase the

amount of water that can be absorb.

!
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Contents

Learning objectives

Concept flow

9. Identify the structure inside stem

that transports water and food.

A stem is a plant part that supports the

plant and transports materials.

'

Water and dissolved minerals taken in

by the roots is transported up through the

'

Food in the form of sugars that are

stem.

made in leaves is also transported through

stems.

4. The structure
and functions of

leaf

10. Recognize main parts of a leaf
including a stalk, a blade, a midrib,

and veins.

11. Explain why plant leaf is usually

green.

12. Identify structures and functions
of tissues in plant leaf including
epidermis, mesophyll, xylem and

phloem.

13. Describe functions of veins.

Leaves are the main plant parts that
make food. They are usually green and are

made up of a stalk, a blade, a midrib, and

|

A leaf composes of different kinds of

veins.

tissues including epidermis, mesophyll,
xylem and phloem.

Veins carry water and nutrients from the
plant’s roots to the leaves. The veins also
deliver organic molecules produced in the

leaves to other parts of the plant.

5. Transportation
through xylem and

phloem

14.Describe functions of xylem and

Phloem.

Water and mineral moves from root to
other parts of plants through xylems, and
sugar produced by leaves move to stem
and root through phloem. The arrangement
of xylem and phloem in dicot plants is
different from the arrangement in monocot

plants.

6. Diffusion and

Osmosis process

15. Explain the movement of

particles during diffusion process.

Diffusion is the random movement of
particles from a more concentrated to a less

concentrated area.

'
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Contents

Learning objectives

Concept flow

16. Explain the movement of water

molecules during osmosis process.

17. Explain why water can move to

root cell with osmosis process.

18. Apply the concepts of diffusion

and osmosis to solve problems.

Osmosis is the movement of water
molecule across the semi-permeable
membrane from the lower concentrated

solution to the higher concentrate solution.

Water moves to root cells because the
solution in cell is more concentrate than the
soil solution; therefore, the water osmosis

from the soil to root cells.

7.Gas exchange
and transpiration

process.

19. Identify stomata and guard cells

from diagram.

20. Explain the function of guard
cells in term of changing the size

of stomata.

21. Explain rate of transpiration that
is influent by humidity, temperature,

water availability, and light intensity.

22. Describe how carbon dioxide
enters to a leaf and oxygen gas

is released during photosynthesis.

23. Apply the concepts of

transpiration to solve problems

A stoma is a small pore in the epidermis
of a leaf. Around the stoma are two bean-

shaped cells called guard cells.

The guard cells control the opening of
a stoma to allow gas exchange between a
leaf and the atmosphere by changing
shape, widening or narrowing the gap

between the two cells.

Transpiration is the process of water
evaporation and diffusion through the

stomata of leaves.

Rate of transpiration is influent by
humidity, temperature, water availability,
and light intensity because these factors
affect the evaporation and diffusion of water

vapor and affect changing the size of a

'

Carbon dioxide enters to a leaf and

stoma.

oxygen gas is released during

photosynthesis through stomata

'
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Contents

Learning objectives

Concept flow

Stomata are usually opened during
the day to take in carbon dioxide for
photosynthesis and closed at night. Stomata
are also closed during the day to prevent

losing water too fast.

8. The difference
between plants
and animals about
how they obtain

food.

24. Compare the difference
between plants and animals about

how they obtain food.

How plants obtains their food differs from
animals. Plants make their own food
internally while animals gain material which
is source of energy, and building material

from eating other living things.

9.Photosynthesis

process

25. Describe the process of
photosynthesis which includes
identifying raw material, energy
source, products and the function of

chlorophyll.

Photosynthesis occurs in chloroplast
which has green pigment called chlorophyll.
v

Photosynthesis is the process that plants
use light energy capturing by chlorophyll to
make sugar from carbon dioxide and water.
Another product of photosynthesis is

oxygen.

10.The effect of
certain factors on
the rate of

photosynthesis

26. Explain why the amount of
carbon dioxide affect the rate of

photosynthesis

27. Explain why the intensity of light

affect the rate of photosynthesis

28. Apply the concepts of essential
factors of photosynthesis to predict

phenomena.

When carbon dioxide increases, the rate
of photosynthesis also increases until

another factor is not available such as an

!

When light intensity increases, the rate

enzyme.

of photosynthesis also increases until
another factor is limited. If a plant receives
too much light from the sun, leaf cells can

be damaged.

11. Starch
accumulation as
the result of

photosynthesis

29. Give examples of plant
products that came from the
transformation of sugar such as

starch, protein, lipid etc.

Plants transform sugar to starch,
protein, lipid etc. via chemical reactions.
Some reactions include mineral from soil

such as producing protein, chlorophyll,

{

vitamin etc.
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Contents

Learning objectives

Concept flow

12. The important

of photosynthesis
for other living
things and

environment

30. Describe how photosynthesis is
important for other living things and

environment

Animals depend on plants for food as
well as oxygen. Only green plants can
change light energy from sun into chemical
energy stored in food. Thus, only green
plants can make energy- containing food
that all living things need.

Photosynthesis iniease oxygen in

atmosphere in which living things can use

}

Photosynthesis decreases carbon

for respiration.

dioxide in atmosphere which is one of the

green house gases causing global warming.

13. The structure

of flower

31. Identify main parts of flower and
the flower’s reproductive organs

including stamen and carpel.

In flowering plants, the structure specific
to reproduction is the flower. Flower's main

parts are sepals, petals, stamens and

{

The flower’s reproductive organs are the

carpels.

stamen which is the male organ and carpel
which is the female organ.

At the tip of eachlstamen is the anther,
a sac in which pollen grains develop. The
tip of the carpel, the stigma, is the receiving
surface for pollen grains brought from other
flowers by wind or animals. The base of

carpel is the ovary producing ovules

v
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Contents

Learning objectives

Concept flow

14. Sexual
reproduction and
asexual

reproduction

32.Describe the process of plant
sexual reproduction including

pollination and fertilization.

33.Describe how plants can
reproduced without sexual

reproduction.

34.Describe the method of plant

tissue culture.

Sexual reproduction begins with
pollination, the delivery of pollen to the
stigma of a carpel by animals or wind. After
pollination, the pollen grain germinates on
the stigma. The pollen tube grows
downward into the ovary and the sperm

fertilizes the egg forming a seed. The ovary
develops into a fruit.

'

Asexual reproduction is the creation
of offspring derived from a single parent
without fertilization. Asexual reproduction in
plants often involves fragmentation, the
separation of the parts into whole plants.

.

Plant tissue culture is biotechnology
for vegetative reproduction. Small parts from
single plants are cultured in a chemical
medium. Using this method, a single plant
can be cloned into thousands of copies that
will continue to grow when transferred to

soil.

15.Plant

responses

35. Describe how plants response

to light, gravity and touch.

36. Apply the concepts on plant
responses to explain the scientific

evidence from experiments

The growth of a shoot toward light is
called phototropism. Phototropism is an
adaptive response directing growing
seedling and the shoots of mature plants
toward the sunlight they need for

photosynthesis

A plant’'s growth response to gravity,
gravitropism, make the roots grow
downward into the soil, no matter how the

seed lands or is planted in the soil

v
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TABLE 8 (continued)

Contents Learning objectives Concept flow

Growth movement in response to
touch is called thigmotropism. Most climbing
plants have tendrils that respond by coiling
and grasping when they touch rigid objects.
Thigmotropism enables these plants to use
other objects for support while growing

towards sunlight.

3.1.3 Selecting analogies used in the learning units and designing

instructional materials

The purpose of using analogies in this study was to make scientific
concepts in the submicro level intelligible and plausible. Therefore, the objectives of this
phase were to identify which concepts are in the submicro level and to select analogies that
are appropriate for presenting those concepts. Then, the instructional materials were
designed including a teaching guide, a learning guide, instructional media, and assessment
tools.

Step 1: The Identification of submicro concepts

In this step, the scientific concepts in the submicro level were identified
using the theoretical framework of the multilevel thought originated by Alex Johnstone
(1993: 118). This theory indicates that scientific concepts have the level of abstractness
which includes macro, submicro, and symbolic level (Figure 2). Scientific conception in
macro level can be observed usually in classroom laboratory while the concepts in the
submicro level cannot be directly observed such as cell process and the explanation of
molecular phenomena in term of the movement of molecules. The symbolic level considers
the way to represent chemical substances by formulae and their change by equations. The
difficulty of learning biological concepts depends on how well students make connection
between different levels of thought.

Many research suggested that students usually have difficult time

relating the concepts in macro level with the explanation in the submicro level. From this
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theoretical framework, the expected science concepts are categorized into groups based on

their level of abstractness as shown in Table 9.

TABLE 9 THE LEVEL OF SCIENTIFIC CONCEPTS

The level of concepts Contents

Macro Plant cell

-The structure of plant cells and animal cells

Plant transportation
- The structure and function of roots, stem and leaf

- Transportation through xylem

Photosynthesis
- The scientific idea about food
- Starch accumulation as the result of photosynthesis
- The important of photosynthesis for other living things

and the environment

Plant reproduction
- The structure of flower

- Sexual reproduction and asexual reproduction

Plant responses

-Plant response to light, gravity, and touch

Submicro Plant cell

-The function of certain cell organelles

Plant transportation
-The movement of particles in the process of diffusion

-The movement of water molecules in the process of osmosis

Photosynthesis
- Photosynthesis process

- The effect of certain factors on the rate of photosynthesis

Symbolic Photosynthesis

- Chemical formula for the photosynthesis process

Step 2: The selection of appropriate analogies for presenting concepts in
sub-micro level.
According to the previous step, the scientific concepts considering at the

sub-micro level are abstract and cannot be observed such as the movement of particles
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indiffusion and osmosis process, the functions of certain cell organelles, and the process of
photosynthesis. Various modes of analogy presentations were selected considering the
appropriate formats for the target concepts. All analogies in this study are enrich analogies
which has an explicit explanation as to how the analogs are liked the targets in order to
help students understand the abstract scientific concepts in the context of familiar ideas.
After the analogies were selected, they had to be verified by the experts who are scientists
and science educators in order that the analogies were qualified as the appropriate ones to
use in a classroom. The summary of selected analogies and the scientific concepts are
presented in Table 10. The result of analogies verification was presented later in chapter 4.

Step 3: Designing instructional materials

After the analogies were verified by the experts, they were used in the
process of designing instructional materials including the teaching guide and the learning
guide. Laboratory and learning activities were organized based on the learning cycle
instructional sequences, and the analogies used in the term introduction phase of the

learning cycle where the scientific concepts were introduced to the students.

3.1.4 Evaluating instructional materials
The purpose of this phase was to evaluate the instructional materials in
terms of the pedagogical features. In other words, the instructional materials are verified on
the basis of their appropriateness and the consistency with the learning objectives, the
model of the student’s learning, and the instructional model. In this phase, the teaching
guide and the learning guide were examined by the experts including science educators

and scientists. The instructional materials were revised as suggested by the experts.
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analogs

targets

analogies

mode of analogy presentations

text

pictorial

animated

personal

model

1. Functions of
the structures
of a house

- Concrete

fence

-House wall

- Area inside

the house

1. Functions of
certain
organelles

-Cell wall

-Cell membrane

- Cytoplasm

- Concrete fence of the

house is liked cell wall in
that it protects the house
liked cell wall protects the

cell.

- House wall covers area
inside the house liked cell
membrane covers area
inside the cell. House wall
has doors which allow
people get inside or
outside liked the cell

membrane has channels.

- The area inside the
house is liked cytoplasm
in that it is the place
where family activities
happen liked there are cell
activities happen in
cytoplasm. The area
inside the house also
composes of many rooms
which have different
functions liked there are
many kinds of organelles
which have different

functions in the cytoplasm.

\/

\/
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TABLE 10 (continued)

analogs targets analogies mode of analogy presentations

text pictorial animated personal model

- House - Nucleus -House owner room is the \/ \/
owner room place the owner lives, and
the owner is the one who
control all activities in a
house liked the nucleus in
that it contains genetic
materials that control all

activities in cells.

- Kitchen - Chloroplast Kitchen is the place for
cooking food like the
chloroplast is the place for
cooking food for plants in
the process of

photosynthesis

-Store room -Central vacuole -Store room is the place
for storing materials \/ \/
including food,
instruments etc. liked the
central vacuole stores
food, water, organic

matter and minerals.

2. Cooking 2.Photosynthesis  -Cooking need raw \/ \/
food materials and energy

source to produce food

like photosynthesis that

needs raw materials and

an energy source to

produce food for plants.
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analogs targets analogies mode of analogy presentations
text pictorial animated personal model
-Ingredients -Carbon dioxide - Raw materials of \/ \/
and water cooking are ingredients

while raw materials of
photosynthesis are carbon
dioxide and water.

-Heat -Light energy - Energy source of \/ \/
cooking is heat while
energy source of
photosynthesis is light
energy.

- Food - Sugar and - The product of cooking \/ \/

oxygen is food while the products

-Increasing an

ingredient

-Increasing an
amount of carbon

dioxide

of photosynthesis are

sugar and oxygen.

- When one of the
ingredients in cooking is
increased the amount of
food produced is also
increased until another
factor is not enough like
photosynthesis when
carbon dioxide increases,
the rate of photosynthesis
also increase until another

factor is not enough.

\/
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analogs

targets

analogies

mode of analogy presentations

text

pictorial

animated personal

model

-Increasing

heat

-Increasing light

intensity

- The food will be made
quickly if we increase heat
energy. However, if heat
energy increases
dramatically, the pot will
be burned. This is like
photosynthesis when light
intensity increases, the
rate of photosynthesis
also increases. However,
if a plant receives too
much light from the sun,
leaf cells can be

damaged.

\/

\/

3. The
movement of
blindfolds
people in

aroom

3. The movement
of particles in

diffusion process

- Blindfolds people in a
room move randomly from
the area where there are
more people to the area
where there are fewer
people like the movement
of particles which is
random movement from
the higher concentration
area to the lower

concentration area.
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analogs targets analogies mode of analogy presentations
text pictorial animated personal model

4. The 4. The N N
movement of movement of
foam particles gas molecules
inside the during diffusion
diffusion model process
-The movement -The movement Foam particles in the \/ \/

of foam particle

in a glass box.

of gas
molecules in a

container.

diffusion model move
randomly around the glass
box. There are the
collisions between foam
particles and other
particles, and the
collisions between foam
particles and the box wall.
This is like the movement
of gas molecules which
are random around the
space. There are the
collisions between gas
molecules and other
molecules, and the
collisions between gas
molecules and the wall of

container.
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analogs

targets

analogies

mode of analogy presentations

text

pictorial

animated personal

model

-The movement
of foam
particles from
the area where
there are more
particles to the
area where are

fewer particles.

-The movement
of foam
particles during
the time when
the average
number of
particle between
two area are

about the same

-The movement
of gas molecules
during diffusion

process.

-The movement
of gas molecules
during the

equilibrium of

diffusion process.

The result of the random
movement causes foam
particles move from the
area where there are
more particles to the area
where are fewer particles.
This is liked the
movement of gas
molecules during diffusion
process which are
randomly spread from

the area where there are
more molecules to the
area where are fewer

molecules.

Foam particles still move
around between two areas
during the time when the
average number of
particle between two
areas are about the same.
This is like gas molecules
movement during the
equilibrium of diffusion
process. Gas molecules
still move around between
two areas when the
concentration of gas
molecules between two

areas is equal.

\/

\/
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analogs

targets

analogies

mode of analogy presentations

text

pictorial

animated personal

model

5. How to make
the ratio of
beads equal
between two
side of osmosis

model

-The ratio of

beads

- Plastic plate

with many holes

-Osmosis process

- Concentration of

solution

-Semi-permeable

membrane

The different ratio of big
beads between two sides
of the model is like the
different concentration of
solute in solution while
The different ratio of small
beads between two sides
of the model is like the
different concentration of

water in solution.

Plastic plate with many
holes is liked semi-
permeable membrane
because it allows only
small beads to pass
through like Semi-
permeable membrane
allows only water
molecules to pass

through.
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TABLE 10 (continued)

analogs targets analogies mode of analogy presentations

text pictorial animated personal model

-The movement -The movement To make the ratio of \/ \/

of small beads of water molecule beads equal between two

through plastic through semi- sides of osmosis model,
plate to make permeable until the small beads have to
the ratio of the concentration  be moved through the
beads equal of solution plastic plate from where
between two between two there is higher ratio of
side of osmosis  areas are the small beads to where
model. same. there is lower ratio of

small beads. This is like
osmosis in that the water
molecules move through
semi-permeable from
where there is more
concentration of water to
where there is a less

concentration of water.
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3.1.5 Developing materials for collecting data
The research instruments were developed and piloted in this phase
including the achievement test, the conceptual status test and the student’s satisfaction
questionnaire.
3.1.5.1 The achievement Test

The achievement test was developed to assess whether the
students achieved the expected goals of the learning units. Therefore, the learning
objectives from phase one were used as the objectives to design this test. The following
steps describe the process of constructing the test.

Step 1: Constructing the table of specification which
included the content knowledge and the cognitive skills based on the learning objectives.

Step 2: Constructing the multiple choice test following the
table of specification. In order to verify the appropriateness of this test, all of the research
advisors examined the test for the consistency between the tests and the learning
objectives, and for the correction of the answers.

Step 3: Examining the validity. In this study, the method
used for gathering content-related evidence of validity was the Item Objective Congruence
(I0C). Each of experts evaluated all of items and assigns a +1 if there was a strong match
between the item and an objective, a 0 if the expert was uncertain, and a -1 if the item did
not match the objective. The results of this rating were used to calculate the index value
(Osterlind. 1998: 263). After all items had been examined by three experts, 52 items that
gained the index value more than 0.5 were selected to be used for the next steps.

Step 4: Testing the quality of the test items. One hundred
fifty one middle school students who had studied plant science from Ratwinit Matthayom
School took the test. The students’ scores from this examination were analyzed to gain
item difficulty index (p-value) and item discrimination (r) for each item (Osterlind. 1998:
266). After the test had been tried out, 40 items were selected. The p value ranked from
0.24 to 0.78, and the r value ranked from 0.20 to 0.65. More details about item difficulty
index and item discrimination were presented in appendix B.

Step 5: Examining the reliability of test scores. The test
scores from the selected test items were examine the reliability using Cronbach’s coefficient

alpha (Ql) (Gall; Borg; & Gall. 1996: 257). The reliability of test scores was 0.76.
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3.1.5.2 The conceptual status test

The conceptual status test consisted of four items in
written open-ended format which allowed the students express their own ideas in writing
essays. The questions were constructed according to the main concepts presented by
analogies including plant cell structures and functions, photosynthesis, diffusion and
osmosis in plant transportation. This test was the tool for evaluating student’s conceptual
status considering plant science which includes the intelligibility, plausibility, and fruitfulness
of the scientific conceptions. The processes of test constructing were as follows:

Step 1: Reviewing related literature concerning the status of
conceptions to construct the operational definitions which consisted of the observable
response, actions, tasks, or behaviors as evidence of a construct. Then, the indicators
were determined for evaluating the students’ status of conceptions as seen in the Table 11.

Step 2: Determining tasks that can stimulate or reflect
expected indicators. Test items and scoring rubrics were developed. Rubric was adopted
to be scoring scale in order to determine whether or not the scientific conception was
intelligible, plausible or fruitful to the students. The test items were examined by the
research advisors to verify the appropriateness of the test in terms of the consistency
between test items and the scoring rubrics.

Step 3: Examining content validity of the test. The status
of the conception essay test was examined by the experts in terms of the Iltem Objective
Congruence (IOC) as the same method as constructing the achievement test. After all
items had been examined by three experts, 3 items gained the index value more than 0.5
while one item gain I0C index = 0.33. Therefore, this item was revised considering the
expert's comment.

Step 4: Testing the quality of the test items.
The test was tried out with 47 middle school students who had participated in field trial
study from Rattanakosinsomposh Ladgrabang School. The students’ scores from this
examination were analyzed to gain item difficulty index (p-value) and item discrimination (r)
for each item (Osterlind. 1998: 266). After the test had been tried out, item difficulty index
ranked from 0.29 to 0.71, and item discrimination ranked from 0.29 to 0.75. More details

about item difficulty index and item discrimination were presented in appendix B.
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Step 5: Examining the reliability of test scores.
Forty seven middle school students who had participated in field trial study from
Rattanakosinsomposh Ladgrabang School took the test, and the students’ scores from this
examination were analyzed using Cronbach’s coefficient alpha () (Gall; Borg; & Gall.

1996: 257). The reliability of test scores was 0.79.

TABLE 11 THE OPERATIONAL DEFINITIONS AND INDICATORS FOR DETERMINING
CONCEPTUAL STATUS

The status
Operational
of Indicators
definitions

conception

Intelligibility ~ The scientific -Use a diagram or picture to represent the conception.
conception is - Use an analogy or metaphor to represent the conception.
intelligible to a student - Use a real world example to represent the conception.
when he or she knows - Use linguistic or symbolic representation to represent
what the conception the conception
means and can
represents this
conception in different
way.

Plausibility The scientific - give the reason that indicates the consistency between
conception is plausible  scientific conceptions and past experience.
to a student when he - give the reason that indicates the consistency between
or she believes that it scientific conceptions and other conceptions
is true and really - give the reason that indicates the consistency between
happens in nature. scientific conceptions and laboratory data

- give the reason that includes the causal explanation
Fruitfulness  The scientific - express the applicability of the conception

conception is fruitful to - give the statement that includes something the conception
a student when it might do in the future
achieves something of - give the statement that includes two competing conceptions

value for him/her. explicitly compared
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3.1.5.3 The student’s satisfaction questionnaire

The student’s satisfaction questionnaire was used in this
study to measure how well the learning activities, instructional media and assessment are
favorable to the students. The questionnaire composted of three aspects of satisfaction
including learning activities, instructional media and assessments. There are 34 statements
in the questionnaire which include 22 statements representing learning activity,
6 statements representing instructional media, and 5 statements representing assessment.
The following process describes the development of this questionnaire.

Step 1: Reviewing related literature concerning the
student’s satisfaction toward instruction to specify the features of instruction.

Step 2: Writing the statements that match the features of
instruction. Then, a rating scale questionnaire was constructed. It consisted of five levels of

agreement with the statements. The scores given to each level were as follow;

- Strongly satisfy the score = 5
- Satisfy the score = 4
- Uncertain the score = 3
- Dissatisfy the score = 2
- Strongly dissatisfy the score = 1

The mean score of student’s satisfaction was evaluated
comparing the criteria score (Tanaprayothsak. 2005: 58). The five category scores were as
follows:

- The mean score 4.51 — 5.00 interpreted as the highest level of satisfaction.
- The mean score 3.51 — 4.50 interpreted as a high level of satisfaction.

- The mean score 2.51 — 3.50 interpreted as a medium level of satisfaction.
- The mean score 1.51 — 2.50 interpreted as a low level of satisfaction

- The mean score 1.00 — 1.50 interpreted as the lowest level of satisfaction

Step 3: Examining the content validity of student’s
satisfaction questionnaire. The questionnaire was examined for the validity by the experts
in term of the Item Objective Congruent (IOC) as the same method as constructing the
achievement test. After consulting with the experts who are specialized in educational
measurement and evaluation, the statements regarding the assessment aspects of the

instruction were revised to be more accurate.
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Step 4: Examining the reliability of test scores. The
questionnaire was tried out with 47 middle school students who had participated in field trial
study from Rattanakosinsomposh Ladgrabang School, and the students’ scores from this
examination were analyzed using Cronbach’s coefficient alpha () (Gall; Borg; & Gall.

1996: 257). The reliability of test scores was .92.

3.1.6 Prepare the participating teachers
The purpose of this phase was to provide the participating
teachers an overview of the instructional materials and supporting educational theory. An
informal meeting was organized in order to demonstrate how the instructional material are

used in the teaching sequences.

3.1.7 Conducting field trial study
In this step, the learning units were used in one classroom of
lower secondary school students from Rattanakosinsomposh Ladgrabang School, and
student’s achievement scores and the student’'s conceptual status scores were collected as
post-test data. In addition, after learning with the learning unit, the student’'s satisfaction
questionnaire was used to survey the satisfaction towards the instruction. The results of
the study in this step were used to improve quality of the learning unit and to set the cutting

score for evaluating the learning units in the last phase.

3.2 Confirmatory stage
3.2.1 Conducting main study

The instructional unit was implemented in one classroom of lower
secondary school students from Suratpittaya School. Data collection included pre-test and
post-test of student’s achievement scores and the student's conceptual status scores.
The student’s satisfaction towards the instruction was collected after the implementation.
After two weeks of the main study, the students took the achievement test again as learning
retention test. Classroom observations and teacher interviews were documented by the
researcher in order to gather qualitative data. All of these results were analyzed to test the
research hypotheses. The procedure and research tools in this step are summarized and

presented in Figure 13.
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, , Before The learning unit After After 2 weeks
Data collection periods » ) . -
instruction implementation ”| instruction » of instruction
A A
1. Achievement test 1. Achievement test Achievement test
Research tools 2. Student’s conceptual 2. Student’s conceptual
status test status test

3. Student’s satisfaction

questionnaire

FIGURE 13 RESEARCH TOOLS USED IN EACH PERIOD OF STUDY

3.2.2 Analyzing data and evaluating the learning units

The objective of this phase was to test the research hypotheses.
To achieve this purpose, all of research data was analyzed. These data included pre-test
and post-test scores from the achievement test and the student’s conceptual status test,
the student’s satisfaction scores, and the student’s score from the knowledge retention test.
The data from the above instruments were analyzed using the following methods.

Step1: Determining the cutting score based on Berk (see chapter 2)

Step2: Analyzing students’ achievement scores. Descriptive statistics
used in this study were mean and standard derivations. To determine the significant
difference between students’ achievement scores before and after the instructional unit
implementation the statistics used was the t-test for paired samples. To determine the
significant difference between students’ achievement scores after the instructional unit
implementation and the cutting score of the student’s achievement, the statistics used was
the t-test for one sample statistics scores.

Step3: Analyzing students’ conceptual status scores. Descriptive
statistics used were mean and standard derivation. To determine the significant difference
between students’ conceptual status scores before and after the learning units
implementation, the statistics used was the t-test for paired samples. To determine the
significant difference between students’ conceptual status scores after the learning unit
implementation and the cutting score of the students’ conceptual status scores, the statistics

used was the t-test for one sample statistics scores.
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Step4: Analyzing students’ satisfaction scores. Descriptive statistics used
were mean and standard derivations. To determine the significant difference between
students’ satisfaction scores after the learning unit implementation and the criteria score
setting, the statistics used in this study was the t-test for one sample statistics scores.

Step5: Determining the significant correlation between students’
achievement scores after two weeks of the learning units implementation (retention scores)
and the conceptual status scores. The statistics used in this study is the Pearson product

moment correlation.

4. Roles of individuals
People who involve in this study were as follows:
4.1 The researcher
The researcher developed the learning units on plant biology based on
the integration of the analogy technique and the learning cycle. The learning units included
lesson plans, student’s guidebook, instructional media and assessment tools. In field trial
study, the researcher and the participating teacher collaborated on classroom teaching to
adjust the learning activities that should be appropriate for the students. In main study, the
researcher observed classroom activities to collect qualitative data for the final evaluation of
the learning units.
4.2 The secondary school science teachers
Two secondary school science teachers collaborated with the researcher
for this study. One teacher participated in the field trial study and the other in the main
study. They used the learning units to teach plant biology in their classes, and give
feedback to the researcher to improve the learning units.
4.3 The secondary school science students
The students from three schools participated in this study. Four
classrooms were involved during the development of materials for collecting data. Student’s
achievement test was tried out with three classrooms of students from Ratwinit Matthayom
School. The student conceptual status test and student’s satisfaction questionnaire were
tried out with one classroom of students from Rattanakosinsomposh Ladgrabang School
which was also involved in the field trial study. One classroom of students from Suratpittaya
School participated in the main study. The results of the students’ learning outcomes in the

main study were analyzed to test the research hypotheses.
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5. Statistics and Data Analysis
The statistics used in this study were as follows:
5.1 Statistics for judging the quality of test items
Item Difficulty and Discrimination index for item on the achievement tests were

calculated using these formulas (Kerlinger; & Lee. 2000: 660-661):

. number of people answering item correctly
Item Difficulty Index =

number of people answering taking test

Discrimination index for item = P P

" B

# of people in Top group

where P is the number of people in the top group that got the item correct
P is the number of people in the bottom group that got the item

correct

5.2 Method for evaluating validity and reliability
5.2.1 Validity of test items
The Item Objective Congruence (IOC) was used in this study to
determine the validity of test items in all research tools. This method originally developed
by Rovinelli and Hambleton to analyze and interpret item evaluation data from the experts.

The formula for this method is as follows (Taweerat. 1997: 117):

IOC = 2R
N
where |OC is the index value
2R is the summation of experts’ opinion marks

N is the number of experts
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5.2.2 Reliability of test scores
Cronbach’s coefficient alpha was used to estimate reliability of
scores for the achievement test, the conceptual status test and the student’ satisfaction

questionaire. The formula for this method is as follows (Kerlinger; & Lee. 2000: 656):

k 2V,
=G {1_ vt}

where O is reliability of the test scores

k is the number of items on the test
V, is the variance of the total scores

V, is the variance of item

5.3 Inferential statistics

5.3.1 t-test for one sample
One sample t-test statistic was used to compare the student’s mean
score and the criterion score whether or not there was a significant difference between
them. In other word, this method examined whether the student's mean score was
significantly higher than the criterion score. The mean scores from the students’
achievement test and the students’ conceptual status test were compared with the cutting
score of each test. The mean score from the student’s satisfaction questionnaire was
compared with the setting criterion score. The formula of one sample t-test statistics is as

follows (Aron; & Aron. 2003: 307):
t= M-p
Sm
where t is tscore

M is mean score of sample

LL is mean score of population

Sy is the standard deviation of mean
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5.3.2 t-test for paired sample
One sample t-test statistic was used to compare the student’s mean

score before and after the instruction to see whether there was a significant difference
between them. In other words, this method examined whether the student's mean score
after the instruction was significantly different from the score before the instruction. The
formula of t-test for paired sample looks similar to the formula of t test for one sample but
certain symbols have different meaning as follows:

t= M-1L

Sm
where t istscore
M is mean difference score
L is mean score of population and
this score is assumed to be 0

Sy is the standard deviation of mean

5.3.3 The Pearson product moment correlation
Correlation Coefficient using in this study was the Pearson product
moment correlation. This statistics method was used for examining the relationship between
student’s achievement score after two weeks of the instruction and student's conceptual
status scores. The formula of the Pearson product moment correlation is as follows

(Chatterji. 2003: 331):

SXY — (ZX) (2Y)

N
- e
N N

where ris the product moment correlation

r=

X and Y are variables to be examined relationship

N is the number of individuals measured



CHAPTER 4
RESULTS OF THE STUDY

This chapter presents the results of the study which focused on developing and
implementing plant biology learning units incorporated with the analogy technique for lower
secondary school students. The research methodology consisted of two main stages
including preparatory and confirmatory stages. In this chapter, data gathered from the
preparatory stage are presented including the outcomes of developing the learning units,
evaluating instructional materials, and conducting field trial study. This chapter also presents
the results from the confirmatory stage study which includes the results of the student’s
achievement, conceptual status, learning retention, satisfaction toward the instruction, and
results of classroom observations and the teacher’s perspective on using analogies in the

science classroom.

SECTION | THE PREPARATORY STAGE

The analogy technique is the teaching method that uses analogies as the tools for
rendering scientific concepts more intelligible and plausible, specifically making abstract
concepts more intelligible for the students. Various modes of analogy presentations were
selected considering the appropriateness for the target concepts. All analogies in this study
were enrich analogies which had an explicit explanation of how the analogs were liked the
targets in order to help students understand the abstract scientific concepts in the context of
familiar ideas. After the analogies had been selected, they were used in the process of
developing the learning units. This session presents the outcome of developing the learning
units, evaluating instructional materials, developing materials for collecting data, and

conducting field trial study respectively.
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1. The results of developing the learning units
1.1 The results of analogy verification.

The scientific concepts in sub-micro level are abstract and cannot be
observed; examples are the movement of particles in diffusion and osmosis process, the
functions of certain cell organelles, and the process of photosynthesis. There were five
analogies selected to teach these concepts. The analogies included comparing the cell with
house, comparing photosynthesis with cooking food, gas diffusion model, and an osmosis
model. All of these were described in detail earlier in chapter 3 (p.70-77). After the
analogies had been selected, they were verified by three experts who are scientists and
science educators in order that the analogies were qualified as suitable ones to use in a
classroom. Index of Congruence (IOC) was used to determine whether the analogies were

suitable for teaching scientific concepts. The results are presented in Table 12.

TABLE 12 THE ANALOGY VERIFICATION BY THE EXPERTS

analogs targets analogies 10C

1.a house the function of each The function of each component in the 1
componentin a plant cell house is like the function of each a

component in a plant cell.

2. cooking photosynthesis Cooking needs raw materials and 1
energy to produce food. Photosynthesis
also needs raw materials and energy to

produce food for plants.

3. blindfolded the movement of Random movement of children in the 1
children in particles in the room is like random movement of

the room diffusion process particles in the diffusion process.

4. gas the movement of The movement of foam particles in the 1
diffusion gas molecules in the model is like the movement of gas

model diffusion process molecules in the diffusion process.

5. osmosis the movement of The movement of beads in the model is 1
model water molecules in like the movement of water molecules

the osmosis process in the osmosis process.
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The Index of Congruence (IOC) indicated that all of selected analogies were
suitable for using in the process of developing the learning units. In addition, there was a
suggestion from one of the experts about the possibility to use student generated analogies
for their own learning. This suggestion was taken into consideration for designing the

learning activities.

1.2 The result of developing the learning activities incorporated with
analogy technique
Laboratory and learning activities were organized based on the learning cycle
instructional sequences, and the selected analogies were used in the term introduction
phase of the learning cycle where the scientific concepts are introduced to the students.
After the learning activities had been designed, the teaching guide was developed including
the lesson plans, instructional media, assessment tools, and the teaching guide for using

analogies in the learning cycle model. The brief content and learning activities are

presented in Table 13.

TABLE 13 THE CONTENT AND LEARNING ACTIVITIES

learning activities incorporated with analogy technique

content
Exploration

Term Introduction

Concept Application

-Students explore
various cell
micrographs.
cell - Students use
microscopes to
explore plant cell and

animal cell structure

-A teacher introduces
the house analogy to
explain functions of
each component in
plant cell.

-Students make their

own analogy.

-Students use their
conceptions about
the difference
between plant cells
and animal cells to
identify the unknown

cells.

-Students use

microscopes to
plant structure and

explore structure of
transportation in

roots, stems and leave
plant

and identify vascular

tissue.

-A teacher introduces
blindfolded children in
the room analogy to
explain random

movement of particles

-Students use their
conceptions about
diffusion to explain
how transpiration

occurs in plant.
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content

the learning cycle incorporated with analogy technique

Exploration

Term Introduction

Concept Application

-A teacher
demonstrates the
diffusion and osmosis

phenomena.

-A teacher introduces
gas diffusion
analogical model to
explain gas diffusion.
-A teacher introduces
osmosis analogical
model to explain

osmosis process.

- Students use their
conceptions about
osmosis to explain

plasmolysis process.

photosynthesis

-Students explore
starch accumulation in
different parts of
plants, and differently
manipulated

environments.

-A teacher introduces
The cooking analogy
to explain the
photosynthesis

process.

-Students design an
experiment to study
some factors that
affect the rate of

photosynthesis.

plant reproduction

-Students explore the
important parts of a
flower.

-Students explore
plant tissue culture

procedure.

-A teacher manages
classroom discussion
about sexual and

asexual reproduction

in plants.

-Students analyze
academic articles
about how people
use the ideas about
plant reproduction to

improve agriculture.

plant response

-Students explore
plant responses to
light, gravity and

touch.

-A teacher manages
classroom discussion
about plant

responses.

-Students use their
ideas to solve the
problem concerning

plant response.
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1.3 The results of developing the teaching guide

The teaching guide is the collection of instructional materials which provide the
guidelines for instruction through the learning units. It was composed of three main parts
including 1) the curriculum alignment, 2) the guideline for using analogies in classrooms, 3)
the lesson plans.

The curriculum alignment included pages presenting the alignment among the
learning objectives, the indicators, and the learning content according to the Basic
Education National Curriculum B.E. 2551. There were also pages presenting the alignment
of the learning objectives, concept flow, the learning activities and assessments. This
information can be useful for the teachers to apply the learning units with the school based
curriculum which is also based on the Basic Education National Curriculum of 2008.

The guideline for using the analogy technique provided not only the details of
all analogies used in this study but also the educational theories and references on
teaching with analogies and the learning cycle.

The lesson plans consisted of the learning objectives, main concepts, student’s
prior knowledge, classroom management and the instructional process which is divided into

the teacher’s roles and the student’s roles in each sequence of instruction.

1.4 The results of developing the learning guide

The learning guide is the instructional material that is intended to help students
achieve the expected learning objectives. This guidebook consisted of the lab manual,
student’s texts, worksheets and assessment. The lab manual included hands-on activities,
especially for students to explore scientific evidence in the exploration phase of the learning
cycle. The student’'s texts included the content of each unit and text-based analogy
providing the comparison between the analogs and the target concepts to be explained.
Worksheets and assessment provided the opportunity for the students to check their

understanding and for the teacher to assess the student’s learning.
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2. The results of evaluating the instructional materials
In this step, two experts who are science educators and one being a scientist
examined the instructional materials in terms of their consistency and appropriateness. The

results are presented as follows:

2.1 The appropriateness of the teaching guide

The evaluation included seven aspects of each learning unit as follows:
the learning objectives, the learning activities, the sequence of activities, time allocation, the
appropriateness of content for student’s age, the appropriateness of content for knowledge
acquisition and the student's assessment. Moreover, the appropriateness of the overall
curriculum had also been examined by the experts. The results are presented in Table 14,
and more details for this evaluation are presented in Appendix B.

From the results, most aspects of each unit were qualified at the high level of
appropriateness. Thirteen aspects were qualified at the highest level of appropriateness
including; the learning objectives of unit 2 (plant structure and transportation in plants, unit 4
(plant reproduction) and unit 5 (plant response) ; the learning activities of unit 4 ; the
sequence of activities of unit 2 and unit 3 (photosynthesis) ; the appropriateness of contents
for student's age of unit 4 and unit 5; the appropriateness of content for knowledge
acquisition of unit 1 (cells), unit 2, and unit 5; and the assessment of unit 2. The
examination of the overall curriculum also suggested that the teacher's guide was

appropriate for the teacher to implement in science classroom.
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TABLE 14 EVALUATION OF TEACHING GUIDE APPROPRIATENESS

list of evaluation level of appropriateness

unit1 unit2 unit3 unit4 unitb

1. the learning objectives 4.67 5.00 4.33 5.00 5.00
2. the learning activities 4.33 4.33 4.33 4.67 4.33
3. the sequence of activities 4.33 4.67 4.67 4.33 4.33
4. time allocation 4.00 4.33 4.33 4.33 4.33

5. the appropriateness of content
4.33 4.33 4.33 4.67 4.67
for the student’s age

6. the appropriateness of content
4.67 4.67 4.33 4.33 4.67
for knowledge acquisition

7. student’s assessment 4.33 4.67 4.33 4.33 4.33

2.2 The consistency of the teaching guide
The consistency of the teaching guide refers to how well the elements of
learning units are consistent with each other. The experts considered the consistency of
learning objectives, content, instructional model, learning activities, and assessment.
Results of this examination were reported in terms of the IOC indexes which were between
0.67-1.00. These results, presented in Appendix B, indicated that all elements in the

learning units were consistent with one another.

2.3 The appropriateness of the learning guide

The evaluation included three aspects of each learning unit as follows:
guidelines for learning activities, worksheets, and student’s texts. Moreover, the overall
student’s guide appropriateness had also been examined by the experts. The results are
presented in Table 15, and more details for this evaluation are presented in Appendix B.

The results indicated that most aspects of each unit were qualified at the high
level of appropriateness. Moreover, all aspects of the student's guide of unit 2 were
qualified as the highest level of appropriate. The examination of the overall curriculum also
suggested that the student’s guide was appropriate for the students to use in the science

classroom.
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TABLE 15 EVALUATION OF LEARNING GUIDE APPROPRIATENESS

level of appropriateness

list of evaluation
unit1 unit2 unit3 unit4 unitb

1. guidelines for learning activities 4.67 4.67 4.33 4.33 4.33
2. worksheets 4.67 4.67 4.33 4.33 4.33
3. student’s texts 4.33 4.67 4.33 4.33 4.33

2.4 Opinions of the experts on the instructional materials

The experts not only evaluated the teacher's guide and student’s guide
quantitatively, but also gave useful suggestions for improving the instructional materials.
The experts’ opinion can be summarized in three aspects which are outlined below.

2.4.1 Learning guides especially the students’ text and worksheets should be
accessible to students. The language use and the arrangement of text should be designed
in the proper manner according to the student’'s age. There were some words in the
student’s guide that might lead to misunderstanding. Therefore, some of the student’s text
and worksheets were revised according to the expert's comments.

2.4.2 Some classroom activities could be changed to be used as outside
classroom activities, for example: students should complete the learning activity in unit 5 at
home and bring the results to discuss with other students in class. Moreover, some
laboratories should be changed to be demonstration activities by the teachers so that the
time allocation would be appropriate such as the plant tissue cross section activity.

2.4.3 The student exercise at the end of units should be added so that
students are able to review the main concepts they have learnt. The answer sheets should
be also added to the teacher's guide so that the teacher is able to examine student’s
answers and gives feedback to the students if necessary.

All comments and suggestions from the experts were taken into
consideration while the learning units were being revised.

In conclusion, the learning units were developed and examined
according for their appropriateness and consistency, and were revised based on the
expert's suggestions. All of these research materials were ready to be implemented in the
next phase of study, conducting the field trial study. The results of this implementation are

presented in the next section.
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3. The results of conducting the field trial study

The revised learning units were implemented in one classroom from
Rattanakosinsomposh Ladgrabang School. Forty-seven lower-secondary school students
participated in this phase of study. The participating teacher collaborated with the
researcher managing learning activities as co-teaching. Two weeks before the
implementation of the learning units, the participating teacher had studied the teacher’s
guide including the lesson plans and laboratory worksheets. In addition, an informal meeting
was organized in order that the researcher had the opportunity to demonstrate how
analogies were introduced to the students. Results of the study in this step were used to
improve the quality of the learning units in terms of time allocation and the appropriateness
of instructional sequence, and to set the cutting score for evaluating the learning units in the
confirmatory stage.

The learning units were implemented for six weeks. After the instruction, the
student’s achievement scores and conceptual status scores were collected as the learning
outcomes of the instruction. These research data were used for setting the cutting score.
The student’s satisfaction towards the instruction was collected using the questionnaire.
Table 16 presents mean score, maximum score, minimum score and standard deviation of

student’s achievement and conceptual status scores after the instruction.

TABLE 16 THE STUDENT'S SCORES AFTER THE INSTRUCTION

results
student’s scores after the instruction p—
X max min S.D
1. student’s learning achievement 20.31 32 9 5.34
2. student’s conceptual status 20.04 32 13 4.22

Table 16 shows the mean and standard deviation of students score from the
achievement test which are 20.31 and 5.34 respectively. For the conceptual status test, the
mean and standard deviations are 20.04 and 4.22 respectively. In addition, Table 16 also

shows maximum and minimum scores for each test.



97

The result of student’s satisfaction toward the instruction was analyzed in three

aspects including learning activities, instructional media and assessment. Table 17 shows

the result which indicates that all aspects was favorable to the students at a high level of

satisfaction. Moreover, the overall of the instruction was favorable to the students at a high

level as well.

TABLE 17 THE STUDENT’S SATISFACTION TOWARD THE INSTRUCTION IN FIELD

TRIAL STUDY

aspect of instruction

level of satisfaction

X S.D interpretation
1. learning activities 3.86 0.42 high
2. instructional media 4.14 0.27 high
3. assessment 3.77 0.5 high
4. overall 3.89 0.41 high

In addition, the mean score of the student response was evaluated comparing with

the criteria score. According to chapter 3, the score 3.51 — 4.50 is interpreted as a high

level of satisfaction. The t-test for one sample statistics was used in order to test whether

the mean score was higher than the criterion score which was 3.51. The result is presented

in Table 18. More details regarding the result of student’s satisfaction toward the instruction

are presented in Appendix C.

TABLE 18 THE COMPARISON OF THE STUDENT’ S SATISFACTION SCORE IN THE

FIELD TRIAL STUDY WITH THE CRITERION SCORE

statistic test N criterion score X S.D t
1. learning activities 45 3.51 3.86 0.42 5.531*
2. instructional media 45 3.51 4.14 0.27 15.506*
3. assessment 45 3.51 3.77 0.50 3.097*
4. overall 45 3.51 3.89 0.41 6.377*

t(0.05; ar 44y = 2.015, p<0.05



98

From Table 18, the result indicated that the scores of the student’s satisfaction
toward all aspects of the instruction including the learning activities, the instructional media,
and the assessment were significantly higher than the criterion score which is 3.51 at the
0.05 level of significance. The overall of the instruction score were also significantly higher
than the criterion score at the 0.05 level of significance. This result means that after
implementing the learning units in the field trial study, the student’s satisfaction toward the
instruction was at high level. Parts of the statements in the questionnaire also asked the
students how well the analogies were favorable to the students. The results indicated that

all analogies were satisfactory at a high level as presented in Figure 14.

5 —
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FIGURE 14 LEVEL OF SATISFACTION OF ANALOGIES USED IN
THE FIELD TRIAL STUDY

Form the result presented in Figure 14, all analogies gain a satisfaction mean score
above 3.51 which indicated a high level of satisfaction. To receive more information about
student’s satisfaction toward the analogies, the students were asked to rank the analogies
by placing the analogies in order according to their favor. They assigned 1 for the most
favorite analogy, 2 for the next, and so forth. The analogy that was assigned as the fifth
ranked analogy was the least favorable to them. The results were analyzed in terms of the

frequency of the student’s responses and are presented graphically in Figure 15-16.
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For the house analogy which is a comparison between cell functions and a
house, most students ranked it as the first-ranked analogy which was the most favorable
(Figure 15). The reasons why the house analogy was favorable to the students was that the
students easily connected the relationships between the analog and the target as the
student’s responses: “This [analogy] is compared the concept with what we are familiar.” or
“ The analogy makes me study science more easily and understandable”. In contrast, the
students who assigned it as the fifth-ranked analogy gave the reason that they were not
confident that they understand and can remember the analogy as the student’s responses:

“l do not understand completely” or “I do not remember the content much”.
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The cooking food analogy compared photosynthesis with cooking food. The
ranking of cooking food analogy was various (Figure 15). Eleven students assigned it as the
forth-ranked analogy while nine students assigned it as the first-ranked analogy. The
students who ranked the cooking food analogy as the most favorable gave the reason that
it was easy to understand and fun. Cooking food was also familiar to the students as the
student’'s responses were: ‘it [analogy] is something we are familiar and it is easy to
understand” or ‘it is easy to understand: it looks fun and is not confusing”. Some students
also ranked this analogy as the least favorite one. The reason was that they did not
understand the relationship between the analog and the target as the student’s response: |
did not understand how photosynthesis is liked cooking food”

Most students assigned the diffusion model as the forth-ranked analogy even
some students ranked it as the most favorable analogy (Figure 15). The students who liked
this model the most gave the reason that it helped them visualize gas diffusion as their
responses: “ | can see how gas diffuses by seeing the model”’. However, some students
ranked this model as the least favorable as their responses were: “It was difficult to
understand and | had no idea which direction the foam particles were moving”

For the osmosis model, most of the students assigned it as the second-ranked
analogy (Figure 16). The ones who rated it as the most favorable analogy gave the reason
that it was easy to understand and they were actively involved in the learning activity as
their responses were: ‘it is easy to understand: | did it myself’ or “this analogy is easy to
learn and understand”. On the other hand, the students who ranked this model as thier
least favorable analogy gave the reason that they were confused with the model and the
model was difficult as their responses were: “I didn’t quite understand the model” or “I saw
the presentation and | was confused”

The blindfolded children walking analogy compared the random moving of particles
with the random moving of blindfolded children. Most of the students ranked this analogy as
their least favorite one (Figure 16). The reason was that it was difficult to understand as the
student’s responses were: “| didn’t understand. It is difficult for me” or “I didn’t understand
some parts of this analogy”. However, some students ranked this analogy as the most
favorable one and gave the reason that they were able to understand how particles move
as their responses were: “l learn how particles move spread out” or ‘it is easy to

understand and is fun”.
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In summary, the students tended to be satisfied the analogies that were easy to
understand or the analog was familiar to them, and they were not be satisfied the analogy
that was difficult to understand. In other words, the students liked the analogy when they
were able to connect the relationships between the analogs and the concepts; otherwise,
the analogy was difficult for them.

The result of the preparatory stage provided the students’ achievement and
conceptual status scores used to set the cutting score for testing the research hypotheses
in the confirmatory stage. Moreover, the data of student’s satisfaction toward the instruction
was collected and analyzed. In addition, after finishing each lesson, in field trial study, the
participating teacher and the researcher had a discussion considering how the learning
units could be improved. The results leaded to the revision of the learning units which is

presented in the next section.

5. The revision of the learning units after the field trial study

The results shown below are details of the learning unit revisions including the
revision of learning and teaching guide.

The revision of learning guide

1. It was found that the students had difficulties reading the student’s text
on the diffusion and osmosis content. Therefore, the text was changed to be more
accessible for the students. Moreover, the content on the particulate nature of matter had
been added to provide background knowledge for the students to understand the idea of
diffusion and osmosis process.

2. The learning objectives had been included on the front page of each
learning unit. It provided information for students to know what they need to accomplish in
order to complete the learning units. It was an expectation that the students would be
directed to complete all tasks purposefully.

3. The chapter review questions were added at the end of each learning
unit. It provided an opportunity for students to review the content as to whether they

understood all of the content presented in the student text.
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The revision of the teaching guide

1. The answers for all worksheets and chapter review questions had been
included in the teacher's guides. The teacher needed to be informed about the guidelines
for grading the worksheets, and the answers for the chapter review questions.

2. Some analogy activities had been revised to be more suitable for the
student’s conceptual development. The osmosis model had been changed to be more
accessible for the students. Previously, the student had to calculate the ratio of the beads in
the osmosis model to understand the idea of concentration of a solution. It caused a
problem because some students had difficulties using mathematics. Therefore, the learning
activity was changed. Instead of calculating the ratio, the students just had to observe the
change of the amount of beads. The gas diffusion model was changed considering the way
of presenting the analogy as well. Besides using foam particles only in the gas state, they
also represented the particles in solid and liquid states as well. Therefore, the students
could connect the ideas of gas diffusion and the particulate nature of matter in all three
states. The example of teaching guide and learning guide after the revisions are shown in
Appendix E.

In conclusion, the results of conducting the field trial study lead to the revision of
the learning units based on classroom practice. This revision included both the teaching
guide and the learning guide. The activities in the teaching guide were adjusted to be more
suitable for classroom practice. The student’s texts in the learning guide were revised to be
more accessible for the students. The student’s practices after lesson were also added in
learning guide, and the answer keys were included in the teaching guide. After field trial
study and the revision of the learning units, the confirmatory study was conducted. The
learning unit was implemented with another classroom of seventh grade students at

a different school. The results from the confirmatory study are presented in the next section.

SECTION Il THE CONFIRMATORY STAGE

The purpose of conducting the confirmatory stage was to implement the learning
units which had been revised from the preparatory stage and to collect data for evaluating
the learning units. The learning unit was implemented by another participating teacher
within a classroom of 48 seventh grade students at Suratphitaya School during the second

semester in the 2009 academic year. The results of student’'s learning outcome including
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the student’s achievement, student’'s conceptual status, student’s learning retention and
student’s satisfaction toward the instruction data were collected to test research hypotheses.

The learning units were introduced to the participating teacher four weeks before
the instruction. Eight informal meetings were organized to provide the participating teachers
an overview of the instructional materials and supporting educational theory. Moreover, the
participating teacher also shared her background on using analogies in the science
classroom. The teacher-generated analogies and using analogies as the pedagogical skill is
discuss later in chapter 5. During this phase, the teacher also studied the lesson plans and
all learning activities. Some activities were adjusted to be appropriate for the time allocation
in this school. For example, the photosynthesis experiment in unit 3 was changed to be
demonstration activity. For the analogies activities, all analogies were introduced to the
students in the same way as the field trial study except the animation-based analogy
because of the technical difficulty.

Data collection included pre-test and post-test of student’s achievement scores
and student’s conceptual status scores. The student’'s satisfaction toward the instruction
was collected after the implementation. After two weeks of the main study, the students
took the achievement test again as a knowledge retention test.

For testing the research hypotheses, students’ achievement scores and students’
conceptual status scores were compared with the cutting score for each test. The cutting
score was used as the standard point for criterion-evaluation. The hypotheses suggested
that student’'s mean score was significantly higher than the cutting score at the 0.05 level of
significance. Furthermore, other hypotheses in this study suggested that there was positive
correlation between the conceptual status scores and the retention test scores at the 0.05
level of significance, and students’ satisfaction towards the instruction was at high level at
the 0.05 level of significance. The results of testing these hypotheses are presented in the

following section.

1. The result of student’s achievement

The results of student’s achievement is presented in three parts: 1) the gathered
data of the students’ achievement provides the descriptive statistics of student’s
achievement scores, and the inferential statistics comparing the pre-test and post-test
scores: 2) achievement cutting score provides the results of setting the cutting score for the

achievement test: 3) testing the first hypothesis provides the results of the inferential
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statistics comparing the student’s achievement score and the criterion score as the testing

of the research hypothesis.

1.1 The gathered data of the students’ achievement
Using the achievement test, the data of student’s achievement scores were
gathered at the beginning and at the end of the learning unit implementation. Table 19
presents the comparison of the student achievement scores before and after using the
learning units. More details of the students’ achievement score in the main study group are

presented in Appendix C.

TABLE 19 THE COMPARISON OF THE STUDENT ACHIEVEMENT SCORE BEFORE
AND AFTER USING THE LEARNING UNITS ACCORDING TO THE MAIN STUDY

score N X S.D t
student achievement pre-test score 48 17.29 3.98
16.57*
student achievement post-test score 48 28.85 5.02

to.0; af 47y = 2.012, p<0.05

The results from Table 19 indicated that the students' achievement mean score
after the instruction using the learning unit was higher than before at the 0.05 level of
significance. This means the students who learned through the learning unit had

significantly improved their achievement on the content knowledge.

1.2 Achievement cutting score

As mentioned in chapter 2, the students who had studied with the learning
units in the field trial study were defined as the instructed group, while the students who
had not studied with the learning units yet in the main study were defined as the
uninstructed group. After constructing the distribution graphs for the content, the instructed
and uninstructed group score distributions are the primary determinants of the tests whether
or not they can be classified students as true masters and true non-masters of an objective.
The result (see Appendix D) showed that the distribution did not completely overlap. This

means the achievement test could classify the students. Then, the range of scores around
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the point at which the distributions intersected was calculated to obtain the optimal cutting

score. The result of the calculation is presented in Table 20.

TABLE 20 THE RESULT OF CALCULATING THE CUTTING SCORE FOR THE
ACHIVEMENT TEST

probability of probability of
total cutting validity
content correct incorrect
score score coefficient
decisions decisions
cell 5 3.3 0.60 0.40 0.24
plant transportation 10 6.2 0.76 0.24 0.56
photosynthesis 10 5 0.53 0.46 0.09
plant reproduction
7 2.6 0.56 0.43 0.17
and response
experimental skill 8 2.1 0.46 0.53 -0.07
all content 40 24.1 0.63 0.38 0.35

The cutting scores for the content of cell, plant transportation,
photosynthesis, plant reproduction and experimental skill were 3.3, 6.2, 5, 2.6, 4.1
respectively. For the whole test, the cutting score for the achievement test score is 24.1.
Those scores obtained highest probability of correct decisions and lowest probability of
incorrect decisions, and would be used as the criteria for testing the first hypothesis. It
should be noted that the probability of correct decisions for the experimental skill was lower
than the probability of incorrect decisions. This was because the students who first were
assigned to be in the non-master group had experimental skill scores more than the
students who first were assigned to be in the master group. The discussion for this result is

presented later in chapter 5.

1.3 Testing the first hypothesis
The first hypothesis stated that student’s achievement mean score after
the instruction was higher than the cutting score of the achievement test. To test this
hypothesis, a one sample t-test statistic was used to compare the student’s mean score

and the cutting score to see whether there was a significant difference between them. In
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other words, this method examined whether the student's mean score was significantly

higher than the cutting scores. Table 21 presents the result of this statistical calculation.

TABLE 21 THE COMPARISON OF THE ACHIEVEMENT MEAN SCORE WITH THE
CUTTING SCORE FOR THE ACHIVEMENT TEST

content N cutting score X S.D t

cell 48 3.3 3.77 1.05 3.087*
plant transportation 48 6.2 7.15 1.83 3.574*
photosynthesis 48 5.0 7.73 1.73 10.898*
plant reproduction

48 2.6 5.31 1.22 15.365*
and response
all content 48 24 1 28.85 5.02 6.557*

to.0; o 47) = 2.012, p<0.05

The result showed that all parts of the achievement mean scores were
significantly higher than the cutting scores (criterion scores) at the 0.05 level of significance.
Moreover the student’s achievement mean score for all content had passed the setting
criterion which was 24.1. These results supported the first hypothesis.

In conclusion, the result of the student’ achievement indicated that after
learning through the learning units, the students had significantly improved their
achievement on the content knowledge, and the achievement mean score was significantly
higher than the criterion score.

2. The result of student’s conceptual status

The result of the student’s conceptual status is presented in four parts: 1) the
gathered data of the students’ conceptual status provides the descriptive statistics of the
student’s conceptual status scores, and the inferential statistics comparing the pre-test and
post-test scores, 2) cutting score of the conceptual status provides the result of setting the
cutting score for the conceptual status test, 3) testing the second hypothesis provides the
result of the inferential statistics comparing the student’s conceptual status score and the

criterion score for the testing research hypothesis, and 4) types of conceptual change



108

occurring after the learning unit implementation provides the interpretation of the conceptual

status scores in terms of conceptual change that occurred in class.

2.1 The gathered data of the students’ conceptual status
The student’'s conceptual status was determined by using the conceptual
status test before and after the learning unit implementation. Table 22 presents the
comparison of student’s conceptual status before and after using the learning units. More
details of the student’s conceptual status score in the main study group are presented in

Appendix C.

TABLE 22 THE COMPARISON OF THE STUDENT’'S CONCEPTUAL STATUS SCORE
BEFORE AND AFTER USING THE LEARNING UNITS IN THE MAIN STUDY

score N X S.D t
student’s conceptual status pre-test score 47 17.02 2.22
11.49*
student’s conceptual status post-test score 47 23.45 3.758

t0.05; ar 46) = 2.013, p<0.05

The results from Table 22 indicate that the students' conceptual status mean
score after the instruction using the learning unit was higher than before at the 0.05 level of
significance. This means that the students who learned through the learning unit had

significantly improved the level of their conceptual status.

2.2 Conceptual status cutting score

The process of setting the conceptual status cutting score was the same as for
the achievement score. According to the review literature in chapter 2 (p.17-p.18), the
students conceptual status will be raised if they are able to find the new conception
intelligible, plausible, and fruitful, in other words, all of these conditions have been met.
Therefore, the cutting scores for each condition were established to test whether the
student’s conceptual status was raised to be intelligible, plausible, and fruitful. The results of
determining the cutting score are presented in Table 23, and more details of the distribution

graphs are presented in Appendix D.
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TABLE 23 THE RESULT OF CALCULATING THE CUTTING SCORE FOR THE
CONDITION REQUIRED FOR RAISING CONCEPTUAL STATUS

condition of cutting probability of probability of validity

conceptual status score correct decisions  incorrect decisions  coefficient

intelligible 8.5 0.65 0.35 0.38
plausible 6.1 0.69 0.31 0.45
Fruitful 5.8 0.67 0.33 0.32
overall 20.4 0.72 0.28 0.50

The result of calculating the cutting score indicated that the criterion scores for
intelligible, plausible and fruitful condition were 8.5, 6.1 and 5.8 respectively. In addition, the
cutting score for the whole test is 21. These scores obtained highest probabilities of correct
decisions and lowest probabilities of incorrect decisions, and would be used as the criteria

for testing the second hypothesis.

2.3 Testing the second hypothesis
The second hypothesis stated that student’s conceptual status mean score
after the instruction was higher than the cutting scores of conceptual status test. To test this
hypothesis, one sample t-test statistic was also used to compare the student’s mean scores
from each of the parts of the test and the cutting scores to examine whether the student’s
mean score was significantly higher than the cutting scores. Table 24 presents the result of

this statistical calculation.
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TABLE 24 THE COMPARISON OF THE CONCEPTUAL STATUS MEAN SCORES WITH
THE CUTTING SCORES FOR THE CONCEPTUAL STATUS TEST

statistic test N cutting score X S.D t
intelligible 47 8.5 9.43 1.75 3.618*
plausible 47 6.1 711 1.31 5.283*
fruitful 47 5.8 6.91 1.29 5.960*
overall 47 20.4 23.45 3.76 5.558*

t(0.05: ar 46) = 2.013, p<0.05

The results from Table 23 showed that after the instruction, the student’s score
for intelligible condition, plausible condition, and fruitful condition was significantly higher
than the cutting score (the criterion score) at the 0.05 level of significance. Moreover,
student’s conceptual status mean score was significantly higher than the cutting score at
the 0.05 level of significance. The student’s conceptual status mean score had passed the

setting criterion. This result supported the second hypothesis.

2.4 Types of conceptual change occurring after the learning unit

implementation

According to chapter 2, determining the status of a student’s conception can
help one determine which kind of conceptual change has happened in classroom. The first
kind of conceptual change happens when the students change their ideas from alternative
conceptions to the scientific one. This kind of change is called conceptual exchange. On the
other hand, conceptual capture happens when the students already hold the scientific
conception and it changes to be more intelligible, plausible and fruitful. Analyzing the result
from the conceptual status test could reveal these types of conceptual change. In the test,
students read an argument presenting the scientific conception and the alternative
conception. If the scientific conception is intelligible and plausible at a high level to the
students, their responses will support the scientific conception. However, if the students
held the alternative conceptions, their response will support the alternative conception;
therefore, the scientific conception is assumed to gain low level of intelligibility and

plausibility to the students. In this study, four patterns were revealed after the analysis of



111

the conceptual status. First, the student’s response had changed from the alternative
conception to the scientific one, conceptual exchange. Second, the student’'s response was
already classified as the scientific one in the pre-test and the level of intelligibility,
plausibility, or fruitfulness was raised after the instruction, conceptual capture. Third, the
student’s response had changed from the scientific conception to an alternative one. Forth,

there was no change in the student’'s response. The result of this analysis is presented in

Figure 17.
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FIGURE 17 TYPE OF CONCEPTUAL CHANGE OCCURRING AFTER THE INSTRUCTION

According to figure 17, 72.3 percents of the students experienced conceptual
capture after they learned cell function with an analogy; 19.1 percent changed their
conceptions as a conceptual exchange. There was no student who changed their
conceptions an alternative one. For the concept of photosynthesis, 59.6 percent of students
experienced conceptual capture; 23.4 percent revealed conceptual exchange; 4.3 percent
changed their conceptions from the scientific one to an alternative conception; 12.8 percent
had no change. For the concept of diffusion, 48.9 percent of student experienced
conceptual capture; 34 percent revealed conceptual exchange; 2.1 percents changed their
conceptions from the scientific one to be the alternative conception; 8.5 percent had no
change. Finally, it was found that students had difficulty learning osmosis. 14.9 percents of
student experienced conceptual capture; 31.9 percent revealed conceptual exchange; 8.5

percent changed their conceptions to an alternative one and 42.6 percent had no change.
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In conclusion, the result of student’ conceptual status indicated that after learning
through the learning units, the students had significantly improved their conceptual status,
and the conceptual status mean score was significantly higher than the criterion score. In
addition, conceptual capture mostly happened in the student learning except for learning
osmosis in which conceptual exchange was the major type of conceptual change, and most

students did not change their status of conception even after learning osmosis.

3. The results of student’s learning retention

The result of the student’s learning retention is presented in two parts: 1) the
gathered data of the students’ learning retention provides the descriptive statistics of
student’s learning retention scores, and the inferential statistics comparing the post-test
score of achievement test and the learning retention scores, and 2) testing the third
hypothesis provides the result of the inferential statistics presenting the correlation between

the learning retention score and student’s conceptual status score.

3.1 The gathered data of the students’ learning retention
Students’ learning retention in this study was examined by the achievement
test after studying with the learning units for two weeks. Table 25 presents the comparison
between the students’ learning retention score and the post-test score from the
achievement test. More details of the student’s learning retention score in the main study

group are presented in Appendix C.

TABLE 25 THE COMPARISON OF THE STUDENTS’ LEARNING RETENTION SCORE
AND THE POST-TEST SCORE FROM THE ACHIEVEMENT TEST

scores N X S.D t
students’ achievement post-test score 48 28.85 5.02
1.849
students’ learning retention score 48 29.85 5.56

t(0.05; df47) = 2.012

The results from Table 25 revealed that the students’ learning retention score was

not different from the students’ achievement post-test score at the 0.05 level of significance.
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This finding indicated that after learning through the learning unit for two weeks the

students still retained their knowledge on plant science.

3.2 Testing the third hypothesis
The third hypothesis stated that there was positive correlation between the
conceptual status scores and the retention test scores. To test this hypothesis, the Pearson
product moment correlation was used to examine relationship between the student’s
achievement score after two weeks of the instruction and the student’s conceptual status

Scores.

TABLE 26 THE CORRELATION BETWEEN THE CONCEPTUAL STATUS SCORE AND
THE RETENTION TEST SCORE

scores mean S.D. N Pearson correlation
retention test score 29.98 5.550 47 .
conceptual status score 23.45 3.758 47 o4
* p<0.05

The result indicated that the Pearson product moment correlation is 0.41 and
the correlation was significant at the 0.05 level (Table 26). This result supported the third
hypothesis.

In conclusion, the result of students’ learning retention indicated that after
learning through the learning units, the students still retained their knowledge on plant
science, and there was positive correlation between retention test score and conceptual

status score.

4. The result of student’s satisfaction toward the instruction

The result of student’'s satisfaction toward the instruction is presented in three
parts: 1) the gathered data of the students’ satisfaction toward the instruction provides the
descriptive statistics of student’s satisfaction toward the instruction score, 2) testing the third
hypothesis provides the result of the inferential statistics comparing the student’s

satisfaction toward the instruction score with the criterion score, and 3) the opinions of the
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students on using analogies provides data from students’ ratings the most favorite analogy
and the least favorite analogy for them.
4.1 The gathered data of the students’ satisfaction toward the instruction
The students’ satisfaction toward the instruction is composed of three aspects
including learning activities, instructional media and assessment used in the learning units.
The student’s satisfaction questionnaire was used to determine how well each aspect of the

instruction is favorable to the students. The results are presented in Table 27.

TABLE 27 THE STUDENT’'S SATISFACTION TOWARD THE INSTRUCTION
IN THE MAIN STUDY

level of satisfaction

aspect of instruction —

X S.D interpretation
1. learning activities 4.13 0.39 high
2. instructional media 410 0.39 high
2. assessment 410 0.47 high
4. overall 4.11 0.36 high

The result indicates that all aspects were favorable to the students at a high
level of satisfaction. Moreover, the overall satisfaction of the instruction was favorable to the

students at a high level as well.

4.2 Testing the forth hypothesis

The forth hypothesis stated that students’ satisfaction towards the instruction
was at a high level at 0.05 level of significance. In order to test this hypothesis, the mean
score of the student response was evaluated comparing with the criteria score under the
normal curve. According to chapter 3, the score 3.51 — 4.50 is interpreted as a high level of
satisfaction. To test whether the mean score was higher than the criterion score which was
3.51, a t-test for one sample statistics scores was used. The result is presented in Table
28. More details regarding the result of student’s satisfaction toward the instruction are

presented in Appendix B.
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TABLE 28 THE COMPARISON OF THE STUDENT’ S SATISFACTION SCORE IN THE
MAIN STUDY WITH THE CRITERION SCORE

statistic test N criterion score X S.D t
1. learning activities 48 3.51 413 0.39 11.096*
2. instructional media 48 3.51 4.10 0.39 10.272*
3. assessment 48 3.51 4.10 0.47 8.597*
4. overall 48 3.51 4.11 0.36 11.82*

t0.05: af 47y = 2.012, p<0.05

From Table 28, the results indicated that student’s satisfaction toward the
learning activities score was significantly higher than criterion score at the 0.05 level of
significance; the student’s satisfaction toward the instructional media score was significantly
higher than criterion score at the 0.05 level of significance; the student’s satisfaction toward
the assessment score was significantly higher than criterion score at the 0.05 level of
significance; and the overall satisfaction of the instruction score was significantly higher than
criterion score at the 0.05 level of significance.

These results suggested that the student’s satisfaction toward the instruction
after learning through the learning units was at a high level at the 0.05 level of significance;

therefore, this supported the forth hypothesis.

4.3 The opinions of students on using analogies
Parts of the statements in the questionnaire also asked students how well the
analogies were favorable to the students. The results indicated that all analogies were

satisfied at a high level as presented in Figure 18.
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FIGURE 18 LEVEL OF SATISFACTION OF ANALOGIES USED ACCORDING
TO THE MAIN STUDY

Form the results presented in Figure 18, all analogies gained a satisfaction mean
score above 3.51 which indicated a high level of satisfaction. To receive more information
about student’s satisfaction toward the analogies, the students were asked to rank the
analogies by placing analogies in order according to their favorability. They assigned 1 for
the most favorite analogy, 2 for the next, and so forth. The analogy that was assigned as
the fifth ranked analogy was the least favorable to them. The result was analyzed in terms

of the frequency of the student’s responses and presented graphically in Figure 19-20.
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STUDY

For the house analogy which is the comparison between cell functions and a house,

most students assigned it as the first-ranked analogy which was the most favorite (Figure

19). The reason why the house analogy was favorable to the students was that the

students easily connected the relationships between the analog and the target. Moreover,

they used this analogy as a memory aid as seen in the student’s responses: “It is easiest to

understand and remember” :

“this analogy has a picture, so it is easy to compare”: “This

analogy help me to remember the concept and help me for the examination”. In contrast,

the students who ranked it as the least favorite one gave the reason that the concept is

difficult to understand or there would be another analogy that was better than a house to

compare with the cell.
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The cooking food analogy compared photosynthesis with cooking food. The most
ranking of cooking food analogy was as the forth-ranked (Figure 19). The students who
ranked the cooking food analogy as the most favorable gave the reason that this analogy
compared what they was familiar to the scientific concept as the student’s response were:
“it [analogy] is what we are familiar with and we see it in everyday life” or ‘it is easy to
remember”. Some students also ranked this analogy as their least favorite. They gave the
reason that the analogy was not interesting or there were not many pictures in this analogy.

Most students ranked the diffusion model as their most favorite analogy and no
students ranked it as the least favorable (Figure 19). The students who were attracted to
this analogy gave the reason that it was easy to understand, the analogical model was
interesting, and they like to learn from real objects and demonstration activities as the
student’s responses were: “ | understand more about this concept”, “This tool [analogical
model] was very interesting” or “ We can see the real objects ; see how foam particles can
diffuse”.

For the osmosis model, most of the students assigned it as the second-ranked
analogy (Figure 20). The ones who ranked it as their most favorite analogy gave the reason
that it was easy to understand and they were actively involved in the learning activity as
their responses show: “it is easy to understand. This model helped me see how osmosis
occurs” or | had a chance to do it myself’. On the other hand, the students who ranked this
model as their least favorite analogy by giving it a value “5” gave the reason that they did
not understand the model.

The blindfolded children walking analogy compared the random moving of particles
with the random moving of blindfolded children. Most of the students ranked this analogy as
the least favorite (Figure 20). The reason was that it is difficult to understand and they didn’t
really get involve in the activity as the student’s responses included: “I was confused with
the analogy.” or “we didn’t try to act liked the analogy by walking around our room”.
However, some students ranked this analogy as their most favorite and gave the reason
that they were able to understand how particles move as their responses was: “l can
compare [analogy] with the movement of particles.

In summary, the results of student’s satisfaction toward the analogies used in the
main study indicated that the students tended to be satisfied the analogy that was easy to
understand or the analog was familiar to them, and they were not satisfied the analogy that

was difficult. In other words, the students liked the analogy that they were able to connect
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the relationship between analogs and concepts; otherwise, the analogy was difficult for

them.

5. The result of the classroom observation and teacher interview
5.1 Classroom environment and learning activities

Most of learning activities in this study required the students working in groups
and presenting their ideas in a classroom discussion. The teacher usually encouraged the
students to participate in class with a competition activity. For example, the students had
group discussion in order to answer the questions provided and competed with other
groups to be the first group who had the correct answer. The students were also interested
in the demonstrations. They paid attention to what the teacher was doing in front of the
class.

The analogy activities consists of six steps to introduce the analogy to the
students including (1) introducing the target concept, (2) recalling the analog concept by
presenting the analogy to students, (3) identifying similar features of the concepts between
target and analog (4) mapping similar features (5) identifying dissimilar features of the
concepts between target and analog (6) drawing conclusions about concepts. It was noticed
that the teacher tended to focus mostly on the step three and step four. The teacher spent
so much time comparing the similarity of the analogy and the target concept while,
sometimes, the dissimilar features between them was not mentioned.

Analogies used in this study were presented in several formats including
analogy in text, pictorial analogy, analogy-based animation, personal analogy, and the
analogical model. It was noticed that the students were more likely motivated with the
analogical models than the other formats. They came to the front of the classroom to
observe the gas diffusion model, asked questions, discussed with each other, and paid

attention to the teacher’s explanations.

5.2 Teacher perspectives on using analogies in science classroom
As mentioned earlier, the learning units were introduced to the participating
teacher four weeks before the instruction. Eight informal meetings were organized to
provide the participating teacher an overview of the instructional materials and supporting
educational theory. Moreover, the participating teacher also shared her background on

using analogies in the science classroom. In this conversation, the teacher showed a
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positive attitude toward using an analogy to explain scientific ideas. The teacher had used
analogies several times in teaching science. The analogies were used to explain not only
the biological concepts but also the physical concepts. The teacher used the idea of the
structure of ocean and island to compare with the cell. This analogy focused on the
similarity of structure more than the one of function. For the physical concepts, the teacher
gave the example of using an analogy in that potential energy and kinetic energy were
compared with the status of person because there are the homonym words in Thai
language considering “potential” and “kinetic’. The teacher also used the analogy as the
assessment tool to examine students’ understanding. In the quiz question, the students
were asked to compare the similarity between cell structures and the ocean. The teacher
said that analogy is a tool for providing accessible explanations for the students, especially

when the scientific concept is very difficult and far from the student’s experience.

5.3 Teacher opinions on the learning materials from the learning units

After the classroom periods, the researcher had a discussion with the teacher
about the learning materials and activities that had just been used in the classroom. For the
learning materials, the teacher liked the student's workbook and the student’s texts and
preferred to use them for the next semester because these materials contained a rich
collection of pictures representing plant structures. Moreover, there were several student lab
reports and students’ practices ready for use. For the learning activities, it appeared that the
teacher tended to prefer the learning activities with which the teacher was familiar, such as

using microscopes to explore cell structures and testing starch in leaves.

6. Summary of the research results

In this study, the learning units incorporated with the analogy technique were
developed and implemented in classrooms of secondary students. Student’s learning
outcomes were collected using research instruments for the purpose of testing the research
hypotheses. Findings are summarized as follow:

1. After the instruction, the student’s achievement mean score was significantly
higher than the cutting score at the 0.05 level of significance.

2. After the instruction, student’s conceptual status mean score was significantly

higher than the cutting score at the 0.05 level of significance.
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3. After the instruction, the student’s conceptual status mean score for intelligible
condition was significantly higher than the cutting score at the 0.05 level of significance; the
student’s conceptual status mean score for plausible condition was significantly higher than
the cutting score at the 0.05 level of significance; and the student’s conceptual status mean
score for a fruitful condition was significantly higher than the cutting score at the 0.05 level
of significance.

4. Conceptual capture mostly happened in student learning except for learning
osmosis in which conceptual exchange was the major type of conceptual change that
occurred.

5. After the instruction, there was positive correlation between the conceptual
status scores and the retention test scores. The Pearson product moment correlation was
0.41 and the correlation was significant at the 0.05 level of significance.

6. After the instruction, student’s satisfaction toward the learning activities score
was significantly higher than criterion score which is 3.51 at the 0.05 level of significance;
the student’s satisfaction toward the instructional media score was significantly higher than
criterion score at the 0.05 level of significance; the student’s satisfaction toward the
assessment score was significantly higher than criterion score at the 0.05 level of
significance; and the overall satisfaction of the instruction score was significantly higher than
criterion score at the 0.05 level of significance. Moreover, it was found that how well the
analogies were favored by the students depended on whether the students could connect
the relationships between the analog and the target concepts. In other words, it depended
on student’s analogical reasoning.

In conclusion, the research findings showed that the student’s learning outcomes
including the student’s achievement, conceptual status and their satisfaction toward the
learning units were improved and reached the expected criteria. In addition, there was a
correlation between the student’s conceptual status and the student’s retention. Moreover, it
was found that conceptual capture was the major type of conceptual change happening in
classroom. Discussion for these finding which is based on learning theories and previous

research are presented in the next chapter.



CHAPTER 5
CONCLUSIONS, DISCUSSIONS AND RECOMMENDATIONS

This study intended to develop learning units on plant biology incorporated with
analogy technique for lower secondary school students. The analogy technique was
integrated in the learning cycle instructional sequence. The learning cycle provided the
inquiry teaching context where students investigate phenomena in scientific experiments,
and the analogy technique provided the accessible explanation for the scientific ideas which
were abstract to the students. The students who participated in this instruction were
expected to be improved their learning outcomes which were examined by using the
achievement test, conceptual status test, and retention test. The student’'s satisfaction

toward the instruction is also measured by the student’s satisfaction questionnaire.

1. Objectives of the study
The objectives of this research study were:
1. To develop learning units on plant biology incorporated with an analogy
technique for lower secondary school students.
2. To evaluate students’ learning outcomes after the implementation of the
learning units by analyzing:
2.1 students’ learning achievement
2.2 students’ conceptual status
2.3 students’ learning retention

2.4 students’ satisfaction towards the instruction

2. Research hypotheses
In this study, the learning units were developed and implemented with the lower
secondary school students. After the instruction, the student’s learning outcomes were
collected, and the hypotheses of this study were:
1. Student’'s achievement mean score was higher than the cutting score of
achievement test.
2. Student’s conceptual status mean score was higher than the cutting score

of conceptual status test.
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3. There was positive correlation between the conceptual status scores and
the retention test scores.

4. Students’ satisfaction towards the learning units was at a high level.

3. Participants

The participants in each phase of study were as follows:
3.1 Participants involved in preparatory stage of study
3.1.1 The participants during the development of material for collecting data:

The participants during the development of materials for collecting data
were 151 of lower secondary school students (grade7) from Ratwinit Matthayom School,
and 48 of lower secondary school students (grade 7) from Rattanakosinsomposh
Ladgrabang School.

3.1.2 The participants during field trial study:

The participants during field trial study were one science teacher and 48
of lower secondary school students (grade 7) from Rattanakosinsomposh Ladgrabang
School.

3.2 Participants involved in confirmatory stage of study
The participants during main study were one science teacher and 48 of lower

secondary school students (grade 7) from Suratpittaya School.

4. Research materials

Materials of this study were classified into two main parts described as follows:
4.1 Learning units
The learning unit materials which were developed based on the theoretical
framework in this study included a teaching guide and a learning guide. The teaching guide
is composed of 1) the curriculum alignment, 2) the guidelines for using analogies in
classrooms, 3) the lesson plans. The learning activities in the lesson plans were developed
based on the integration of the learning cycle model and the analogy technique. The
learning guide is composed of a lab manual, students’ texts, worksheets and assessments.

The instructional media included the analogical models, and PowerPoint presentations.
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4.2 Research instruments for data collection
4.2.1 The achievement test on plant biology
4.2.2 The conceptual status test on plant biology

4.2.3 The students’ satisfaction questionnaire

5. Research methodology

The research methodology in this study consisted of two main stages including the
preparatory and the confirmatory stage. The process of developing and implementing the

learning units were proceeded as follows:

5.1 The preparatory stage
The purpose of this stage of study was to prepare the research materials
which include developing learning units and developing the materials for the data collection.
The learning units were also trialed in this stage to improve their quality before

implementing in the main study.

5.1.1 Developing the learning units

The first phase began with the analysis of the learning standards in
Thailand’s Basic Education Curriculum B.E. 2551, and then the learning objectives of the
learning units were established. The concept flow was constructed to represent the
expected processes of learning the scientific concepts. This concept flow was also used to
design the learning activities and instructional media. After the concept flow had been
determined, analogies were selected to use for designing learning activities. They had to be
verified by the experts who are scientists and science educators in order that the analogies
were qualified as the appropriate ones to use in a classroom. According to the learning
objectives and analogies derived from previous steps, the teaching guide and the learning
guide were developed.

Before implementing the learning units, the instructional materials
needed to be verified on the basis of their appropriateness and the consistency with the
learning objectives, the model of student’s learning, and the instructional model. In this

process, the teaching guide and the learning guide were examined by the experts.
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5.1.2 Developing materials for data collection
5.1.2.1 The achievement test
The achievement test was developed to assess whether the
students achieve the expected goals of the learning units. The multiple choice test was
constructed following to the table of specification. The method used for gathering content-
related evidence of validity was based on the expert’s justification. To examine the reliability
of test results, the gain item difficulty index (p-value), and item discrimination (r) for each
item, the test was tried out with 151 lower secondary school students who had studied plant
science from Ratwinit Matthayom School.
5.1.2.2 The conceptual status test
The conceptual status test consists of four items in written open-
ended format which allowed the students to express their own ideas in writing the essays.
The development of test items began with constructing the operational definitions and the
indicators, then tasks that could stimulate or reflect expected indicators were constructed.
Test items and scoring rubrics were developed. Rubric was adopted to be scoring scale in
order to determine whether or not the scientific conception was intelligible, plausible or
fruitful to the students. The method used for gathering content-related evidence of validity
was based on the expert’s justification. To examine the reliability of test results, the gain
item difficulty index (p-value), and item discrimination (r) for each item, the test was tried
out with 47 middle school students who had studied plant science from
Rattanakosinsomposh Ladgrabang School, and the students’ scores from this examination
were analyzed using Cronbach’s coefficient alpha (Q) to obtain the reliability of the test
scores.
5.1.2.3 The student’s satisfaction questionnaire
The student’s satisfaction questionnaire was used in this study to
measure how well the learning activities, instructional media and assessment were favored
by the students. Related literature concerning the student’s satisfaction toward instruction
was reviewed, and the learning units were analyzed to specify the features of the
instruction. Then, the statements that match to the features of instruction were written and a
rating scale questionnaire was constructed. The questionnaire was examined for the validity
by the experts. To examine the reliability of test scores, 47 middle school students who

have study plant science from Rattana-kosinsomposh Ladgrabang School tried out the test,
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and the students’ scores from this examination were analyzed using Cronbach’s coefficient

alpha (Ql) to obtain the reliability of survey results.

5.1.3 Conducting field trial study

The purpose of this step was to gain information for improving the
quality of the learning units in terms of time allocation and the appropriateness of the
instructional sequence, and to set the cutting score for testing the research hypotheses in
the confirmatory stage.

The learning units were implemented in one classroom from Rattana-
kosinsomposh Ladgrabang School. Fourty-eight lower secondary school students
participated in this phase of study. The participating teacher collaborated with the
researcher managing the learning activities with co-teaching. Two weeks before the
implementation of the learning units, the participating teacher had studied the teaching
guide. In addition, an informal meeting was organized in order that the researcher had the
opportunity to demonstrate how analogies were introduced to the students.

The learning units were implemented for six weeks. After the instruction,
the student’s achievement scores and student’s conceptual status scores are collected as
the learning outcomes of the instruction. These research data also were used for setting
the cutting score. The student’s satisfaction toward the instruction was collected using the
questionnaire.

After finishing each lesson in field trial study, the participating teacher and
the researcher had a discussion considering how the learning units could be improved. The
results lead to the revision of the learning units based on the teacher’s suggestions and

classroom observations.

5.2 The confirmatory stage
The purpose of this stage of study were to 1) implement the revised learning
units in another classroom to gather data from the student’s learning outcomes, classroom
observations, and the teacher interview, and 2) analyze data to test the research

hypotheses.
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5.2.1 Conducting main study

The learning units were implemented in a classroom of Forty-eight
seventh grade students at Suratphitaya School during the second semester in 2009
academic year. Data collection included pre-test and post-test of the student’s achievement
scores and the student's conceptual status scores. The student’s satisfaction toward the
instruction was collected after the implementation. After two weeks of the main study, the
students took the achievement test again as the learning retention test. Classroom
observation was documented by the researcher in order to gather qualitative data for the
discussion of the results. All of these results were analyzed to evaluate the learning units in

the next phase.

5.2.2 Analyzing data to test research hypotheses
The objective of this phase was to analyze data for testing the research
hypotheses. The hypotheses suggested that student's mean score from the achievement
test and the conceptual status test was significantly higher than the cutting score at the
0.05 level of significance; there was positive correlation between the conceptual status
scores and the retention test scores at the 0.05 level of significance; and students’
satisfaction towards the instruction was at high level at the 0.05 level of significance.
Statistical analysis for testing research hypotheses are as follow:
5.2.2.1 Determination of cutting score
The process of establishing the cutting score follows Berk (1976: 4).
The students who had studied through the learning units in the field trial study were defined
as the instructed group, while the students who had not yet studied with the learning units
in the main study were defined as the uninstructed group. The instructed group scores
(posttest scores from the field trial study) and the uninstructed scores (pretest scores from
the man study) were used to plot frequency curves to find a optimal cutting scores, then,
the range of scores around the point at which the distributions intersected was calculated to
obtain the cutting score.
5.2.2.2 Descriptive statistics
Descriptive statistics used in this study were mean and standard
deviationfor achievement scores, conceptual status scores, retention scores, and student’s

satisfaction toward the instruction scores.
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5.2.2.3 Inferential statistics

In this study, a t-test for one sample at the 0.05 level of significance
was used to compare post-test mean scores of the learning achievement, the conceptual
status and the student’s satisfaction toward the instruction with the criterion scores. A t-test
for paired samples at the 0.05 level of significance was used to compare pre-test and post-
test mean scores of the learning achievement and the conceptual status. This statistic test
was also used to compare post-test mean scores of the learning achievement and learning
retention. Pearson correlation at the 0.05 level of significance was used to determine the
direction and degree of correlation between the conceptual status and the learning retention

Scores.

6. Conclusion of research results

In this study, data gathered from the preparatory stage included the outcomes of
developing the learning units, evaluating instructional materials, and conducting a field trial
study. The results of the confirmatory stage study included the results of the student’s
achievement, student’s conceptual status, student’s learning retention, student’s satisfaction
toward the instruction, and results of classroom observations and the teacher’s perspective

on using analogies in the science classroom.

6.1 The results of preparatory stage
The study in preparatory stage aimed to develop and try out the learning units.
The results of this stage, therefore, included the results of analogy verification, the
instructional material evaluation, the evaluation of materials for collecting data, the field trial
study, and the revision of the learning units.
6.1.1 The result of analogy verification
There were five analogies selected to teach the scientific concepts which
were considered as the abstract ideas. Three experts verified those analogies as to whether
they were suitable to use in classrooms. The Index of Congruence (IOC) indicated that all
of selected analogies were suitable for using in the process of developing the learning units.
In addition, there was a suggestion from one of the experts about the possibility of using

the student’s generated analogies for their own learning.
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6.1.2 The results of evaluating the instructional materials

The instructional materials to be evaluated were the teaching and
learning guides. They were examined by the experts in terms of their consistency and
appropriateness.

For the teaching guide, the experts considered the consistency of the
learning objectives, content, the instructional model, the learning activities, and the
assessments. Results of this examination were reported in terms of the IOC indexes which
were between 0.67-1.00. All elements in the learning units, thus, were consistent with one
another. The experts also verified the appropriateness of the teaching guide. The result
indicated that most aspects of each unit and overall curriculum were qualified at the high
level of appropriateness.

For the learning guide, the experts considered the appropriateness of the
learning guide. The results indicated that most aspects of each unit and overall guidebook

were qualified at the high level of appropriateness.

6.1.3 The results of evaluating the materials for collecting data
6.1.3.1 Achievement test
After the achievement test had been examined by three experts,
52 items were selected to be tried out with 151 lower secondary school students. Then,
40 items were selected. The p value ranked from 0.24 to 0.78, and the r value ranked from
0.20 to 0.65. The reliability of the test scores which was analyzed by using Cronbach’s
Alpha was 0.76.
6.1.3.2 Conceptual status test
The experts examined the test items; as a result, one item was
revised considering the expert's comments. The test was tried out with 47 middle school
students who had participated in the field trial study. After the test had been tried out, the
reliability of the test scores which was analyzed by using Cronbach’s Alpha was 0.79. In
addition, item difficulty index ranked from 0.29 to 0.71, and item discrimination ranked from
0.29 to 0.75.
6.1.3.3 Student’s satisfaction toward the instruction
The experts examined the test items; consequently, the
statements regarding the assessment aspects of the instruction were revised to be more

accurate after consulting with the experts. To examine the reliability of the questionnaire, it
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was tried out with 45 middle school students who participated in the field trial study. The

reliability of test scores which was analyzed by using Cronbach’s Alpha was 0.92.

6.1.4 The results of field trial study
6.1.4.1 Student’s learning outcomes

The students’ mean score from the achievement test was 20.31.
For the conceptual status test, the mean score was 20.04. The result of student's
satisfaction toward the instruction was analyzed in three aspects including learning
activities, instructional media and assessment. The results indicated that all aspects were
favorable to the students at a high level of satisfaction. Moreover, the overall the instruction
was favorable to the students at a high level as well.

The result also indicated that comparing a house with cell
functions was the most favorite analogy for the students because it was accessible and
familiar to the students. The blindfolded children analogy was the least favorite analogy
because for the students, it was difficult to understand.

6.1.4.2 The revision of the learning units after field trial study

For the learning guide, it was found that the students had
difficulty reading the student text regarding diffusion and osmosis content. Therefore, the
text had to be changed to be more accessible to the students. Moreover, the learning
objectives had been included at the front page of each learning unit, and chapter review
questions had been added at the end of each learning unit. For the teaching guide, the
answers for all worksheets and chapter review questions had been included in the
guidebook, and some analogy activities had been revised to be suitable for the student’s

conceptual development.

6.2 The results of confirmatory stage
The study in confirmatory stage aimed to implement the learning units in
another classroom to gather data regarding the student’s learning outcomes, and to test the
research hypotheses. The student’s learning outcome included achievement, conceptual

status, learning retention, and satisfaction toward the instruction.
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6.2.1 The result of student’s achievement
The students' achievement mean score after the instruction using the
learning unit was higher than before the instruction at the 0.05 level of significance. This
means the students who learned through the learning unit had significantly improved their
achievement on the content knowledge. Importantly, all parts of the achievement mean
score including the total score were significantly higher than the cutting scores at the 0.05

level of significance. These results supported the first hypothesis.

6.2.2 The result of student’'s conceptual status

The students' conceptual status mean score after the instruction using
the learning unit was higher than before at the 0.05 level of significance. This means that
the students who learned through the learning unit had significantly improved the level of
their conceptual status. The student’s score for intelligible condition, plausible condition, and
fruitful condition was significantly higher than the cutting score at the 0.05 level of
significance. Moreover, student’s conceptual status mean score was significantly higher
than the cutting score at the 0.05 level of significance as well. This result supported the
second hypothesis. In addition, it was found that conceptual capture mostly happened in
students’ learning except for learning osmosis in which conceptual exchange was the major

type of conceptual change.

6.2.3 The result of student’s learning retention

The result indicated the students’ learning retention score was not
different from the students’ achievement post-test score at the 0.05 level of significance.
This finding supported that after learning through the learning unit for two weeks the
students still retained their knowledge on plant science. In addition, the Pearson product
moment correlation was used to examine the relationship between the student’s learning
retention score and student’s conceptual status scores. The result indicated that the
Pearson product moment correlation is 0.41 and the correlation was significant at the 0.05
level. This result indicated the moderate correlation between the variables, and also

supported the third hypothesis.
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6.2.4 The result of student’s satisfaction toward the instruction

The result of student’'s satisfaction toward the instruction was
analyzed in three aspects including the learning activities, instructional media and
assessment. The result indicated that all aspects including overall satisfaction of the
instruction were favorable to the students at a high level of satisfaction at the 0.05 level of
significance; therefore, this supported the forth hypothesis.

The result also indicated that the gas diffusion analogical model was
the most favorite analogy of the students because it was accessible and the model was
interesting for the students. The blindfolded children analogy was their least favorite

analogy because, for the students, it was difficult to understand.

6.2.5 The result of classroom observations
Most of the learning activities in this study required the students
working in groups and presenting their ideas in classroom discussions. The teacher usually
encouraged the students to participate in class with the competition activity. In the analogy
activities, the teacher spent so much time comparing the similarity of the analogy and the
target concept while, sometimes, the dissimilar features between those was not mentioned.
In addition, it was noticed that the students were likely to be more motivated with the

analogical models than the other formats.

6.2.6 The result of teacher interview on analogy technique
The teacher showed a positive attitude toward using the analogy to
explain scientific ideas. Before participating in this study, the teacher had used analogies
several times in teaching science. The analogies had been used to explain not only the
biological concepts but also the physical concepts. The teacher agreed that the analogy
was a tool for providing accessible explanations to the students, especially when the

scientific concept is very difficult and far from the student’s experience.

6.2.7 The result of teacher interview on the learning materials
For the learning materials, the teacher liked the student's workbook
and the student’s texts and preferred to use them for the next semester because these
materials contained a rich collection of learning activities and pictures presenting plant

structures. Moreover, there were several students’ lab reports and students’ practices that
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are ready to use. For the learning activities, it appeared that the teacher tended to prefer

the learning activities with which the teacher was familiar.

7. Discussion

In this study, plant biology learning units incorporated with the analogy technique
were developed and implemented with lower secondary students. Based on previous
studies on teaching with analogies, it was expected that the students who studied through
the learning units would be able to improve their learning achievement, conceptual status,
and learning retention. The instruction, moreover, should be favored by the students. From
these expectations, the research hypotheses were determined and tested. The research
findings showed that after learning through the learning units, the students’ scores from the
achievement test, the conceptual status test, and the students’ satisfaction questionnaire
were significantly higher than the criterion scores. In addition, there was no significant
difference between achievement scores and retention scores which means the students
retained their knowledge even after the instruction for two weeks. There was also the
moderate correlation between the conceptual status score and learning retention score.
These results supported the research hypotheses. The purpose of the following section is to

discuss the results described above.

7.1 Discussion about the result of students’ achievement

The research findings showed that the student’'s post-test mean score was
significantly higher than the pre-test mean score. Moreover, the student’s post-test mean
score was significantly higher than the cutting score in all content including cell structure
and function, plant transportation, photosynthesis, plant reproduction, and plant response. It
should be noted that only science experimental skills part of the test that could not be
gained the cutting score because the students who first were assigned to be in non-master
group had experimental skill scores more than the students who first were assigned to be in
master group.

The reasons that might account for the improvement of student’s achievement
score emerged from two features of the learning units: the analogy technique and the

learning cycle instructional sequence.
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7.1.1 The effect of teaching science with an analogy on student’s learning
The improvement of the students’ learning achievement can be the
result of the analogy technique used in the learning units. In this study, analogies mapped
key features from analogs (the familiar concepts) to the target concept (scientific concepts),
for example: cooking needs raw materials and energy to produce food (the familiar
concepts); photosynthesis also needs raw materials and energy to produce food for plants
(scientific concepts). Students are familiar with cooking food in which they need to use
energy to make food form raw material. This idea can be transferred to understand
photosynthesis where plants also need energy to transform the reactants to the products.
One of the reasons why analogies enhanced the student’s learning lied in the nature of
meaningful learning. Meaningfulness can occur when the students succeed in finding or
creating connections between new information and pre-existing knowledge. One way by
which these connections are made is through the use of analogies (Pittman, 1999: 1).
Glynn and Takahashi (1998: 1129) also claimed that analogies can assist students to build

meaningful relations between existing knowledge and the new knowledge to be learned.
Another advantage of using an analogy is that it provides visualization of
abstract concepts. Many of the concepts of science are at the micro level. Students cannot
use their ideas in long-term memory to make sense of the new scientific concepts at this
level. Johnstone (1993:121) suggested that the best strategy to understand this kind of
concept is an analogy which has to be carefully thought. Analogical models were used in
this study to achieve this purpose. The diffusion model, for example, presented foam
particles moving randomly around the glass box. There are collisions between the foam
particles and other particles, and the collisions between foam particles and the box wall.
This is liked the movement of gas molecules which are random around the space. There
are collisions between gas molecules and other molecules, and the collisions between gas
molecules and the wall of container. Moreover, the result of the random movement causes
foam particles move from the area where there are more particles to the area where are
fewer particles. This is like the movement of gas molecules during the diffusion process
which are randomly spread from the area where there are more molecules to the area
where fewer molecules are. This analogy provided visualization of how gas particles are
diffused from one area to another which was the concept in micro level. Also, the physical
objects used in this model helped students to construct their mental model regarding the

property of gas. Duit (1991:666) also described the benefit of using analogies in science
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instruction in that analogies are powerful tools to facilitate the learners’ knowledge
construction because analogies may provide visualization of the abstract ideas.

Several research studies in the past have been reported the effect of using
analogies in science classrooms. Glynn and Takahashi (1998: 1129) conducted an
experimental study considering the effect of an analogy-enhanced text on student’s
learning. The result indicated that sixth graders who studied the analogy text considered the
scientific concept to be more understandable than students who studied a control text.
Bean;& et al. (1990: 223) also found that students who received instructional combining a
pictorial analogy comparing the cell to a factory and an analogical learning guide expressed
the comprehension of cell structures and function concepts performed significantly better
than students who used only the learning guide. Rule and Furletti (2004:155) compared the
use of form and function analogy object boxes to a more traditional lecture and worksheet
instruction during a 10th-grade unit on human body systems. This study showed that the
use of form and function analogy object boxes significantly improved student performance

in learning how human body systems work.

7.1.2 The effect of the learning cycle on student’s learning

Part of the explanation that accounted for the improvement of student’s
learning achievement is the effective use of the learning cycle which structured the learning
activities. In this study, the exploration phase of the learning cycle provides the opportunity
for students to test their ideas with new experience on plant biology. This phase also leads
to the identification of a pattern of the phenomena. The second phase, term introduction,
starts with the introduction of new terms which are used to refer to the pattern discovered
during exploration. In this study the scientific conceptions in micro level including cell
structure and functions, photosynthesis, diffusion and osmosis were be introduced by using
the analogy technique. In the last phase, concept application, students apply the new term
or thinking pattern to address new problems in the related context.

Lawson (2001: 165) has mentioned the learning cycle as “The approach
[learning cycle] has proven effective at helping students construct concepts and conceptual
systems as well as develop more effective reasoning patterns.” The results from
subsequent studies tended to agree with that claim. Dogru-Atay and Tekkaya (2008 :259)
investigated the comparative effect of the learning cycle and expository instruction on 8th-
grade students’ achievement in genetics. The result revealed that learning cycle instruction

caused a better acquisition of concepts related to genetics than an expository instruction.
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Musheno and Lawson (1999: 23) studied the effect of science texts that were organized
based on the learning cycle. The result showed that students who read the learning cycle
passage earned higher scores on concept comprehension questions than those who read
the traditional passage, at all reasoning levels.

7.1.3 Discussion regarding the problems occurred in the implementation study

There was a consideration on the problem occurred in the learning unit
implementation that may affect the result of the student’s achievement score especially on
science experimental skill. From the result of setting the cutting score, only the science
experimental skills part of the test could not gain the cutting score because the students
who first were assigned to be in the non-master group had experimental skill scores higher
than the students who were first assigned to be in the master group. This result could be
interpreted in two ways: the group of students in main study had learned scientific
experimental skill substantially before the learning unit implementation, and the
implementation in field trial study did not provide enough experiences for students to
improve their experimental skills.

Data from classroom observation in main study suggested that the
students were familiar with the scientific experiment terms such as, control variable,
hypothesis, and testing hypothesis whereas there was not clear evidence that those terms
were familiar to the students in field trial study. In addition, the participating teacher in main
study appeared to pay attention to teaching scientific skills before the laboratory activity. In
the classroom, the teacher asked the students “Do you remember how to formulate
hypothesis?” or “the control variable is light, isn’t it”. This indicated the fact that the students
had learnt how to conduct the scientific experiment before the learning unit implementation.
Another reason that may contribute to the result of experimental skill was that some
laboratory activities had to be changed to demonstration activities. Because of the fact that
the students in field trial study had many school activities during the time of learning unit
implementation, there was not enough time to conduct every laboratory activity;
consequently, the students did not have enough experience to improve their skills. This
situation happen to the students in main study as well, but the fact that the teacher focused
on teaching science skill resulted in the improvement of student’s scientific experimental
skills.

In conclusion, the learning units incorporated with the analogy technique
could enhance student’s achievement to be higher than before the instruction, and higher

than the criterion score in all content. The success of learning unit implementation resulted
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from learning activities which were organized according to the learning cycle incorporated
with the analogy technique. Analogies provided meaningful learning which occurred when
the students succeed in finding or creating connections between new information and pre-
existing knowledge. Also, they provided visualization of the abstract concepts of scientific

concepts at micro level.

7.2 Discussion about the result of students’ conceptual status
The research findings indicated that the students had significantly improved
their conceptual status after the instruction incorporated with the analogy technique.
Moreover, the student's scores for intelligible condition, plausible condition, and fruitful
condition were significantly higher than the cutting scores. This result supported previous
studies on the role of an analogy in promoting conceptual change which is described as

follows:

7.2.1 The role of analogy in promoting conceptual change

In this study, several analogies provided the accessible explanation for
some biological ideas such as the function of organelles in cells and how those organelles
work together. The house analogy transferred what students know about the functions of
rooms or parts of their houses to understand the function of organelles in cell. For example,
the kitchen is the place for cooking food is like the chloroplast is the place for cooking food
for plants in the process of photosynthesis, or the house owner room is the place the owner
lives, and the owner is the one who control all activities in a house like nucleus in that it
contains genetic materials that controls all activities in a cell. This analogy provided
students the understandable explanation which was in familiar terms. This situation raised
the status of the scientific concept because it made the scientific concept more intelligible
for the students.

The conceptual change model in science education stated that
accommodation of the new conception occurs if the learner is dissatisfied with his or her
prior conception and the new conception is intelligible, plausible, and or fruitful. The new
conception is intelligible, if its meaning is understood by the student; plausible means that in
addition to the student knowing what the conception means, he or she finds the conception
believable; the conception is fruitful if it helps the learner solve other problems or suggests

new research directions. The extent to which the conception meets these three conditions is
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termed the status of a learner's conception (Treagust. 2006: 26). Venville and Treagust
(1996: 302) proposed that “the analogy acts as a sense maker providing an initial,
intelligible idea of the new concept for the learner.” In their article, they gave the example of
an analogy which helped students to understand the importance of classification of living
things. With analogical reasoning, the students transferred what they have already known
about supermarket to understand the process of organism classification. In another
research study, Harrison and Treagust (1993: 1291) conducted a case study on analogy
teaching and they examined student’s conceptual understanding on light refraction after the
instruction by interviewing the students. The excerpt from student’s interview indicated that
the analogy make them understand light refraction. The analogy made the scientific concept

more intelligible to the students.

7.2.2 Types of conceptual change occurred in class after learning withanalogies
There are two types of conceptual change. The first type has been called
weak knowledge restructuring, assimilation, or conceptual capture. The second type has
been called strong/radical knowledge restructuring, accommodation, or conceptual
exchange (Treagust. 2006: 26). The first kind of conceptual change happens when the
students change their ideas from alternative conceptions to be the scientific one. This kind
of change is called conceptual exchange. On the other hand, conceptual capture happens
when the students already hold the scientific conception and it changes to be more
intelligible, plausible and fruitful. In this study, conceptual capture mostly happened in
student learning except for learning of osmosis in which conceptual exchange was the
major type of conceptual change. This result indicated that the analogy contributed to
student’s knowledge restructuring in both weak and strong ways.
This result is consistent with the review study conducted by Dagher
(1994) which concluded that the contribution of analogies to conceptual change was more
level of conceptual capture. The study by Lemberger (1995) also revealed the same
conclusion. He studied the relationship between a model-building in problem-solving
classroom and conceptual change learning. The method for determining status was non-
technical classroom discourse in which the researcher conducted discourse analysis to
interpret students’ statements. This research found that student statements reflected explicit
changes in the status of their conceptions of several important genetic concepts, and this

kind of change was called conceptual expansion or conceptual capture.
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7.2.3 Discussion regarding the problems occurred in the implementation study

As mentioned before, conceptual exchange mostly occurred in learning
osmosis because the students had changed their conceptions from the alternative
conceptions to the scientific one. Nevertheless, it should be noted that many students had
not changed their alternative conceptions, and some students even changed their
conceptions from the correct understanding to the alternative conceptions. The explanations
that may account for these results included the limitation of time, student’'s analogical
reasoning, and the misinterpretation of analogies that came from the limitations of the
model.

In main study, the osmosis analogical model was presented to the
students in a limit of time. The students who were able to understand the model could
develop the concept of osmosis correctly, and might have changed their conception to be
the scientific one. Unfortunately, the students who had not yet understood that relationship
were not able to understand the osmosis concept; as a result, their conceptions had not
changed. When students learn with analogies, there should be enough time for them to
connect the relationship between the scientific idea (a target) and the example to be
compared (an analog). From the results of students ranking their favorite analogy
(presented more detail later in the satisfaction toward the instruction session), they
understood the scientific conception when they were able to understand the similarity
between the target and the analog. Therefore, the students must have enough time to make
that connection.

The results also indicated that in an equal amount of time, some
students could understand the analogy, but the others could not. That means that the
student’s analogical reasoning should be taken into consideration in this discussion. Duit
(1991: 654-655) reviewed empirical studies on analogical reasoning that have been carried
out both in psychology and science education. The conclusion was that analogical
reasoning can facilitate learning and problem solving. However, the attempt to use an
analogy in a learning situation may not work if students lack of the ability to see the
similarity between the analog and target concept. In other words, the analogy did not work if
analogical reasoning did not happen. In this study, the students did not have the opportunity
to practice their analogical reasoning before the lesson began. Although the comparison
between the analog and the target had been made explicitly in the classroom, but there
was not enough information about student’s ability to think analogically. Therefore, it was

possible that student’s understanding on the relationship drawn from the analog to the
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target depended on their analogical reasoning skill. Further research should be conducted
concerning this issue. In addition to the student’'s ability to understand the analogy, the
limitation of analogy itself can cause the negative result.

Although the osmosis model could be an effective learning tool for
students to understand scientific concepts, there was concern about the limitation of the
model regarding the unshared attributes. Specifically, water particles move freely along side
of the others while the beads representing water particles in this model cannot move
without assistance by shaking the model. This analogy could cause the students
misinterpretations that the water particles cannot move as well, or some students might be
confused because the “static’ beads did not like the “dynamic” water. Harrison and
Treagust (2006: 20) suggested that all analogies break down somewhere and result in
alternative conceptions when the students interpret analogies on their own. In dynamic
classroom setting, many interruptions could occur all the time; consequently, the unshared
attributes of the analogy might not be stated clearly. Alternative conceptions could arise
from this misinterpretation. In this study, it was found that some students changed their
conceptions from the correct understanding to the alternative conceptions. Even though
there was not any clear evidence suggesting that those alternative conceptions came from
the misinterpretation of the analogy, but we should be aware of this possibility every time
analogies are used in teaching science.

Research, in the past, suggested the instructional models to be used
for teaching science with analogies. Venvile (2008: 25) proposed a model for presenting
science analogies called the Focus, Action, and Reflection (FAR) guide. The purpose of this
model is to help teachers maximize the benefits and minimize the problems when analogies
are used in classrooms. For the meaning of Focus, teachers should consider the scientific
concept as to whether or not it is difficult for the students and whether or not they have
alternative conceptions regarding to this concept. Teachers also must consider whether the
students are familiar with the example or analog to be compared. In the Action phase of
analogical teaching, the teacher gives attention to the similarities and dissimilarities of the
analog and the target. To achieve this purpose, similarities are explicitly drawn between the
features of the analog and target. Various methods can be used to help the students
understand the attributes that the target concept and the analog have in common, such as
classroom discussion, argumentation, or negotiation. In addition to the mapping of shared
attributes, the ways that the analog and target are unlike are also identified. The limitations

of the analogy must be stated in a classroom explicitly so that students do not extend the
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analogy beyond its usefulness. Following the presentation of the analogy, the Reflection
phase takes place in order that the teacher could reflect the clarity and usefulness of the
analog as well as the conclusions drawn from it. The usefulness of this model is to assure
that the students understand the scientific concepts, and do not develop alternative
conceptions from the analogy.

In conclusion, an analogy technique had contribution to the conceptual change
learning in several ways. The analogy could make the scientific concepts intelligible to the
students. This was the initial condition that the conceptual status could be raised. The result
from conceptual status analysis in this study suggested that conceptual capture mostly
happened in student learning because the status of scientific concepts had been raised.
The analogical model also provided visualization for the abstract concepts, and made them
more intelligible and plausible. However, there was the limitation of the analogy when there
was not enough time for students to develop the analogical relation between the analog and
the target. Also, the misinterpretation of the analogy that comes from the limitation of the

analogy can cause negative results on student learning.

7.3 Discussion about the result of the students’ learning retention

The research finding considering students’ learning retention showed that there
is no evidence that students’ learning retention score was significantly different to the
students’ achievement. This finding indicated that after learning through the learning unit for
2 weeks the students still retained their knowledge on plant science. It should be noted that,
according to school schedule, the time when the students took the retention test was closed
to the final examination. Therefore, it was possible that the retention test scores were the
result from not only the instruction incorporated with analogies but also the student’s
preparation for the final examination.

Although it was not able to make a clear conclusion about the analogy resulted
in the learning retention from this study, the previous study elsewhere supported the effect
of analogies on knowledge retention. Glynn and Takahashi (1995: 1129) studied the role of
elaborate analogy in students’ learning and retention cell biology. The elaborate analogy
had both graphic and text components that integrated and mapped key features from an
analog (a factory) to the target concept (an animal cell). The results of the experiment
showed that eighth graders who studied an analogy-enhanced text had greater two-week

recall of cell part functions than students who studied a control text. In Addition, sixth
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graders who studied an analogy-enhance text considered the target concept to be more
understandable than students who studied a control text. Glynn and Takahashi (1995:
1129) concluded that the analogy mapped a familiar, concrete schema onto that of the
target concept, making the target concept more understandable and memorable.

These research findings can be explained according to the theories of
remembering and forgetting which includes the components of memory and separate-store
model. Andrade and May (2004: 59) defined memory as the process by which we acquire,
record or encode information, store information in an accessible format, and retrieve that
information later. Houston (1991: 254) described more details about each processes that
encoding refers to the process by which the nervous system develops a representation of
an external stimulus while storage refers to the persistence of encoded materials overtime,
and finally, retrieval refers to the utilization of this stored information. It is possible that the
analogies help students to construct internal representation through analogical thinking.
Once the internal representation was constructed meaningfully, it can be easily retrieved
later even after the instruction for two weeks.

The Pearson product moment correlation was used to examine relationship
between student’'s achievement score after two weeks of the instruction and student’s
conceptual status scores. The result indicated that the Pearson product moment correlation
is 0.41 and the correlation was significant at the 0.05 level. This result displayed the
important feature of learning for conceptual change. The students who gained a high level
of conceptual status tended to retain their knowledge even after the instruction. It is also
possible to infer that the concept that gains high status is information in a meaning-based
format; therefore, it is connected to the knowledge structure in long-term memory.

In conclusion, the learning retention was the result from both the analogies
and also the student’s preparation for the final examination. The analogies help students to
construct meaningful representations through analogical thinking; therefore, they can be
retrieved even after the instruction for two weeks. The learning retention was also
correlated with the status of conceptions. This result suggested that the high status

concepts were memorable for the students.
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7.4 Discussion about the student’s satisfaction toward the instruction

Data collected from the student's satisfaction toward the instruction
questionnaire revealed how well all elements in the learning units were favorable to the
students. The questionnaire was also included favorite ranking for the analogies used in this
study. The result indicated that all aspects including overall satisfaction of the instruction
were favorable to the students at a high level of satisfaction.

Several reasons may account for the positive satisfaction of the students after
learning through the learning units. For the learning activities, they were organized
according to the learning cycle instructional model incorporated with an analogy technique.
The students tended to like learning with hand-on activities which were included in the
learning units. From classroom observation data, the students were engaged in the learning
activities that included laboratories or demonstrations. The level of satisfaction toward the
analogy activities was also at a high level for every analogy used in this study. One
possible explanation is that analogies provided a learning context for students to
understand the new concepts in everyday terms (Taylor; & Coll. 2008: 32). This context
made learning science more accessible to the students. Scientific concepts, in certain
levels, are abstract and far from the student’s experiences. For example, the students could
observe cell structure via a light microscope; however, it might be difficult for the students
to understand how organelles work together to maintain cell process. Comparing a cell with
a house provided the students an accessible explanation with a familiar context;
consequently, they might feel more comfortable and be satisfied to study the scientific
ideas. The evidence for this claim was the student’s response that their most favorite
analogy in field trial study was the comparison between a house and a cell because it was
familiar to the students and it made the scientific concept more accessible. The student’s
response in main study also revealed the advantage of the analogical model in term of its
visualization aspect.

It should be noted that the least favorite analogy for the students was the
blindfolded children walking analogy. Most of the students gave the reason that this analogy
was difficult and they did not have an opportunity to act like the analogy. The blindfolded
children walking analogy was a personal analogy that used a people activity to compare
with the abstract process of particle movement, and it was presented in animation and
pictorial formats. From several students’ suggestions in the satisfaction questionnaire, it can

be inferred that this analogy should be a role play activity as they responsed: “I didn't like it
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because we didn’t act liked the analogy by walking around our room”. This result revealed
the disadvantage of using an analogy when the students are not involved in the analogy
activity, and they cannot make the analogical relationship between the analog concept and
the target concept.

Interestingly, the osmosis model gained high level of satisfaction for the
students, but the status analysis indicated the students’ difficulty to understand this concept.
The reason that might explain this result is that some students were interested in this model
but they did not understand the analogy completely. Therefore, if using this model there
needs to be more awareness from the teacher to assure that the students develop a correct
understanding for the scientific concept.

In conclusion, all aspects of the instruction including the analogies were
favorable to the students at a high level of satisfaction because analogies made learning
science more accessible to the students. Moreover, the students tend to be attracted to the

analogy that provides the physical reality such as the diffusion model.

7.5 Discussion about the teacher’s perspective on teaching science with

analogy

The teacher showed a positive attitude toward using analogies to explain
scientific ideas. The teacher had used analogies several times in teaching science. The
analogies were used to explain not only the biological concepts but also the physical
concepts. The teacher used the idea of the structure of the ocean and island to compare
with the cell. This analogy focused on the similarity of structure more than the one of
function. This similarity is what Curtis and Reigeluth (1984: 103) called structural
relationship, one kind of the analogical relationship. In their article, analogical relationships
were categorized into three groups which were structural relationship (the target concept
and the analog have the same physical appearance), functional relationship (the target
concept and the analog share similar function), and structural-functional relationship (the
analogy combines both structural and functional relationship). Curtis and Reigeluth
(1984: 104) argued that analogies that provide structural-functional relationship are the most
effective because there are few limitations or dissimilar features between the analog and

the target.
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The teacher also used analogy as the assessment tool to examine student’s
understanding. In the quiz question, the students were asked to compare the similarity
between cell structure and the ocean. This finding reflects the teacher believes that the
students can express their understanding on the scientific content through analogical
reasoning. In addition, using analogy as the assessment can diagnose student's
misunderstanding about the target concept. Pittman (1999: 18-19) also agreed with this
point in that student’s misunderstandings which were related to alternative conceptions
could be elicited by student-generated analogies; therefore this kind of analogy can be the
tool for the science educator to indentify and address student’s alternative conceptions.

In conclusion, research findings has shown that the learning units incorporated
with analogy techniques were able to significantly improve the student’s learning outcomes
including learning achievement, conceptual status and learning retention. Moreover, the
student’s satisfaction toward the instruction in the learning units was at a high level. Several
reasons were proposed to explain these findings, especially the effects of analogy teaching
on student’s learning science. The limitation of using analogies was also described, and the
systematic approach for planning the analogy technique was suggested. The following

section describes the recommendations derived from research findings and discussion.

8. Recommendations

From the research findings, the learning units incorporated with the analogy
technique were able to enhance students’ learning which included improving the student’s
learning achievement, raising the student’s conceptual status, and retaining knowledge.
Furthermore, the level of satisfaction toward the instruction was high. To utilize these
findings, several recommendations were proposed including the recommendation for

classroom practice, school administration, and further studies.

8.1 Recommendations for classroom practice.
Recommendations for classroom practice concern about how teachers might

use analogies to be part of their instruction. The suggestions are as follow:

8.1.1 Using analogies to explain abstract concepts
The results of this study provided the evidence that analogies could help

students to understand abstract concepts such as cell functions, photosynthesis, diffusion
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and osmosis. To understand these concepts, the students need to construct mental model
or internal representation in their mind because these concepts cannot be seen. The
teacher can use analogies to provide concrete examples (analog) connecting what the
students are familiar with to the unfamiliar concepts (target). In this study, for example,
cooking food was used as the analog comparing it with photosynthesis. Students are
familiar with cooking food in which they need to use energy to make food from raw
materials. This idea can be transferred to understand photosynthesis that also needs
energy to transform the reactants into the products.

There is probably a concern when the analogies should be incorporated
into the instruction. The research findings suggested that the analogies should be used to
explain scientific ideas after the exploration process. After the students have explored
scientific evidence through the laboratory or demonstrations, they need to find out the
explanations behind that evidence. Even though the lab phenomena is familiar to the
students, its explanation might be difficult; for example, observing starch accumulation in a
leaf is an easy task but explaining why some parts of the leaf do not have starch is much
more difficult. Analogies can provide an accessible explanation for the students; therefore,
they can connect the evidence to the scientific explanation. Several analogies are available
in this study that the teacher can use directly or apply to specific contexts.

Finally, the teacher should be aware of the disadvantages of using an
analogy in a classroom. The research findings suggested that an analogy might not help
students understand the target concept, if they are not involve in the activity, and can not

make sense of the analogical relationships between the analog and the target.

8.1.2 Using analogies as a tool for accessing student understanding

Some parts of learning activities in the learning units encouraged the
students to generate their own analogies in order to explain scientific concepts they had
learnt. It was found that this activity could provide the opportunities for the students to
reflect on their understanding; therefore, it can be a tool for accessing student
understanding. After learning scientific ideas, the teacher might have the students develop
their own analogies. The student can work individually or co-operate with the others in a
group, and they should have opportunities to discuss how the analog is liked or not liked

the target.
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8.2 Recommendations for professional development program

The findings of this study can be useful for professional development programs
for both pre-service and in-service teachers. The systematic model for using analogies in
science classrooms such as TWA model used in this study or FAR guide (Venvile,
2008: 25) can be integrated in the program to inform pre-service teacher how analogies can
be used effectively in classrooms. Research finding also indicated that the experienced
teacher had used analogies regularly in teaching science. Professional development
programs for in-service teachers might be useful if they have opportunities to share the

ideas for the successful analogies used in their class.

8.3 Recommendation for the school administration

For the school administration that might intend to implement the learning units
incorporated with analogy techniques, it was important to prepare the teachers to
incorporate analogy technique into their instruction. The instructional materials and
guidelines for using them need to be prepared in order that the teachers can use them
effectively in class. These materials include analogies in the student's text, pictorial
analogies, and analogical models. Workshop might be organized to demonstrate how those
materials should be used in classrooms and to share the ideas of using analogies in the
science classroom with the teacher. The research findings showed that teachers used
analogies several times in their class; therefore, they can share those analogies with each

other to improve the way analogies are used in science classrooms.

8.4 Recommendation for curriculum developers

For curriculum developers, some issues might be taken into the consideration
when the curriculum is developed and implemented in classrooms. In this study, the
learning units were developed by the researcher and the experts in science education, and
then the final drafts were implemented in classrooms. There were some difficulties for the
participating teachers to adjust their teaching to follow the learning units. Teacher’s prior
knowledge on both content knowledge and pedagogical knowledge was influential on how
the learning units were implemented in classrooms. The learning activities that were not
familiar to the teachers tended to be ignored or were adjusted based on the teacher
experiences. To develop effective curriculum, therefore, the curriculum developers should

invite teachers to participate in the process of curriculum alignment and materials selection.
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Loucks-Horsley, Love, Stiles, Mundry; & Hewson (2003) suggested that curriculum
alignment and instructional materials selection is a collaborative activity, and teachers are

essential participants in that process including the implementation of those materials.

8.5 Recommendations for further studies

To study the contribution of analogies to learning science in the future, some
recommendations have been propose according to the findings of this study. These include
the extension to different content, the effect of the analogy teaching on levels of conceptual
change comparing with another approach, the student-generated analogies as the
assessment tool, and the effect of analogical reasoning on student’s learning from
analogies. The details of these recommendations are as follow:

- The results of this study suggested that incorporating analogy techniques into
the curriculum can enhance students’ learning on plant science. There are other abstract
ideas related to biology content such as genetics, human physiology, or ecology, and these
concepts can be taught using analogies. For the curriculum developer, the research
methodology of this study can be applied to develop learning units on different contents.

- The level of conceptual change after learning with analogy had been reported
from the conceptual status test as first time in this study; however, it is still unknown for
other instructional approaches. The further study should examine the change of student’s
conceptual status after learning with another approach. The study can be conducted in
terms of a comparison study between analogy technique and another instructional
approaches.

- Student-generated analogies had been incorporated into the learning units in
this study as the learning activities, and there were no standard criteria to evaluate those
analogies. The further research can fill this gap by taking major consideration of the
analogies as the assessment tool. The standard criteria should be developed to evaluate
level of students’ understanding of scientific concepts.

- The student’s analogical reasoning should be studied in dept to explore its
effect on the student’s learning from analogies. The students who have higher analogical
reasoning might gain the advantages of learning from analogies more than ones who have
lower analogical reasoning. To conduct study in this topic, the analogical reasoning test

should be used to determine students’ analogical reasoning before the instruction.
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2. Assist. Prof. Dr. Sompop Intasuwan
Biology Department Thaksin University
3. Assoc. Prof. Dr. Therachai Puranajoti
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TABLE 29 EVALUATION OF THE TEACHING GUIDE APPROPRIATENESS
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— level of
list of evaluation X S.D
appropriateness
unit 1 : cell
467 0.58 high
1. The learning objectives are appropriate to student’s age.
2. The learning activities are appropriate to the
433 0.58 high
development of student’s behavior.
3. The sequence of activities is appropriate. 433 0.58 high
4. Time allocation is appropriate. 4.00 0 high
5. The content is appropriate to student’s age. 433 0.58 high
6. The content covers the knowledge that
467 0.58 high
students should acquire.
7. The student’s assessment is appropriate. 433 0.58 high
unit 2 : plant structure and transportation in plant
5.00 0 high
1. The learning objectives are appropriate to student’s age.
2. The learning activities are appropriate to the
433 0.58 high
development of student’s behavior.
3. The sequence of activities is appropriate. 467 0.58 high
4. Time allocation is appropriate. 433 0.58 high
5. The content is appropriate to student’s age. 433 0.58 high
6. The content covers the knowledge that
467 0.58 high
students should acquire.
7. The student’s assessment is appropriate. 467 0.58 high
unit 3 : Photosynthesis
433 0.58 high
1. The learning objectives are appropriate to student’s age.
2. The learning activities are appropriate to the
433 0.58 high
development of student’s behavior.
3. The sequence of activities is appropriate. 4.67 0.58 high
4. Time allocation is appropriate. 433 0.58 high
5. The content is appropriate to student’s age. 433 0.58 high
6. The content covers the knowledge that
433 0.58 high
students should acquire.
7. The student’s assessment is appropriate. 433 0.58 high



TABLE 29 (Continued)
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level of
list of evaluation X S.D
appropriateness
unit 4 : plant reproduction
5.00 0 highest
1.The learning objectives are appropriate to student’s age.
2. The learning activities are appropriate to the
467 0.58 high
development of student’s behavior.
3. The sequence of activities is appropriate. 433 0.58 high
4. Time allocation is appropriate. 433 0.58 high
5. The content is appropriate to student’s age. 4.67 0.58 high
6. The content covers the knowledge that
433 0.58 high
students should acquire.
7. The student’s assessment is appropriate. 433 0.58 high
unit 5 : plant response
5.00 0 highest
1.The learning objectives are appropriate to student’s age.
2. The learning activities are appropriate to the
433 0.58 high
development of student’s behavior.
3. The sequence of activities is appropriate. 433 0.58 high
4. Time allocation is appropriate. 433 0.58 high
5. The content is appropriate to student’s age. 4.67 0.58 high
6. The content covers the knowledge that
467 0.58 high
student should acquire.
7. The student’s assessment is appropriate. 433 0.58 high
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TABLE 30 OVERALL EVALUATION OF THE TEACHING GUIDE APPROPRIATENESS

— level of
list of evaluation X S.D
appropriateness
1. The background of learning units development is
433 0.58 high
appropriate to the current need.
2. The guideline for using the learning units is appropriate
433 0.58 High
for classroom practice.
3. The table presenting the alignment of the learning unit
4.00 0 high
is appropriate for the teacher.
4.The edition of teacher’s guide is appropriate for practice.  3.67 0.58 high
5.The overall of teacher’s guide is appropriate. 4.00 0 high
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TABLE 31 EVALUATION OF THE TEACHING GUIDE CONSISTENCY

[o]e;
list of evaluation 7— interpretation
unit 1 : cell
1. The learning objectives and the indicators from Basic 1.00 0 consistent
Education Curriculum of 2008
2. The content and the learning objectives 1.00 0 consistent
3. The learning activities and the learning objectives 1.00 0 consistent
4. The learning activities and the instructional model 1.00 0 consistent
5. Student’s work sheets as the assessment tool and
1.00 0 consistent
the learning objectives
unit 2 : plant structure and transportation in plant
1. The learning objectives and the indicators from Basic 1.00 0 consistent
Education Curriculum of 2008
2. The content and the learning objectives 1.00 0 consistent
3. The learning activities and the learning objectives 1.00 0 consistent
4. The learning activities and the instructional model 1.00 0 consistent
5. Student’s work sheets as the assessment tool and
1.00 0 consistent
the learning objectives
unit 3 : photosynthesis
1. The learning objectives and the indicators from Basic 1.00 0 consistent
Education Curriculum of 2008
2. The content and the learning objectives 1.00 0 consistent
3. The learning activities and the learning objectives 1.00 0 consistent
4. The learning activities and the instructional model 1.00 0 consistent
5. Student’s work sheets as the assessment tool and
1.00 0 consistent

the learning objectives



TABLE 31 (Continue)
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[e]e;
list of evaluation — interpretation
X S.D

unit 4 : plant reproduction
1. The learning objectives and the indicators from Basic 1.00 0 consistent

Education Curriculum of 2008
2. The content and the learning objectives 1.00 0 consistent
3. The learning activities and the learning objectives 1.00 0 consistent
4. The learning activities and the instructional model 0.67 0.58 consistent
5. Student’s work sheets as the assessment tool and

1.00 0 consistent

the learning objectives
unit 5 : plant response
1. The learning objectives and the indicators from Basic 1.00 0 consistent

Education Curriculum of 2008
2. The content and the learning objectives 1.00 0 consistent
3. The learning activities and the learning objectives 1.00 0 consistent
4. The learning activities and the instructional model 0.67 0.58 consistent
5. Student’s work sheets as the assessment tool and

1.00 0 consistent

the learning objectives




TABLE 32 EVALUATION OF THE LEARNIN GUIDE APPROPRIATENESS
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. level of
list of evaluation X S.D
appropriateness
unit 1 : cell
1. The guidelines for learning activities are appropriate for 467 0.58 high
students to follow the learning activities.
2. Student’'s worksheets are appropriate for students to
467 0.58 high
follow the learning activities.
3. Student’s texts are appropriate to explain scientific
433 0.58 high
concepts.
unit 2 : plant structure and transportation in plant
1. The guidelines for learning activities are appropriate for 467 0.58 high
students to follow the learning activities.
2. Student’'s worksheets are appropriate for students to
467 0.58 high
follow the learning activities.
3. Student’s texts are appropriate to explain scientific
467 0.58 high
concepts.
unit 3 : photosynthesis
1. The guidelines for learning activities are appropriate for 433 0.58 high
students to follow the learning activities.
2. Student’'s worksheets are appropriate for students to
433 0.58 high
follow the learning activities.
3. Student’s texts are appropriate to explain scientific
433 0.58 high
concepts.
unit 4 : plant reproduction
1. The guidelines for learning activities are appropriate for 433 0.58 high
students to follow the learning activity.
2. Student’'s worksheets are appropriate for students to
433 0.58 high
follow the learning activities.
3. Student’s texts are appropriate to explain scientific
433 0.58 high

concepts.
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TABLE 32 (Continued)

N=3 level of

X S.D appropriateness

list of evaluation

unit 5 : plant response
1. The guidelines for learning activities are appropriate for  4.33  0.58 high

students to follow the learning activities.

2. Student’'s worksheets are appropriate for students to
433 0.58 high
follow the learning activities.

3. Student’s texts are appropriate to explain scientific
433 0.58 high
concepts.

TABLE 33 OVERALL EVALUATION OF THE STUDENT’'S GUIDE APPROPRIATENESS

. level of
list of evaluation X S.D
appropriateness
1. Student’s guide is appropriate to support
467 0.58 high
the lesson plans.
2. The sequence of learning activities is appropriate. 433 0.58 high
3.The edition of student’s guide is appropriate
4.00 0 high
for student’s age.
4.The overall of student’s guide is appropriate to use in
467 0.58 high

classroom.




TABLE 34 THE RESULTS OF ASSESSING AND EVALUATING THE ITEM OBJECTIVE
CONGRUENCE (I0C), ITEM DIFFICULTY (p) AND ITEM DISCRIMINATION (r) OF
THE ACHIEVEMENT TEST
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Item I0C P r
1 1.00 0.69 0.43
2 1.00 0.65 0.35
3 0.67 0.43 0.50
4 0.67 0.58 0.45
5 1.00 0.66 0.58
6 1.00 0.26 0.33
7 0.67 0.54 0.43
8 1.00 0.54 0.33
9 1.00 0.40 0.30
10 1.00 0.33 0.40
11 0.67 0.60 0.60
12 0.67 0.75 0.35
13 0.67 0.50 0.30
14 1.00 0.68 0.50
15 1.00 0.70 0.45
16 1.00 0.33 0.40
17 0.67 0.71 0.43
18 1.00 0.59 0.53
19 1.00 0.59 0.38
20 0.67 0.74 0.53

item I0C P r
21 1.00 0.63 0.25
22 1.00 0.40 0.30
23 1.00 0.55 0.65
24 1.00 0.66 0.53
25 1.00 0.66 0.58
26 1.00 0.80 0.20
27 1.00 0.53 0.40
28 1.00 0.34 0.33
29 0.67 0.63 0.40
30 1.00 0.69 0.53
31 1.00 0.78 0.25
32 1.00 0.31 0.23
33 1.00 0.51 0.48
34 1.00 0.51 0.38
35 1.00 0.60 0.40
36 1.00 0.45 0.25
37 1.00 0.43 0.30
38 1.00 0.46 0.38
39 1.00 0.54 0.28
40 1.00 0.24 0.33

Reliability of the conceptual status test, Cronbach’s Alpha, is 0.76



TABLE 35 THE RESULTS OF ASSESSING AND EVALUATING THE ITEM OBJECTIVE
CONGRUENCE (I0C), ITEM DIFFICULTY (p) AND ITEM DISCRIMINATION (r) OF

THE CONCEPTUAL STATUS TEST

ITEM I0C P r
1.1 1.00 0.40 0.46
1.2 0.67 0.31 0.38
1.3 1.00 0.29 0.33
2.1 1.00 0.65 0.46
22 0.67 0.71 0.58
23 0.67 0.27 0.29
3.1 0.33 0.38 0.67
3.2 0.33 0.46 0.75
3.3 0.67 0.46 0.75
4.1 1.00 0.52 0.63
4.2 0.67 0.33 0.50
4.3 1.00 0.54 0.75

Reliability of the conceptual status test, Cronbach’s Alpha, is 0.79
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TABLE 36 THE RESULTS OF EVALUATING THE SATISFACTION QUESTIONAIRE

statements IoC interpretation
1. using microscope to study cells 1 appropriate
2. observing cell shapes and functions from diagram 1 appropriate
3. analogy comparing cell functions with a house 1 appropriate
4. predicting cell type from cell structure 1 appropriate
5. creating your own analogy to compare cell functions
1 appropriate
with what you are familiar
6. using microscope to study plant structure 1 appropriate
7. observing water transportation in plant from
1 appropriate
the demonstration
8. analogy comparing osmosis process with the
1 appropriate
movement of beads inside the osmosis model
9. analogy comparing diffusion process with the
1 appropriate
movement of foam particles inside the diffusion model
10.analogy comparing diffusion process with the
1 appropriate
movement of blindfold children in a room
11. using conceptions on diffusion and osmosis to
1 appropriate
explain phenomena
12. designing experiment to study plant transpiration 1 appropriate
13. observing starch accumulation in plant 1 appropriate
14. analogy comparing photosynthesis with cooking 1 appropriate
15. creating your own analogy to compare
1 appropriate
photosynthesis with what you are familiar
16. participating in classroom discussion about the
1 appropriate
usefulness of sugar produced from photosynthesis
17. building photosynthesis paper-clip model 1 appropriate
18. explaining ecological problem affected by
1 appropriate

deforestation

19. observing parts of flower

appropriate



TABLE 36 (Continued)
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statements IoC interpretation
20. participating in classroom discussion about plant 1
appropriate
reproduction
21. participating in classroom discussion about the 1
appropriate
advantages of plant tissue culture.
22. participating in classroom discussion about the result 1
appropriate
of plant response experiment.
20. participating in classroom discussion about plant 1
appropriate
reproduction
21. participating in classroom discussion about the 1
appropriate
advantages of plant tissue culture.
22. participating in classroom discussion about the result 1
appropriate
of plant response experiment.
23. student’s texts 1 appropriate
24. diagram presenting analogy 1 appropriate
25. pictures and diagrams presenting scientific 1
appropriate
experiment
26. tools and materials provided for experiments 1 appropriate
27. student’s worksheets 1 appropriate
28. animation 1 appropriate
29. examination before the instruction 1 appropriate
30. exercises after each learning unit 1 appropriate
31. quizzes after the instruction 1 appropriate
32. evaluation on student’s works 1 appropriate
33. evaluation on student’s presentation 1 appropriate
34. examination after the instruction 1 appropriate

Reliability of the satisfaction questionaire, Cronbach’s Alpha, is 0.92
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TABLE 37 THE LEARNING ACHIEVEMENT SCORES FROM THE FIELD TRIAL STUDY

No. score No. score
1 17 26 26
2 17 27 14
3 16 28 16
4 12 29 20
5 10 30 29
6 17 31 16
7 17 32 26
8 32 33 27
9 16 34 23
10 18 35 19
11 19 36
12 9 37 16
13 15 38 27
14 25 39 19
15 18 40 23
16 16 41 18
17 21 42 18
18 25 43 18
19 27 44 20

20 19 45 19

21 26 46 28

22 47 21

23 20 48 29

24 18 49 31

24 50 18

N
a
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TABLE 38 THE CONCEPTUAL STATUS SCORES FROM THE FIELD TRIAL STUDY

42 43

32 33 41

22 23 31

1.3 21

11 1.2

No.

10

11

12
13
14
15
16
17
18
19
20

21

22
23

24

25

26

27

28

29

30
31
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TABLE 38 (Continued)

42 43

3.2 33 41

22 23 31

1.3 21

11 1.2

No.

32

33

34
35

36
37

38
39
40

41

42

43

44
45

46

47

48

49

50
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TABLE 39 THE STUDENT’'S SATISFACTION TOWARD THE INSTRUCTION
IN THE FIELD TRIAL STUDY

level of satisfaction

statements p—
X S.D interpretation
learning activities
1. using microscope to study cells 4.31 0.67 high
2. observing cell shapes and functions from diagram 4.04 0.64 high
3. analogy comparing cell functions with a house 4.04 0.71 high
4. predicting cell type from cell structure 3.60 0.69 high
5. creating your own analogy to compare cell functions
3.82 0.78 high
with what you are familiar
6. using microscope to study plant structure 4.33 0.85 high
7. observing water transportation in plant from
4.04 0.71 high
the demonstration
8. analogy comparing osmosis process with the
3.93 0.69 high
movement of beads inside the osmosis model
9. analogy comparing diffusion process with the
3.96 0.74 high
movement of foam particles inside the diffusion model
10.analogy comparing diffusion process with the
3.73 0.75 high
movement of blindfold children in a room
11. using conceptions on diffusion and osmosis to explain
3.56 0.77 high
phenomena
12. designing experiment to study plant transpiration 3.69 0.92 high
13. observing starch accumulation in plant 3.64 0.87 high
14. analogy comparing photosynthesis with cooking 3.98 0.90 high
15. creating your own analogy to compare photosynthesis
3.73 0.86 high
with what you are familiar
16. participating in classroom discussion about the
3.80 0.87 high
usefulness of sugar produced from photosynthesis
17. building photosynthesis paper-clip model 3.70 0.94 high
18. explaining ecological problem affected by
3.84 0.90 high

deforestation

19. observing parts of flower 3.93 0.82 high




TABLE 39 (Continued)
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level of satisfaction

statements —
X S.D interpretation
20. participating in classroom discussion about plant
3.68 0.77 high
reproduction
21. participating in classroom discussion about the
3.64 0.93 high
advantages of plant tissue culture.
22. participating in classroom discussion about the result
3.80 0.97 high
of plant response experiment.
learning materials
23. student’s texts 4.04 0.52 high
24. diagram presenting analogy 4.18 0.75 high
25. pictures and diagrams presenting scientific experiment  4.13 0.81 high
26. tools and materials provided for experiments 4.24 0.77 high
27. student’s worksheets 3.75 0.81 high
28. animation 4.45 0.59 high
assessment
29. examination before the instruction 3.51 0.79 high
30. exercises after each learning unit 3.89 0.78 high
31. quizzes after the instruction 3.67 0.71 high
32. evaluation on student’s works 3.87 0.79 high
33. evaluation on student’s presentation 3.91 0.85 high
34. examination after the instruction 3.93 0.96 high




TABLE 40 THE LEARNING ACHIEVEMENT SCORES FROM THE MAIN STUDY

retention retention
No. pre-test post-test No. pre-test post-test
test test
1 15 32 31 25 15 24 21
2 26 32 36 26 17 21 23
3 23 33 37 27 20 38 40
4 12 36 32 28 22 36 36
5 11 34 36 29 22 30 32
6 15 23 25 30 13 33 31
7 16 34 38 31 23 30 38
8 9 24 25 32 15 20 15
9 24 32 39 33 15 27 30
10 13 21 26 34 21 32 29
11 14 24 21 35 23 36 30
12 17 32 28 36 20 33 32
13 23 32 34 37 14 24 27
14 19 32 37 38 19 26 36
15 19 28 30 39 16 22 26
16 19 24 23 40 18 32 29
17 16 25 19 41 18 24 28
18 12 23 31 42 16 33 31
19 13 23 24 43 20 24 24
20 13 28 28 44 22 34 32
21 16 25 27 45 11 25 30
22 17 31 32 46 12 24 30
23 20 35 34 47 19 35 33
24 20 25 24 48 17 34 33
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TABLE 41 THE CONCEPTUAL STATUS SCORES FROM THE MAIN STUDY (PRE-TEST)

No. 11 12 13 21 22 23 31 32 33 41 42 43
1 2 2 2 2 1 1 2 2 2 1 1
2 1 1 1 2 2 2 1 1 1 1 1
3 1 1 1 2 2 2 1 1 1 3 1
4 2 1 2 2 1 1 2 2 1 2 1
5 2 2 2 2 1 1 1 1 1 3 2
6 1 1 1 2 1 2 2 1 1 1 1
7 3 2 2 2 2 2 2 1 1 1 1
8 2 1 2 2 1 2 2 1 2 2 1
9 3 3 3 1 1 1 1 1 1 2 2
10 1 1 1 3 2 1 1 1 1 2 2
1 1 1 1 2 1 1 2 1 1 3 2
12 3 2 1 1 1 1 1 1 1 2 1
13 1 1 1 2 2 2 2 1 1 3 1
14 3 2 1 2 1 2 1 1 1 3 2
15 1 1 1 2 1 2 1 1 1 1 1
16 2 1 1 1 1 1 1 1 1 1 1
17 1 1 1 2 1 1 2 1 1 1 1
18 2 1 2 2 1 1 1 1 1 3 1
19 1 1 1 2 1 1 1 1 1 2 2
20 2 2 2 2 1 2 1 1 1 2 1
217 2 2 2 2 1 2 1 1 1 3 1
2 2 2 2 1 1 1 1 1 1 3 2
23 3 2 3 2 2 2 1 1 1 1 1
24 1 1 1 1 1 1 1 1 1 1 1
25 2 2 2 2 1 1 1 1 1 3 2
26 1 1 1 2 1 1 1 1 1 1 1
27 1 1 1 2 1 2 1 1 1 1 1
28 3 3 2 2 1 1 1 1 1 1 1
29 1 1 1 2 2 2 3 1 2 1 1
30 2 2 2 2 1 2 2 1 1 1 1
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TABLE 41 (Continued)

42 43

32 33 4.1

22 23 31

1.2 13 2.1

1.1

No.

31

32
33

34
35

36
37

38
39
40

41

42

43

44

45

46

47

48
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TABLE 42 THE CONCEPTUAL STATUS SCORES FROM THE MAIN STUDY (POST-TEST)

42 43

3.2 33 41

22 23 31

1.3 21

11 1.2

No.

10

11

12
13
14

15
16
17
18
20
21

22
23
24
25

26
27

28
29
30
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TABLE 42 (Continued)

42 43

32 33 4.1

22 23 31

1.2 13 2.1

1.1

No.

31

32
33

34
35

36
37

38
39
40

41
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43

44

45

46

47

48
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TABLE 43 THE STUDENT’'S SATISFACTION TOWARD THE INSTRUCTION
IN THE MAIN STUDY

level of satisfaction

statements —
X S.D interpretation
learning activities
1. using microscope to study cells 4.50 0.51 high
2. observing cell shapes and functions from diagram 4.27 0.57 high
3. analogy comparing cell functions with a house 4.50 0.55 high
4. predicting cell type from cell structure 3.83 0.60 high
5. creating your own analogy to compare cell functions
3.77 0.88 high
with what you are familiar
6. using microscope to study plant structure 3.98 0.85 high
7. observing water transportation in plant from
3.94 0.81 high
the demonstration
8. analogy comparing osmosis process with the
4.38 0.73 high
movement of beads inside the osmosis model
9. analogy comparing diffusion process with the
4.67 0.47 highest
movement of foam particles inside the diffusion model
10.analogy comparing diffusion process with the
4.35 0.79 high
movement of blindfold children in a room
11. using conceptions on diffusion and osmosis to explain
4.29 0.74 high
Phenomena
12. designing experiment to study plant transpiration 3.96 0.87 high
13. observing starch accumulation in plant 4.04 0.65 high
14. analogy comparing photosynthesis with cooking 4.23 0.60 high
15. creating your own analogy to compare photosynthesis
4.02 0.76 high
with what you are familiar
16. participating in classroom discussion about the
4.15 0.58 high
usefulness of sugar produced from photosynthesis
17. building photosynthesis paper-clip model 3.92 0.79 high
18. explaining ecological problem affected by
3.98 0.82 high

Deforestation



TABLE 43 (Continued)
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level of satisfaction

statements —
X S.D interpretation
19. observing parts of flower 4.00 0.77 high
20. participating in classroom discussion about plant
3.90 0.78 high
reproduction
21. participating in classroom discussion about the
4.00 0.97 high
advantages of plant tissue culture.
22. participating in classroom discussion about the result
417 0.78 high
of plant response experiment.
learning materials
23. student’s texts 4.42 0.61 high
24. diagram presenting analogy 4.40 0.57 high
25. pictures and diagrams presenting scientific experiment  4.13 0.64 high
26. tools and materials provided for experiments 4.21 0.68 high
27. student’s worksheets 4.04 0.62 high
28. animation 3.38 1.14 medium
Assessment
29. examination before the instruction 3.98 0.60 high
30. exercises after each learning unit 4.31 0.62 high
31. quizzes after the instruction 4.23 0.75 high
32. evaluation on student’s works 4.21 0.68 high
33. evaluation on student’s presentation 3.67 0.81 high
34. examination after the instruction 4.15 0.77 high




APPENDIX D
The Distribution Graph for Setting The Cutting Score
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Pictures from the Learning Unit Implementation
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