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Grade Eight Students’ Interpretation of their Teacher’s
Verbal Input about Energy and its Relationship to their
Achievement

Hadi Bou Hassan
Abstract
Research about students’ understanding of energy in physics has revealed that students
have ideas about the physical world that are different from those accepted in the
scientific community. Nowadays, the effect of the language used and the teacher’s
verbal input during class instruction have been topics of research in the literature. This
research aimed at answering the following three research questions: What are the
construals of energy reflected in a grade eight physics teacher’s input during
instruction? How do students of grade eight interpret the language use of their physics
teacher while learning about energy? What is the relationship between students’
interpretation of their grade eight physics teacher’s verbal input and their conceptual
achievement? The sample of this study included a teacher of grade eight and her 27
students in a Lebanese private school. Data was collected through a pretest and posttest,
two semi-structured interviews, and audio recordings of the teacher’s verbal input
during the explanation of a unit about energy. The results of the study showed that
students use material like construals while discussing about energy similar to those used
by the teacher. Moreover, students interpreted the language use of their teacher as two
construal types: energy as material like or substance, and energy as ability to do work,
which defines energy as a conserved quantity, but not necessarily abstract. In addition,
results showed that students hold misconceptions about energy transformation.
Keywords: Misconception, Language use, Students’ interpretation, Energy, Conceptual
achievement.
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Chapter One
Introduction
1.1- Overview
Research about students’ understanding of physics concepts has revealed that
students come to the classroom with ideas about the physical world different from those
accepted in the scientific community (Carey, 2000; diSessa, 1988; Duschl,
Schweingruber, & Shouse, 2007; Slotta, Chi, & Joram, 1995; Vosniadou, 2008).
Among the concepts of physics, energy is a fundamental concept because of its abstract
nature and its role as an organizing model across a wide range of subdisplines in
science. Energy is central in understanding chemical reactions in chemistry, cell
respiration in biology, and energy conservation and transformation in physics. The
research on children’s understanding of energy has documented a variety of conceptions
of energy held by students at various ages, many of which contradict the scientifically
accepted concept (Fetherston,1999; Goldring & Osborne,1994; Lopes, 2009; Solomon,
1983; Watts 1983). In addition, it is suggested that the language used while
communicating about energy plays an important role in construction of conceptual
understanding. (Amin, 2009; Lijnse, 1990; Solomon, 1983) For example, the National
Reasearch Council has noted in the Framework for K-12 Science Education (2011) that:
Clearly, incorrect beliefs—such as the perception that food or fuel is a
form of energy— would lead to elementary grade students’ misunderstanding of
the nature of energy. Hence, although the necessity for food or fuel can be
discussed, the language of energy needs to be used with care so as not to further
establish such misconceptions.
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Watts (1983) categorized students’ misconceptions of energy in different or
alternative frameworks used by students between 14 and 18-year-old, summarized as
follows: (1) energy as human centered, (2) depository model of energy, as a source of
power, (3) energy as a product or result of something, (4) energy as motion or activity,
(5) energy as fuel and (6) energy as fluid. Other researchers have noted that students
tend to apply the concept of energy to fuel and human activity, a limited application
scope of the concept (Goldring & Osborn, 1994; Nicholas & Ogborn, 1993; Trumper,
1993).
The literature about energy misconceptions has highlighted that one source of
these misconception is the formal and informal discourses about energy (Amin, 2009;
Lijnse, 1990; Solomon, 1983). Amin (2009) argues that language-based metaphorical
construals implicit in everyday language are an additional source of prior conception;
Amin (2009) has suggested that:
…most of the naïve conceptions of energy found in the science education
literature are reflected in construals implicit in everyday usage, suggesting that it
is exposure to these language-based construals that may be an important source
of these naïve conceptions. (p.175)

Amin (2009) suggested that the misconceptions of energy are derived from the
conceptual metaphors reflected in the use of the everyday language about “energy”. He
also hypothesized that the use of conceptual metaphor in use of the term “energy” in
scientific language may positively and negatively impact the learning of the scientific
concept of energy. The present study will examine the construals of energy reflected in
a physics teacher’s use of the term “energy” during instruction. The construal here is
2

the interpretation reflected in the expression used to describe energy. The language use
by the teacher will sometimes be referred to as “teacher’s verbal input” in the text.
In addition, Lijnse (1990) has suggested that a source of energy misconceptions
is the media. She argued that the language used in the media for energy associates
energy consumption and power supply with money, liters of gasoline and amount of
natural gas. Lijnse (1990) proposed a three-level “hierarchy” to bridge the gap between
the real life world of students that is the everyday meaning and use of the term of
“energy” and the scientific world, where the accepted scientific use of the term
“energy” is used. “Starting from the point of thinking and talking about energy at the
life-world level in life-world situations. A first selection should then be made, in the
sense that pupils’ attention is drawn to situations and aspects that are relevant to deal
with in the context of physics lessons. In this way the physical life world is selected
from the life-world as a whole”. (Lijnse, 1990) (p. 580). Then, she suggests another
transition to the “real” conception in the physical world. She proposed to start from the
everyday use of the term energy, then to choose situations that are appropriate to the
scientific context to channel students’ attention, as a final step, she suggested a
transition from the descriptive to the scientific theoretical concept of energy. Moreover,
Solomon (1983) outlined that the students’ everyday discourse about energy gives rise
to inconsistent and illogical conceptions.
Amin (2009), Lijnse (1990) and Solomon’s (1983) arguments about the effect of
everyday and scientific discourse on the conception of energy, leads to the conclusion
that the verbal input of others might affect the students’ conception. As formerly stated,
apparently innocuous everyday discourse about energy may lead to implicit construals.
3

One example is reference to sources of energy such as materials like fossil fuel, coal or
nuclear material (e.g. “Oil is a source of energy;” “We are running out of energy
resources”). Another example is reference to energy in the context of human activity
(e.g. “The compliment gave me energy to continue” “I am running out of energy
today”). Also, a third example is the reference of energy to food (e.g. “Pasta gives you a
lot of energy”).
Verbal input has been given recent attention in research on the process of
conceptual development (Gelman, 2009). Gelman has argued that children’s knowledge
is mainly derived from the input of others. She based her argument on the work of
Harris, Kavanaugh, and Downson (1997) who suggested that students trust in testimony
they receive. For example, students’ trust in testimony was examined by Harris and
Koenig (2006) who have argued that students understand and believe in the round shape
of the earth, the relationship between mental processes and the brain, and the life cycle
without any direct experience of these objects or phenomena. Harris and Koeing have
deduced that students use what they have been told to costruct knowledge in which they
believe. Language as a tool that shapes conceptions is also discussed by Boroditsky
(2001). She argues that in the absence of sensory information, language plays a vital
role in shaping thinking. Tomasello (1999) discussed a range of construals in the use of
language for the creation of concepts about abstract ideas. These discussions invite us to
consider the impact of the teacher’s language use of the term “energy” on the students’
understanding of the concept during calssroom discourse about energy.
Research about teaching energy includes two generally different views
regarding when the topic should be taught: one suggests teaching energy at the lower
4

grades, while the other suggests teaching it in upper classes (Duit, 1987; Warren, 1986).
Duit (1987) proposed teaching energy as a quasi-material concept. He grounded his
suggestion in history of science where such a conception played a significant role. He
also supposed that a conception of energy as quasi-material is pedagogically justified,
because it concretizes the concept and makes it closer to the everyday use of the word.
Duit suggested covering the gap between the abstract and materialistic conception of
energy by using the analogy between energy and money. However, Duit’s proposal to
teach energy as a quasi-material concept has been rejected by Warren (1986). Warren
argued that the abstract and mathematical nature of the concept of energy contradicts
the quasi-material conception. The abstract and mathematical nature of the concept of
energy leads Warren (1986) to suggest that the concept should not be taught before the
secondary level.
The present study aims at investigating how the students of grade eight interpret
their physics teachers’ use of the term “energy” while learning about energy and the
relationship of these interpretations to their achievement. The results of this study can
contribute to the issue of when to introduce the concept in the curriculum. Moreover, if
the teacher’s language use of the term “energy” is found to be a potential source of
energy misconceptions, recommendations for instruction will follow.

1.2- Significance of the Study
Changes in students’ concept of energy have been studied from different angles.
They have been discussed from the angle of the age or stage at which it should be
taught (Warren, 1986); the angle of the type of conception that should be emphasized
in instruction (Duit, 1987); and the angle of energy preconceptions (Watts 1983, Lijnse,
5

1990). However, the study of the students’ assimilation of their teacher’s language use
of the term “energy” about energy has not been discussed in the literature. The study of
the students’ assimilation of their teacher’s input about energy and its effect on their
achievement will indicate whether the teacher’s language use of the term “energy” in
the classroom is a potential challenge for instruction in physics. The study will support
recommendations for how teachers should use the term “energy”, in order not to hinder
students’ learning and conceptual understanding. Moreover, the study would suggest if
grade eight is an appropriate grade to teach an abstract concept like energy.

1.3- Research Question
The above discussion of the effect of discourse on the students’ conception of
energy (Amin, 2009, Lijnse, 1990, Solomon, 1983), theories of verbal input and
language as a tool of shaping thinking (Boroditsky, 2001, Gelman, 2009, Tomasello
(1999), and the discussion of when to teach about energy (Duit, 1987 ,Warren, 1986)
motivate the research questions of this study:
The following questions will guide this study:
-

What are the construals of energy reflected in a grade eight physics
teacher’s language use during instruction?

-

How do students of grade eight interpret the language use of the term
“energy” of their physics teacher while learning about energy?

-

What is the relationship between students’ interpretation of their grade
eight physics teacher’s language use of the term “energy” and their
conceptual achievement?

6

Chapter Two
Literature review
2.1- Overview
The research on science education has documented that students’ naïve
understanding of scientific concepts may persist even after instruction (Carey, 2000;
diSessa, 1988; Duschl, Schweingruber, & Shouse, 2007; Slotta, Chi, & Joram, 1995;
Vosniadou, 2008). In the case of the concept of energy, researchers have argued that
students’ achievement on quantitative problems which is the focus of assessment on the
abstract concept energy is not matched by their qualitative understanding. Students face
difficulties, even after instruction, in understanding the adequate scientific meaning of
the concept (Goldring & Osborn, 1994). In addition to this, research in cognitive
development has highlighted the importance of language in developing learners’
understanding (Gelman, 2009). The sections below discuss the research on energy
misconceptions, sources of energy misconceptions, and finally, language as a source of
energy misconceptions.

2.2- Challenges to teaching the scientific concept
Research about the misconceptions regarding the concept of energy has
suggested that students face difficulties in understanding it as an abstract concept. These
studies reveal that students harbored many erroneous beliefs about it. Some of these
involve the association of energy with human activity, force, fuel, transfer of fluid,
food, and a temporary source of activity. The review of the research about teaching
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energy discloses two distinct views of when we should start teaching it as an abstract
concept. Thus, it is necessary to review the research about the misconceptions of energy
and the discussion of when to teach it.
Watt (1983) argues that there are seven explanatory perspectives or
‘frameworks’ for the concept of energy including the naïve conceptions. He derived
these ‘frameworks’ from interviews with nine students between the ages of fourteen and
eighteen years old. The students were asked to choose the picture which describes their
view of energy from a list of pictured situations involving energy. Seven ‘frameworks’
were revealed in the students’ transcripts. Watt (1983) described them as follows:
(1) Human centered energy: Energy is conceived as associated with human beings.
(2) A depository model of energy: Energy is seen as stored in objects. Where it is seen
as ‘causal agent’ or ‘source of activity’
(3) Energy as an ingredient: It is seen as dormant in objects and needs a trigger to be
released.
(4) Energy as an activity: Energy is associated with movement.
(5) Energy is a product: It is seen as a byproduct or waste in certain processes.
(6) Energy is functional: It is associated with fuel or technical appliances.
(7) A flow-transfer model of energy: Energy is seen as ‘fluid’.
The last framework which considers the transfer of energy as “fluid”, is the
closest to the scientific view of energy, among these alternative views of energy. In the
scientific community’s view, energy is an abstract quantity that is conserved, which
undergoes transfer and transformation.
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Goldring and Osborn (1994) conducted a study to identify students’ alternative
conceptions of energy. A set of questions was given to seventy-five students studying
advanced-level physics. The authors designed a questionnaire which included
quantitative and qualitative questions about power and energy. Students’ answers to
these questions reflected a noticeable lack of qualitative reasoning and confusion about
the difference between energy and power. Other researchers revealed that the naïve
misconceptions of energy are associated with electrical or technological devices and/or
human beings (Bliss & Ogborn, 1985; Nichols & Ogborn, 1993; Solomon, 1983;
Trumper , 1990, 1993). Nicholas and Ogborn (1993) conducted a study on two classes
of children, one aged ten to eleven and the other thirteen to fourteen. The questions
were constructed into two stages: The first stage comprised of general questions about
energy: What is it? Where does it come from? How do we use it? In the second stage,
Yes/No answers were requested for a series of questions adopted from the answers in
the first stage. For the two age groups, the study showed that the use of the term
“energy” is associated with fuel, food, living things, natural phenomena, and devices
that must utilize it. The participants figured that living things and devices “use” or
“need energy”, whereas fuel, food and natural phenomena may “conduct” or “receive”
energy. In addition to that, Trumper (1990) asked the students if there is energy in a
series of pictured situations: Melting ice, a man in the snow, and a man shown to be
eating. The results of the students’ verbal answers exposed that their misconceptions
span Watt’s (1983) categories except “energy is ingredient”. Two frequent ideas
dominated the answers, “energy as causal agent” and “energy as a product”. Trumper
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(1993) proposed that students reflect an understanding of energy as associated with
human activity, and as a cause or product as described in Watt’s frameworks.
Solomon (1983) argues that the students are consistently being exposed to the
word “energy” in everyday language, newspapers, and social media. In her study,
Solomon (1983) posed questions about energy transformation to students between
fourteen to fifteen years old. The results of the study revealed a strong indication that
students operate in two domains: the symbolic domain (mathematical domain) and the
real-life world domain. Solomon (1985) found that Grade 4 students tended to declare
that “energy could erupt out of something which did not itself have energy” (p166).
This indicates that fourth graders conceptualize the concept within an “energy as an
ingredient” framework (Solomon, 1983). Bliss and Ogborn (1985) conducted a study on
thirteen-year-old girls using ten pictured situations presented to them. The study
revealed that the pupils associated the situations with energy as “used” or “needed”, and
that energy is related to living things or moving objects.
The above studies about energy misconceptions constantly demonstrate that the
naïve ideas about it are associated with human beings and living things, fuel, food,
activities and technological devices. One of the main concerns of teaching physics is to
achieve scientific understanding of the concepts, especially the abstract ones like
energy. Therefore, it is important now to think about when is the most opportune time to
teach children about energy so as to minimize these misconceptions. There are two
distinct views in this regard.
Two generally different views have been put forward in the literature on when to
teach energy: One suggests teaching energy at the lower grades (Duit, 1987), while the
10

other suggests teaching it in upper classes ( Warren, 1986). Duit (1987) proposed
teaching energy as a quasi-material concept. He grounded his suggestion in the history
of science where such a conception played a significant role. He also supposed that the
concept of energy as quasi-material is pedagogically justified because it concretizes the
abstract concept and makes it closer to the everyday use of the word, thus facilitating
instruction and students’ understanding of the concept of energy. The idea of energy as
quasi-material was the main scientific paradigm for some time (before the term
“energy” was used), used to explain the “nature of heat”. It played a major role in the
discovery and development of the energy concept (Duit, 1987). Duit suggested covering
the gap between the abstract and materialistic conception of energy by using the
analogy between energy and money. Hence, the quasi-material concept does not oppose
the energy concept as defined in physics. (Duit, 1987). However, in modern relativity
and quantum physics, the quasi-material conception is not applicable (Duit, 1987).
Trumper (1993), in accordance with Duit’s view to teach energy during early stages,
and agreeing with Solomon (1986), concluded that energy should be taught as early as
possible.
In Warren’s view, the abstract and mathematical nature of the concept of energy
contradicts the quasi-material conception. Warren’s view of energy agrees with the
scientific view represented by Feynman, who noted that, “That is a most abstract idea,
because it is a mathematical principle; it says that there is a numerical quantity which
does not change when something happens. It is not a description of a mechanism, or
anything concrete” (Feynman, Leighton, & Sands, 1963, p. 40). This then led Warren
(1986) to suggest that the concept should not be taught before the secondary level.
11

According to him, “when the specific concept of energy is replaced by a vague picture
of an undefined substance” (Warren, 1983, p.210), as in the case of the quasi-material
analogies used to explain the concept of energy, the restructuring of physical science is
not possible and students may not be able to understand the scientific idea (Warren,
1986). Warren’s proposed definition of energy is “a superior abstract concept, the
capacity of a body for doing work, and a quantitative measure of the condition of a
body” (Warren, 1986). He defined energy as a physicists’ quantity which requires a
mathematical quantity to represent scientific measurements, and both mathematical and
practical knowledge to apply (Warren, 1986). Hence, teaching concepts in physics
should be done evidently, unambiguously and accurately. Energy as a concept was
invented to be used in the theoretical study of phenomena (Warren, 1986) and if taught
incorrectly, students cannot be considered to have learned the concept.
Thus, the notion of when energy concepts must be taught in school is, needless
to say, a topic of much debate. This study proposes that the teacher’s verbal input is a
potential source of misconceptions during class discourse about energy in grade eight.
The results of the study may add to the above discussion of ‘when’ to teach energy, by
studying and analyzing the students’ interpretation of their teacher’s use of the term
“energy” in this grade level. The section below will discuss the sources of
misconception in science education.

2.3- Nature of misconceptions
While the review of the literature on the nature of misconceptions reveals many
different views, there are two particularly distinct and prominent competing views about
the nature of students’ misconceptions among science educators and cognitive
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scientists. The first view regards students’ knowledge structures as coherent and is
known as theory perspective, while the other view considers the students’ ideas as
relatively independent elements, known as phenomenological primitives (p-prims)
(diSessa & Sherin, 1998).
Despite differences among their views, Carey (2000), McCloskey and Kargon
(1988) and Slotta, Chi, and Joram, (1995) have suggested that students have a
systematic conceptual framework that has been built from their experiences with the
real world. McCloskey and Kargon (1988) revealed that many students’ misconceptions
about the motion of objects branch from a systematic “intuitive theory” which is
inconsistent with the fundamental laws of Newton. They referred to this view of motion
as an intuitive impetus theory. McCloskey and Kargon (1988) supported their argument
that the students have systematic frameworks by suggesting that the experiences of the
students, who are novices in physics, are similar to the experiences of scientists in the
history of science. They suggested that studying the history of science helps devise
models of student understanding to help the research of science education. The study of
history is a source of hypotheses on the students’ conceptual frameworks. Similarly,
Carey (2000) supported her argument that the students’ concepts are embedded in
frameworks of other concepts which are different from those of the older students, by
using the example of the concept of person and animal between the ages of four (4) and
twelve (12). The four year old’s theory of person and animal, as behaving beings, where
the role of the body parts is to support the behavior, is seen by Carey as a theory of
mind or intuitive psychology. The conceptual framework of person and animal then
changes to another framework at a later age. Furthermore, Carey suggested that a large
13

number of interrelated concepts need to undergo coordinated conceptual change as the
concepts of person and animal change. Slotta, Chi, and Joram (1995) suggest that
students’ preconceptions are constructed on an ontological basis. They propose that
students conceptualize concepts hierarchically according to ontological categories,
where the concepts in one category are incompatible with any other category (example:
living and nonliving things). They applied the notion of ontological distinct
classification of concepts to the two superordinate ontological categories of material
substances and processes. Their results revealed that the novices’ answers about light,
heat and electric currents reflect that the students understand these concepts as material
substances rather than processes. The systematic framework of McCloskey and Kargon
(1988), the embedded framework of Carey (2000), and the ontological basis of concepts
of Slotta, Chi, and Joram (1995) all share the common view of a conceptually coherent
framework. Slotta, Chi, and Joram (1995) suggested that students need to restructure
their ideas by shifting from one ontological category into another, where McCloskey
and Kargon (1988) and Carey (2000) suggested that the students need to amend their
ideas into scientific ones by restructuring naïve into more scientific theories.
On the other hand, diSessa (1988), who is in favor of a knowledge-in-pieces
theory, suggested that the naïve knowledge consists of independent, multiple conceptual
elements including p-prims, facts, mental models and concepts. These elements are
activated according to the context, and students end up giving different answers in
different contexts. diSessa (1993) proposed that the students’ knowledge is a set of
primitives, he called them “Phenomenological primitives” or simple “P-prims”. He
proposed a conceptual system of small pieces of knowledge which can be activated,
14

separately or in groups, to generate students’ ideas. The “p-prims” sometimes may not
be activated or can be activated differently at different instants. As an example is the
Ohm p-prim, diSessa called this p-prim ‘Ohm’ because it conveys the meaning of “more
resistance, less result” which is similar to Ohm’s law in electricity. The Ohm p-prim
comprises the ‘impetus’ theory, an example on Ohm p-prim is the case of a force
applied on an object to move it. The more the force the more the effect of the force, the
faster the body moves; the stronger the resistance, the less the effect, the less the object
moves; and if we remove the force the motion will die, the body will stop. diSessa
(1993) suggested that these p-prims are not formally studied, they are derived from
personal experience, they are generalizations from the sensory motors experiences, and
that many of these p-prims are required to be known by a students or experts to be able
to fully characterize a reason about a physical situation.
The above theories have implications for instruction. If the instructor believes in
theory-like understanding, he/she will design instruction by conceiving situations where
the students discover conflicts with their existing theory, in order to build a new
scientific theory. However, if the instructor believes that learners’ intuitive
understanding consists of pieces of knowledge, then he/she will design her instruction
with a focus on how these pieces of knowledge are activated, and how to make the
students aware of their knowledge by confronting them with the same idea in different
situations and contexts, so as to refine and modify their understanding.
The coherence view and the fragmental view of concepts are essential for
designing instruction; however, Vosniadou (2008) highlighted another view. She
suggested that social interaction in the classroom is an important factor which has not
15

been widely discussed in the research on conceptual change. Therefore, to understand
conceptual change the researcher needs to consider the language the teacher uses in
class while discussing abstract ideas to help the students to build scientifically accepted
conception.

2.4- Language as a possible source of misconceptions about energy
2.4.1- Language as a source of misconception
This first section begins with a theoretical introduction about the role of
language in development and learning. Vygotsky (1978) proposed that language is
among many ‘cultural tools’ used, in specific context, of activity or in a social
interaction setting, that develop the children’s mental functioning. Indeed, a lot of
conceptual growth or learning is associated with appropriating thoughts or concepts
implicit in language (Tomasello, 1999). Tomasello argues that language symbols are
convenient codes for establishing and shaping concepts.
The point is not just that linguistic symbols provide handy tags for human
concepts, or even that they influence or determine the shape of those concepts, though
they do both of these things. The point is that the intersubjectivity of human linguistic
symbols - and their perspectival nature as one offshoot of this intersubjectivity- means
that linguistic symbols do not represent the world directly, in the manner of perceptual
or sensory-motor representations, but rather they are used by people to induce others to
construe certain perceptual/conceptual situations - to attend to them - in one way rather
than in another” Tomasello (1999) (p. 128).
The human verbal symbols, as suggested by Tomasello (1999), influence the
shaping of concepts and influence others to construe perceptual concepts. The input of
others in deriving the children’s knowledge has been increasingly focused upon in the
study of concept development (Boroditsky, 2001; Gelman, 2009). Gelman (2009)
revealed that students actively process the knowledge they receive from others, rather
16

than taking it passively. Boroditsky (2001) argues that, in the absence of sensory
information, language plays a vital role in shaping thinking. As illustration of the role of
language in shaping thinking, Boroditsky (2001) studied the difference in
conceptualizing the time concept between Chinese and English speakers. She finds that
the Chinese students, while describing time in English, think of time vertically as the
talk about time in Mandarin, their mother language. Moreover, the English students
describe time horizontally, they used horizontal special terms to describe time in
English.
In addition to that, language affects the creation of the meaning of scientific
concepts and mathematical expressions. It is through communication that humans
normally organize resources of several semiotic systems and combine them according
to their functionality (Lemke, 1998). These social semiotics and linguistic semiotic
resources include “linguistic, pictorial, gestural, musical, choreographic, and actional”
components (Lemke, p. 87) in order to construct the meaning of a concept. Hence,
construction of meaning is eclectic and requires semiotic action and active perception
(Lemke, 1998). From what precedes, language seems to be source of misconception.
This study aims at studying the students’ interpretation of their teacher’s use of the term
“energy”, the next section will discuss the literature about the language as a source of
misconception of energy.
2.4.2- Language as source of misconceptions of energy
The research on the source of the naïve ideas about energy highlighted that the
main source of these misconceptions is everyday discourse, newspapers and the media
(Amin, 2009; Gelman, 2009; Lijnse, 1990; Solomon, 1983). Amin (2009) suggested
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that the misconceptions of energy are derived from the conceptual metaphors implicit in
everyday language’s use of the term “energy”. Conceptual metaphors are used to
represent abstract concepts metaphorically in terms of other more concrete or familiar
experiential domains of knowledge, for example “He appeared happy, full of energy and
suppressed excitement” (Amin, 2009, p. 180). The energetic state is described as
quantity of substance in a container. Amin (2009) also hypothesized that the use of the
conceptual metaphor of the word “energy” may positively and negatively influence the
learning of this scientific concept. For instance, using material terms to describe energy,
from one side, may lead the students to construe the energy as material like. From
another side, it helps in modeling energy.
Lijnse (1990) has suggested that the source of misconceptions of energy is the
media, as mentioned previously. The language used in the media for energy associates
energy consumption and power supply with money, liters of gasoline, and amount of
natural gas. Lijnse (1990) proposed a three-level “hierarchy” to bridge the gap between
the students’ real life world (that is, the everyday meaning and use of the term
“energy”), and the scientific world, where the accepted scientific definition of the term
is used. She proposed to start from the everyday use of the term energy, then select the
situations that are relevant to the scientific context to direct students’ attention, then in
the third step a transition from the descriptive to the scientific theoretical notion of
energy takes place. Moreover, Solomon (1983) outlined that the students’ everyday
discourse about energy gives rise to inconsistent and illogical conceptions. Gelman
(2009) has argued that children’s knowledge is mainly derived from the input of others.
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Research claims that students’ misconceptions are highly correlated with the
verbal input from others on the conception of energy (Amin, 2009; Gelman, 2009;
Lijnse, 1990; and Solomon, 1983). Moreover, everyday language about energy also
leads to inherent construal (Amin, 2009). The theory of conceptual metaphors claims
that students’ conceptual change is highly impacted by conceptual metaphors.
Conceptual metaphors on “energy” are usually shaped from the everyday discourse of
the term “energy” and at many times these metaphors lead to misconceptions (Amin,
2009). Amin (2009) also argued that the conceptual understanding of “energy” may be
positively or negatively influenced by the conceptual metaphor of the word “energy”.
According to Solomon (1983), students think about energy in two domains: the real life
domain and the scientific domain. Lijnse (1990) agrees with Solomon that students
learn about energy through real life experiences, specifically through daily language and
the news. The section below will discuss the role of language in constructing the
concept of energy.
In her study on fourteen to fifteen -year-old students, Solomon (1983) suggested
that the students operate in two domains. The number of students in the study was 59,
divided into three classes. The students answered questions about energy chain
situations, for example the use of an electric drill to drill a hole in a piece of wood. The
first domain is the ‘real life’ domain where the children use every day terminology to
describe energy. Solomon relates this to the everyday use of the word “energy” in the
media, newspapers and everyday language. The answers given while operating in the
first domain included terms like ‘hand operating switching the plug  vibration 
friction  heat.’ The other domain is the scientific domain. The students used the
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scientifically-accepted sequence of energy transfer. Solomon argues that the students
tended to categorize their experiences, and then reinforce them through ‘communication
with others’ and by ‘language itself’, “which gives this ‘life world’ knowledge both
social value and great persistence” (p. 50). Solomon (1983) argues that the
misconceptions of energy are derived from the society we live in. The students are
confronted by non-scientific ideas about energy from media, news, and everyday
dialogue. This ‘socialized knowledge’ cannot be easily replaced by the formal
instruction about energy in classroom. Solomon suggests that the students be asked to
be knowledgeable and competent to distinguish between the two domains and to be able
to think in the two different domains.
Lijnse (1990) agrees with Solomon that the energy concept can be thought in
two domains: “Our life domain” and the “structure of physics”. The scientifically
accepted conception states that energy is an abstract theoretical concept. Lijnse (1990)
argues that, in the real-life domain, energy is realized as “energy use” and “energy
consumption”. He suggests that it is hard to be consistent and correct while speaking
about or describing an abstract concept like energy. Part of Ljnse’s (1990) study used
Watts’s (1983) ‘frameworks’ to analyze sixteen-year-old students’ answers on the
meaning of energy. The results of the study revealed that pupils describe energy as a
kind of fuel, or a fluid, which can be consumed or lost, and that energy can be stored or
saved. In another part of the study, Lijnse analyzed brochures, newspaper articles, and
reports about energy written for the public community. The results of the study revealed
that the language used to describe energy included expressions like “energy
consumption”, “energy lost”, and “energy saving”. This means that energy is described
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as material of limited availability that is necessary for everyday life and should be used
carefully. These results drove Lijnse to deduce that students used expressions and
everyday language to describe energy in accordance with the real-life domain. Lijnse
(1990) suggested a three-level hierarchy of “concept development”: Starting first from
real-life concepts of energy then elevating to the descriptive level, which uses the idea
of conservation of energy, and finally, proceeds to the last level of scientificallyaccepted conceptualization.
The discussion of the effect of language and metaphors used to describe energy
has been discussed by Amin (2009). He argues that the metaphorical construals implicit
in language can cause difficulties for students when trying to learn the scientific
concept. Analyzing the metaphors used in describing “energy” in everyday discourse
and in the scientific domain, Amin (2009) suggests that exposure to sentences with
word “energy” in everyday language can lead to misconceptions, sometimes because of
over interpreting metaphors used. Moreover, scientists’ use of the word energy is often
metaphorical, including the use of substance metaphors. However, scientists are aware
that these are metaphors when they use them, but learners do not necessarily know.
This study aims at investigating the grade eight students’ interpretation of the
verbal input of their teacher. The researcher aims at studying the construals reflected in
the teacher’s verbal input in relation to the students’ achievement.
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Chapter Three
Methodology
3.1- Participants
The participants in this study are twenty-seven (27) eighth graders and their
teacher in a school in Beirut, Lebanon. Students’ background is middle socioeconomic
status. The language of instruction used in the school is English, and students have been
taught in English since kindergarten. The teacher has been teaching in this school for
one year and has a master’s degree in Physics. She had been taught in English
throughout her school and university years, and teaches the Lebanese curriculum to
students from grades seven to eleven.

3.2- Curriculum
The Lebanese curriculum is used in the intermediate classes, and students in the
ninth grade sit for Lebanese official exams. The book used is the eighth grade physics
national book, which is published by the Center of Educational Research and
Development.
The study investigates the students’ assimilation of their teacher’s input in a unit
on energy at the eighth grade level of the Lebanese curriculum.
The objectives of the unit are as follows:

-

Introduce the concept of energy

-

Know the SI unit of energy
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-

Know the two types of energy: kinetic and potential

-

Define mechanical energy

-

State the principle of conservation of energy

-

Distinguish between different forms of energy

-

Give examples of energy transformations

-

Know what an energy convertor [is].

-

Know the efficiency of [an] energy convertor

3.3- Procedure
This study includes both qualitative and quantitative methods of data collection
and analysis. The teacher’s verbal input while teaching a unit on energy in Grade 8 was
recorded. All statements used by the teacher containing the word “energy” were
transcribed and analyzed using the constant comparative method to characterize
construals implicit in the teacher’s input. As suggested by Glaser (1965), the constant
comparative method involves breaking the qualitative data into fragments, in our case
statements said by the teacher about energy, and code them into categories; the
categories derived from the language used and from the researcher inspiration by Watts
(1983) framework.
The same test on the concept of energy was given to the students as a pretest and
posttest to determine the understanding achieved by students as well as problems of
conceptual understanding that arose. Furthermore, two semi-structured interviews with
each of six students from the class took place to determine the students’ interpretation
of the teacher’s verbal input, their understanding of the concept of energy and their use
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of the concept in reasoning. The interviews were based on the unit objectives and
statements used by the teacher. In the first interview, the students were asked to explain
their answers to the questions one to five of the pretest. In the second interview, the
students were asked to explain their answers to questions one to five in posttest and to
explain their understanding of statements chosen from the teacher’s verbal input. The
researcher compared students’ interpretations of the teacher’s statements with the
conceptual difficulties they had, determined by their answers to the posttest.

First, before the unit began the pretest was administered for forty-five (45)
minutes. The unit was then taught. The unit lasted for six weeks with two forty-five
minute sessions every week (twelve sessions in total, nine hours of instruction). After
the unit was completed, the forty-five (45) minute posttest was administered. In parallel
with the teaching of the unit, six students (two high achievers, two middle achievers,
and two low achievers) were selected to be interviewed, the first interview was
conducted during the first week of the unit and the second interview took place after the
posttest. All class sessions were reordered for later analysis. The pretest, posttest and
interview questions will be discussed in a later section.

3.4- Data collection and analysis
3.4.1- The pretest/posttest
The pretest/posttest evaluated the students’ understanding of different aspects of
the concept of energy. The test included ten questions: two of them are multiple choice
questions, two questions ask them to discuss energy in a pictured situation, and six
short-answer questions ask about certain events involving energy, were designed so that
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students who have not yet been taught the unit would still be able to answer
meaningfully, without using scientific terminology. The aim of using this test before
and after the unit was to measure the students’ conceptual gain as well as persisting
difficulties as a result of being taught the energy unit of physics in grade eight of the
Lebanese curriculum. The test is attached in Appendix A. A rubric was prepared to be
used to provide scores for each question (See Appendix B). The students’ average
scores on the different questions are reported, and the pattern of scores over these
various items will provide an indication of strengths and weaknesses in their
understanding. The grades on all items of the pretest and posttest where on scale zero to
two. Two scorers, using the same rubric, scored the pretest and the posttest. The scores
of each student is out of 20. The difference in the scores between the two scorers ranges
from 0 (agreement in the score) to ±3 in the pretest and ±4 in the posttest, as shown in
Appendix C). The inter-rater agreement between the two scorers in the pretest, then, is
85% and above, and in the posttest is 80% and above. The discussion of each question,
with the involved concepts, and the accepted answers are discussed in the discussion of
the results in chapter four.

3.4.2- Teacher’s verbal input
Another kind of data collected in this study was the teacher’s verbal input in the
classroom. The teacher’s discourse was audio recorded and statements involving the
term “energy” were selected and analyzed in order to study construals of energy
implicit in these sentences. These statements were categorized using the constant
comparative method. All the statements including the term “energy” were listed, in the
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first attempt the researcher tried to categorize them into groups of same construals used,
then through another pass through the statements, new groups emerge according to
similarity in the types of the statements, then the statements were arranged according to
construal types and subcategories as indicated in Table-2.
3.4.3- Semi-structured interviews
A third source of data was two semi-structured interviews with each of six
participating students, chosen as two high achievers, two middle achievers, and two low
achievers. The selection was based on their academic average in all Grade 7 subjects.
The interviews were approximately forty-five (45) minutes each and took place twice
during the first week of the unit, and after taking the posttest, respectively. The first
semi-structured interview consisted of pretest questions based on the objectives of the
unit, where the researcher pushed the students to elaborate on their answers to questions
one to five of the pretest. The second interview consisted of two parts, in part one the
students were asked to elaborate on their answers to questions one to five of the
posttest, in part two, the students were asked to paraphrase selected statements from the
teacher’s verbal input in the class. The aim of the interviews was to study closely the
students’ assimilation of the teacher’s input, and give insight into the meanings students
attach to the word “energy”. Moreover, the study aimed at identifying how the teacher’s
statements lead to certain students’ conceptions and how students apply their
understanding to some new situations.
The semi-structured interviews were transcribed for analysis. Three sets of data
were derived from the interviews: (1) the data from students’ paraphrasing of the
selected statements from the teacher’s use of the term “energy”; (2) the data from
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probing their response to the pretest and posttest; and (3) the statements used by the
students in both interviews.
In the first set of data from the semi-structured interview, the students were
asked to paraphrase and explain three selected statements from the teacher’s verbal
input. The first statement was about the use of term energy stored, the second statement
was about energy lost and the third statement about defining energy. Students’ answers
and understanding, of the statements used by the teacher, were analyzed to reflect the
students’ interpretation of the language used by their teacher, to help answering he
second research question. In the second set of data, the students were asked to explain
their answers to the first five questions of the pre/posttest. The explanations were
analyzed to help reflecting the students’ understanding of the concept of energy and the
notions of conservation, transfer and transformation of energy. In third set of data, the
statements used by the students in both interviews were categorized in similar
categories as the teacher’s verbal input categorization. This categorization helps
answering the second research question as well.
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Chapter Four
Results
4.1- Introduction
This chapter presents the results of the study. The analysis of the pretest and
posttest, the semi-structured interviews, and the teacher’s use of the word energy will be
presented. The pretest and posttest results helped in analyzing the students’ conceptual
gain in defining energy and explaining the conservation, transformation and transfer of
energy. The semi-structured interviews added to the pretest and posttest a deeper
qualitative view of the students’ conceptual understanding. Analysis of the teacher’s
verbal input provided information about ways in which energy was implicitly construed
in the language used by the teacher. These analyses helped in finding answers to the
following research questions:
1) What are the construals of energy reflected in a grade eight physics
teacher’s language use during instruction?
2) How do grade eight students interpret the verbal input of their physics
teacher while learning about energy?
3) What is the relationship between students’ interpretation of their grade
eight physics teacher’s language use and their conceptual achievement?

Analysis of teacher’s language use addresses the first question while the
analyses of the semi-structured interviews with the students and pretest and their
responses to the posttest address the second and third questions. The section below
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analyzes the quantitative data from the pretest and posttest; the qualitative data of the
teacher’s verbal input; and the qualitative data of the semi-structured interviews.

4.2- Gains in students’ understanding of energy: Analysis of the
pretest and posttest.
A pretest and posttest (Appendix A) were administered prior to teaching the unit
of energy and at the end of the unit, respectively. The analysis of the results of the
pretest and posttest will contribute to answering the second and third research questions.
The tests included 10 questions: two multiple-choice questions addressing the
conservation of energy and the sources of energy; four open-ended questions about
events where energy transformation and transfer take place; three questions about
situations where different sources of energy are involved; and one question asking the
students to explicitly define and give examples of energy. Answers to the questions,
including the multiple choice questions, of the tests were scored on a scale from zero to
two (for multiple choice questions, the students were asked to explain their answers, not
only choose the correct answer). “Zero” means no correct answer; “one” reflects that
the answer holds every day or naïve understanding; “two” reflects that the answer is
consistent with the scientifically accepted conception. There was no need to do
inferential statistics because it was assumed that there would be gains from pretest to
posttest. The results will be presented as an item analysis where patterns of performance
can be related to the results of the qualitative analysis of the teacher’s language use and
the semi-structured interview. Together the analyses will provide a qualitative picture of
the conceptual change accomplished by the instruction. The results are shown in Table1.
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Table-1 Individual question analyses
Pretest

Posttest

Difference
in means

Question

Mean

Std.
Deviation

Mean

Std.
Deviation

1) What is energy?
2) A rubber ball is dropped,
bounces back many times then
stops, Why does it end up
stopping?
3) Are there different kinds of
energy involved in this ball
event?
4) What does it means that
‘energy is conserved’? (MCQ)
5) Consider two billiard balls on a
horizontal table, hitting each other
6) A ball has been kicked and
travels on a horizontal floor and
eventually stops.
7) Which of the following is not a
source of energy? (MCQ)
8) Moving train picture
9) Man kicking a ball
10) Girl eating

0.89

0.32

0.96

0.338

0.07

0.74

0.447

0.96

0.649

0.22

0.11

0.32

0.93

0.616

0.82

0.96

0.98

1.67

0.734

0.71

0.56

0.641

1.44

0.801

0.88

0.7

0.542

0.74

0.764

0.04

0.67

0.832

1.7

0.724

1.03

0.78
0.74
0.74

0.506
0.447
0.447

1.11
1.11
1.04

0.424
0.424
0.437

0.33
0.37
0.3

Table 1 presents descriptive statistics of the ten individual questions for the 27
students. The first column presents a briefing of the questions; the complete test is
found in Appendix-A. Columns two and three present the mean of the scores and the
standard deviation for each item of the pretest; columns four and five present the mean
score and the standard deviation for the items of the posttest; and column six presents
the gain in the means for each question from the pretest to the posttest. A gain in means
of 0.7 (which is equivalent to 35% ) or more will be considered a noteworthy
improvement in the answers towards a more scientifically acceptable understanding of
the abstract concept of energy and its conservation, transformation, and transfer. The
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results show that the students have shown this level of improvement or above only in
questions three, four, five and seven. A detailed analysis for the results of each
individual question will follow below.
Question one, “What is energy?” requests an explicit definition of energy. In
physics, energy is defined as an abstract quantity that is conserved. Feynman et al
(1963) defined energy as “a most abstract idea, because it is a mathematical principle; it
says that there is a numerical quantity which does not change when something happens”
(Feynman, Leighton, & Sands, 1963). The gain in the means was only 0.07 and shows
that after a unit on energy was explained in grade eight, no significant change took
place concerning the explicit conceptualization of the nature of energy.
Question two dealt with a rubber ball that was dropped, has hit the floor and
bounced back up, but not as high as it was when it was dropped. The ball bounced for a
few times and eventually stopped. The students were asked to explain why the ball
stopped, and whether they think that energy was involved. The difference in the means
was only 0.22. This question required understanding of the idea of transformation of
energy from mechanical energy to thermal energy and sound energy.
Question three was on the same event as question two, yet the students needed
to name the different kinds of energy involved in the event. Question two, needed
understanding of the abstract nature of energy, whereas question three needed only
listing the types of energy The results showed that students improved in their ability to
state the kinds of energy as the difference in the means was 0.82. In the pretest, no kinds
of energy were listed, yet in the posttest, the students were able to list the following
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types: the kinetic energy, the potential energy (gravitational and elastic), the electric
energy, and the chemical energy.
Question four was a multiple choice question about energy conservation. The
students had to choose one correct statement and explain their answer in the area
provided. The distractors of the question are: (a) Energy is used carefully so it will last
longer; (c) Energy is used many times; and (d) Energy is found in only one form .The
results showed that, in the posttest, a satisfactory percentage of the students were able to
choose correct statements about energy conservation. The difference in the means was
0.71.
Question five was about two billiard balls hitting each other; the first ball
stopped and the second one subsequently moved. The students were asked to explain
what happened in this event. This question required a discussion about energy transfer.
The answers in the pretest did not include the types of energy involved, however, in the
posttest, the students mentioned the involvement of kinetic energy and they used
statements like ‘energy transferred’; ‘energy passed on to the second ball’; or ‘energy
given to the second ball’. The results showed that an acceptable increase in the mean
was achieved by the students. The gain in the mean was 0.88.
Question six was about a ball kicked that moved a specific distance and then
stopped. The students were asked to explain why the ball stopped. This question was
about energy transformation; the answers in both the pretest and posttest were similar.
The students’ explanations included terms like ‘energy used by the ball’; ‘energy is
lost’; or ‘energy is no more available’. The gain in the means of this question was 0.04,

32

which shows poor gain in understanding about the notion of energy transformation
similar to the results in question two.
Question seven was the second multiple choice question and addressed the
sources of energy. The distractors in this question were: (a) Fuel in the car tank; (b) Ball
stationary at the top of a cliff; and (c) A plate of food. The results showed students’
progress in the knowledge of sources of energy since the gain in the mean was 1.03.
Question eight was about a picture of a moving train. This question required
knowledge of the sources of energy and explanation of the transformation of energy
from chemical or electrical energy into mechanical, thermal, and sound energy. The
students were able to mention the sources of energy in the posttest more frequently than
the pretest; however, they were not able to describe the transformation of energy as
expected in terms of scientific explanation in the posttest. The gain in the mean was in
the order of 0.33.
Question nine was about a picture of a man playing football. This question
required an explanation of the transformation of energy and the sources of energy. The
students were able to mention the types of energy involved in the posttest more
frequently than the pretest. Most of the answers included the involvement of kinetic
energy. However, they were not able to describe the transfer of energy from the man’s
foot to the ball and the transformation of energy from kinetic to potential and thermal
energy, as expected in terms of scientific explanation. They used statements like ‘When
the man runs or kicks the ball he has mechanical energy’; ‘the man is running and the
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ball is moving, then the kinetic energy is involved’; or ‘the man is giving energy to the
ball’. The gain in the mean was in the order of 0.37.
Question ten was about a picture of a girl eating breakfast. This question also
required an explanation of the transformation of energy and the sources of energy. The
students were able to mention the sources of energy in the posttest more frequently than
the pretest; however, they were not able to describe the transformation of energy from
chemical energy in the food to various forms of energy needed by the human body, like
thermal energy and mechanical energy. They used statements like ‘the girl gains energy
from the food’; ‘she is receiving energy because the food is source of energy’; or
‘energy is involved because she is moving her hand to eat’. The gain in the mean was in
the order of 0.33.
The results of questions eight to ten lead to the conclusion that students were
able to list sources of energy in the posttest more frequently than the pretest. However,
even after instruction about energy, the results show that the students are facing
difficulties in understanding and applying the idea of transformation of energy from one
form into another. On the other hand, the results of question four show that the students
have shown accepted gain in knowing the conservation of energy. Moreover, the results
of question five show that the students have shown accepted improvement in
understanding and explaining the notion of transfer of energy from one moving ball into
a ball at rest.
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4.3- The results of analyzing the teacher’s use of the term “energy”
One data collection method used in this study was the audio recordings of the
teacher’s use of the term “energy” throughout the period of instruction of the unit on
work and energy in grade eight. The recordings of the teacher’s use of language were
transcribed. All sentences including the term ‘energy’ were filtered. Then categories
were formed from iterative passes through these sentences, until all sentences seemed to
fall under meaningful categories. The categories were inspired by Watts (1983) and
Amin (2009). All teachers’ statements including the word energy were identified and
classified, and the emergent construals from these sentences were listed into categories
as shown in the following Table 2. The results of the analysis of the teacher’s verbal
input helped in answering the first research question.
The use of the term “energy” by the teacher in the study is illustrated by the
sentences of the “Examples” column in Table 2. It was evident that the teacher used
terms like “lost’, “stored”, “needed”, “possessed”, “have/has energy”, and “give
energy”. These terms reflect the common construal of energy as material/substance like.
The terms used by the teacher representing construal type of material like, were divided
into three subcategories. Material/substance like that can go and come are reflected in
the following phrases: “energy is gone” and “source gives energy”; Material/substance
like that is needed or used are reflected in terms like “energy is needed”, “energy is
lost”. Material/substance like that is stored or kept are reflected in phrases like “The
object has energy”, “the energy is stored in the object”. Moreover, the teacher
emphasized the relation of work and energy, stated that “energy is the ability to do
work”, and “the energy is the ability to set a body in motion”.
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Table 2- Teacher’s verbal input construals
Construal type

Subcategory
Go/come/give/
take

Used/needed/
lost

Have/
stored/kept

Nature of energy

Material/
substancelike

Abstract
quantity

Energy is
motion/fuel or
food

Energy as
abstract
quantity/
number

Energy as
ability to do
work
NA

Examples
- When energy is gone, you stop working.
- The split of the nucleus gives energy called
nuclear energy.
- We have source of energy giving energy to the
object for the object to perform work.
- Energy is needed to perform work.
- We need energy to digest food, which is why
you feel tired after eating.
- Part of the energy is lost as sound.
- The needed energy is the radiant energy; the
lost energy is the thermal energy.
- We have source of energy giving energy to the
object for the object to perform work.
- I have motion means I have energy
- Object possesses energy when it is able to
perform work.
- The tank is full of fuel, and then this truck has
energy.
- An object has kinetic energy because it is
moving
- An object has speed, and then it has kinetic
energy.
- Potential energy is stored in the object due to
its position.
- It has stored energy to move.
- Energy is not lost nor created, it is conserved
- The potential energy is converted to kinetic
energy.
- The chemical energy is transformed into other
forms of energy like electric and small parts
will be dissipated into thermal energy.
- An object is said to possess energy if it can
perform work.
NA (Not Applicable)
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The statements ‘ Energy is not lost nor created, it is conserved’; ‘The potential
energy is converted to kinetic energy; and ‘The chemical energy is transformed into
other forms of energy like electric and small parts will be dissipated into thermal
energy’ were classified under energy as abstract quantity in Table 2. They refer to
abstract principles of energy, without using any more concrete or material/substance
construals in the expressions.

4.4- The results of analyzing the interviews
Another source of data used in this study was the semi-structured interviews
with six students during the first week of instruction of energy during the physics class
and after the unit was explained. The results of the interview helped answering the
second and third research questions. The second research question was “How do
students of grade eight interpret the verbal input of their physics teacher while learning
about energy?” and the third research question was “What is the relationship between
students’ interpretation of their grade eight physics teacher’s verbal input and their
conceptual achievement?”. In the first interview, the students were asked to explain and
elaborate on their answers of the pretest. In the second interview, the students were
asked to elaborate and explain their reasoning on their answers in the posttest and they
were presented with statements selected from the teacher’s use of the term “energy”
during instruction and were asked to explain how they understood them and to try to
paraphrase these statements. The analyses of the qualitative data of the second interview
provided three kinds of information: (1) students’ paraphrases of statements from the
teacher’s language use. The students were asked to explain their understanding of
selected statements from the teacher’s verbal input during instruction of the unit; (2)
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students’ understanding as reflected in their explanation of their responses on questions
quoted from the pretest. The students were asked to explain their answers to selected
questions; and (3) Categorizing the students’ statements using the term “energy”, in
terms of the implied construals (as was done for the teacher’s use of the term “energy”).
The aim of the interview analysis is to link the results of the analysis of the
pretest/posttest and the analysis of the teachers’ statements. The interviewed students
were six and were chosen randomly as two high achievers, two average achievers and
two low achievers, based on their class average on all subjects. Students One and Two
are high achievers, students Three and Four are average achievers and students Five and
Six are low achievers.
4.4.1- Students’ paraphrases of selected statements from the teacher’s use
of the term “energy”
The first type of information that was drawn from the analysis of the interviews
is the students’ paraphrases of the teacher’s statements about energy and their
explanation of their understanding of these statements. The six students were asked to
explain and paraphrase selected statements used by the teacher to describe energy.
Table 3 below shows the students’ explanation and paraphrases of selected statements
from the teacher’s verbal input.
In the second interview, the six students were asked to paraphrase or explain
statements from the teacher’s verbal input about energy. In the first statement in Table 3
the teacher used the term “stored” to describe the potential energy of the pencil case she
held high in the classroom.
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Table 3 – Students’ paraphrase statements from the teacher’s verbal input
Student

Paraphrase

1) Teacher’s Statement 1: ‘Potential energy (PE) is the energy stored in the
pencil case due to its position’ ( the teacher held the pencil case above her
table)
Student 1
It has the energy due to the distance between the reference and the
pencil case
Student 2
It has potential energy because it has height, the gravity involved and
there is a mass. not stored but the energy was there
Student 3
If the object is moving we identify energy, when the pencil case is
moving means it has energy, that is why it was stored
Student 4
When the pencil case let go it moved downward, when object moves it
performs work so it needs energy that is why it was stored
Student 5
Height effect energy, as height increases the energy increases and
when the height decreases it decrease, that is why when she raised the
ball she increased the height, means she increased the energy stored.
Student 6
It was pulled down by the gravity, this pull gave it energy, so we may
say that energy was stored
2) Teacher’s Statement 2: ‘If I drop a ball, the ball goes to a lower height, part
of the PE is less, that is part of the energy is lost, this lost energy is in the
form of sound’
Student 1

Student 2
Student 3

Student 4

Student 5
Student 6

There is a height, then it falls, if moving it has kinetic energy, when it
is on the table the potential energy is lost, no energy because the
object is at rest.
The potential energy was changed to kinetic energy while falling and
transformed into sound energy when it hits the ground
When the ball was moving, at the same time it was running into the
air, the air make it stop, the energy passed on to the air,(Interviewer:
can we say that the energy can be lost?) No, it passed on to air.
Potential energy gravitational depends on the distance as we go far
from the reference (ground in this case) it has more potential energy,
when it is fell, it makes sound, when it fell, it lost energy and place it
in kinetic energy, when it bounce the floor this kinetic energy is
released. The kinetic energy is turned into sound.
The ball lost its energy while going down, that is why it makes sound
and stop
It used the energy to move, it lost all the energy stored into sound
when it hits the ground
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3) Teacher’s Statement 3: ‘Energy is not created nor destroyed, I don’t have
zero energy and then energy, the energy is conserved’ (The teacher here was
discussing a falling ball)
Student 1

Student 2

Student 3

Student 4

Student 5

Student 6

Energy is neither created nor destroyed; it is simply transformed from
one form into another. If it is moving the energy is lost,..ehh, not lost
the energy in it is transforming to something else.
Energy stays the same, it only converted to other forms,. ..example
from mechanical to sound. example if I have a ball, when dropped it
changes its potential energy into kinetic energy where the mechanical
energy is the same, the mechanical energy lost to sound, I mean by
lost, transferred into sound
Energy does not disappear, it changes to kinetic energy, and then to
sound. (Interviewer: From where the energy comes from?) From
height, if we place the object at high position.
It is not taken or given, it is stable/constant, ..not lost or gained, ball at
rest energy is conserved, In case of bouncing ball, is energy
conserved? No, because no more energy for it to bounce. (Interviewer:
What do you think conserved means?) can be used many times, even
though it is changing its nature, means it’s not conserved, oh not
logical, emm can be used many times.
Energy is constant, when I have energy I can use it, it stays the same
and not lost….when the ball hits the ground the energy goes into
sound,… then disappears in air.
Energy is the same, if an object has the same energy all the time then
energy is conserved, if the energy changes then it not conserved

Student 1 explains this statement as energy possessed by the pencil case, by
using the term “has” energy. Student 2 also described the energy as possessed, by using
the term “has”, and then she said that the energy is not stored but it was there due to the
gravity, height and mass. Student 3 used the motion of the ball as evidence of existence
of energy and justifies that energy was stored in the pencil case. Student 4 also justifies
the storage of energy in the pencil case by the motion of the ball that is able to do work.
Student 5 refers the energy to the height; she said that as we increase the height the
stored energy is more. Student 6 refers the energy stored to the push down of the
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gravity. The students understand the stored energy as energy possessed, due to motion,
due to gravity, or due to height.
The teacher’s second statement in Table 3 was about energy lost as sound.
Student 1 relates the energy to motion and said that when the ball is on the table it has
zero energy that is why it was lost. Student 2 uses the idea of transformation of energy
to describe the term “lost”, also she used the term “changed” to describe the
transformation of energy from potential gravitational into kinetic energy. Student 3 use
the term “passed on” to the air to explain why the energy was lost, by insisting not to
use the term “lost”. Student 4 relates the energy to height, describes the transfer of
energy from potential gravitational into kinetic as lost into kinetic energy and the
kinetic energy itself turned into sound. Student 5 justifies the energy lost by the reason
of sound and the ball stopping. Student 6 used the term “energy is used” while moving
and that it was lost to sound when it hit the ground. The students understood the term
“lost” as no motion, no energy, it is lost; transformed means lost; passed on not lost;
lost into sound; energy used.
The third teacher’s statement in Table 3 is about conservation of energy while
discussing a falling ball. Student 1 used the scientifically accepted description of
energy, but she showed confusion by using the term “lost” instead of transformed and
then corrected her statement and insists that energy is not lost; it is transformed into
other form. Student 2 also used scientifically accepted description of energy by saying
that the energy is constant, can be converted and she used the term “lost”, but she
justifies that lost here means transformed into sound. Student 3 describe the
conservation of energy as it does not disappear, it changes into other forms, she used
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change into kinetic and sound instead using transformed. Student 4 shows confusion
while describing conservation of energy by using not lost nor gained and ended by
defining it as can be used many times. Student 5 also shows confusion in describing the
conservation of energy by saying energy is constant means is conserved not lost, and
then said that it disappears in air. Student 6 describes the conservation by saying if it is
the same, then conserved, if not, it is not conserved. Many students used the
scientifically accepted description of conservation of energy, other showed confusion in
understating this notion of energy, and some of them still have wrong description of
conservation of energy.
The above results show that the students’ paraphrases of teacher’s statements
reflect that the students are using concrete terms to describe the abstract notion of
energy, by using terms “lost” and “passed on”. Moreover, they have shown
misunderstanding of the notion of transformation of energy from mechanical energy
into thermal energy and sound energy. Their paraphrases reflected naïve understanding
of transformation as “energy is released into air” or “energy is lost because the object is
at rest”.
4.4.2- Students’ understanding as reflected in explaining their responses to
pretest and posttest
The second type of information drawn from the interviews is the students’
understanding as reflected in their explanation of their answers in the two tests. In the
first interview, the students were asked to explain their answers to pretest questions. In
the second interview, the students were asked to explain their answers of posttest
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questions. Tables 4 to 9 present the explanation of the six students for their answers of
selected questions of the pretest and posttest. The questions chosen in the Tables 4 to 9
cover the definition of energy, the notions of energy conservation, transfer and
transformation of energy.
For question 1 ‘what is energy’ the explanation of answers of the pretest can be
classified into three categories: energy as work or power (Students 1, 2, 4, and 6),
energy as force (Students1, 2 and 3), and energy as something useful or we use
(Students 5 and 6). For the posttest the students’ explanations can be sorted into ability
to do work (students 1 and 2), energy is a force used to do work (Student 3), and energy
as something that cannot be created nor destroyed (Student 4), it only can be
transformed into other forms.
Question 2 was about why the ball ends up stopping in a bouncing ball event,
the explanations of the students of answers of the pretest reveal that they explain the
stopping of the ball by the loss of energy, energy was used up, or energy no more
available. In their explanations of the answers of the posttest of Question 2, the students
reveal that their understanding of energy reflects: knowledge of the energy as not
created nor destroyed, it only undergoes transformation from one form into another.
Confusion was noted in of the use of the term lost, some of them said “energy lost,…,
not lost , transformed into thermal”. Or “the energy lost due to friction”.
Question 3 asked the students to state what it means that “energy is conserved?”
the students’ explanations of pretest answers show that the students understanding
entails: energy should be used carefully in order to last longer, and energy is constant.
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While the explanations of posttest answers entails understandings that energy is neither
created nor destroyed, it only can be transformed from one form into another.
Question 4 was about energy involved when two balls hit each other while one
of them was stationary. The explanations of the answers of pretest reveal understanding
about energy transfer as: energy is passed on from the first ball into the second one, the
first ball pushed the second ball, the energy was given from the first ball to the second
one, or the energy was transferred to the second ball. In the posttest, the explanations
entail understanding as: energy was transformed from the first ball to the second ball,
and energy was transferred from the first ball to the second.
Question 5 was about a ball that was kicked and that eventually stopped; the
students were asked to explain, “Why it ends up stopping?” In the pretest the
explanations reflects: energy was used up by the ball, energy is no more available for
the ball to move, and energy lost by the ball. In the posttest, the explanation reflects:
energy transferred to another form, energy was lost due friction. In this question, again
some students show confusion between the uses of the term “lost” and “transformed”.
Moreover, some of them show confusion between the “transfer” of energy and
“transformation” of energy as student 4 in question 5, Table 7 and student 6 in question
5, Table 9. Only one student from the high achievers used the transformation to thermal
energy correctly, not all the other students used the transformation to thermal energy
idea in their discussion.
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Table 4 – Student 1 explanation of answers of the pretest and posttest
Question 1

1) What is energy?

Question 2

2) A rubber ball is
dropped, bounces back
many times then stops,
Why does it end up
stopping?

Question 3

3) What does it mean
that ‘energy is
conserved’? (MCQ)

Question 4

4) Consider two billiard
balls on a horizontal
table, hitting each other

Question 5

 A ball has been
kicked and travels on a
horizontal floor and
eventually stops.

Pretest: Energy has two concepts, more than two
concepts, like work and power, human being has
energy, the energy that he releases, if I wana push
the table, how much energy I use to push the
table, force (push/pull)
Posttest: Something that is able to set a body in
motion and able to do work:, there are 2 kinds
kinetic and potential energy, if you drop a ball,
there is energy trapped in the ball and there is
gravity at the same time, we can see how the
height effects the energy.
Pretest: The height affects energy when the height
is less, the ball bounces more when the height is
more, when the height increase the bounce of the
ball increase, role of energy, the ball rebounded
more when the height increase, the energy was
released, lost it ends
Posttest: When the ball is held, it has gravitational
potential energy. when the ball bounces back up it
doesn’t go as high as before because the
mechanical energy of the ball is lost, not lost,
transformed into thermal energy, this is proved
when the ball had heated up.
Pretest: Energy stays the same, it is constant have
the same value till it is used
Posttest: Energy conserved means that the energy
can’t be created from nowhere, destroyed, or lost.
It only can be transformed from one form into
another.
Pretest: The energy of the ball has passed from the
first ball to the other one. means it has been given
to the second ball from the first ball, that is why
the first ball stopped
Posttest: When the moving ball hit the stationary,
it passed its kinetic energy on to it. The moving
one hit the stationary one and it pushed it. The
first ball becomes stationary since it lost all its
kinetic energy.
Pretest: When we hit the ball, we give the ball
energy. The ball receives the energy and use it as
kinetic energy to move. Some energy was lost as
thermal. it keeps on losing energy until it has no
more energy to use it as kinetic to move.
Posttest: The overall energy is not lost since
energy is not destroyed. we can say that the
mechanical energy is lost or transformed into
another form, thermal energy.
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Table 5 – Student 2 explanation of answers of the pretest and posttest
Question 1

1) What is energy?

Question 2

2) A rubber ball is
dropped, bounces back
many times then stops,
Why does it end up
stopping?

Question 3

3) What does it mean
that ‘energy is
conserved’? (MCQ)

Question 4

4) Consider two billiard
balls on a horizontal
table, hitting each other

Question 5

5) A ball has been
kicked and travels on a
horizontal floor and
eventually stops.

Pretest: the energy is a force or a power produced
by a machines or persons
Posttest: A system that is able to set a body in
motion and thus do work is said to have energy,
example: a moving truck or a ball falling
Pretest: The ball stopped bouncing since it lost
energy, so the energy is no more available for it to
move.
Posttest: The ball stopped because it lost energy,
the lost energy is sound, I mean the energy is
transformed into sound energy, energy undergoes
transformation because it is conserved.
Pretest: means there is no loss or gain in energy it
is constant.
Posttest: Energy cannot be created nor destroyed
it can only be transformed from one form into
another.
Pretest: the first ball pushed the second ball. the
push made the first ball lose energy and made the
second ball have energy, as if energy is replacing
places.
Posttest: Energy was transformed from the first
ball to the second ball. it moved to the second
ball.
Pretest: The energy has been lost in this situation.
the kick gave the ball temporal energy, this energy
used by the ball to move, it didn’t last.
Posttest: The energy is lost here, I mean
transformed into another forms like sound.
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Table 6 – Student 3 explanation of answers of the pretest and posttest
Question 1

1) What is energy?

Question 2

2) A rubber ball is
dropped, bounces back
many times then stops,
Why does it end up
stopping?
3) What does it mean
that ‘energy is
conserved’? (MCQ)

Question 3

Question 4

4) Consider two billiard
balls on a horizontal
table, hitting each other

Question 5

5) A ball has been
kicked and travels on a
horizontal floor and
eventually stops.

Pretest: Energy is the force that you use to pull,
hold, do or make something
Posttest: Energy is a force used to do a work.
When an object is displaced it needs energy to
make this work.
Pretest: Energy is involved in this experiment. It
ended up stopping because it lost its energy.
Posttest: It ends up stopping because its energy
becomes less till the ball is tired and it has no
more energy to move.
Pretest: It means that energy does not change, it
remains constant.
Posttest: energy is conserved means that energy is
not created nor destroyed; it is only conserved and
can be transformed from one form into another.
Pretest: The first ball gave its energy to the
second ball therefore allowing the second ball to
move.
Posttest: The first ball has kinetic energy, so it
moves and then it hits the second ball, the first
ball’ kinetic energy is transferred to the second
ball, that is why it moves. first stopped, no more
kinetic energy
Pretest: the energy is lost because the ball used the
energy given to it
Posttest: The energy was not lost, because energy
is not created nor lost. in this situation the energy
is transformed from kinetic energy into potential
energy.
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Table 7 – Student 4 explanation of answers of the pretest and posttest
Question 1

1) What is energy?

Question 2

2) A rubber ball is
dropped, bounces back
many times then stops,
Why does it end up
stopping?

Question 3

3) What does it mean
that ‘energy is
conserved’? (MCQ)

Question 4

4) Consider two billiard
balls on a horizontal
table, hitting each other

Question 5

5) A ball has been
kicked and travels on a
horizontal floor and
eventually stops.

Pretest: Energy is to give out power, exerting
power, like jumping, running.
Posttest: Energy is something that cannot be
created nor destroyed, but it can transforms from
one form into another.
Pretest: The energy is making the ball bounce, and
it became bouncing less because the energy is
running out from the ball.
Posttest: The ball stops because the energy was
transferred to other forms of energy like sound of
impact.
Pretest: Energy is used carefully, so it lasts longer,
means energy is conserved
Posttest: Energy is conserved means that it
neither lost nor gained it is constant.
Pretest: The first ball had some energy in it, thus t
was moving, and when it collides with the second
ball it transferred its energy making the first slows
down and stop and the second one moving
Posttest: The first ball had a specific amount of
energy while it was moving. and when it collided
with the second ball, the energy was transferred to
it, but obviously some energy was lost, the second
ball does not move at the same speed as the first
one.
Pretest: The energy has been lost because the
energy that the ball was using ran out since energy
is limited thus making the ball stop.
Posttest: the energy was lots, because it was
transferred to from the ball to another form. The
form where the ball does not perform work.
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Table 8 – Student 5 explanation of answers of the pretest and posttest
Question 1

1) What is energy?

Question 2

2) A rubber ball is
dropped, bounces back
many times then stops,
Why does it end up
stopping?

Question 3

3) What does it mean
that ‘energy is
conserved’? (MCQ)

Question 4

4) Consider two billiard
balls on a horizontal
table, hitting each other

Question 5

5) A ball has been
kicked and travels on a
horizontal floor and
eventually stops.

Pretest: Energy is exerted from an action it is also
usable, energy is all around us, example: electric
energy, heat.
Posttest: A body that is capable of doing work is
said to possess energy, example food, gasoline in
the engine
Pretest: It stops since all the energy was used up
from bouncing
Posttest: During the bouncing, the ball’s kinetic
energy decreases when it touched the floor,
releasing sound and losing some energy, when
bounces up, more energy lost by friction with the
air.
Pretest: Energy is used carefully so it last longer,
so it is conserved.
Posttest: Energy is not created nor destroyed; it is
transformed from one form into another.
Pretest: After the first ball hit the second ball
energy was transferred from the first ball to the
second thus stopping the first ball and moving the
second.
Posttest: the first ball possessed kinetic energy
while moving. When it hits the second ball, all the
kinetic energy was transformed to the second ball,
thus moving the ball.
Pretest: For the ball to move, it used energy, so
energy is lost when used up by the ball to move.
Posttest: The ball stops because of friction,
friction, so the energy was lost, the ball becomes
hot.
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Table 9 – Student 6 explanation of answers of the pretest and posttest
Question 1

1) What is energy?

Question 2

2) A rubber ball is
dropped, bounces back
many times then stops,
Why does it end up
stopping?

Question 3

3) What does it mean
that ‘energy is
conserved’? (MCQ)

Question 4

4) Consider two billiard
balls on a horizontal
table, hitting each other

Question 5

5) A ball has been
kicked and travels on a
horizontal floor and
eventually stops.

Pretest: Energy is power that we can use in our
own life, example: man pushing a rock, Fuel.
Posttest: Energy is the displacement of an object,
energy is needed to do work, we get energy by
resting eating and drinking.
Pretest: Gravity is involved in this event not
energy, because gravity is pushing the ball
towards the towards the ground
Posttest: When the ball is dropped, it hits the
ground, when it hits the ground some of the
energy is transferred to the ground also, there is
friction when it touches the ground, the other part
of energy used by the ball to bounce.
Pretest: energy is used carefully so it lasts longer,
we save energy means it is conserved.
Posttest: Energy is neither created nor destroyed.
it can only be transformed from one body into
another.
Pretest: The first ball was moving, once it collided
with the second ball, the force was enough to
propel the second ball, but all the energy that was
used to move the first ball was gone since it was
used to move second ball.
Posttest: The first ball was moving with a speed v,
it has kinetic energy, once it collided with second
ball, the energy was transformed from one body
into another, from the first ball to the second ball.
Pretest: The energy was lost since the ball
stopped, as long as there is energy the ball would
continue moving, but once energy is lost, it stops,
this when energy decreases, the ball slows down
to stop.
Posttest: the energy lost since when the ball was
kicked, it has kinetic energy, this kinetic energy
decreases until the ball stops the kinetic energy
zero. the kinetic energy is lost.

The results of the students’ explanation of their answers of pretest and posttest
show that the students understanding of the concept of energy improved after teaching
the unit if energy. In the posttest, the students understand the energy as “ability to do
work”, “energy cannot be created nor destroyed, it only transforms into other forms of
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energy”. Moreover, the students were able to use the he notion of transfer of energy to a
high degree of correctness in the example of the two balls. However, the explanations of
their answers to the questions involving transformation of energy show a
misunderstanding of this notion. The students’ explanations were that “the energy was
lost due to friction”. Moreover, the students show confusion between energy transfer
and energy transformation.
4.4.3- Categorization of the students’ statements using the term “energy” in
the interviews
Statements used by the students including the term “energy” in the first and
second interviews were categorized using categories and subcategories of the construals
used by the teacher in Table 2. Tables 10 and 11 summarize the construals of interview
one and interview two respectively.
The construals in the Table 10 are consistent with those found in the literature.
The students’ understanding of the abstract nature of the energy is absent at the
beginning of the energy unit in grade eight. The main idea the students held about
energy was related to energy as material or as a substance like. The construals were
bound to food, fuel, and motion and activity.
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Table 10 – Interview 1 Construals
Construal type

subcategory

Examples

needed/ -

Go/come/give/
take

Nature of Energy

Used/
lost
Material
like/Substance

Have/
kept

Abstract quantity
Energy is
motion/fuel or
food

stored/ -

We take energy from food.
She is gaining energy from what she eats.
The train takes energy from fuel.
The ball took the energy.
The engine gives energy to the train.
The lady is taking energy from food
We need to eat to have energy.
The car uses the fuel to move.
The train needs energy from the fuel
Energy is used to do action.
The ball used the energy from the kick.
Energy will be lost when you run.
Energy needed to push the table.
Energy is lost, it ends.
Energy was lost by the ball, which is why it
stops.
Energy is stored in food.
It is moving, it has energy.
More height, more energy stored.
Human beings have energy.

NA
NA

Energy is food.
Energy is fuel.

The construal types in Table 10 were: Energy may go, come or be contained, as
in the examples “we take energy from food”, “the train takes energy from fuel”, “balls
exchange energy”, and “the engine gives energy to the train”; Energy is used or needed,
as in the examples “we need energy to run”, “energy used to do action”, and “energy
will be lost when you run”; Energy is stored or kept, as in the examples “energy is
stored in food”, “more height, more energy stored” and “ human being has energy”.
These construals reflect the students’ lack of awareness of the conservation,
52

transformation, and transfer of energy before starting the unit of energy. The next table
lists the construals revealed by the students in second interview.

Table 11 – Interview 2 Construals
Construal type
Category

Examples

- We take energy from food
- First one has passed on energy to the second
one
Used/ needed/ - We as humans need energy to speak and
lost
move.
- Energy lost by the ball when it comes to
rest.
Have/ stored/ - The food has energy since it has calories
kept
- The object has energy due to distance
between the object and earth
- A system that is able to set a body in motion
is said to have energy.
- Energy is what an object possesses in order
to perform a work.
- Energy is stored when the object is held
high
Energy as
- Energy does not disappear, it changes to
abstract
KE, and then to sound.
quantity/
- When the ball bounces, the mechanical
number
energy was transformed into sound.
- Energy is neither created nor destroyed; it is
simply transformed from one form into
another.
Energy as
- Energy is the ability to set a body in motion.
ability to do
- When a body performs work then energy is
work
released.
NA
NA
Go/come/give/
take

Nature of Energy

Material
like/Substance

Abstract
quantity

Energy is
motion/fuel or
food

The construals in interview two, as shown in Table 11, were similar to those in
interview one, in Table 10. The students used the concrete construals like “used,”,
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“needed”, “passed on”, and “stored” in both interviews. However, in the second
interview the students used the abstract notion of energy as “energy is not created and
not destroyed, it only transfers into other forms” and “energy is the ability to do work”.
Moreover, they did not use statements reflecting that energy is fuel or food.

4.5- Relating students’ understanding to teacher’s verbal input and
students’ interpretation
Teacher’s language input includes a lot of concrete language to describe energy,
knowing that the concepts are quite abstract. The teacher’s concrete language is
illustrated by the sentences of the “Examples” column in Table 2. The teacher used
terms like “lost’, “stored”, “needed”, “possessed”, “have/has energy”, and “give
energy”. These terms reflect the common construal of energy, as material/substance
like. The aim of this study was to understand how teacher’s input itself might hinder
students’ conceptual understanding of the abstract idea of energy transformation. The
analysis of the construals used by the students in the interviews shows that most of the
construals they pick up were the concrete not the abstract ones, which shows the ease
with which the students use the concrete construal. In the interview, the students use
concrete language to explain their answers to the posttest questions, the summary of
their answers is found in Tables 4 to 9. Moreover, the students find it difficult to
rephrase concrete language using abstract one to describe energy. When students were
asked to paraphrase statements from the teacher’s use of the term “energy”, they
repeatedly used concrete language and they find it hard to avoid using this concrete
language, for example “energy used up by the ball” and “energy moved to the other
ball”
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The above analysis of the pretest and posttest results, the interview results, and
the teacher’s verbal input results, showed a pattern of similar categories where the
students used construal terms about energy that are found, to a high similarity, in the
construals used by the teacher during the classroom discussion.
These similarities can be summarized as follows: test scores on the questions
related to energy transformation and sources of energy were below the accepted level of
understanding, and the results of the questions about energy transfer and energy
conservation showed acceptable gain of understanding from the pretest to posttest.
Moreover, the results of the interview revealed correct usage of the notion of
conservation and energy transfer in the second interview, which reflects a gain in the
conceptual understanding of energy conservation and transfer. The results of the
teacher’s verbal input analysis revealed that the construals used by the teacher to
discuss energy conservation and energy transfer were interpreted correctly by the
students. A clear example is that students used the same definition for conservation of
energy as their teacher. They stated that “Energy is neither created nor destroyed; it is
simply transformed from one form into another” or “the energy does not disappear”.
These statements were included in the teacher’s verbal input that reflects the effect of
the verbal input of the teacher on the students’ interpretation and understanding.
Table 12 presents students’ and teacher’s examples to compare and find the
similarities between the construals used by both of them while discussing about energy.
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Table 12 – Similar Construals Used by the Students and the Teachers
Construal
Category
Students’ Examples
Teacher’s Examples
type
Go/come/
- We take energy from food
- When energy is gone, you
give/ take
stop working.
- First one has passed on energy to
the second one
- We have source of energy
giving energy to the object
for the object to perform
work.
Used/
- We as humans need energy to - Energy is needed to perform
needed/ lost
speak and move.
work.
- Energy lost by the ball when it - We need energy to digest
comes to rest.
food, which is why you feel
tired after eating.
Material
- Part of the energy is lost as
like
sound.
Have/
- The food has energy since it has - We have source of energy
stored/ kept
calories
giving energy to the object
for the object to perform
- The object has energy due to
work.
distance between the object and
earth
- I have motion means I have
energy
- A system that is able to set a body
in motion is said to have energy.
- Object possesses energy
when it is able to perform
- Energy is what an object possesses
work.
in order to perform a work.
- Energy is stored when the object is - Potential energy is stored in
the object due to its position.
held high
- It has stored energy to move.
Abstract
Energy as
- Energy does not disappear, it - Energy is not lost nor
quantity
abstract
changes to KE, and then to sound.
created, it is conserved
quantity/
- When the ball bounces, the - The potential energy is
number
mechanical
energy
was
converted to kinetic energy.
transformed into sound.
- The chemical energy is
- Energy is neither created nor
transformed into other forms
destroyed; it is simply transformed
of energy like electric and
from one form into another.
small parts will be dissipated
into thermal energy.
Energy as
- Energy is the ability to set a body - An object is said to possess
ability to do
in motion.
energy if it can perform
work
work.
- When a body performs work then
energy is released.
Energy is NA
NA
NA
motion/fu
el or food
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In the interview, the students did not use the notion of transformation clearly,
they showed ambiguity in how the energy transformed and to what forms it transformed
as reflected in statements like “When the ball bounces, the mechanical energy was
transformed into sound”. The mechanical energy transforms into sound and thermal
energy in the example of the bouncing ball. The notion of transformation is not
interpreted correctly in statements like “The object has energy, because it came from a
specific source” or “Energy lost by the ball when it comes to rest”; however, the energy
was seen as a concrete or material like substance that comes from somewhere or that is
lost. In addition to that, the posttest shows that the students’ difference of means on
questions two, six, eight, nine and ten were below the accepted value for conceptual
gain, all the differences between the means were less than 0.7, and all these questions
were about events where energy transformation is taking place, as seen in Table-1.
Moreover, the analysis of the verbal input of the teacher reflects the use of construals
like “energy dissipated into heat” or “We have source of energy giving energy to an
object, the object then moves”, she used the term “transformation” associated with
construals that were reflected in concrete terms “lost to heat” or “stored in the object” ,
which in turn lead the students to interpret these construals used by the teacher about
transformation of energy as a substance that can be lost or can be taken from a certain
source.
The answers to the research questions can be summarized as follows:
Question one: What are the construals of energy reflected in a grade eight
physics teacher’s input during instruction? The construal reflected in the physics
teacher’s verbal input in grade eight, while instructing about energy, are energy as
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material like or substance construal, energy as ability to do work, and energy as quantity
that is conserved and can transform from one form energy into another, as indicated in
Table 2.
Question two: How do grade eight students interpret the verbal input of their
physics teacher while learning about energy? The results of the posttest and the results
of the interview, where the students were asked to explain their answers to the tests and
to paraphrase teacher’s statements; and construals used by the students in the interview,
lead to conclude that: The students of grade eight interpreted the verbal input of the
teacher as energy is the ability to do work, it is a material like or a substance that can be
used, lost, taken, or given, and they interpreted the transformation of energy mostly as
“energy passed on” or “energy lost”.
Question three: What is the relationship between students’ interpretation of their
grade eight physics teacher’s verbal input and their conceptual achievement? The
students reflected similar construals as those reflected in the teacher’s verbal input, the
construals reflected in terms such as: “lost”, “stored”, “needed”, “possessed”, “have/has
energy”, “energy passed on” and “give energy”. In addition to that, during the
interview, students related the energy to work in their discussion of the events involving
energy, which is in parallel to construals implicit in the language used by the teacher
during the discourse about energy, where she highlighted the relation of work and
energy and started the unit by defining energy as ability to do work. Similarly, the
construals reflected in the teacher’s verbal input about transformation is reflected in the
students’ conceptual achievement about transformation in the tests and interviews as
discussed above. The results of the students’ explanation of their answers to the pretest
58

and posttest show that the students, in the posttest, understand the energy as “ability to
do work”, “energy cannot be created nor destroyed, it only transforms into other forms
of energy”. Moreover, the students were able to use the he notion of transfer of energy
to a high degree of correctness in the example of the two balls. However, the
explanations to the questions involving transformation of energy show a
misunderstanding of this notion. The students’ explanations were that “the energy was
lost due to friction” or “no more energy is available for the ball to move”. Moreover, the
students show confusion between energy transfer and energy transformation.
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Chapter 5
Conclusion and recommendations
This chapter presents a discussion of the results of the study, the study’s
limitations, recommendations for teaching, and implications for further research. The
discussion of the results will include a summary of the results, a summary of the main
themes raised in the literature review and a relation between the findings of the study
and these themes in the literature. Then recommendations for teaching and implications
for further research are addressed. Finally, the limitations of the study will then be
discussed.

5.1- Discussion of results
5.1.1- Summary of the results
The analysis of the pretest/posttest results lead to the conclusion that students
were able to list sources of energy in the posttest more frequently than the pretest. The
students have shown accepted gains in understanding of the conservation of energy.
Moreover, the students have shown accepted improvement in understanding and
explaining the notion of transfer of energy from one moving ball into a ball at rest.
However, even after instruction about energy, the results show that the students do face
difficulties in understanding and applying the idea of transformation of energy from one
form into another.
The first question in the study was “What are the construals of energy reflected
in a grade eight physics teacher’s input during instruction?” The results of the study
showed that the construals reflected in the teacher’s verbal input can be summarized as
follows: construals reflect the use of material like or substance notion of energy, in
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parallel with the relation between energy and work as ‘energy is the ability to do work’,
as mentioned in most physics references. The principles of conservation of energy and
transfer of energy; as for the transformation of energy, construals used such as “lost to
heat” and “dissipated to sound” to describe the concept, hinder the students’ full
understanding of the idea. The analysis of the teacher’s use of the term “energy”
showed that the teacher used a lot of concrete language to describe energy. She used
terms like “stored”, “needed”, “has”, and “give” energy.
The second research question was “How do students of grade eight interpret the
verbal input of their physics teacher while learning about energy. The students interpret
the verbal input of their teacher as two construal types: energy as material or substance,
and energy as ability to do work, which defines energy as a conserved quantity, but not
necessarily abstract. The students used the same construals used by their teacher. For
instance, students used the definition of energy as ability to do work, and used the
concepts of conservation and transfer of energy to an accepted degree of precision,
especially in answering the direct questions of defining energy and the transfer from
one ball to another. However, the use of transformation of energy reflected some
misunderstanding since students used concrete construals such as “used”, “lost” and
“taken”. Moreover, the results of the two interviews showed that the students’
paraphrases of the teacher’s statements reflect the fact that the students are using
concrete terms to describe the abstract notion of energy, by using terms “lost” and
“passed on”. In addition to that, they have shown misunderstanding of the notion of
transformation of energy from mechanical energy into thermal energy and sound
energy. Their paraphrases reflected naïve understanding of transformation such as
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“energy is released into air” or “energy is lost because the object is at rest”. However, in
the second interview the students used the abstract notion of energy in statements such
as “energy is not created and not destroyed, it only transfers into other forms” and
“energy is the ability to do work”. Furthermore, they did not use any statements
reflecting understanding of energy as fuel or food. In addition to that, students’
explanations of their answers to the pretest and posttest, during the second interview,
showed that they understand the energy as “ability to do work”, “energy cannot be
created nor destroyed, it only transforms into other forms of energy”. The students were
able to use the he notion of transfer of energy to a high degree of correctness in the
example of the two balls. However, the explanations to the questions involving
transformation of energy show a misunderstanding of this notion. The students’
explanations were that “the energy was lost due to friction” or “no more energy is
available for the ball to move”. Moreover, the students show confusion between energy
transfer and energy transformation.
The third research question was: “What is the relationship between grade eight
students’ interpretation of their physics teacher’s verbal input and their conceptual
achievement?” Table 12 highlights the similarity in the construals used by the students
and the teacher to describe and discuss the term ‘energy’. The results of the tests and
interviews revealed that students achieved an understanding of the relation of energy as
the ability to do work and of the principle of conservation of energy. Moreover, the
students have achieved better conceptualization in defining energy as ‘energy is not
created nor destroyed’, but there was no evidence that they grasped the abstract idea of
energy. In the interviews, students used material like construals to describe energy. The
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students showed acceptable understanding of the notions of ‘energy transfer’ and
‘energy conservation’. For instance, they understood more easily the notion of transfer
of energy as something given from one object to another; however, the transformation
of energy being the most abstract notion of energy was not completely comprehended.
In addition, the notion of conservation of energy is also understood by the students in
the same way they understand the conservation of mass in chemical reactions.
Moreover, some students showed confusion between transfer and transformation of
energy, which may be explained as a language problem because the two words
‘transfer’ and ‘transformation’ have the same prefix.

In conclusion, students showed better achievement in defining energy and in
explaining the notions of conservation and transfer of energy. However, students were
not able to explain completely the notion of transformation of energy and used material
like construals to describe it, which infers a lack of understanding of the abstract nature
of energy.

5.1.2- Discussion of Results
Research about students’ understanding of physics concepts has revealed that
students hold ideas about physics that contradict with the accepted ideas in the scientific
community (Carey, 2000; diSessa, 1988; Duschl, Schweingruber, & Shouse, 2007;
Slotta, Chi, & Joram, 1995; Vosniadou, 2008). Moreover, the research about
understanding of energy has documented an array of misconceptions about energy held
by students (Fetherston,1999; Goldring & Osborne,1994; Lopes, 2009; Solomon, 1983;
Watts 1983). The results of the study show that the students hold naïve understandings
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of the abstract nature of energy. The use of concrete construals like “used,”, “needed”,
“passed on”, and “stored” in both interviews, is consistent with the literature. In
addition, the results of the study showed that students used the same contruals as those
used by their teacher. Moreover, they used the principle of conservation of energy as
stated by their teacher, without being able to apply it in new situations. This finding is
consistent with the literature in terms of trust in testimony as examined by Harris and
Koenig (2006). They have suggested that students comprehend and believe in the round
shape of the earth and the life cycle without any direct experience of these objects or
phenomena. Harris and Koeing (2006) have deduced that students used what they have
been told to costruct knowledge in which they believe.
Table 12 highlights the similarity of the construal terms used by the teacher and
the students while discussing about energy. It is suggested that the language used while
communicating about energy plays an important role in the construction of conceptual
understanding. The literature about energy misconceptions has highlighted that one
source of these misconceptions is the formal and informal discourses about energy
(Amin, 2009; Lijnse, 1990; Solomon, 1983). Amin (2009) argues that language-based
metaphorical construals implicit in everyday language are an additional source of prior
conceptions. In addition, Lijnse (1990) has suggested that the source of misconceptions
about energy is the media. The language used in the media about energy relates energy
consumption with money, liters of fuel and quantity of natural gas. Moreover, Solomon
(1983) outlined that the students’ everyday discourse about energy gives rise to
inconsistent and illogical conceptions. Verbal input has been given recent attention in
research on the process of conceptual development (Gelman, 2009). Gelman argued that
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children’s knowledge mainly derives from the input of others. Language as a tool to
shape conceptions is also discussed by Boroditsky (2001). She argues that in the
absence of sensory information, language plays a vital role in shaping thinking.
Tomasello (1999) discussed a range of construals in the use of language for the creation
of concepts about abstract ideas. The use of concrete construals to describe the energy
seen in the data analysis is consistent with the literature about effect of language used in
shaping the conception. Moreover, the students mentioned that the energy should be
used carefully while explaining their answer to the pretest (students 4, 5, and 6 in tables
7, 8 and 9) which is consistent with Solomon’s (1983) suggestion that the students are
exposed to the word “energy” in everyday language, newspapers, and social media.
The results of the stduy showed that students hold concrete understanding of the
abstract concept of energy, even after instruction, and find difficulties in using the
notion of transformation of energy, which agrees with Warren (1986) that the abstract
concept of energy is hard to be grasped by the stduents before the secondary level.
However, they were able to understand the notions of conservation and transfer of
energy since they can be understood as quasi-material understanding of energy which is
in parallel with Duit’s (1987) suggestion that energy can be taught before the secondary
level. Duit (1987) proposed teaching energy as a quasi-material concept. He grounded
his suggestion in history of science where such a conception played a significant role.
He also supposed that a conception of energy as quasi-material is pedagogically
justified because it concretizes the concept and makes it closer to the everyday use of
the word. Duit suggested covering the gap between the abstract and materialistic
conception of energy by using the analogy between energy and money. Opposite to Duit
65

(1987), Warren (1986) considered that the abstract and mathematical nature of the
concept of energy contradicts the quasi-material conception. The abstract and
mathematical nature of the concept of energy leads Warren (1986) to suggest that the
concept should not be taught before the secondary level.
In addition to that, the results of the study showed that the students were able to
answer direct questions about energy stored and conservation of energy. However, they
were not able to answer correctly the qualitative questions on the same concepts, which
is in parallel with Goldring & Osborne’s (1994) argument that students answer correctly
quantitative and direct questions about energy while in qualitative questions, their
answers are not consistent with scientific definitions.

5.2- Implication for further research
The research on misconceptions about energy revealed that the students face
difficulties in understanding the scientific concept of energy even after instruction
(Goldring & Osborne, 1994). Moreover, the literature about the sources of
misconceptions of energy revealed that these misconceptions stem from everyday
discourse (Amin, 2009; Gelman, 2009; Lijnse, 1990; Solomon; 1983). This study aimed
at further investigating the effect of teacher’s verbal input of students’ understading of
the concept of energy. The results of the study showed that students’ interpretation of
the verbal input of their teacher affects the development of some misconceptions about
energy. A further research may study students’ interpretation of the teacher’s discourse
during the explanation of energy on a bigger sample, and on the different areas of
misconceptions in physics such as for the concepts of force, electric current,
momentum, temperature, and gases. Moreover, students’ interpretation of their
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teacher’s verbal input can also be studied for different age levels and genders. The
concept of energy is repeated in grade 11 in the Lebanese Curriculum. An extension of
the present study may be run for students of grade 11. Another area of research could be
the study of grade 8 physics textbook used for instruction. The textbook might be
another source of misconceptions.

5.3- Recommendations for teaching
The results of the study suggest that students adopt the teacher’s construals of
energy and form their own interpretation. Students conclude that energy is a substancelike material that is not abstract; this interpretation opposes the scientific definition of
energy. The construals used during the explanation of energy transformation also lead
to students’ misunderstandings of transformation of energy and its proper application in
real life. Hence, energy can be explained in two levels: the first level, using Duit’s
(1987) suggestion, is teaching energy as a quasi-material notion so that the students can
grasp the ideas of transfer and conservation of energy. The second level proposes that
the notion of transformation of energy takes detailed discussion in the classroom based
on Feynman et al’s (1963) description of the abstract notion of energy.
There is a fact, or if you wish, a law, governing all natural phenomena that are
known to date. There is no known exception to this law—it is exact so far as we know.
The law is called the conservation of energy. It states that there is a certain quantity,
which we call energy, that does not change in the manifold changes which nature
undergoes. That is a most abstract idea, because it is a mathematical principle; it says
that there is a numerical quantity which does not change when something happens. It is
not a description of a mechanism, or anything concrete; it is just a strange fact that we
can calculate some number and when we finish watching nature go through her tricks
and calculate the number again, it is the same. (Feynman, Leighton, & Sands, 1963, p.
40)
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In the second level of instruction, students are informed that energy is an
abstract quantity that is modeled by using material-like construals. Hence, there is need
to reconsider the order in which the concepts are addressed in the curriculum. For
instance, the unit of heat may be introduced in the curriculum before the unit of energy.

5.4- Limitations of the study
One advantage of this study is that the sample is small so the researcher could
dig deep into this classroom, so it was possible to look after every single utterance used
by the teacher about energy and analyze it. However, this is a limitation in terms of the
generalizability; may be future research can address this issue in a survey settings,
taking a large number of teachers and taking a representative sample from every teacher
to see if the results of this study can be generalized. Data about the students’ use of
language during class and the detailed analysis of discourse of the class were not
collected in this study. Recording all the discussions in the classroom, not only the
teacher’s use of the language, but also the students’ use of the language about energy,
could have given a broader picture of the use of the language by teacher and by
students.
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Appendices
Appendix I
Pre-post Test
Answer the following questions using your own words. If you need more space use the
extra answer sheet provided.
1- What is energy? Give examples of energy you know about.
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………

Consider the following event and answer questions 2 and 3:
A rubber ball is dropped and hits the floor and bounces back up but not as high as it was
when it was dropped. It comes down again and then bounces back up but not as high as
the time before. This happens a few times and eventually stops. When you touch the
ball after it stops you feel it hotter than it was before it was dropped.
2- Explain why it ends up stopping. If you think energy is involved use the idea of
energy.
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
3- Are there different kinds of energy involved in this ball event? If you think there
are, list them.
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
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………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
4- Consider the statement “energy is conserved”. What do you understand by this?
Choose one of the following that best fits how you understand the phrase. If
none of the choices fit well, write your own explanation of what this phrase
means to you in the space below.
a) Energy is used carefully so it will last longer.
b) The amount of energy is always the same, even though energy changes its
nature.
c) Energy is used many times.
d) Energy is found in only one form.
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
5- Consider two billiard balls on a horizontal table. The first ball was moving while
the second one was stationary. The first ball stops after colliding with second
one and the second one moves. Explain what happened using the idea of energy
in your explanation.
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
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6- A ball has been kicked and travels on a horizontal floor and eventually stops. Is
it possible to say that energy has been lost in this situation? Explain your
answer.
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
...……………………………………………………………………………………………………
7- Which of the following is not a source of energy:
a) Fuel in the car tank
b) Ball stationary at the top of a cliff
c) A plate of food
d) A ball resting on the floor
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………

Indicate whether there is energy involved in each of the following situations and explain
your choice.
8-

Yes / No
Explanation:
...……………………………………………………………………………………………………
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………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
9-

Yes / No
Explanation:
..………………………………………………………………………………………………………
………………………………………………………………………………………………………
...……………………………………………………………………………………………………
………………………………………………………………………………………………………
10-

Yes / No
Explanation:
...…………………………………………………………………………………………………
……………………………………………………………………………………………………
...…………………………………………………………………………………………………
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Appendix II
Pre-post Test Rubric
Answer the following questions using your own words. If you need more space use the extra
answer sheet provided.
11- What is energy? Give examples of energy you know about.
0
Definition not correct;
no examples

1
Energy is the ability to
move things, with one
correct examples

2
Energy is the quantity
that is always
conserved; it may be
defined as the ability to
do work. Correct
examples

Consider the following event and answer questions 2 and 3:
A rubber ball is dropped and hits the floor and bounces back up but not as high as it was when it
was dropped. It comes down again and then bounces back up but not as high as the time before.
This happens a few times and eventually stops. When you touch the ball after it stops you feel it
hotter than it was before it was dropped.
12- Explain why it ends up stopping. If you think energy is involved use the idea of energy.
0
No use of the idea of
energy in the
explanation.

1
The concept of energy is
used but reflects some
everyday use of the
term.

2
The concept of energy is
used in ways that are
consistent with
scientific usage.

13- Are there different kinds of energy involved in this ball event? If you think there are,
list them.
0
no

1
Yes, missing one or
more

2
Yes, includes potential
kinetic, thermal and
sound.

14- Consider the statement “energy is conserved”. What do you understand by this? Choose
one of the following that best fits how you understand the phrase. If none of the choices
fit well, write your own explanation of what this phrase means to you in the space
below.
e) Energy is used carefully so it will last longer.
f) The amount of energy is always the same, even though energy changes its nature.
g) Energy is used many times.
h) Energy is found in only one form.
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b is the correct answer
15- Consider two billiard balls on a horizontal table. The first ball was moving while the
second one was stationary. The first ball stops after colliding with second one and the
second one moves. Explain what happened using the idea of energy in your
explanation.
0
No use of the idea of
energy in the
explanation.

1
The explanation reflects
some everyday use of
the term.

2
The explanation is
consistent with
scientific usage.

16- A ball has been kicked and travels on a horizontal floor and eventually stops. Is it
possible to say that energy has been lost in this situation? Explain your answer.
0
No use of the idea of
energy in the
explanation.

1
The explanation reflects
some everyday use of
the term.

17- Which of the following is not a source of energy:
e) Fuel in the car tank
f) Ball stationary at the top of a cliff
g) A plate of food
h) A ball resting on the floor
d is the correct answer

78

2
The explanation is
consistent with
scientific usage.

Indicate whether there is energy involved in each of the following situations and explain your
choice.
18-

Yes / No
Explanation:
0
No use of the idea of
energy in the
explanation.

1
The concept of energy is
used but reflects some
everyday use of the
term.

2
The concept of energy is
used in ways that are
consistent with
scientific usage.

1
The concept of energy is
used but reflects some
everyday use of the
term.

2
The concept of energy is
used in ways that are
consistent with
scientific usage.

19-

Yes / No
Explanation:
0
No use of the idea of
energy in the
explanation.

20-

79

Yes / No
Explanation:
0
No use of the idea of
energy in the
explanation.

1
The concept of energy is
used but reflects some
everyday use of the
term.

80

2
The concept of energy is
used in ways that are
consistent with
scientific usage.

Appendix III
Pre-post Test results
Pretest results
Item 1

Scorer 1

Scorer 2

Scorer 1

Scorer 2

Scorer 1

Scorer 2

difference in the
scores

Total
(Out of
20)

Scorer 2

eating
food

Scorer 1

Football
player

Scorer 2

Moving
train

Scorer 1

Source of
energy

Scorer 2

Kicked
ball
Scorer 1

Billiard
balls
Scorer 2

Energy
conserva
tion

Scorer 1

Kinds of
energy

Scorer 2

Item 10

Scorer 1

Item 9

Scorer 2

Item 8

Scorer 1

Item 7

Scorer 2

Item 6

Scorer 1

Item 5

Scorer 2

Item 4

Scorer 1

What is
energy

Item 2
Item 3
Bouncing ball

Student 1

1

1

0

0

0

0

2

1

0

0

0

1

0

1

0

0

0

0

1

1

4

5

-1

Student 2

1

1

1

0

0

0

1

1

1

1

1

1

2

2

1

0

1

1

1

0

10

7

3

Student 3

1

1

0

0

0

0

0

0

1

1

1

1

0

0

1

1

1

0

1

1

6

5

1

Student 4

1

1

1

1

1

0

2

2

2

2

1

0

1

1

0

0

1

1

1

1

11

9

2

Student 5

1

1

1

1

0

0

0

1

1

1

1

1

0

1

1

1

1

1

0

1

6

9

-3

Student 6

0

1

1

1

0

0

0

0

0

0

2

1

1

1

1

1

1

1

0

0

6

6

0

Student 7

0

0

0

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

1

1

2

3

-1

Student 8

1

0

1

0

0

0

2

2

0

1

1

1

0

0

0

1

0

0

1

1

6

6

0

Student 9

1

1

1

1

0

0

2

2

1

1

1

1

0

1

1

1

1

0

1

1

9

9

0

Student 10

1

1

1

1

0

0

2

2

1

1

1

2

0

0

1

0

1

1

0

1

8

9

-1

Student 11

1

1

1

1

0

0

2

2

0

0

0

0

0

0

0

0

0

0

1

1

5

5

0

Student 12

1

1

1

1

0

0

1

0

0

0

0

0

1

1

1

0

1

1

1

0

7

4

3

Student 13

1

1

1

1

1

0

2

2

1

1

1

1

2

2

0

0

1

1

1

1

11

10

1

Student 14

1

0

1

1

0

1

0

0

1

2

1

1

1

1

1

1

1

0

1

1

8

8

0

Student 15

1

1

1

0

0

1

2

2

1

1

1

1

2

2

1

1

1

1

1

0

11

10

1

Why
stops
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Student 16

1

1

1

1

0

0

0

0

1

1

1

1

0

1

1

0

1

1

0

0

6

6

0

Student 17

1

1

0

1

0

0

0

0

1

0

0

1

0

0

1

1

0

1

1

1

4

6

-2

Student 18

1

1

0

1

0

0

0

0

0

0

0

0

0

0

1

1

1

1

1

1

4

5

-1

Student 19

1

1

1

1

0

0

0

0

0

0

0

0

2

2

1

0

0

0

0

1

5

5

0

Student 20

1

1

1

1

0

0

2

2

0

0

1

0

0

0

1

1

1

1

1

1

8

7

1

Student 21

1

0

1

1

0

0

2

2

0

1

1

1

2

2

1

1

1

1

1

1

10

10

0

Student 22

1

1

0

1

0

0

0

0

0

0

0

0

0

0

1

1

1

1

1

0

4

4

0

Student 23

1

1

0

0

0

0

0

0

0

0

1

1

2

2

1

1

1

1

0

0

6

6

0

Student 24

1

0

1

1

0

0

0

1

0

0

1

1

0

0

0

1

1

0

1

1

5

5

0

Student 25

1

1

1

1

1

1

2

2

2

1

1

1

1

0

1

2

1

1

1

1

12

11

1

Student 26

1

1

1

1

0

0

0

1

1

1

1

1

0

1

2

2

1

0

1

1

8

9

-1

Student 27

0

1

1

1

0

0

2

2

0

1

0

0

0

0

1

0

0

0

1

1

5

6

-1
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Posttest results
Item 1

Scorer 2

Scorer 1

Scorer 2

Scorer 1

Scorer 2

difference in the
scores

Student 1

0

1

1

2

1

1

0

1

2

2

1

1

2

2

0

1

1

1

1

1

9

13

-4

Student 2

1

1

2

2

2

2

2

2

2

2

2

2

2

2

2

1

2

2

2

2

19

18

1

Student 3

0

1

1

1

0

0

1

1

1

1

1

1

2

2

2

1

1

2

1

1

10

11

-1

Student 4

1

1

2

2

1

1

2

2

0

1

1

2

2

2

2

1

1

1

2

2

14

15

-1

Student 5

1

1

0

1

0

1

2

2

2

2

0

0

0

1

1

1

1

1

1

1

8

11

-3

Student 6

1

1

0

0

1

1

2

2

0

1

0

1

2

2

1

1

1

1

0

1

8

11

-3

Student 7

1

1

0

0

0

0

2

2

0

0

0

0

0

1

1

1

0

1

0

1

4

7

-3

Student 8

1

1

1

1

1

1

2

2

2

2

0

0

2

2

1

1

2

2

2

2

14

14

0

Student 9

1

0

1

0

1

1

2

2

2

2

2

2

2

2

1

1

1

1

1

1

14

12

2

Student 10

1

1

1

1

1

2

2

2

2

2

0

0

2

2

1

1

1

1

1

1

12

13

-1

Student 11

1

1

1

1

2

2

2

2

1

1

1

1

2

2

1

1

1

1

1

1

13

13

0

Student 12

1

1

0

0

0

0

2

2

2

1

0

1

0

1

1

1

1

1

1

1

8

9

-1

Student 13

1

1

2

2

1

1

2

2

2

2

2

2

2

2

2

1

1

1

1

1

16

15

1

Student 14

1

1

1

1

1

1

2

2

2

2

0

0

2

2

1

1

1

2

1

1

12

13

-1

Student 15

1

1

1

1

1

1

2

2

2

2

2

2

2

2

1

1

1

1

1

1

14

14

0

Student 16

1

1

1

0

1

1

2

2

1

1

1

1

2

2

1

1

2

2

1

1

13

12

1

Student 17

1

1

1

1

1

1

2

2

2

2

1

1

2

2

1

1

1

1

1

1

13

13

0

Student 18

1

1

0

0

0

0

2

2

1

1

1

1

2

2

1

1

1

1

1

1

10

10

0

Scorer 2

Scorer 1

Total
(Out of
20)

Scorer 2

eating
food

Scorer 1

Football
player

Scorer 2

Moving
train

Scorer 1

Source of
energy

Scorer 2

Kicked
ball
Scorer 1

Billiard
balls
Scorer 2

Energy
conservation

Scorer 1

Item 10

Scorer 1

Item 9

Scorer 2

Item 8

Scorer 1

Item 7

Scorer 2

Item 6

Scorer 1

Item 5

Scorer 2

Item 4

Scorer 1

What is
energy

Item 2
Item 3
Bouncing ball
Why
Kinds of
stops
energy
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Student 19

2

1

2

2

1

1

0

1

1

1

1

1

2

1

1

1

1

1

1

2

12

12

0

Student 20

1

1

0

0

1

1

0

1

2

2

0

0

0

1

1

1

1

1

1

1

7

9

-2

Student 21

1

1

1

1

1

2

2

2

2

2

2

2

2

2

1

1

1

1

1

1

14

15

-1

Student 22

1

1

1

2

1

1

2

2

0

1

0

0

2

2

1

1

1

1

1

1

10

12

-2

Student 23

1

1

1

1

0

0

2

2

0

1

1

1

2

2

1

1

1

1

1

1

10

11

-1

Student 24

1

0

2

2

2

2

2

2

2

1

1

1

2

2

1

1

2

2

1

2

16

15

1

Student 25

1

1

1

2

2

2

2

2

2

2

0

0

2

2

1

1

1

1

1

1

13

14

-1

Student 26

1

1

1

1

1

1

2

2

2

2

0

1

2

2

1

1

1

1

1

1

12

13

-1

Student 27

1

1

1

1

1

1

0

1

2

2

0

0

2

2

1

1

1

2

1

1

10

12

-2

84

