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ABSTRACT

In this article, the complex relationships between teaching conditions of energy concept and
students’ personal relations to this concept were investigated. The Anthropological Theory of
Didactics, developed by Chevallard, has been used as a framework. In order to determine these
complex relationships, first the sourcebook (Survey Physics 1) used at the university has been
analysed (to deduce Institutional Relation to energy concept) and secondly an achievement test has
been used to collect data (to deduce Personal Relation to energy concept). The sample of the study
comprised 36 first grade university students attending to the Fundamental Physics I course in the
Faculty of Arts and Sciences at the Karadeniz Technical University. The praxeological approach was
used to analyze the data obtained in a descriptive and qualitative way. Not only a close relationship
was found between the teaching activities and the students’ perception of energy concept, but also the
adverse effects of institutional relations to personal relations about energy were determined.

Keywords: Energy; Teaching; Learning; Anthropological Theory of Didactics; Praxeological
Approach.

INTRODUCTION

The energy is an abstract and an interdisciplinary concept between fields such as
physics biology, chemistry, and geography. It can take different definitions depending on
its using in different disciplines. For example: ‘Energy is the potential existing in the
matter and coming out in the form of heat or light; power gained by nourishment and
enabling organs operate and body temperature to be sustained; ability to do work; spiritual
force etc.’. Kruger (1990) notes that this discrepancy arises from different point of views
of scientists from different disciplines (e.g. perspectives of biologists or chemists or
physicists). However, one can also come across different definitions of energy in physics
as ‘Energy is the capacity for doing work’ (Warren, 1982) or ‘Energy is the capacity to
produce change’ (Chisholm, 1992), ‘Energy is the capacity of a physical system to
perform work’ (Hirga, 2004; Papadouris et al., 2008; Taber, 1989). That is, it is hard to
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find a unique, concrete and universal definition of the energy concept (Sefton, 2004).
Since a common accepted scientific definition has not been generated (Domenech et al.,
2007; Kurnaz & Calik, 2009), the energy concept can be accepted in an interdisciplinary
approach.

The energy concept has received much attention in science education and has been
investigated in various perspectives: energy and its description (e.g. Diakidoy et al., 2003;
Duit, 1987; Kaper & Goedhart, 2002a; Kruger et al., 1992), teaching and/or learning
energy (e.g. Kaper & Goedhart, 2002b; Kurnaz, 2007; Kurnaz & Calik, 2009; Papadouris
& Constantinou, 2006; Trumper & Gorsky, 1993), energy and its change (e.g. Fry et al.,
2003; Liu et al., 2002; Papadouris et al., 2008). Great numbers of these studies cited
includes a documentation of students’ conceptions about the energy concept. Among these
studies; Watts (1983), Duit (1984), Nicholls and Ogborn (1993), Goldring and Osborne
(1994), Trumper (1998), Kiigiik et al. (2005), Kose et al. (2006) have proved that the
energy concept is hard to be comprehended and they also noted that students have serious
misunderstandings about the nature of energy such as ‘Energy is matter; Energy is a force;
Energy is a power; Energy is not conserved’. In other studies aiming to remove these
misconceptions, alternative learning approaches have been applied or recommended (e.g.
Fry et al., 2003; Huevelen & Zou, 2001; Huis & Berg, 1993; Papadouris et al., 2008;
Trumper, 1990a; 1990b; 1991). For example, Fry et al. (2003) suggest ‘An Abstract
Picture Language’ to teach energy and conversion, Heuvelen and Zou (2001) and
Mutimucuio (2003) highlight ‘Multiple Representations of Energy Processes’ efc.
Meanwhile, certain recent studies have shown that students still encounter problems to
perceive the energy concept (Domenech et al., 2007; Hirga et al., 2008; Kurnaz, 2007;
Unal Coban et al., 2007). This situation indicates that the question “What are the basic
reasons for the obstacles of the understanding the energy concept” keeps being update.

Reviewing the studies in this field (e.g. Duit, 1984; Kiiciik et al., 2005; Trumper,
1998), it can be seen that; while understanding obstacles have been determined, only
learners have been taken as a source of interest. Also, researchers (Aydin & Giinay Balim,
2005; Brook & Wells, 1988; Fry et al., 2003; Huevelen & Zou, 2001; etc.) have
highlighted just their alternative teaching approaches and/or investigated the effectiveness
of their approach by considering only students’ perceptions. However, they have not taken
into account their approaches (like a discipline which has its own teaching/learning
environment) properly to investigate and see their own characterizations and probable
(positive or adverse) effects on learning. However considering teaching-learning relation,
it is obvious that the effects of learning environment on learners should be examined.

On the one hand, the usage and definitions of energy concept in different disciplines
results in introducing the energy associated with the expression of the discipline’s
perspective to the students. Even in the same discipline; physics student may face different
forms of energy such as; mechanical, nuclear, electrical etc. In short, because of its nature,
the energy concept meets with students as a difficult concept. On the other hand, the
mathematization process of Physics, started with Galileo (Sol, 1996), has escalated the
effect of quantitative approach in teaching abstract concepts like the energy. The existence
of this notion and its effects on student learning (i.e. the effects of qualitative and
quantitative presentation ratio) have become outstanding topics to be examined.

Based upon related literature, the main research problem of this study was
determined as; “What are the effects of institutional activities related to the energy concept
on learning situations?”. For this aim, the Anthropological Theory of Didactic developed
by Y. Chevallard (1989) was set as the theoretical framework, since this theory, unlike
other approaches, facilitates investigating the effects of teaching conditions on students’
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perceptions (Artaud, 2004; Chevallard, 1992; Kurnaz, 2007; Saglam, 2004; Saglam
Arslan, 2008).
A) Theoretical Background of the Study: Anthropological Theory of Didactic

The main concepts of Anthropological Theory are objects O [object: any number,
feelings (anxiety, fear...), any topic or concept (energy, cell, derivative...)], persons X [all
persons can be defined as person (a boy, student, teacher, servant ...)] and institutions 7
(an organization having its own peculiar methods and rules, imposing its ideas and
knowledge to the member person) (Chevallard, 1989). In this theory, the ‘relation’
definition is used to explain the relations between the structural units above. And there
were two different ways of defining a piece of knowledge (i.e. ‘object’): Institutional
Relation and Personal Relation.

Institutional Relation: If any object “O” is recognized by an institution “7”’, then “0”
is an object in “/” and / institution has an Institutional Relation to O object. This relation is
symbolized by R(1,0) or RI(O). According to Y. Chevallard (1989): “Institutional relation
defines such things as;, what an institution does with a certain piece of knowledge, what
that knowledge is used for and how it was processed etc. All in all, it is the whole life of a
piece of information spent in a certain institution”.

Personal Relation: When an O object begins to exist in an X individual’s mind, this
means X knows O and X has a personal relation for O. “Personal relation is defined as the
whole collection of knowledge, skills, perceptions and abilities of a person about a
subject. With a broader view; it is the whole relation between the individual and
knowledge” (Chevallard, 1989). In this theory, learning is defined as the change in X
person’s personal relation for O. This change means personal relation exists if it did not
exist before or it changes if it already existed.

When a person (called X) enters to an [/ institution, X person’s Personal Relation to
an O object R(X,0) will change and improve under the Institutional Relation of I: RI(O).
In this case learning will occur when R(X,0) changes. In a general overview; “personal
relation forms under the influence of institutions to which the personal is presently or
formerly devoted” (Chevallard, 1989).

Within the Anthropological Theory as the theoretical framework, main elements of
the research were defined as below:

Object (0) = Energy
Person X = Student
Institution 0) = Fundamental of Physics I

In a given institution (like Fundamental of Physics I), to describe the origin and
improvement of main components of knowledge as well as personal and institutional
relations to these components, it is necessary to construct a model. This model named in
Anthropological Theory of Didactic is praxeology.

Praxeology, which was contributed to didactic studies by Chevallard in 1989, can be
used to determine the general characteristics of an institutional relation to an object (Bosch
and Chevallard, 1999). Chevallard (1989) expressed that all activities of a person who has
a position in an institution are shaped within the task system of the institution. Praxeology
is formed of the two blocks: praxis (refers to the practice) and logos (refers to the theory)
(Timmermann, 2005). These have 4 basic components (4T): Type of task, Technique,
Technology, Theory (Figure 1).
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Praxeological Approach

Practical Elock Theoretical Block
(D oing) {(Enowing)

, ,

Types of Tasks: what one has to do (e.g Technology: a “discourse”™ able to justify,
solve  guadratic equations,  teach explam, and “generate the technique

Pvthagoras’ theorem, etc. _ _
yihag ) Theory: 15 a discourse that plays the same

Technigue: a way to achieve tasks of the role toward techniology that technology does

gven type (eg a way to  solve toward technique, and malkes it possible to

effectively quadratic equations) wmterpret techiiques and set up technological
descrption and proofs.

Figure 1. Main Components of Praxeology (Adapted from Artaud, 2004; Timmermann, 2005).

The research questions of this study based on the Anthropological Theory of
Didactic which concerns teaching and learning state of the energy concept set as:

1. What are the most important characteristics of institutional relations and
students’ personal relations to the energy concept?

2. To what extend does personal relation coincide with institutional relations
(belonging to Fundamental of Physics I institution)?

3. What are the effects of institutional relations on students’ personal
relations?

B) Sourcebook Analysis

According to the first research question, first of all, it is obvious that the
characteristics of institutional relations should be analyzed. To determine the institutional
relation, the general perspectives of the sourcebook (Physics for Scientists and Engineers,
Vol. 1, 5th Edition) were determined. For a deep analysis, the obtained data were analyzed
with the praxeological approach, since this approach enables revealing the general
perspectives of an institution. During this process, the first component (types of task) of
the praxeological approach was used to determine expectations of the institution from
students.

Basic data obtained from the document analysis to determine what kind of approach
is adopted for teaching the energy concept for university 1% year level (i.e. to determine
the features of the institutional relation about the energy concept) show that the energy
concept is explained be grounded on the work concept. So, in the institutional level, first
kinetic energy and its change and then potential energy and its change and finally the
conservation of energy, non-conservative forces and work-energy theory are explained
starting from the work concept. Additionally, it was determined that in the institutional
level, the topics like “energy transformation” were mentioned. There were not enough
explanations and there were no emphasis on issues like energy transfer and different types
of energy.

While the praxeological analyze was being conducted, 177 problems including 293
tasks in the sourcebook were considered. In this context, it was determined that the tasks
were classified under 52 different types. Two different types of classification were defined
to exhibit the basic features of the tasks: Classification of types of task with respect to the
status of the energy concept, classification of types of task with respect to associated

activity type.
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a) Classification of Types of Task With Respect To the Status (Object-Tool) Of
the Energy Concept

While the concept is classified under this title, the status of the energy concept was
investigated and two different statuses were determined for this concept. If a result was
reached as a result of application of the related types of task, the energy concept was
classified in the object status (e.g. explaining or calculating the energy). On the other
hand, energy was classified in the tool status if a result was reached about another issue
(e.g. calculation of force, distance, acceleration etc.) by using the energy concept.

By the sourcebook analyze, it was also determined that there were types of task
irrelevant from the energy concept in energy units (e.g. calculating the acceleration or the
angle between two vectors etc.). Table 1 summarizes the distribution of the types of task in
the investigated sourcebook with respect to tool, object or other types of task numbers and
ratios in the sourcebook.

Table 1. Classification of the Task Types According To Energy as
a Tool or Energy as an Object

Energy Tasks Type Tasks Number
As an object 21 (40.4 %) 140 (47.8 %)
As atool 20 (38.5 %) 125 (42.66 %)
Other types of task’ 11 (21.1 %) 28 (9.54 %)
TOTAL 52 293

As seen from the Table 1, the sourcebook does not focus on instructing the energy
directly, it handles the topic with other concepts instead. For concept teaching, the main
point is teaching activities to concentrate the concept of concern. However the ratio of the
types of task of the energy as an object is less than all types of task in the sourcebook
(40.4%). This weakens the course in terms of transmitting the conceptual nature of the
energy.

b) Activity types associated with types of tasks

To find out the types of task student face, 5 different types were determined with
respect to activity types. They are: calculating, explaining-interpreting, comparing,
displaying with graphs and analyzing-understanding graphs (Table 2).

Table 2. Classification of the Task Types with Respect to Activity Types

Activity states Types of Task Number >  Task Number
Calculating 44 (78.57 %) 262 (85.9 %)
Explaining-interpreting 6 (10.71 %) 25 (8.19 %)
Comparing 3(5.36 %) 4 (1.31 %)
Displaying with graphs 2 (3.57 %) 6 (1.98 %)
Analyzing-understanding graphs 1 (1.79 %) 8 (2.62 %)

' The types of task belong to previous units and irrelevant from energy are classified in other tasks category.

% Since some task types are related to more than one activity state, 4 tasks classified under two different
types of task. So, ratio calculations were made out of 56 task types.
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Table 2 says that most of the types of task on the sourcebook require calculation
(79%). However, the ratio of types of task requiring explanation, interpretation and
interaction qualitatively is quite low (10.71%). This shows that the institution favours the
activities requiring calculations and adopts a quantitative point of view.

The following classification was made to demonstrate to which issues the calculation
types of task are related to in the sourcebook (Table 3).

Table 3. Distribution of Task Types Requiring Calculations with Respect to Topics

Task Type Task Type Number  Task Number
Calculating velocity 6 54
Calculating distance 6 32
Calculating force 6 23
Calculating work 5 60
Calculating kinetic energy 4 32
Vector calculations 4 11
Calculating related coefficients 4 11
Calculating power 2 12
Calculating potential energy 1 11
Other calculations 6 16

TOTAL 44 262

Table 3 shows that there are few types of task in the sourcebook except for types of
task requiring calculations related to work, velocity, kinetic energy and force. Additionally
comparing number of types of task and number of tasks, it can be seen that certain tasks
were repeated. This shows that the sourcebook presents some tasks repeatedly and so
make students calculate the same variables repeatedly.

METHODOLOGY

This is a qualitative case study. Concerning peculiar structures and dynamics of
contexts, it is obvious that case study is ideal for analyzing complex and dynamic events,
personal affairs or other factors (Amos, 2002; Cohen, Manion & Morrison, 2000). With
the frame of the research questions of the present study, it is unavoidable to take the
learning environment and learning situations (in the same environments) within a holistic
perspective. Based upon mentioned points, the study was carried out with an approach
stemming from descriptive-interpretive analyze (Strauss & Corbin, 1990). This approach
was chosen because it provides opportunity for description of the situation from
institutional and personal perspective and opportunity for interpretations drawn from
association of these descriptions.

a) Data Gathering Process

The study was conducted with 36 candidate teachers taking Fundamental of Physics
I course in the Faculty of Science and Literature at Karadeniz Technical University.
Following means were implemented to collect the data for this study:
~  To determine the characteristics of the personal relations of the university 1% year
students’ about the energy concept, an achievement test was developed in terms of
the characteristics of the institutional relation (given under introduction title).
~  The test was applied as an examination by the lecturer in his class and the first
researcher was present as the observer.
The characteristics of the open ended questions of the test are summarized in Table 4.
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Table 4. Identification of the Questions in the Achievement Test

Question No Activity Conditions
Q.1 Calculation-Confirmation
Q.2 Calculation
Q3 Explanation-Interpretation
Q4 Diagram or visual interpretation
Q.5 Definition and Classification

As seen from the table, the items in the data gathering tool require activities like;
calculation, verification, interpretation, visual explanation/interpretation, definition, and
classification to be fulfilled. The main reason of this strategy in gathering data is to
determine students’ ability in a wide perspective (the strong and weak aspects of the
sourcebook determined from the analyses). The questions of the achievement test are
below.

Q1. Suppose that a biker hits his head against the brick wall with the
velocity of 20 m/s and his head slows down and stops with a constant
acceleration at 2cm (thickness of the helmet) away from the wall.
Calculate the acceleration of the slowing down and explain the

reason/reasons for choosing these calculations. (Ruina and Pratap,
2002)

Q2. 4 400 kg granite block is being pulled upward on the inclined

l plane with 1m/s constant velocity by the crane in the figure. Kinetic
friction coefficient between the plane and the block is 0,5. What are the
30m works done by each force respectively affecting the block while the
T block is pulled 6 m up along the plane? Explain why you chose your
> d0m < | methods.

Q3. What is the distance to be taken into account while calculating the potential energy of a system formed
by the earth and asteroid falling onto the earth (The distance between asteroid and the surface of the earth
or the distance between the asteroid and centre of the earth)?Explain.

Q4. The velocity of an object moving on a straight line under the

influence of a single force, changes as in the velocity versus time B o

graph. Tell the sign (+ or -) of the work done on the object by the

Jorce for each interval (AB, BC, CD and DE) and explain the A > 2
reasons.

E

Qs. A. What is the energy? Explain.
B. What kind of creatures have energy? Why?
C. Write and explain the types of energy you know?

b) Data Analyze

In this study, for analyzing the students’ answers to examine the students’ personal
relations about the energy concept, the second and the third components of the
praxeological approach were used. The first one, the technique, focuses on the method
used by students to solve the questions posed, and the second one, the technology, focuses
on the explanation or justification projected by students. Analyses of the obtained data
were also used to see the differences between institutional relations and students’ personal
relations, and the negative effects caused by institutional choices on improvement of
students’ personal relation to the energy concept.
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RESULTS

To describe the characteristics of the personal relation of 1% year university students
about the energy concept, the test results were presented in this section. For this aim,
concerning the data from the sourcebook analyze, the questions in the achievement test
were grouped on the basis of students’ encountering frequency to these questions in the
sourcebook (Table 5). All the results were presented according to this grouping.

Table 5. Classification of the Test Questions with Respect to Encounter Frequency and Status

i ivi iti Energy
Status of Encounter Question Activity Conditions Object . Tool
Frequently Q.1 Calculation-Confirmation v v
Q2 Calculation v
Rarely Q3 E>.<p1anation-l.nterp.retation . v
Q.4 Diagram or visual interpretation v
Never Q.5 Definition and Classification v

Concerning the classification in the Table 5, the analyzes of student answers were
presented in an order to reflect the effects of institutional relation on personal relations
under the headings of, frequently encountered activity conditions (Calculation-
Confirmation), rarely encountered activity conditions (Explanation-Interpretation;
Diagram or Visual Interpretation) and never encountered activity conditions (Definition
and Classification).

a) Frequently Encountered Activity Conditions

Types of task required calculation are classified under this title. For this aim, two
questions, in one of which the energy is tool and in the other the energy is object, were
asked to the students.

Despite there were 4 different solutions for the first question which was designed to
take the energy as a tool and requires calculation of the slowing down acceleration, none
of the students used the way associated with the energy. 19 of the 29 students used

kinematics equation (V. =V, +2.a.(x—x,)), the easiest way to remember. However,

only 9 of them could reach the right solution. One student justified the reason for using
this way of solution as:

Y= Rem=0 Lenetre No= 20Ws-

\LS:'. On)s~
\Igl:.w' +2lox

o =(1ar+2alo?)
_\ro+ abg

A= /oDoarvt

“(-) since it gets slower. use V =V +2.a.(x—x,) equation. Since we have

Vina, Vinitiw and distance covered, we can find acceleration without using any
other values.” (Student 7)
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The quota above implies that the students endeavour to use the given data in any
formula. 3 students in the other 10 submitted irrelevant answers and the rest (7) used

kinematics equation (d = x(t) = 0+v,.t +at’ / 2) and all failed as in the sample student
answer below:

2 &)

= 2 )
#=Not = fot W Nt et
— - 2 2
2 =204 _-510{ Ns- w2 - at
- 400 © ~(20Y -
b=+ (140 - 46D) (20 ot
at=-400

bed (o +200)

—
d: 4 - 4 2L 21o) :{QﬂlOm}sz
Ao ep (O013] LUAR ' (Student 16)

Despite the student was tried to solve the question, (s)he did not give any reasons
why (s)he used this technique to solve this question as the other 6 students. This could be
caused from distrust to their own knowledge.

The second question of the test, related to frequently encountered activity conditions,
was requiring calculation of forces affecting an object (gravitational force, friction force,
normal force, tension force). To solve this problem the students were expected to apply
W=F.d formula in the sourcebook by concerning application angles of the forces and
friction coefficients. Table 6 summarizes condition of students’ application the technique
(answers):

Table 6. Student Success on Calculating Work Done By the Force Affecting the Object

Task Right formula Wrong formula
Work done by gravitational force 14 1
Work done by friction force 13 9
Work done by applied force 5 1
Work done by T tension force 8 5
No answer 13

In Table 6, there are some students who answered the question but could not
remember the related formula. It was determined that despite most of the students who
could not reach the right answer could draw visual diagram; they ignored the angles of the
force applied on the object. This shows that students have certain weaknesses on
determining/calculating work done by force; despite ‘calculating work’ type of task is the
most frequently seen type of task in the sourcebook (see Table 3). A sample student
answer is seen below:

f:;: k.o N =LA E'C-"F:'ES
3 9
ﬁ:j = ‘uf_f Kad ' o s
3 -] 52N

.C--_ﬁ 509-‘9 W= 000 Y =i

Tt

o /
et (Student 6)

Collectively evaluating the analyses about frequently encountered activity conditions
presented above, it was observed that students have tendency to reach the results
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straightforward. One can think that these efforts to reach the result without reasoning, is a
result of student automation (in a memorized and reflex way without reasoning) on
problem solving. Besides students’ lack of knowledge about the formulas they used for
this type of task clearly indicates that conceptual learning had not been fully attained.

b) Rarely Encountered Activity Conditions

Question 3 is the first question classified under the title of rarely encountered
activities like verification, explanation—interpretation and graph interpretation requires
explanation of the calculation of potential energy. In potential energy calculation for
determining the distance between objects one need to choose a reference point. The
analysis of the answers for this question came up with no successful student answers. The
students were expected to explain that ‘both of the answers can be right depending on the
preference of the reference points.” But all the students chose the first way. 15 of the
students argued that the distance between surfaces should be taken, 14 of the students
claimed that centres should be taken as the references and the rest gave unexpected
(irrelevant) answers.

The students favouring the idea that the distance between the asteroid and the earth’s
surface should be taken into account put forward two main arguments. The first was &
value in “Ep= m.g.h” equation must be equal to the distance of initial position of the
asteroid and its position at the time of collision as in the sample student answer below:

“It is the distance between the surfaces of the earth and the asteroid. Because
when we calculate potential energy of an object we take the distance between
the object and the ground as h value. It is the same for the earth as for the
object. Asteroid should be considered in the same way. It must be the distance
between the initial position from which it started to fall and the collision
point.” (Student 19)

The second argument was potential energy is actually the gravitational force and it is valid
for only the surface as in the sample student answer below:

“It is the distance between the asteroid and the earth’s surfaces because the
source of potential energy is the earth’s gravitational force. So it exists only on
the surface.” (Student 32)

The students thinking that the distance between centres should be taken support their
ideas by gravitation affecting from the centre of the earth.

“It is the distance between the asteroid and centre of the earth because mass is
the source of potential energy. Therefore, we consider centre of mass while
calculating potential energy.” (Student 12)

The situation exemplified by the quotations above can be explained by personal and
institutional relation interaction. Because the potential energy calculation questions in the
sourcebook generally provides students with readily given reference points and there were
no expectation for reasoning about the determination of these points. None of the students
mentioned reference point concept for potential energy calculation. This clearly indicates
that potential energy was not perceived in the right way. The source for this problem was
considered as the sourcebook’s concentrating only calculation activities and not properly
mentioning the determination of the reference points.
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In question 4, the other question qualified as rarely encountered activity condition,
the students were expected to determine change in kinetic energy (4KE) based upon
velocity versus time graph (depending on time variable). But interpretation of “F = m.a, x
=V.tand W = F.x” formulas together can also reach to the solution.

There is a balanced student distribution in students preferring the two means: 15
students preferred using 4KE; and 19 student preferred ¥ = m.a, x = V.t and W = F.x
formulas; 2 students gave no answers. But unfortunately almost none of them could carry
on using techniques correctly and reach to the right solution as in the sample student
answer below:

T B /L @  W-F
+ + 7

@!‘ X =N UJ——1‘-.
BC = [0 L= ﬂt;f o . T
0 af o=0 7 Tm@e t-o UJ@ © =My
o C;: —
D - - J)— ~
G- —% 0- — .":M F- - W:@J\':)‘-U:—-
DE=— . GI- coa
a= M OF rem@ Foo o W-‘@x Sz
y 3 ~ (Student 17)

The reason for this failure was concluded as students’ inability of interpreting the graph
correctly or their considering the work concept depending on the direction. Insufficient
number of activity situations requiring explaining — interpreting or interpretation of
unfamiliar visuals might be considered as at the root of the problem.

¢) Never Encountered Activity Conditions

The last question of the achievement test (Question 5) was a never encountered
activity condition in the Fundamentals of Physics 1 sourcebook. The question was asked
to examine student perceptions about the energy concept.

There were 4 different types of definition given for item A of this question: 69% of
the students make physics-bound energy definitions, 9% of them make definitions in
chemistry discipline, 19% of them defined energy by associating it with daily life and
finally 3% of the students submitted pseudo-scientific (Martinas, 2005) definitions (based
on a mystical thought). This shows that students have not developed a general definition
perspective for the energy. Besides it was observed that some of the students tried to
define energy as force or power as in the sample student answer below:

“Energy is about to do work” (Student 18)

“Conversion ability of an object from power to the movement” (Student 19)

“Energy is an instant force affecting an object.” (Student 27)

In item B, it was asked to the students about what creatures have energy. The data of
this question tabulated in Table 7.

Table 7. Student Ideas about Which Creatures Have Energy

Student answers f
All creatures having a mass and volume have energy. 21
Creatures having a height from the ground and/or 5
moving creatures have energy.
Objects covering a distance as a result of an applied |

force on them have energy.
Other 6
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Table 7 means some students have serious wrong perceptions like:

“FEnergy exists in creatures which reveal a value when they are processed,
moving living things and concrete objects like generator, sun, and lamp.”
(Student 13)

“Living things have energy because they move.” (Student 1)

In the last item of this question prepared to reveal the student skills in terms of
explaining the energy, their knowledge about the forms of energy was examined (Table 8).

Table 8. Forms of energy according to students

Forms of energy f
Kinetic energy 33
Potential energy 33
Solar energy 13
Electrical energy 10
Mechanical energy 8
Heat energy 7
Nuclear energy 5
Wind energy 3
Chemical energy 3

It was observed that the most well-known forms of energy by students were the ones
that are in the Physics course curriculum. Besides it was observed that kinetic and
potential energies were always written together and an association was formed between
these two types by students. There were only a limited number of forms of energy
mentioned, which means they do not know about different forms of energy or they have
difficulty to remember them.

For the same question the students were also expected to explain the forms of
energy. However it was observed that they could hardly explain the forms except for
potential and kinetic ones. Even more, almost the half of the students could not explain the
potential and kinetic energy correctly.

“I know there are two types of energy. One of is kinetic and the other is
potential energy. Kinetic energy is caused from the change of speed of objects.
Potential energy is caused from objects’ position.” (Student 27)

All these weaknesses are considered to stem from insufficient quality and quantity of
conceptual inquiries in the sourcebook adopted by the institution.

DISCUSSION and CONCLUSION

In this section, frame of the discussion was constructed on comparisons of the results
from both analyses to highlight the characteristics of institutional and personal relations to
energy concept, since the results get more meaningful by completing each other. That is,
by this way the effects of institutional relation to energy over students’ personal relation to
this concept could be put forward as the final results of research questions. Therefore, the
results will be discussed under the titles of; ‘teaching approach based on the work concept
and its effects’, ‘restrictions of tasks and their effects’, ‘activity types and their effects’,
‘dominance of mathematical calculations and their effects’.
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a) Teaching Approach Based on the Work Concept and Its Effects

One of the principal results from the analysis of the institutional relation was that the
institution defines the energy based on the work concept. When the literature reviewed
about the adequacy of this approach, it was found that there have been some studies both
supporting and refusing the efficiency of the method. Warren (1986) argues that since the
energy is a quantity obtained from the ‘work’ concept by physicists and since the ‘work’
concept is a quantity bound to the ‘force’ concept, teaching the energy should start with
the work and the force concepts. In other words, Warren (1986) points an energy
definition based on the work and force. However Sexl (1981) and Kemp (1984) reported
that this definition does not work for thermodynamics since it is impossible for internal
energy of a system to be completely converted to work. Duit (1986 cited in Domenech et
al., 2007) added that this definition is not valid for non-mechanical systems, either. Hicks
(1983), from another point of view, argued that the definition: ‘energy is the capacity to
perform work.” should not be included in the initial definitions of energy, since it is
insufficient, short and easy to remember, and restricts further student learning and
reasoning. Kurnaz (2007) studied with university students and confirmed the effects of
these restrictions on students’ perceptions. All in all, the data obtained from the present
study proved the adverse effects of this approach on university students. Students’
inability to comprehend the interdisciplinary conceptual nature of the energy, their
equating the energy with force or power concepts, their vague ideas about what kind of
things energy show that a teaching approach based on the work concept has is inadequate.

Another factor hindering students’ understanding the conceptual nature of the energy
is considered as not including subjects like different forms of energy, transfer,
transformation and degradation of energy in the curriculum as an institution. However, Liu
and McKeough (2005) emphasized that energy degradation can make simpler to
understand energy conservation. Additionally most of the students can not remember other
forms of energy except potential and kinetic energy. This samples another aspect of the
institutional effect. The students’ level about the energy did not live up to standards.
Whereas, it is expected from them to give more elaborate explanations about the energy
concept. However, for this, more qualified atmosphere and substructure should be
presented to students.

b) Restrictions of Tasks and Their Effects

The questions and exercises assigned to the students focus on certain types of task,
which cause repetitions of these tasks. And finally these repetitions make students
memorize necessary techniques for the tasks without concerning the theoretical
background. Actually, the students could not explain the techniques they used. Besides
insufficient variety and distribution of the types of task of the institution adversely affects
the students’ perception of the conceptual nature of the energy. Especially, the student
answers about the potential energy concept, which was poorly examined in terms of type
of task variety, prove inefficiency of the institution.

¢) Activity types and their effects

In an analytical perspective, the subjects of the tasks demanded by an institution are
important. Besides, it is also important what kind of activities should students perform
(problem solving, interpretation, explanation efc.) with these tasks, for the sake of skills to
be gained by students. In this context, the analyze showed that the institution concentrates
on 5 different activity types (calculation, explaining-interpretation, comparing, displaying
with graphics, analyzing and interpreting graphs) and particularly calculation. 1t was
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concluded that the competency of the activities by the institution to develop students’
perception of the energy can be tested by presenting students activities requiring different
tasks. In that way students’ ability of applying previously gained knowledge into different
situations was investigated. The findings showed that students could not succeed in
managing tasks including different activities.

d) Dominance of Mathematical calculations and their effects

Majority of the activities (79%) in the sourcebook require mathematical calculations,
which is another reason for questioning the institution’s approach to the energy concept
notion. The institution is highly focused on mathematical calculations. It can be said that
the institution mainly expects students to improve their calculation skills, undermining the
verbal skills. In the study about student skills of using qualitative and quantitative aspects
of the activities, Goldring and Osborne (1994) reported that students were successful at
conducting activities with numerical calculations and failed in verbal ones. Huis and Berg
(1993), Mutimucuio (2003), Heuvelen and Zou (2001) and others noted that verbal
presentations improve students’ calculation skills. Therefore the institution should
distribute the tasks towards improving numerical skills and the tasks towards improving
verbal skills in balance. It is concluded that the institution of our concern did not consider
about this balance properly and this affected students negatively. The data showed that
students were even unaware of why they were using a certain formula. The students admit
that they only concentrated given concepts in the questions and tried to remember a
formula including these values. In fact, all these proved that they devised a formula-
oriented approach i.e.; they focus on solving problems with formulas without thinking and
understanding in an automatic manner.

IMPLICATIONS

Backed with the results of the study, it is suggested that more general approaches
which will reflect to conceptual content of the energy should be used for teaching the
energy concept. In other words, issues like forms, transfer, and transformation of the
energy should be included, easy-to-remember definitions should be avoided at the initial
phases of the instruction, and an epistemological teaching strategy should also be
employed in teaching approaches.

From the results, it can said that using a comparative approach comparing conceptual
relations and differences of the energy with associated force and power concepts will
contribute to fulfil conceptual perception.

Finally; the numerical calculation activities presented to improve student perceptions
should be balanced with activities to improve the verbal skills.
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