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Abstract The aims of this cross-grade study were (1) to
determine the level of understanding of energy concepts of
students at different academic grades and the differences in
understanding between these grades and (2) to analyse the
conceptual development of these students. Two hundred
and forty-three students at 3 different levels (high school,
undergraduate, and postgraduate) participated in this study.
The students’ understandings of energy concepts were
determined using a questionnaire, which requested them to
define the concept verbally, and to represent it graphically.
The most important findings of this study may be sum-
marised as follows. Students from the different groups
generally succeeded in defining ‘energy’ in a similar way,
namely as the ‘ability to do work’. Nevertheless, some
students (including those at university) also provided dif-
ferent alternative conceptions related to the energy con-
cept. In addition, some students also found difficulty in
visually analysing the relationships between different
variables using graphs. This finding could help explain why
attainment levels of all groups falls short in questions that
involve the graphical representation of data.
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Introduction

Studies of alternative conception, in relation to conceptual
understanding, are an important topic for education
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researchers, and have been the subject of on-going research
for many years. These studies have generally examined the
alternative conceptions formed by students, and the reasons
for the formation of these conceptions. According to the
literature, the first of these reasons is the variety of use of
the same concept in different disciplines and/or in daily
language (Haidar and Abraham 1991; Calik and Ayas
2005; Rowlands et al. 2007). The framework of Anthro-
pological theory developed by Chevallard (1989) may be
an effective tool for systematically examining and under-
standing the effects of these different uses of any concept
on student learning, and on the development of their
alternative conceptions. Under this theory, the knowledge
of an individual (coded X) regarding any subject (coded O)
in an institution (coded [) is defined as X’s personal rela-
tion to O in I. The theory suggests that while forming his/
her knowledge of a concept, an individual is subject to the
effects of his/her institution(s) i.e. the school(s) (s)he
attends (high school/university etc.), the subject (mathe-
matics, chemistry, history etc.), his/her family and daily
life, among other influences. An individual’s learning and
the development of his/her alternative conceptions thus
varies depending on the institution (s)he belongs to.
Therefore, the formation or development of personal
knowledge (conception, alternative conception, miscon-
ception, etc.) regarding a concept may be represented as
follows:

Any concept O may be the subject of more than one
institution, symbolised as I and I, and this may cause
differences in the definition, the meaning, the representa-
tion, etc. of the concept as it is used in these institutions
(Fig. 1). According to the Anthropological Theory, alter-
native conceptions developed by an individual X of a
concept are closely related to these differences and
discrepancies.

@ Springer



304

J Sci Educ Technol (2010) 19:303-313

@ I Differences @ r

RI(O) <+ Dlscrepcmcy —> RI’(0)

\\/

RX(O)

<—>

\ /

Fig. 1 Representation of the development of personal knowledge of
a concept (Adapted from the figure given by Bui Thi 2005)

Theoretical Framework

The concept of energy is one of the most important ideas in
physics, and one on which various alternative conceptions
are developed, depending on its usage in various institu-
tions such as in daily life, in physics and in biology
(Kurnaz and Saglam Arslan 2009). It does not have a
universal definition (Sefton 2004), and its complex char-
acter has intrigued a number of researchers for many years,
and has generated many different research areas. These
areas may be classified as follows: (a) Description of
energy (e.g. Duit 1987; Kruger et al. 1992; Kaper and
Goedhart 2002; Diakidoy et al. 2003), (b) Teaching and/or
learning energy (e.g. Trumper and Gorsky 1993; Papa-
douris and Constantinou 2006; Kurnaz 2007; Papadouris
et al. 2008), (c) Students’ conceptions related to the energy
concepts (e.g. Watts 1983; Duit 1984; Nicholls and Ogborn
1993; Goldring and Osborne 1994; Trumper 1998; Kiigiik
et al. 2005; Kose et al. 2006) (d) Alternative approaches to
teach energy (e.g. Trumper 1990, 1991; Huis and Berg 1993;
Heuvelen and Zou 2001; Fry et al. 2003), (e) Students’ per-
ception levels about energy and related concepts (Watts 1983;
Duit 1984; Goldring and Osborne 1994; Kiiciik et al. 2005;
Unal Coban et al. 2007 and Hirga et al. 2008).

The researches mentioned above suggest that studies of
students’ conceptual development in relation to the concept
of energy are somewhat limited. It is well known that
cross-age study provides an opportunity to observe this
development (Morgil and Yoruk 2006). Such studies allow
the examination of changes both in the learning of concepts
and in the development of alternative conceptions (Trow-
bridge and Mintzes 1988). Such studies also assist in the
analysis of the effects of different institutions (I, I’ ...) on
students’ learning and on their development of alternative
conceptions. The primary motive for exploring the often
ignored effects of the institution (college, high school,
university, etc.) is to provide meaningful information on
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this topic that could yield appropriate and new methods for
teachers and lecturers to teach students about energy.

In order to define the scope of this cross-grade study, we
focused it on the concept of energy, which has abstract and
theoretical characteristics (Diakidoy et al. 2003; Lemmer and
Lemmer 2006). It was thus intended to carry out the study using
alternative semiotic representations of the same concept.

Duval (1993) states that mathematical concepts may be
only “concretised” by means of representations, because
they do not exist in real life, and that treatments of these
concepts are only possible using these representations. This
fact may be generalised for all abstract concepts, which
absolutely must be represented in at least one form (e.g. by
oral expression, in a graph, table, or figure). Accordingly,
the same concept may be represented in different semiotic
systems (e.g. natural language representation [NL], sym-
bolic representation [SR], graphical representation [GR],
dynamic representation [DR]) (Séjourné and Tiberghien
2001). In physics, for example, frequency can be repre-
sented using a definition (NL), a formula (SR) or an
animation (DR) (Séjourné and Tiberghien 2001). In the
concept of energy, the total energy in a closed system can
be represented in the following ways:

e Natural language representation: The total energy (E7),
consisting of kinetic (Ek), potential (Ep) and other
forms of energy (O), remains constant in a closed
system,;

e Symbolic representation: Er = Egx + Ep + other forms
of energy;

e Visual representation by means of a diagram:

Er | Ex Er O

gl:ll:ll:l

E_E:I

The proper use of different forms of representation is
thus crucial (Duval 1995) if concepts are to be internalised
and conceptualised by learners (Hiebert and Carpenter
1992; Duval 1995; Piez and Voxman 1997; Even 1998).
Furthermore, according to Duval (1993), for any given
concept there is a close relationship between an individ-
ual’s level of conceptualisation and his/her ability to rep-
resent that concept using different forms of representation.

Purpose of the Research

In consideration of the role of the different forms of rep-
resentation of a concept and that of the relationship
between them on learners’ conceptualisation, the aims of
our study were to examine the conceptual developments of
students at different levels and in different institutions in
relation to the concept of energy, by analysing their ability
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to describe this concept (NL representation) and to repre-
sent it graphically (GR). In contrast with previous studies,
this paper discusses the effects of several institutions at
different levels on students’ knowledge (using verbal and
graphical representation).

The objectives of this research were:

e To investigate the achievement levels of students at
different grades regarding:

e The definition of the energy concept, and
e Its graphical representation,

e To analyse the relationship between students’ achieve-
ment levels on the definition of the energy concept and
on those of its graphical representation.

Methods
Sample

The study was completed in 2009 and used 243 participants
at various levels of education, such as high school students,
undergraduate students, and graduate students. By consid-
ering the characteristics of the sample, the students were
classified into three groups. The first group, hereafter called
Beginners (BE), consisted of 160 students in the 9th and
10th grades in four different high schools in the Eastern
Black Sea Region of Turkey. These students had just

E
Epl KA

year of a university in the Eastern Black Sea Region and
were accordingly about to complete their study of physics.
The final group of Experts (EXP) consisted of 14 students
who had completed their undergraduate education in a
Physics Department in a Faculty of Arts and Science, and
who then attended a Masters program at the same univer-
sity, in order to gain a degree in education.

Instruments

In this study, we developed an achievement test, consisting
of two sections, and used this as a data collection tool. The
first section, related to the NL representation of the energy
concept, consists of the question: What is energy? Explain
it.

In the second section of the test, we investigated the GR
of the concept and used two questions related to the same
problem. In these questions, students were required to draw
graphs using potential and kinetic energy formulas that
were given to them, as follows:

Problem: In a frictionless environment, an object with
mass m is thrown vertically upwards with initial velocity
Vo. Please respond to the following questions by consid-
ering the upward motion of this object before it reaches the
maximum point.

(a) Draw the graphs of potential energy (Ep) versus
height, kinetic energy (Ek) versus height, and total
(E7) energy versus height by referring to the equation
Ep=m-g-h

E

T

>

0 hm) O

developed the energy concept in their physics courses. The
Pre-experts (PE) group consisted of 69 teacher candidates
who aspired to teach the beginner group in the future. They
attended their physics teaching program in the 4th or 5th

Ekl Epl

h(m) O h(m)

(b) Draw the graphs of kinetic energy (Eg) versus
velocity, potential energy (Ep) versus velocity, and
total (E7) energy versus velocity by referring to the
equation Ex = 1m- V2.

E

T

o v(m/s) o

v(m/s) 0] v(m/s)
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The aim of the two questions above was to determine
the ability of the students to draw graphs using an algebraic
expression and by correlating the kinetic and potential
energy graphs. The students were thus required to use the
expression Ep = m - g - h in part a (or Ex = 1m - V? in part
b) in order to draw the graphical representation of the
change in the potential (or kinetic for part b) energy of the
object according to its height (or velocity for part b) for the
first graphical representation in each case. Nevertheless, in
order to draw the two other graphs in both questions, stu-
dents had to interpret the graphical representation they had
just drawn and then coordinate Ep and E.

Pilot Study

In order to test the data collection tool, the pilot study was
conducted with the participation of 70 freshmen who were
attending basic physics lessons, and the results obtained
were not taken into account within the scope of this study.
These students’ papers showed that the questions intro-
duced above were understandable and enabled the collec-
tion of data that was suited to the aim of this study.

Furthermore, in order to increase the validity and reli-
ability of the instrument used in this study, the research
questions and the achievement test were discussed with a
group including two physics lecturers and two physics
teachers. The instruments and research questions were
finalised following this discussion.

Data Analysis

In consideration of the characteristics of the data collected
during the study, two different methods of analysis were
used:

In order to analyse students’ verbal responses, a rubric
developed by Abraham et al. (1994) to analyse students’
levels of understanding was employed, which is frequently
used in cross-age studies (e.g. Westbrook and Marek 1992;
Pell and Jarvis 2001; Calik and Ayas 2005; Saka et al.
2006). This system may be described as follows.

[0] No Understanding (NU): Blank, repeats question;
irrelevant or unclear response,

[1] Alternative Conception (AC): Scientifically incorrect
responses containing illogical or incorrect information,

[2] Partial Understanding with Specific Alternative Con-
ception (PU/AC): Responses showing that the concept is
understood but also containing alternative conception,

[3] Partial Understanding (PU): Responses containing some
components of the scientifically accepted response,

[4] Sound Understanding (SU): Responses containing all
components of the scientifically accepted response.
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The graphs drawn by students were analysed according
to the rubric described below and developed by the
researcher within the scope of this study, in parallel with
the categories listed above.

[0] No Drawing (ND): Blank.

[1] Incorrect graph (IG): None of the graph drawn
correctly.

[2] Correct graph with incorrect graphs (CG/IGs): The
graph directly related to the algebraic expression (i.e.
the first graph in items a and D) is correct, but the
other two graphs are incorrect.

[3] Correct graphs with incorrect graph (CGs/IG): One
of the graphs indirectly related to the algebraic
expression is incorrect, but the other two graphs are
correct.

[4] Correct graphs (CG): All three graphs are correct.

Results

Each student’s answers were firstly analysed according
to the type of question (verbal or graphical), and the
achievement level of the student was determined for
each question. Then, the relationship between the levels
identified in the first stage was compared. The results will
therefore be discussed using three themes: Students’
achievement level in defining energy, students’ achieve-
ment level in drawing graphs, and the relationship between
these levels (defining the concept and drawing graphs).

Students’ Achievement Level in Defining the Energy
Concept

Table 1 summarises the general results obtained for the
levels of students in the different groups, and shows that a
significant number of student answers given to the question
regarding the definition of energy is at the level of sound
understanding (79, 78, and 55% for each group, respec-
tively). Students’ answers classified in terms of sound
understanding are similar for all three groups:

“Energy is the ability to do work” (BE Student)

“Energy is defined as the ability to do work” (PE
Student)

“The ability to do work is called energy” (EXP Student)

Table 1 also indicates that the remaining responses of
the EXP group students are at level [0] Non Understanding
and [1] Alternative Conception (14, 7%, respectively).
Furthermore, it shows that there were no answers at the [3]
Partial Understanding and [2] Partial Understanding with
Specific Alternative Conception levels in this group.
The distribution of the PE group answers (except for sound
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Table 1 Percentage distribution of students’ answers according to level
Natural language representation (%) (F) Graphic representation (%) (F)

Graphics (Ep, Ex, Er) versus height Graphics (Ep, Ek, E7) versus velocity
Levels EXP PE BE Levels EXP PE BE Levels EXP PE BE
[0] NU 14 (2) 7 (5) 20 (32) [0] ND - - 13 (21) [0] ND 7 (1) - 17 (27)
[1]1 AC 7 () 4 (3) 15 (24) [1]1G 29 (4) 38((26) 23@36) [1]1IG 79 (11) 80 (55) 82 (132)
[2] PU/AC - 9 (6) 6 (9) [2] CG/IGs 50 (7) 16 (11) 23 (36) [2] CG/IGs 14 (2) 2 (2) -
[3] PU - 2 (1) 4 (6) [3] CGs/IG - 24 (17) 29 (47) [3] CGs/IG - 9 (6) 1(1)
[4] SU 79 (11) 78 (54) 55 (89) [4] CG 21 (3) 22(15) 12200 [4]CG - 9 (6) -

understanding level) shows that the response rates at these
levels are significantly lower (2, 9, 4 and 7%, respectively).

However, the distribution of the BE group’s responses
with level showed that a response rates of level [4] (55%) is
closely followed by response rates at levels [0] and [1] (20
and 15%, respectively). Table 1 illustrates that the other
answers of this group are at the level of Partial Under-
standing with Specific Alternative Conception and Partial
Understanding (6 and 4%, respectively).

The analysis of the answers given by a significant
proportion of the students from the different groups and
classified at level [4] indicates that all these students
have a common understanding of the definition of the
energy concept. This suggests that for a significant
number of students from the BE, high school group
through to the EXP, postgraduate group, energy means
“ability to do work”. It may also be seen in Table 1 that
some students from different groups have alternative
conceptions. These are shown in Table 2. Analysis of
the data in Table 2 reveals that the most frequently
encountered alternative conception of energy is “the
work done in unit of time”. This shows that students
often confuse the concepts of energy and power and use
them interchangeably.

Furthermore, Table 2 shows that “Work change on an
object” appears as an alternative conception for some
students in the EXP and PE groups, and that students in the
BE group have different alternative conceptions.

Table 2 Students’ alternative conceptions related to the energy
concept

Some definitions given by students EXP PE BE

Work done in a unit of time X X X

Work change on an object X X

Applying power or work on something X

Applying a force on an object and its X
displacement as a result of this force

Work which comes out is called as energy X

Force required to do work X

Students’ Achievement in Drawing Energy Graphs

Students’ achievement in graphical representation is sum-
marised for the different groups in Table 1. Furthermore,
some of the graphs drawn more frequently by students are
summarised in Table 3.

In order to allow easier interpretation of the results, the
graphs of potential energy, kinetic energy, and total energy
versus height and those versus velocity will be analysed
separately.

The graphs versus height (drawing a graph using the
expression Ep =m - g - h)

Table 1 shows that those graphs drawn by students to
represent the potential, kinetic and total energy of the
related object versus height vary depending on the student
group. This table shows that half of the EXP group drew
the graph of potential energy (which is directly related to
the given equation) correctly, but they failed to draw the
two other graphs correctly, and were therefore classified at
level [2]. Some of the other students in this group could not
draw any of the required graphs correctly and were clas-
sified at level [1], while the rest drew all three graphs
correctly and were classified at level [4] (29 and 21%,
respectively).

In a similar way to the EXP group, Table 1 illustrates
that only 22% of the PE group drew the required graphs
(level [4]) correctly, and a significant proportion (38%)
failed to draw the graphs correctly and were classified at
level [1]. Furthermore, some of the remaining PE group
students (24%) drew the graph of potential energy directly
related to the equation Ep = m - g - h with at least one of
the other graphs correctly and were classified at level [3],
while the other students (16%) could only successfully
draw the graph of potential energy and were considered to
be at level [2].

The distribution of the responses given by the BE group
shows significant differences compared to the two other
groups (Table 1). For example, the number of students who
drew all the graphs correctly was significantly lower (EXP
21%, PE 22%, BE 12%), while the number of students who
had not drawn any graph at all was higher (0, 0, 13%,
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Table 3 Examples of graphs drawn by students
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The table above indicates the group in which the respective graph appeared (i.e. EXP, PE, BE)
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respectively). Furthermore, Table 1 illustrates that a sig-
nificant number of the students in this group (29%) drew at
least one of the other graphs together with the graph
directly related to the given equation and they were clas-
sified at level [3]. However, 23% of the students could only
draw correctly the graph of the potential energy directly
related to the given equation and were classified at level
[2], while the other 23% drew all the graphs incorrectly and
were classified at level [1] (Table 1).

The graphs versus velocity (drawing a graph using the
expression Ex = im - V?)

The distribution of the graphs drawn by the students
according to level using the equation Ex =!m-V? is
summarised in Table 1 (graphs of the variation of kinetic,
potential and total energy of the object in the system
against velocity). The results suggest that a significant
proportion of the students in all three groups experienced
difficulties drawing the graphs required in this problem (79,
80, 82%, respectively). These results at level [1] demon-
strate that levels of achievement in the question on drawing
graphs of energy versus velocity were significantly lower
than those for the graphs of energy versus height. These
lower levels of achievement may be ascribed to the diffi-
culty of interpretation of the direct proportional relation-
ship between the kinetic energy and the square of the
velocity in Ex =1m- V2. It may therefore be said that
students in each of the three groups found difficulty in
reproducing this relationship in graphical form.

It may be seen from Table 1 that in the EXP group the
79% score at level [1] is followed by levels [2] and [0] (14
and 7%, respectively). This shows that only 14% of stu-
dents in the EXP group correctly drew the graph of kinetic
energy directly related to the equation Ex = 1m - V2, while
7% of them were unable to draw any of the graphs.

Furthermore, Table 1 shows that 80% of the graphs
were classified at level [1] for the PE group, followed by
9% at level [4] (three graphs drawn correctly) and 9% at
level [3]. In addition, 2% of the students in this group
correctly drew only the graph of kinetic energy and were
classified at level [2].

Finally, the distribution of BE group with respect to
their achievement level (Table 1) reveals that 82% of this
group were classified at level [1] followed by 17% at level
[0] and 1% at level [3]. Therefore, only 1% of the BE
students correctly drew the graph of kinetic energy based
on the equation Ex =1m-V? and one of the other two
graphs, while the remaining students could not draw the
required graphs.

By analysing the graphs shown in Table 3, it may be
seen that students at different levels drew similar graphs
and often made similar mistakes. For example, some stu-
dents in the different groups had correctly determined that
the total energy of the object in the system given was

constant, but replied incorrectly to the question on the
graphical representation by drawing it with lower values
(E7 vs. h—Graph 1) or higher values (E7 vs. h—Graph II)
than they should have done.

Furthermore, it may be seen that in order to represent the
change in potential and kinetic energy versus height, the
students drew various graphs, which had similar charac-
teristics to the correct graphs (i.e. increasing Ep vs. h—
Graph I, II, II1, IV or decreasing Ex vs. h—Graph I, II, III).
However, it was found that in order to represent the change
of potential and kinetic energy versus velocity, they drew
graphs different from those expected (for example, Ep vs.
V—Graph II, IV or Ex vs. V—Graph I, II, III).

Relationship Between the Students’ Achievement
in Defining Energy and Drawing Graphs

By analysing the answers given to the definition question,
it was found that a considerable proportion of students in
all three groups gave correct definitions and provided
answers at sound levels of understanding (Table 1).
However, the same table also illustrates that the achieve-
ment levels of these students in questions on graphical
representation declined. Table 4 shows the relationship
between the students’ achievement in defining the energy
concept and their ability to draw energy graphs. In con-
structing Table 4, the levels in the defining question were
taken as a reference point to determine levels for graphical
questions. In other words, students’ levels of achievement
in graphical questions were determined with respect to
their levels on the NL representation question (defining
energy).

Table 4 shows that the individual achievement of stu-
dents differed between the definition question and graphi-
cal questions. For example, 11 students in the EXP group,
who gave a definition at the sound understanding level,
gave responses classified at different levels for questions on
drawing graphs. Accordingly, the achievement level of a
significant number (8 out of 11) of these students declined
when drawing graphs of variation with height, while all
achievement levels declined when drawing graphs of var-
iation with velocity. Likewise, it may be seen that the
levels of 54 students in the PE group who gave responses to
the definition question at the sound understanding level
scored less well in questions in which they were required to
draw graphs (Table 4). In a similar way to these two
groups, it can be seen that the levels of the BE group who
gave responses at the sound understanding level fell sig-
nificantly, particularly when drawing graphs of variation
with velocity, and almost all of these students gave
responses at levels O and 1. These findings demonstrate that
there was no positive correlation between levels of
achievement in definition and graphical representation.
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Table 4 Relationship between the ability to define energy and draw graphs

Experts Preexperts Beginners

Definition level/F h Vv Definition level/F h Vv Definition level/F h \%4

[0]/2 [0] - 1 [01/5 [0] - [0]1/32 [0] 5 6
[1] - 1 [1] 3 3 [1] 2 26
[2] 2 - [2] 1 (2] 9
[3] - - [3] (3] 9
[4] - - [4] 2 1 [4] 7

[111 [0] - - [11/3 [0] [11/24 [0] 5 5
[1] 1 - [1] 2 2 [1] 6 19
[2] - 1 [2] (2] 6
[3] - - (31 (3] 6
[4] - - [4] 1 1 [4] 1

[2]1/0 [0] - - [21/6 [0] [21/9 [0] 3 2
[1] - - (1] 1 6 (1] 6
[2] - - (2] 3 (2] 3
[3] - - [3] (3] 1
[4] - - [4] 2 (4]

[31/0 [0] - - [31/1 [0] [31/6 [0] 1
[1] - - (1] 1 (1] 5
[2] - - [2] (2]
[3] - - [3] (3] 4
[4] - - [4] 1 (4]

[41/11 [0] - - [4]/54 [0] [41/89 [0] 7 13
[1] 3 10 [1] 20 43 [1] 28 76
2] 5 1 2] 8 1 [2] 19
[3] - - [31] 17 6 [3] 25
[4] 3 - [4] 9 4 [4] 10

Furthermore, by examining the status of students clas-
sified at different levels for the definition question (other
than at the sound understanding level), it may be seen that
their achievement levels on graphical representation
questions is commonly low whatever their level in the
definition question. This indicates that the well known and
constantly repeated definition of “energy is the ability to do
work” was successfully adopted by students, while simple
graphical drawing on the same subject was not, and that
students’ learning in this regard was therefore one-way.

Discussion and Conclusion

In this study, the conceptual development of students from
different educational levels regarding the concept of energy
was examined using their responses with natural language
and graphical representations of this concept.

Students’ written responses show that the definition
“energy is the ability to do work” (Warren 1982), which is
thought not to be adequate to explain the energy concept
completely (Kemp 1984; Diakidoy et al. 2003), is the only
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correct definition adopted by students at different levels.
Students’ tendency to use this definition can be explained
in the light of the reality that the energy concept has an
abstract and theoretical structure, and it is therefore con-
sidered difficult to understand conceptually (Elkana 1974;
Sefton 2004). Another reason for this tendency is students’
idea that “energy is a material used only by living and/or
moving objects” (Brook and Wells 1988; Kurnaz 2007).
Answers given to the definition question also show that all
participants at different levels have alternative conceptions
of the energy concept. This result seems to be consistent
with that found in the literature (Duit 1984; Goldring and
Osborne 1994; Trumper 1998; Giirdal et al. 1999; Kurnaz
2007; Kiiciik et al. 2005; Unal Coban et al. 2007), which
says that students develop various alternative conceptions
of the concept of energy. Furthermore, the data obtained
shows that alternative conceptions about energy are more
likely to be both present and varied in beginner students
than pre-expert and expert ones. According to the Anthro-
pological Theory, this result may be interpreted as follows:
unlike pre-experts and experts, students at beginner level
fail to establish a link between the didactic choices,
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differences of various institutions (such as daily life,
physics, biology, etc.) in which the energy concept is
commonly discussed. For this reason, their alternative
conceptions are numerous and varied. It may therefore be
said that the level of an institution has a positive influence
on the construction of a scientific definition of energy.

In recognition of the importance of the different repre-
sentations of the conceptualisation process of a concept by
learners (Hiebert and Carpenter 1992; Duval 1995; Piez
and Voxman 1997; Even 1998; Hitt 2002), and the rela-
tionship between a student’s level of ability to use these
representations and his/her learning (Duval 1995), both
the graphic representation abilities of students and their
definition (natural language representation) abilities were
analysed in this study. In this context, when the graphs
drawn by students at the different levels were analysed, it
was found out that expert and pre-expert group students
were more successful than those in the beginner group, but
their graphs were still not up to the required standard. This
result showed that students at all levels experienced diffi-
culties in visualisation. This finding supports the results of
previous studies focusing on students’ visualisation prob-
lems (Bishop 1980; Dreyfus 1991; Arcavi 2003; Presmeg
2006; Trigueros and Martinez-Planell 2009). More specif-
ically, when the graphs drawn by students were examined
in order to characterise students’ difficulties in visualisa-
tion using graphs, we encountered “the difficulty related to
analyzing the relationship between different variables” that
was also noted by other previous studies (Hitt 1998; Tairab
and Al-Nagbi 2004). Because this difficulty was apparent
in the work of students of different grades, the Anthropo-
logical Theory would seem to suggest that the level of the
institution had no positive influence on removing visual-
isation difficulties in the representation of energy using
graphs. In view of this fact, the use of graphs to teach the
energy concept is strongly recommended, because this
constitutes an important tool in physics education (Dimi-
triadis et al. 1999; Van Den Berg et al. 2000).

Furthermore, Table 4, which was produced in order to
assess the correlations between our various results,
demonstrates that a linear relationship between definition
level and graphical representation level does not exist.
Accordingly, although a significant proportion of the
students used a common definition of energy such as the
“ability to do work”, and although this concept was
correctly defined by them, it may be said that they
experience one-way learning of this concept. Thus, the
results of this study of the energy concept from a different
perspective support those studies that emphasise the dif-
ficulties in learning the concept of energy (Warren 1983;
Watts 1983; Boyes and Stanisstreet 1990; Trumper 1998;
Meltzer 2004; Kiiciik et al. 2005; Domenech et al. 2007;
Kurnaz 2007; Hirga et al. 2008).

When the findings summarised above are evaluated in
the context of the learning development (i.e. the con-
ceptual development) of the concept of energy according
to student level, two fundamental results are obtained.
Teaching at different levels has not enabled students to
develop an autonomous definition that is independent of
the disciplines of the energy concept, but has had a
positive effect on the internalisation of the known defi-
nition. This shows that there are significant similarities
between students’ learning at different levels. Indeed,
students from all three groups defined energy in similar
ways and possess similar alternative conceptions. On the
other hand, it was found that students made no significant
progress in graphical representation commensurate with
their learning levels. Students often correctly drew the
same kinds of graphs (graphs of variation with height)
while making mistakes in graphs that were more difficult
(graphs of variation with velocity), and also drew simi-
larly incorrect graphs.
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