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Abstract

This study is embedded in the context of a research
project targeted at the development of a curriculum
concerning energy. In this curriculum energy is
introduced as a model that accounts for changes. The
present study constitutes an attempt to use research in
order to inform the process of designing appropriate
learning activity sequences. It seeks to examine how
students account for certain changes in physical systems
and the extent to which they draw upon energy and the
mechanisms of energy transfer and transformation. Data
analysis  provides information regarding student’s
conceptual difficulties and initial ideas with respect to
energy as a model that accounts for changes.

Introduction

Teaching about Energy is of great importance in that it
constitutes a fundamental concept in physical science. It
allows predicting and interpreting the behaviour of a wide
range of physical systems and it is of paramount
importance in understanding topical socio-scientific
issues, such as energy supply’.

Traditionally, energy is presented, in an abstract
manner, as the ability to do work. Much emphasis is
placed on the communication of declarative knowledge
and on quantitative problem solving. Research findings
suggest that the traditional teaching approach does not
promote functional conceptual understanding about
energy™. However, research to date has yet to lead to a
research-validated teaching approach that really promotes
conceptual understanding about energy. This is more
salient in the case of the upper elementary and lower
secondary grades where there is a clear lack of consensus
with respect to the developmental appropriateness of the
concept of energy and the correctness of possible
simplifications™*>°.

The study is embedded in a context of a research
project* that seeks to develop curriculum for the concept
of energy starting from the upper grades of the elementary
school. In the teaching approach taken in this project,
energy is introduced as a model that accounts for changes
in certain physical systems. The present study is directly
targeted at the provision of background information
pertaining to students’ initial ideas and conceptual

difficulties with respect to this approach. In particular,
this study:

(a) Presents an overview of the various types of
explanations given by students in relation to the changes
that are observed in certain physical systems and
investigates the extent to which they spontaneously draw
upon the concept of energy.

(b) Explores the extent to which students who draw upon
energy, rely on the mechanisms of energy transfer and
transformation.

(c) Identifies various conceptual difficulties relevant to
energy as a cause of changes.

Methodology

Participants for this study were 65 seventh graders
(about 13 year old). Data were collected through an open-
ended paper and pencil questionnaire. The questionnaire
consists of four physical systems, which depict a certain
change (Table 1). In the case of the first two systems, the
change is the rotation of electrical and wind blades,
respectively, while in the latter two systems, the change is
the rotation of an electric and a manual drill. In each case
students are asked to account for each of these changes
and to explain their reasoning. In order to examine the
extent to which students draw on energy in a spontaneous
manner they were not informed that the questionnaire
was, in any way, relevant to energy.

Table 1: Systems included in the questionnaire

(a) (b) (c) (d)
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Findings - Discussion

In the first stage, data analysis was focused on the
identification of the various categories of responses
provided by students. Our analysis has shown that the
students’ responses fall into four categories. The first
category includes the responses that mention the term
energy, regardless of their validity (40%). The second
category includes the responses that attribute the change
to a concept other than energy (28%). Force is an
alternative that is commonly invoked by students. A
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typical student response that is associated with the manual
drill (system c) is that «the drill spins because of the force
exerted by the womany.. Electricity presents another
commonly mentioned concept. A typical student response
relevant to the electric drill system is that “the drill
functions because of the electricity.” Responses of the
third category attribute the change to a process that takes
place within the system (25%). For instance, in the case of
the manual drill system, a student wrote that “the drill
spins because the woman spins her arm”.. Finally, the
fourth category includes the responses that attribute the
change to isolated objects of the system, without
suggesting any causal mechanisms that link those objects
with the change (4%). A typical response that is
concerned with the electric blades is that «the blades spin
because of the battery and the wiresy. The remaining
percentage (3%) corresponds to students giving no
response.

It is worth noticing that a large percentage (40%)
draws on the concept of energy. However, it should be
noted that the criterion used to classify responses in the
“energy” category was the mere reference to the term
energy regardless of the validity or accuracy of their
content. These responses were analysed independently in
an attempt to identify the conceptual difficulties
encountered by students and also the extent to which they
draw on the mechanisms of energy transfer and
transformation.

Data analysis revealed that students’ conceptions could
be classified into two categories depending on whether
they draw on the idea of energy transfer and/or
transformation or on alternative conceptions. Most
responses rely on the idea of energy transfer and/or
transformation and this indicates that students seem to
associate these mechanisms with the changes. A typical
response drawn from the first system is that «the blades
spin because of the energy they receive from the batteryy.

In the remaining part of the responses (32%) students
tend to associate energy with changes in an abstract
manner without stating any particular mechanism. For
instance, a student in the case of the wind blades system
responded that the «the blades spin because of energy».

In an attempt to further analyse the responses that draw
on the mechanisms of energy transfer and transformation
the following two categories were distinguished:

responses that can be deemed conceptually valid

responses that emerge from certain conceptual

difficulties.
More than half of the responses seem to be influenced
by certain conceptual difficulties and only 39% of all
responses could be deemed valid. Data analysis made it
possible to discern a number of the conceptual difficulties
encountered by students when formulating energy-based
responses. One of these difficulties pertains to the
students’ tendency to conceive of energy as a material
substance. A typical response associated with the electric
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blades system is that «The battery emits energy to the
blades, which makes them spiny.

A further conceptual difficulty relates to students’
failure to identify appropriate energy sources in given
systems. This leads students to erroneously conceive of
certain objects (such as the fuse and the battery) as being
able to produce and store energy. For instance, one of the
students responded that «the battery produces energy and
this makes the blades spin».

Finally, students’ tendency to confuse energy with
force presents an additional difficulty. A typical response
that indicates this difficulty is that «the wind exerts force
on the blades, the wind energy, and this makes them
spin”.

Conclusions

Data analysis led to useful insights that might help in
inform the process of developing learning materials
targeted at the concept of energy. They serve to identify
and document students’ biases and conceptual difficulties
in accounting for changes in certain systems, while at the
same time it provides encouraging data with respect to the
appropriateness of the instructional approach taken in the
context of the research project relevant to this study.
Finally, it is important to note that data collection from a
larger sample is currently in progress in an attempt to
enhance the reliability and generalizability of the
conclusions that emerge from this study.
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