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INT. J . SCI. EDUC., 1 9 9 1 , VOL. 13 , NO. 1, 1-1 0

INNOVATIONS AND DEVELOPMENTS

Being constructive: an alternative approach

to the teaching of the energy concept-part

tw o

Ricardo T rumper, O ranim, School of Education of the Kibbutz
Movement,

University of Haifa

In the first part of this study (Trumper 1990), Israeli high
school pupils' ideas about energy were

identified. Based on the findings obtained, an instructional
strategy which dealt with one of the most

pervasive frameworks held by pupils, the anthropo centric
framework wherein energy is associated m ainly

with human beings, was developed and implemented. The second
part of the study, presented in this

article, deals with a process of conceptual change as pupils
move from two other common alternative

frameworks, the 'cause' and the 'product' frameworks, to the
scientific view. This was done by

pupil/teacher dialogue in small groups, in which pupils built by
themselves the accepted scientific

concept, through generalization. The outcomes of this study
strengthen the constructivist assumption

that teaching which takes into account the pu pils' prio r
knowledge yields better results than conventional

teaching.

Introduction

During the past few years, a great deal of research has been
devoted to pupils'

alternative frameworks about different physical concepts. In the
realm of energy,

several studies (Bliss and Ogborn 1985, Duit 1984, Gilbert and
Pope 1986, Watts

1983) have yielded valuable information about how children
understand this very

abstract concept. Desp ite this, very little has been done in
the way of planning and

implem enting instructional strategies which deal with these
alternative framew orks.

In the first part of this study (Trumper 1990), the ideas about
energy held by

Israeli pup ils, both prior to and after formal instruction in
physics, were identified.

Th is information w as used to develop an instructional strategy
which dealt with one

of the most pervasive frameworks held by pupils, the
anthropocentric framework

wherein energy is associated mainly with human beings.

There are another two alternative frameworks adhered to by all
the pupils: the

'energy as causing some processes to occur' and the 'energy as a
product of some

processes' frameworks, respectively. The goal of the second part
of the study,

presented in this paper, is to develop a learning process in
which these two

alternative concepts can be used as building blocks in the
teaching of the accepted

scientific energy concept.

A constructivist approach to the teaching of energy

A constructivist approach is based on the assum ption that the
learner is active and

purposeful during the learning process. He or she is actively
involved in bringing

prior knowledge to bear in order to construct meanings in new
situations.
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2 INNOVATION S AND DEVELOPMENTS

In order to deal with the pupils ' pr ior knowledge about
energy, the beliefs they

adhere to were f irs t identif ied (Trumper 1990). The main
conclusion was that the

pupils continue to adhere to the same al ternative frameworks
held before s tudying

physics and very few of the m adh ere to the scientific concept
ta ugh t at school. T he y

adhere mainly to:

1. The active deposit framework. T he energy as 'caus ing th
ings to hap pen ' , as

'being needed' for some processes to occur.

2.

The product framework.

T h e energy as a 'pro du ct ' of some processes .

T he se al ternative framew orks are not unac ceptable framewo
rks conflicting with the

scientific concept, as it is presented by the Israeli Department
of Science and

Edu cation pro gram m es (Electr ici ty, Energ y and the Ga s
Law s 1975, Ene rgy and i ts

Transformations 1978). Both programmes avoid using any s imple
defini t ion of

energy; Shadmi (1984) s tates their common approach in a very
clear way:

'T he scientific study of energy has to be done by a ste p by
step definition, while

performing several experiments in which we investigate the
transformation between an

already defined form of energy and a new form of energy; this
quantitative investigation

can be performed only by use of the working hypo thesis that
energy is conserved during

all i ts t ransform ations.

There is some typical energy or each phenom enon; w henever
there is

an interaction between two phenomena, the process can be
described by m eans of energy

transformations-during all these transformations, the quantity
named energy is being

conserved.

T h e pup ils ' al ternative framew orks seem to be l imited,
represe nting only one of the

aspects of the energy transform ation processes pupils are supp
osed to learn ( the

cause

or the

result

of the processes) . T h e framew orks are si tuation-specif ic
in tha t pupils do

not give any indicat ion that they perceive that a common
explanatory system might

be applied to all the instance s. Th ey are unaw are of any need
for consis tency across

these instances. This analysis leads us to assume that providing
pupils with

opportunit ies to become aware of their own conceptions and
their conceptual

inconsistencies, will facilitate their learning of the
scientific concept.

According to Hewson and Hewson (1984), ' there are three condit
ions which a

conception has to satisfy' in order to be accepted by the
learner: it has to be

intelligible (I), plausible (P) and fruitful (F). In this study,
the two alternative

frameworks are accepted by the pupils , because they use them
frequently. They are

reconcilable with pupils ' experience and both have a s tatus of
at least I and P.

Hewson and Hewson (1984) claim that , for a conceptual change to
take place,

' instructio n m ust seek, f irst ly, to reduce the plausibi li
ty o f the exis ting co nceptions

'by show ing that there are gro un ds for dissatisfact ion w ith
' the m , and to increase the

plausibi l i ty of the new co nception, af terwards. T h e m
otivation for chang e will ar ise

wh en the s tuden t recognizes that the new conception is m ore
produ ctive tha n the old

one. For example, i t applies to al l the s i tuat ions being
analysed and removes

inconsis tencies .

According to Hashweh's (1986) model of conceptual change, we can
talk about

pu pils ' al ternative framew orks as being l imited a nd re
prese nting special cases of the

scientific concept. This scientific concept maps successfully to
a wider part of the

'real world ' and i t can be derived from the pupils ' own
preconceptions.

In this s tudy, experiences with an instructional s trategy wh
ich enabled pup ils to

build for themselves the app ropria te scientific concept , are
discussed. T hi s was don e

by pup il / teacher dialogue in small groups , in which w e
expected pup ils to create for
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BEING CONSTRUCTIVE 3

themselves a 'generalization mechanism' (Rumelhart and Ortony
1977) based on

their own frameworks (see figure 1 .

The instructional strategy

The instructional strategy presented here should lead pupils to
an evolutionary

change, what Strike and Posner (1982) call 'small scale' change
or 'assimilation'.

This change has to be achieved in two phases:

1. First of all, the pupils have to be aware of their own
alternative frameworks.

2. Later on, they have to create a generalization based on these
frameworks.

In order to make the pupils aware of their own preconceptions,
several steps were

designed:

1. Pupils were presented with a protocol of their own
descriptions of several

pictures [see figure 2 (a)-(c)] in terms of energy. Common to
the p rotocol were

the pupils' statements in which they adhered to the 'energy as
causing some

processes to occur' framework.

2.

Pup ils were asked to read the protocol very carefully and to
try to point out the

common feature of the energy concept in all the statements.

Excerpts from such a protocol, presented to one of the Grade 9
groups, follow:

Power station

Liat:

The electricity in the power station needs energy in order to
make it work.

Boaz: We need energy in order to create electricity.

Radiator

Dror:

Th e electric energy produces light.

Liat: The radiator works thanks to the electric energy; in this
way it expels heat.

Dorit: You need some sort of energy in order to heat the
water.

2. Energy as a prod uct

of some processes.

.

Energy as cau sing

some processes to

occur .

General izat ion

There Is some typical

energy for each phenomenon;

whenever there is an

interaction between two

phenomena a process takes

place),energy is being

transferred.

Figure 1. Gen eralization m ec ha nis m c reated by pupils based
on their

own frameworks.
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INNOVATIONS AND DEVELOPMENTS

( a ) A power s t a t i o n

( c ) R a d i a t o r

(b) Burning oi l

(d) Lighted lamp

Figure 2. Picture s pres ented to pupils for descr iption in ter
m s of ene rgy.

Burning oil

Efrat: ...The oil gives energy to the fire, which means the fire
can grow more and

more.

Anat:

If energy produces heat and fire, I think there is some
connection.

Dorit: ...

You can use heat, this kind of energy, in order to create new p
roc es se s...

You can use it to inflate a balloon.

After read ing the s tatemen ts in the protocol , three of the
pupils had no prob lem s in

finding the common feature of the energy concept in all of
them:

Anat: Y e s .. . Energy makes thing work, everything we were
talking about, energy

makes them work... It produces heat mainly.

Boaz:

I think that energy is something that makes things move or live.
Nothing w ould

happen without energy.

Efrat:

You need energy in order to do something or to make things
work.

T w o of the pupils poin ted ou t not only the com mo n feature
in all the s tatem ents , b ut

also talked about energy's 'second face' :

Dror: Energy makes things move and also one kind of energy turns
into another kind

of energy.. .

Dorit: I have looked for, bu t I found only one of the coin's
faces, we talked again and

again about things like 'it needs energy', 'energy makes things
work' and

'energy prod uces', we talked about energy causing some
processes to o cc u r. ..

There is another face missing.
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BEING CONSTRUC TIVE 5

Only one pup il in this grou p had som e difficulty in finding
th e com m on feature of the

energy concept, but she succeeded in doing that after
getting

some

hints from the

teacher.

The following steps in the instructional strategy were almost
identical with the

first two steps bu t this tim e they referred to the 'ene rgy as
a pro du ct of som e proc ess '

framework:

3. Pupils were presented with a protocol of their own
descriptions of several

pictu res [see figure 2 (a)-(c)] in term s of energ y. Co m m on
to the protoc ol w ere

the pupils ' s tatements in which they adhered to the 'energy as
a product of

some process ' framework.

4.

Pu pils were asked to read the protoco l very carefully and to
try to poin t out the

common feature of the energy concept in all the statements.

Excerpts from such a protocol follow:

Power station

Boas: With the help of the electricity, it produces en er gy ...
We see it in our homes.

Efrat:

When the power station w or ks ,.. . it produces electric
energy.

Dorit: It produces energy by many different means.

Radiator

Boaz: Th e radiator produces another kind of en er gy. .. It
also produces heat energy.

Burning oil

Dror: ...The oil consumes oxygen and energy is produced, that
is, heat.

Liat:

When the oil burns it produces heat energy.

This time, four pupils spoke directly about the two aspects of
the energy concept,

when talking about processes:

Liat:

We saw before that energy produces something. Le t's say, it
makes things

move, and here we see energy as a result.

Anat:

Th e common feature is the production of energy. But I want to
say something

else. I think Dorit talked before about energy not being
produced but

appearing in different forms. Fo r example, in a hydroelectric
power station we

can say that the waterfall has the power of producing energy. In
this way,

electric energy is produced, but the power of the waterfall is
another kind of

energy.

Dror:

I want to quote something I have said before, when we described
the pictures:

'We can use waterfalls in order to produce electric energy.' In
waterfalls we

have height energy and we use it in the production of electric
energy, one kind

of energy is transformed into another kind of energy.

Dorit:

Here, we are talking about energy's second face, how some
processes produce

energy. If we talk about some process here (she points out the
cu rrent protocol)

and put it immediately after a process there (she points out the
former

protocol), we shall get an energy chain. Dror was right, energy
produces

energy, one side complements the other one.

The two remaining pupils had no difficulty in pointing out the
common feature of

energy in all the statements in this second protocol.

In th e final step of the ins truction al strategy th e pupils w
ere asked to describe the

picture of a lighted lamp [see figure

2 (d ) ] ,

taking into account their former

discussion. The pupils were hoped to create a generalization by
themselves and this

really happened:

Dorit: The power station produces electric energy which
transforms into heat energy

in the filament of the lamp, and so it lights.
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Efrat: Thelighted lamp uses electric energyandproduces heat
energy.

Boaz:

Weneed energyinordertomakethepower station work.Thepower
station

produces electric energy,and,withthehelpof theelectric
energy,thelamp

lightsandproduces heat energy.

Anat: Theelectricity comes fromthepower station.Theelectric
energyisproduced

from

the

energy released from the b urning oil. Tha t is,

as

we said before, w hen

thereissome process some kindofenergy produces another
kindofenergy.

The electric energy makesthelamp workand so itlights.

Liat:

Th e lamp works with the helpofthe electric energy and so we get
heat and light

energy.

Dror: In thewaterfallwehave height energy,we use it
inordertoproduce electric

energyandafterwardswe getheatandlight energy.

Very similar discussions were heldin all thegrou ps p
articipatingin thes tudy. M ost

of the pup ilshad nop rob lemsinfindingthecom mo n featureofthe
energy conceptin

eachof theprotocols. Someofthe m even createtheintended
generalization durin g

the first steps

of the

instructional strategy. Almost

all the

pupils succeeded

in

describingthelast pict urein a 'generalized' energy language.
Onlytwopupi lsdid

not succeedat all;they couldnotfindthecomm on featureof
theenergy conceptin

anyof theprotocolsordescribe pictures accordingto theexpected
generalizatio n.

Th ere w ere two s tepsinwhich pupils w ere askedtopo in toutthe
com mo n feature

oftheenergy concept intheirownstatemen ts (steps2 and 4 .
Inthesetwosteps,

whichwecallthe'awareness ph ase 'of thelearning process,we
cantalk ab outthe

pupils responding in one of thefollowing wa ys:

A. Th ey found not only thecomm on fea ture of the energy
concept in the

protocol,

but

also fo und

the

pro per relationsh ip (generalization) between

the

two frameworks.

B.

T h e yhad noproblemsinfindingthecom mo n featureof theenergy
concept

intheprotocol.

C . They had some difficulties in finding the common feature of
the energy

conceptin theprotocolandthey su cceeded only after beingled by
theteacher

backtotheirowns ta tements .

D . T h e ydid not findthe common featureof theenergy
concept.

The empirical resultsofthis phasearesummarized
intable1,showinghowmany

pupils responded

in one of

these ways during

the two

s teps .

W eseetha t :

1.

from thebeginnin g (step2 , 27pup ils (77%)had
noproblemsinfindingthe

common feature of theenergy conceptin theprotocol;

2.

afterwards (step 4),then u m b e rofpupils w ho succeededindoing
tha t reached

33 (94%);

Table 1. Response of pupils Groups A-C) to Steps 2 and 4 in
the

instructional strategy.

Step

2

Step

4

r upA 3 17

r upB 24 16

r upC 5

r upD 3 2
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3. the most significant change during this awareness phase is
the growth in the

number of pupils belonging to response group A. In step 2, 3
pupils (10%)

created the expected generalization between the two frameworks,
and in

step 4, an additional 17 pupils (49%) succeeded in doing
that.

In the last step of the instructional strategy, when the pupils
were asked to describe a

physical situation taking into account their own alternative
frameworks, 31 of them

(88%) succeeded in creating the intended generalization, by
themselves.

Four months after having finished the learning process, the
pupils were

presented w ith a questionnaire in which they were asked to use
the energy concept in:

a. describing a series of instances presented to them in
pictures (a television set, a

weight lifter, an electric drill making a hole in a piece of
wood, and others);

b.

solving a series of qualitative problems in physics;

c. describing a series of physical situations presented to them
in laboratory

experiments (a heat engine, an electric motor connected to a
battery lifting a

weight, a water turbine).

Tw enty-eight out of the thirty-five pupils who participated in
this part of the study

(80%),answered all the questions using only the accepted
scientific concept. Tha t is,

in every instance or situation they were able to point ou t the
different forms of energy

involved and to describe the processes taking place by means of
the 'energy language'

they had learned. They did not use any of the alternative
frameworks they held

prior to all this learning process (Trumper 1990).

Conclusions and educational implications

Teaching strategies

In teaching the energy concept, we have to take into account the
pupils' most

pervasive alternative frameworks (Watts 1983, Gilbert and Pope
1986, Trumper

1990):

1.

The anthropocentric framework

2.

The 'active' deposit framework

3.

The 'product' framework.

The conceptual development strategies presented in this study
led pupils to a

restructuring which occurred by means of a patterned generation
(Rumelhart and

Norman 1978,1981). In other w ords, pupils created a new schema
which was totally

based on their own preconceptions.

In the first part of the study (Trumper 1990), when dealing with
the

anthropocentric framework, pupils were exposed to 'comparative
even ts' which led

them to create a new and more generalized framework wherein
human beings are

seen as energy agents in a process of energy transformations.
That is, they

restructured their ideas as a result of interactions with
analogies.

In this second part, the two additional alternative concepts
cited above helped

pupils to build, by themselves, the accepted scientific concept.
They involved the

restructuring of ideas as a result of interactions between the
pupils' existing

frameworks.

Comm on to the different stages of the instructional strategy
was the awareness

phase, the first and crucial step in which pupils were able to
recognize their own

schemata and relate to them.
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The teacher s role

The outcomes of this study strengthen the constructivist
assumption that teaching

which takes into account the pupils' prior knowledge yields
better results than

conventional teaching (Duit 1984, Trumper 1990). This suggests
that the teacher

might have to play some further roles in order to facilitate the
pupils' conceptual

change. In these roles he or she would have to:

1. act as a diagnostician, spending a substantial part of the
time in eliciting the

pupils' alternative frameworks;

2.

develop strategies which will enable him to deal with these
frameworks;

3. develop evaluation techniques which take into account not
only how pupils

solve physical problems, but also the extent to which they
assimilate the

scientific concept taught.

Curricular implications

This study confirms the assumption that learning involves an
interaction between

new conceptions and the pupil's prior ideas. This outcome
suggests that the

curriculum, rather than being considered as 'that which is to be
learned', has to be

seen as a process in which pupils are actively involved in
constructing a view of the

world closer to the scientists' view.

According to this approach, all those physicists, researchers
and teachers who

claim that we have to stop teaching the energy concept as 'the
capacity or ability to do

wo rk', are strongly supported . Energy is the central concept
taught in the 9th G rade

physics course in Israel. The existing programmes, which avoid
any definition of

energy, describe the energy involved in each phenomenon and
interactions between

phenom ena in which energy is transferred and conserved. As we
have seen in this

study, this approach fits very well with a constructivist m odel
of teaching which sees

pupils as active and purposive learners.

Despite tha t, the Israeli high school textbooks define energy
as the capacity for

doing work. Th is is the same situation as that reported by
Lehrm an (1973) and Hicks

(1983) in other countries. First, they teach the work concept,
and then ask the

following question: 'H ow much work has to be done on a body in
order to change its

speed from v

1

tov

2

? Talking about a constant force exerted on a body in a one-

dimensional movement, they get the following equation

W=F x = \2mv\- 1 \2mv\

Afterwards they call the expression \j2mv

2

the 'kinetic energy of the bod y'. S hadmi

(1984) talks about a series of 'sins' being committed in this
process:

1. Physical concepts are defined by nam ing mathem atical
expressions, without

talking first about their physical meaning.

2.

Kinetic energy, the first energy form that is 'defined', is
introduced as a

quan tity w hich enables us to calculate how much work was given
to (or taken

from) a body. Th is is very close to the traditional definition
of energy as the

ability to do work. Later, all the remaining kinds of energy are
introduced as

different forms of the same qu antity. In such a way, the
original 'definition' of

energy will be considered as the right definition for all these
forms, including

the thermal energy being produced when friction forces are
acting.
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3. T he energy conceptistaughtas if itwasthefirst t ime th e pup
ils learn abo utit.

F u r t h e r m o r e ,it hasbeen introduce d in acom pletely
different w ay fromthe

way that the pup i ls learnedinthe junior high school
.Insuchaway,thepupils

can clearly unders tand that wha t they learn

in a

mo re 'advanced ' course

is the

real t ru th, and

not

what they have learned before. Th is creates

a

damaging and

unnecessary break between

the

physics curricu lum

in

senior and junio r high

school .

These scientific and pedagogical arg um ents point out the need
to wri te a new

curr icu lum for theteachingof the energy concept in senior high
schools.The

outcomesofthis study supp ort this dem and fromadidactical po
intofview: learning

involves

the

construct ion

of

meanings , which

is

influenced

to a

large ex tent

by the

pupil 's exist ing knowledge. Pupils adhere

to

som e very w ell defined alternative

frameworks

and

these play

a

very crucial role

in the

assimilation

of the

concepts

be ing taught

at

school.

In

conclusion,

the new

curr icu lum

for

teaching

the

energy

concept

in

senior high schools

has to be

based

on the

following outline s:

a. Theteaching sho uld take into accountandrelyon thepu pils ' m
ore pervasive

al ternat ive frameworks: the anthropocen t r ic f ramework ,
the 'energy as

causing some processtooccur ' andtheenergyas ap roduc tofsome
processes '

frameworks.

b . T he energy concept and

the

conservat ion

of

energy principle should

be

taught

in

the

M echanics course

in

senior high school

as a

continuat ion

of

wh a t

the

pupils learned

in

Gr a d e

9,

wi th

the

corresponding enr ichm ent and deepening

of

all the

concepts .

c.

The

definition

of

energy

as the

capacity

or

ability

to do

work should

be

completely abandoned.
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