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In recent times, ‘Episodic Conceptualisation”has been identified asone of the origins of pupils’ altemative
conceptions. It is hypothesized that the episodicformat ofthe form, content, and mode of presentation of the
concepts ‘KineticEnergy” and ‘Work' in the textbook aswel asin the classroom by the teacher is likely to
generaein the minds of thepupils twoisolated, mutually independent cognitive structures. It is conjectured that
any task, which demands conceptual and/or mathematical correlation between these two concepts, is likely to
bringto the forepupils altemnative conceptions tha are refledions of the above ‘Episodic Conceptualisation”. The
results of the present study do indicate that there are enough evidences to putfaith on our hypothess and

conjedure in theframework of these two concept labels.

Introduction

The form, structureand focus of pupils’
alternativeconceptions (hereafterreferred as
ALCONs] inthe recognizable cognitive structures
of pupils and theirimportance for the teaching-
learningprocess have been well documented in
the lasttwo decades throughintensive and
extensiveresearches onitemised concepts.
Informative reference details ina discipline-wise
classificationformat canbe obtainedfrom the
monograph by Pfundtand Duit (1994). These
studiesareinteresting toresearchers, informative

for curriculum framers, and educative for
students of science education. But, ina
framework of research forteaching” and
‘teaching forresearch’, the full potential of these
findings in helpingthe classroom practitioner to
improve /modify his/herteaching strategies so
that pupils can be helped toconstruct their
conceptsin away theteacher expectsthem to
construct, isyet tobe realised. Infact, inan earlier
paper,Driver (1989)had commentedthat the
efforts tooptimise meaningful learningby using
these findings in classroom situations have
resulted inpartialtoapparent success.



Quarterly Journal | March-June 2010

We suggest that thefunctional limitation of the
efforts couldbe due to the following reasons.

(1

2)

The individualistic character of ALCONs has
remained the main hurdle that has
appreciably reducedthe applicability of our
wealth ofknowledge in thisarea. If, ina class,
thereare 30pupils, thentheoretically there
will be 30 independent ALCONSs for each new
concept that is going to be taught. Thus, to
diagnose these 30ALCONs and then use
them meaningfullythrough cognitive
negotiation so as tohelp the pupils construct
thenewconceptbecomes aHerculean task
for theteacher. Insome school systems, the
number ofpupils ina classis actually

more than 30 thereby compounding the
problem further.

Allthetechniquesavalable inthe literature
have been used onlyto identify the ALCONs
and not to diagnose their genesis. This is like
identifying a disease without diagnosing its
cause. Sinceitisacceptably truethat any
prescription is as goodas the quality of
diagnosis about the cause, it is obvious that
suggestions as wellas efforts for the use of
the researchfindings (about ALCONs)ina
classroom situation will have limited utility in
theabsence of confirmedevidences
regarding the genesis of the ALCONSs.

Onepossible wayto removethe two limitations at
a singlestroke isto attemptto locate the genesis
(thereby improving the functionality of a
prescription) thatis likelyto producea common
ALCON ina group of pupils (thereby eliminating
the problems createdbythe individualistic
character ofthe ALCONs).

22

Hence this study, which makes aneffort to
reconfirmEpisodic Conceptualisationas a
possible cause of group ALCONSs as identified
earlierbyMohapatra (1990),at leastin Indian
conditions.

Episodic Conceptualisation

Classroom teachersare oftenheard tosay, “We
have nowfinished ‘Mechanics’; in the next class
we moveon to ‘Gravitation™”,or, similar
statements inother discipline areas. This

‘atom ized' view is seenin theschool curric ulum,
in teaching methods, and evenin most of the
textbooks, at leastinthe Indian context. A
comprehensiveexample couldbe —in textbooks,
‘Simple Harmonic Motion” or ‘'SHM'is included
inthe ‘Mechanics’chapter. SHM'is again
discus sedwith a different emphasis in the
chapter on ‘Waves'. 'SHM'reap pears with
different variables andthrusts in "A.C. Circuits’.
And, finally, the principles of 'SHMare again
used anddiscus sed under wavetheory of
‘Optics’. Eachunit istreated asan isolated
episodeand sometimesevenasa consumption
ofide ntifiably differentsub-episodes. For
example, in physics textbooks, the unit on
‘Mechanics’ usuallycontains kinetics of linear
motion, uniform circular motion, and rotation of
rigid bodiesas different sub-epis odes.

How is this episodicformat likelyto affect
conceptualisationby pupils?In a Piagetian sense,
each pupilinternalises a conceptby going
throughthe processes of assimilation,
accommodation,and arrivingat astate of
equilibration.In aConstructivist Framework
(Glasersfeld, 1992a):1992(b); 1993)these three
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processesare controlledand effected by the
pupil’s ALCONSs, his/her ‘Cognitive Preference’
(Tamir,1985), his/her Conceptual Categorisation’
(Hewson and Thornley, 1989;Mohapatra,1999),
and finallyresult ina Conceptual Change’ (Posner
etal,1982; Hewsonand Thornley, 1989; Scott,
Asoko andDriver, 1991; Mohapatra, 1997). With the
acquisition of a new concept through conceptual
change leading to equilibration, one of four
possibilities mayoccur:

(@) The boundary ofthe earlier equilibration
may changeto engulf the newconcept. This
is likelyto happen when the pupil discovers
a cognitive link between the new concept
andan extensionof thealready internalised
old concept(Conceptual integration:
Hewson, 1981; Posner ef a/,1982; Villani,
1992; Mohapatra, 1997).

(b)  Thenew conceptmaybeaccommodated in
the domain of the existing equilibration by
developing new substrates (Cornceptual
extersion: Mohapatra, 1997).

() The newconcept maybe incorporated
straight awayin the existing structures
(Conceptual capture: Hewson,1981; Posner
et al, 1982; Mohapatra, 1997).

(d)  Anewanddifferent state of equilibration
may startto beformed, if the new concept
presentedis intelligible, plausible and
fruitful, but is in dissonance with the
existingstructures (Villani,1992; Mohapatra,
1997).

The episodic formatof the presentation of
different units and sub-units in the textbooks and
the classroomis likelyto induce the pupil to

develop pockets of isolated,unconnected states
of equilibration. This form of internalisation and
informationprocessing of concepts maybe called
‘Episodic Conceptualisation’(EpiCon). Claxton
(1984]) calls concepts internalised by thepupils in
this process of conceptualisationas ‘mini-
theories” as it highlights the fact that the pupil
does not havea complete,comprehensive and
coherent theory,but has many littleislands of
knowledge.

It is hypothesized (Mohapatra,1990) that

(@  Inthe frameworkof such episodic cognitive
structures, if a pupilis asked a question that
needs the simultaneous utilisation of
different states of equilibration, then he/she
is likelyto giveresponses whichwill be
categorised asmanifest ALCONSs.

b)  SincesuchanEpiConislikely totake place
inside aclassroom, itwill probablyaffect a
group of pupils simultaneously andina
similar way.Hence aneffective classroom
strategycan perhapsbe designedto erase/
modify the consequent ALCONSs.

() Assuming the exstence of the phenomenon
of EpiCon it is proposedthat, wherever a
simultaneous applicationof morethan one
episode isdemanded from the pupil, there
will be two processes throughwhich the
ALCONs maymanifest because of the
EpiCon. First,the process of misuse’- the
pupil maymisuse one or more of the concepts.
The misuse could be in the form, structure,
and/or domain of validity of the concepts.
Second, the ‘process of nonuse - the pupll may
not use oneormore of the relevantconcepts
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and thusmayarriveata conclusion whichwill
beregardedasan ALCON.

‘Kinetic energy’ and ‘Work’: the
Background

Children areexposed ata veryearly ageto the
term ‘energy’, if not through textbooks, at least
throughmultimediaadvertisements (Indian
context],as “BeverageXisthe source of my
energy.” Childrensee onthe TV screenthat the
person (model) drinks a cupof the beverage X and
starts runningvigorously, ultimately securing first
position ina race. Regular viewing of such
advertisements obviously creates inthe mind of
the childan ‘anthropocentric’ framework (Watts,
1983; Finegoldand Trumper,1987; Trumper,
1990),i.e. ‘energy’is associatedwith human
beings. With this framework a cognitive image
wheretheterm energy’seems tohaveclose
association with a picture of vigorous expression/
activity (ala kinetic energy) alsogets embedded.
Further, thechild mayalso getreinforcement of
suchan ideationalstructure from (Elkana, 1967)
the Oxford EnglishDictionary, which defines
‘energy’ as force of vigour or expression”and
tracesit backto 1599.

In Indian schools, the concepts of ‘work’ and
‘energy’are includedin £nvironmental Studlies up
to Class Vinan informal way highlighting the
everydaymeaning of these conceptsrather than
their formal scientific meaning.AgaininClass VI
these conceptsare presentedin amixed manner
along with food" in the chapter on Components
of Food. In Classes Vlland VI, the concepts are
almost absentfrom thetexts. The concepts of
‘work”and ‘energy’ are formally introducedin the
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science textbookat Class IXin the chapter titled,
Work and Energy.Starting withthe everyday
meaning andscientific meaning of the term
‘work’,work done by a constant force is defined
as theproduct ofthe forceand displacement
occurring in the direction of the force. ‘Energy’is
then expressed interms of ‘work'- “An object
having a capability to dowork is said to possess
energy”. Kinetic" and ‘potential’ forms of energy
are introduced next. Mathematical expression for
kinetic energy possessed by a movingbody is
derived.Mathematical relationfor computing
potential energyis also workedout for the case of
a bodyraised againstgravity. Alsodiscussed are
the transformationof energy from oneform to
another andthe law of conservationof energy (not
the law of conservation of energyand work]).

Thus, by the end of Class IX, the pupils are
expected to have definite ALCONs about energy in
generaland kinetic energy inparticular aswell as
aboutwork.These ALCONs will ultimately control
(Ausubel, 1968) their degree of meaningful
learning about ‘energy”and ‘work’, taken in
conjunction.

There have beena numberof studies (Watts, 1983;
Duit, 1984; Bliss & Ogborn, 1985; Gilbert & Pope,
1982,1986; Trumper,1990,1993,1996,1997;
Finegold & Trumper, 1989) onpupils’ ALCONs
about energy. Attempts (Watts,1983; Trumper,
1997) have alsobeenmade to categorise the
ALCONs intoclasses. However,to the bestof our
knowledge, no work is reported in the literature
which makes efforts tolocate pupils’ALCONs as
well astheir genesisinthe conceptualinterface
between kinetic energy”and ‘work’, although this
is animportant areasince energyis definedas the
ability to do work.
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Episodes involving ‘Kinetic Energy’
and ‘Work’

The following sub-episodes, involving kinetic
energy and work, were identified by

e analysing the science textbooks(NCERT) of
classesVlto X,

e observing actual classroom teaching,
e discussingwith practicingteachers, and
¢ interviewing pupilsof theabove classes.

Eachsub-episode isfollowed bya heading
‘Result’,which indicates the thought process (as
revealedthrough interview) of the pupils because
of theinternalised sub-episodeand also
highlights the details of misuse and/or nonuse of
an episode by the pupils.

E1: Kinetic energy ofa body depends on its
velocity.

Result

(a) Velocityisthe only key factorof kinetic energy
of abody (This indicates misuseof E1).

[b] Some pupilsare of the opinionthat same
kineticenergy means the samevelocty (This
indicates misuseof E1).

() Contribution of mass of a body to its kinetic
energy is rarely takennote of (This indicates
nonuse of the fact that kinetic energy of a
body dependsalso onits mass).

E2: Work is definedas the product of the
applied force and the displacement of the body
in thedirection ofthe force.

Result

(a) Work -Force " Distancetraveled [This
indicates (i) misuse of E2, (ii) nonuse of the
vector propertyof forceand displacement,
and [iii) misusing ‘distance’as synonymous
with ‘displacement’].

[b) Asa corollaryof (a)above - If abody travels
through a distance due to the application of
aforce, then work is done even if the
displacementis zeroor theangle between
the applied force and displacement is 9 0°.

(c) Forworktobedone there must be
application of a visible forcelike a pushora
pull (This indicates nonuse of the statement
that "Energy is the ability to do work’”and
consequently, a bodyhaving energy cando
work].

E3:Conversion of potential energyto kinetic
energy in the case of vertical free fall of a
body.

Result

(&) Bodiesreleased fromthe same height will
attainthe samevelacity onreaching the
ground. So, they will have the same kinetic
energy[This indicates misuse of E1 and
effects of Result’ (b)and [c] of E1].

[b) If two different bodies arethrownvertically
up and have the same kinetic energy atthe
moment of throw, they will rise to the
sameheight (This indicates misuse of E1
and E3).

E4: Becauseof E3the concept of gravity and
gravitational forcebecomes a sub-episodein the
cognitivedomain of work andkinetic energy.
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Result
(a)

Largerbodymeans largergravitational force
andhence largervelocity resultingin higher

kinetic energy (Thisindicates misuse of E4).

E5: Becauseof E2, the conceptof force
becomesa sub-episodein thecognitive domain
of wokand kinetic energy.

Result
(@)

Sameforce actingforthesame timeleads to
sameamount ofwork andsame kinetic

energy (This indicates misuse of E1and E2).

(b) Itis difficult to stop heavier bodies in motion
(This indicates misuse of E2 andthe concept
of force).

() Asasubset of (b], above conclusions about

the effect of force of friction (introduced in
ClassVIl) aresimilar to(b) above.

Eé6: ‘Energy’,in general,and ‘kineticenergy’, in
particular, and ‘work’ are different episodes.

Result
(a)

Difficult toconceive aboutthe inter-
conversion of kinetic energy and work (This
indicates nonuse of E1,E2 and the concept

that ‘Energy is the ability to do work’].
Method
Tool

The tool consists of six problems [Annexure - 1).
Allof them are conceptual ones althoughsome of
themcarry numerical dataaboutmasses of
objects involved inmotion. Each question has
three choicesas responses and the subjects were
asked to tick the one that in their opinion was the
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correct response.Care was taken toprovide some
space afterevery question,requesting the
subjects to write downthe reasons for ticking any
particularresponse. This provision was made to
probe their thought process. One (Q.4) out of the
set of six questionswas intentionally framedin a
form similar to thatin the prescribed textbook
with the intention of peeping into the stabilised
imprint in the minds of the pupils as produced by
the textbook. The tool was finalised after initial try
out ona sample of 50 pupils of Class X.

Sample

The sampleconsists of 334 pupils of Class X
drawn from 5 schools, in and around the city of
Bhopal.Care was taken toinclude government
schoolsand schools run by private trusts.All the
schools chosen were affiliated tothe Central
Boardof SecondaryEducation (CBSE), New Delhi,
India. This choice was prompted by the following
considerations.

¢ The mediumof instruction inall these
schoolsis English. This uniformityis likely
tominimise differentiated ALCONs arising
out of linguistic differences.

Allthe schoolsfollow the same textbooks
and hencethe effects that arelikely to
manifest due todifferent textbooks are
almosteliminated.

¢ As part of the conditions of affiliation, the
scienceteachersofalltheseschoolsare
graduates whohave gone thoughat least
one year of professional teacher training
programme.This is likely tobring some
normative effect onthe teaching inputs and
styles of teachingscience inthese schools.
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e Eventhephysicalfaclities intheseschools

are abovean optimalminimum, again

because of the same affiliation conditions.

e Last, butnot the least, thediscipline inall

theseschools isabove satisfactorylevel and,

asaresult,rarelyclassesare dropped
becauseof uncalledforreasons.

In Table1, NCERT stands for National Council for
Educational Researchand Training, the apex body

of the Government of India looking after the
quality of school education, KVSacronym for
KendriyaVidyalaya Sangathan,and JNVSis that
forJawaharlal Nawodaya Vidyalaya Sangathan,

(a)

(b)

The firstquestion calls forthe understanding
of conversion of kinetic energy to work
againstthe frictional forces of the brakes.
But, from the pupils’point of view, several
sub-episodes, like kinetic energy, work,
frictionalforces, theireffects keepingin view
the differentmasses of the twovehicles etc.
comeinto play.

The second question, though seems to be
familiar from the pointof view of the pupils,
is actuallydifferent inthe sensethat pupils
study the conversion of kinetic energy to
potential energyonly in the caseof a body

Table 1: School-wise number of students of Class X constituting the sample

Name of the school

Demonst ration Multi- purpose Schoo | (DMS)

Kendriya Vidyalaya No. 1 (KV 1)
Kendriya Vidyalaya No. 2 KV 2]
Carmel Convent(C C)

Jawaharlal Navo daya Vidyalaya (JNV]

latertwo beingthe school systems alsounder the

Government of India.

Administration

In thetrial administration, it was observed that
pupils took about 30 minutes to complete the

test. Thus, thetest was administered ina regular

classinpresenceof theclass-teacherandina
pupilfriendly atmosphere.

Results and Discussions

Thefollowing canbeeasilydiscerned from
the tool.

(d

No. of pupils Remark
57 Runby NCERT
74 Runby KVS
58 Runby KVS
101 Run by private trust
A Run by JNVS

falling freely under gravity. Thinking this to be
a similar phenomenontheymay eventick the
third option, thereby forgetting that potential
energy of a body raisedto a height 'h"is mass
dependent because this potential energy is

the work done against the gravitational force.

In the third question they are again
confronted with the situation of work being
converted to kineticenergy. However, in the
context of work, the concepts force”and
‘distance’are sodeeply embeddedin their
minds thatthey are likelyto forget therole of
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time interval here and be guidedby their
episodic conceptualisation [Refer Result’ (a)
of EB].

(d) Question 4 should be most familiarto them
as ithas adirect correspondence withwhat is
taught in the class, but data regarding
masseswill perhapsexcite their minds
another episodeinvolving forceand mass
apart from the episode of conversion of work

to kinetic energy.

(e} Question 5is again a variation of what they
have studied and it brings into play the
episode of initial kinetic energy along with the

episode offree fall.

() Questions 1and 6 have the same conceptual
structure but the situationin Q.1 is familiar to
the pupils and thatin Q. 6, is unfamiliar. This
unfamiliaritymayactivate dfferent episodes
in different pupils.Hence the pattern of
responses of Q. 1and Q. 6, though expected

to besimilar, is likely to be different.

Percentageof pupils preferringparticular
responses arepresented inTable 2. InTable 2
asterked responses arethe correctones.

After thetest was administered, the pupils
preferring incorrectresponses wereengaged in
group discussions. Theindications received from
written explanations by the pupils and the group
discussions about theinterplay of episodes are
shown in thelast columnin Table2. In some
casesit wasdiscovered thatpupils arrivedat even
the correctresponses byemploying wrong
reasons, an exampleof whichis givenbelow.

Researcher : Against Q. 2 you have ticked the

response (a) as correct.

Pupil : Yes,Sir.

Researcher : Congratulations,that isthe correct
answer.

Pupil : Thank you, Sir.

Researcher : But letus discussthis alittle more.
How didyou arrive atthis answer?

Pupil : Sir,itisvery simple.

Researcher : What is sosimple about it?

Pupil : Sir, if the bodyis light, a force will
producea greatervelocity init. (*]

Researcher : Greater velocityor greater
acceleration?

Pupil - Sir, ultimatelyit amounts to the
samething. (*¥]

Researcher : Then............

Pupil : Sir, ifthe velocity is greater,then the
body willrise to agreater height.

Researcher : But in this case,the force which is
acting due to gravity is downwards
and the body is moving upwards.

Pupil . (Thinks] ... Sir... Yes ... Sir... But ...

Researcher : So, what is ‘But'™?

Pupil . Sir, | do not know. But | know A's

velocity willbe moreand itwill rise
to a greater height. (***)

The response,(*], clearlyshows theactivation of
E2 and manifestationof an ALCON. Response,
(*¥),is also anALCON arising out of conceptual

28
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Table 2 : Percentage of pupils preferring each re sponse, question-wise
(The asteriked responses are the correct ones)

1. a 210 405 39.6
b 50.8 432 37.9
c* 28.0 16.2 20.7
2. a* 73.7 7.6 56.9
b 263 17.6 258
c 1.8 13.5 17.2
3. a 64.9 48.6 534
b* 263 28.4 224
¢ 12.3 203 293
4. a 15.8 44.6 13.8
b 68 .4 405 551
c* 15.8 13.5 310
5, a 70.0 405 48.3
b* 10.5 4.0 6.4
c 17.5 52.7 431
6. a 420 54.0 5E.2
b 52.6 230 241
c* 35 14.9 18.9

continuity (Mohapatra and Bhattacharya, 1989).
The response, (***), shows an adhoc element in
the conceptualisationscheme ofthe pupil.

Some of the identified key ALCONSs arising out of
the episodic nature of internalisation of the
concepts 'kinetic energy” and ‘work' in this study
arethe following.

* Theloaded truckwill travela longer

29

515 45.4 410 ES, E6
27.7 27.3 36.8 E2, E6
16.8 273 20.6

80.0 6l.4 70.6

14.8 31.8 215 E4, ES
30 6.8 8.1 E3
42.6 47.7 503 E1, E2
28.7 295 272

13.8 18.2 18.3 E2
34.6 341 299 El, E2, E6
34.6 45.4 46.7 El, E2, E6
317 13.6 22.4

60.4 432 533 E4, ES
10.9 9.1 8.2

24.7 47.7 32.7 E4, ES
49.5 54.5 50.9 E2,E5, E6
31.7 25.0 311 E5, E6
16.8 204 14.9

distancebecause itsmass ismoreandit will
be difficult to stop it.

e Two bodies of differentmasses thrown
vertically upwards with the samekinetic
energy willrise tothe same height because
their kinetic energy isthe same.

¢ Iftwobodies are acted uponby the same
forcefor thesame timethey will have the
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same kinetic energyas the time for which
the forceacts isthe same.

If twobodies are acted uponby the same
forceuntil theytrawel thesame distance,
then the lighter body of the two will have
greaterkineticenergyasits velocitywill be
larger.

If twobodies arereleased from the same
height with the same kinetic energy, then
both willreach theearth’s surface
simultaneouslysince the height of release is
the same.

At this time, it is worthwhile to look at the
responses to Q.4, whichwe thought was most
familiar tothe pupils. Even inthis case, about
15per cent to 30 per cent pupils of various
schoolsand 22 per centwhen all schools are
takentogether, have ticked the correct response.
For therest 78 per centtheir episodic
conceptualisationhas controlledtheir responses.
This again indicates the strong effects of episodic
conceptualisation. We also notein passing that in

some cases the percentages do not add up to 100.

This isso because inthose cases some pupils did
not tick any of the responses.

Conclusion

By afairly broad-basedstrategy we have identified
in this study the structures of the episodes/sub-
episodes in the minds of pupils in the domain of
interaction of the concepts ‘kinetic energy” and
‘work’. Through discussions with the pupils and
their writtenexplanations, the possible ALCONs
generated by these episodes/sub-episodes have
beenlocated. Theinterplay of the episodes/sub-
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episodes (which areperhaps unconnected
structures inthe pupils’comprehension domain)
when morethan oneofthem is simultaneously
activated, is theninvestigated to diagnose
manifest ALCONs. Thetool used for this
comprises sixconceptual problems.
Consequently, it did not put any demand on the
skills of the pupils such as

e numerical computation,

e transformingsymbols informulae to

numbers by substituting the given data, and

interpretation of the results, obtained
throughnumerical calculations.

Thus, any ALCONs, which arelikely to arise out of
the pupils'deficienciesinthese skills,have been
minimised.

Toeliminate the ALCONSs, thefollowing strategies
are suggested,which can be usedto promote
meaningful learningand reduce episodic
conceptualisation, in this context, to the
minimum.

¢ Enough emphasis be given on the
interchangeability of ‘energy” and ‘work’, in
general and ‘kinetic energy” and ‘work’, in
particular, keepingin viewthe accepted
definition that energy is the ability to do
work.

Activities be developed todemonstrate the
above interchangeability. As for example,
pupils maybe askedthe following:

We know that aduster onthe table has
potential energyequalto mghwhere m
is the mass ofthe dusterand Aisthe
height of the table.Since ‘energyis the
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ability to do work’, design an experiment
to show that the duster can dowork.

— Thought provoking, interesting and
challenging conceptual problems may
be given.As for example,

— Whenabow is taut, it is said that the
bow has potential energy. Describe how
this energy istransformed to work.

— Asteel ballis rollingon atable having

friction.After travellingsome distance
it comesto rest.In theabove process
describe who is doing work.

Of course,each ofthe problemsused hereas test
items of thetool mayalso beused as problems in
aclassroom situation.

One of the authors is thankful to R. Trumper for
providing a few supportive literatures involving the
conceptof energy.
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