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‘Abstract .

The pufbose of this study was to discover the nature

.and extent of preconceptlons 1n the area of ‘Newton's F1rst'

A
§

. and Second Laws of Mot1on held by students in Phys1cs 10

- classes’ in Edmonton Publlc Schools before beg1nn1ng

'1nstruct10n in the- sub]ect

\

. Forty studentsfwere randoml§ sélected“from.beginnind '
physics classes in four Edmonton Public High Schodls. |

;Ind1v1dual 1ntenv1eWs in whlch the students were presented |
- with four tasks were tape recorded and later transcrlbed
dThree tasks represented examples of Newton's Flrst Law of

Motion, the fourth demonstrated the Second Law. A cr1terlon

' test based on- these laws was deV1sed and set to the’ students
in the1r regular classes at the end o£ the semester. The
end of- term marks assessed by the phy51cs teachers at . the

_end of the semester wére also collected.‘; o | .,f

. ) ". - '}! . c . ’ ) " ‘
‘preconceptions expressed by the 3 ’ P S —
student profiles'Were obtained and frequencyA ables of con- .

ceptlons used were ‘drawn up. The profbles were used to

assess cogn1t1ve stages for each student on each task in
order to compare the replles of the students on the four
tasks and togcompare performance on these tasks with
achievement on the criterion test andrin the schooifassessed
end;ofaterm marks. |
'It was found that on each task,-a\littlejover'one third
- of the.students‘Yere in the stage;of-formal operations as

B

iv



] . . , . ‘ . N . ) . N . .

expressedlby possession of the concept-oflconserration of
'motion or&byxperCeptﬁonrof.motion refative to‘an‘externahl
_frame of reference.kThere was some~a§reement between béri‘.
' formance on the tasks involving Newton s First Law of Motlon//
51gn1f1cant at the 0 05 level, but no significant agreement

/

"betweeen these tasks and the fourth, on Newton's Second Law

¢

of Motion. ' | o
There was ‘also agreement between success on the first
three tasks and achievement on the criterion test

1gn1f1cant correlat1on

significant at the .01 level but na
with end-of-term marks or 'WM; 5 € ol hﬂ‘e on the fourth
| task.

Few students consiSteE%f? X motlon ‘the numbers
doing SO depended to some extent on the nature of the task.
Many of the preconceptlons expressed resembled ideas
held by anc1ent phllosophers espec1ally Arlstotle. Some such
*—~——adees‘were of self-expendlng motlon and the role played by
air currents in. sustalnlng or preventlng ‘motion which were
51m11ar to ideas held by early phllosophers, espec1ally
Arlstotle. It was thought that d;fferent phy51cal laws

'applled to- space from earth - an 1dea ‘held also,by

~ Arlstotle.»'

*
»

The 1nfluence of'space science was perceived.'Most
Students were aWarerthat\there\gas_no air in space. Many
students were confused by the term\"welghtlessness“ thtle

_ understand1ng was found or expected about orblts except from

boys who were,partlcularly 1nterested.
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Most students understood that gravity was a force of.

v
A

attraction to the earthfbut never—the-less, at least ﬁéif of‘
vdthe students used it at some time. to explaln 1nert1a of a
"stat1onary or a moving. body Fre vert1ca1 force of grav1ty
was also thought to retard horlzontal motion, ¢

There was a 51gn1f1cant gender d1fference 1n'the use of

primitive concepts on the tasks. Girls tended to perform at ’

[

a lower level than boys in each?taskJ Girls scored e

2

‘_s1gn1f1cantly better in end of term marks, (p < 0.05).but

there was no 51gn1f1cant difference on the criterion test

¢

wvhere boys tended to achleve better marks. . o >
' I

that teachers should bear in mlnd these

|

spec1f1c preconceptldns of students partlcularly the use of

It~1s suggested

grav1ty as a stablllslng factor and as an opp051tlon to . hor-

izontal motion. Also clear deflnltlons of ele»~w«

such asvfriction_would help some students unfam135'
mechanics. Neither perception of relative motion nor con-

servation of motion should bﬁpyaken for granted.’

o,
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AL Introduction
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Ce i v Chapter I ) )
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x A S -

THE PROBLEM

-

r‘f;pi
‘A 51gn1f1cant factor in the teachlng of many school

IS
~

3

?fsubjects is that students come to most learning s&tuatlons
‘w1th some prev1ouslycformed 1deas about the top1c (Drlver

-‘and Easley, 19780 This is true of all sclence subjects and

partlcularly of phy51cs. These preconceptlons can interfere

with the learnlng p cess. 1n the student if the teacher ig

unaware of thelr presence or form. If on the other hand he~'

is consc1ous of the1r probable ex1stence and the j«

\

characterlstlcs of the most prevalent‘bellefs, the teacher

fcan use them w1th great effect as w111 be descrlbed later.

That there should be a dlsparlty between the_chlld s

' 1nterpretatlon of the phys1cal world and that - accepted by

phy51c1sts is not surprlslng when ve remember that the

'present state of out understandlng in phys1cs has been ‘built

= i
1 ~ °

7up by many phllosophers and sc1entlsts over hundreds of

11fet1me s work wh1ch has been absorbed 1nto and has

"modlfled a compllcated coherent framework of knowledge-

hl

y

s
Id

years. The contr1butlon of each thlnker often represents a S

wh1ch 1nterprets practlcally all that is known—SO‘far 1n~the‘

phy51cal world. This is part of what Kuhn calls. a: "paradlgm",~

(Kuhn, 1962). T
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hypotheses” (Drlver and-Easley,-1978)

Now, the student has, before entering the-science

| classroom, also experienced and.analysed his limited .

o

. environmént. He has bu1lt up his own loglcal framework of

v

_knowledge whlch appears in his mlnd to be in harmony w1th

hlS surround1ngs~(D51ver, 1973) Accordlng to Polanyi - thlS‘

logical framework is not acqu1red pass1vely but 1s adopted

w1th a strong commitment. It dlrects the student s attentlon

to selected stimuli and determlnes hlS 1nterpretatlon of any

'dproblem that he encounters. Polany1 calls thls "Personal

Knowledge\ (Polany1, 1958) The student's f?amework of
knowledge w1ll probably not compare w1th the publlcly

accepted framework of knowledge in phy51cs in its scope and
.

may be actually 1ncon51stent w1th 1t yet,lt cannot

necessarlly be called 1ncorrect" because of this'for it'is,
for the child a reasonable explanatlon of th se features of
h1s enwlronmentywhlch the student perceives, lt is
preterahle‘to,labelwthese natural.frameworkS'"alternative
- ' &
Slnce these alternatlve hypotheses ‘are built on a small
la‘rea of awareness, the s‘dent has much the. same ava1lable
data in 1nterpret1ng hlS env1ronment as had his ancestors of

hundreds of years ago As hlS experlence 1ncreases, SO w;}l

his framework of knowledge be mod1f1ed and expanded. In hlS

?studles on the development of thought 1n children, Plaget

descr1bes the small child's conceptlon of clouds as be1ng
somethlng_allve and conscious jPlaget, 1965)r The child's

view has its counter-part inhthe'makers of myths and
[} N . N ' ) ., . .



fantas1es in folk lore and falry tales. The older ch11d may
entertaln theories dn motaon whlch are Arlstote11an in
vﬁnature OnéPsuch 1dea, that mot1on requires. a force .to
'sustain it, is loglcal 1n a world where fr1ct1onless motlon
is never encountered in everyday llfe. _
@'"Plaget.....................has found that o
ontogene51s, or 1nd1v1dua1 development frequently I
patterns or recapltulates soc1ogene51s, or
collect1ve development " . ‘
' N .(éinsberg and Opper, 1969)
.Ngwton's 1 ws cf motion, ,although‘sinpier and-more_ ,f \
sc1ent1f1cally satlsfactory in the analy51s of moS1on than‘
the ideas of earl1er phllosophers are not llkely to be.
. developed by an individual w1thout“1nstruct10n.=Even Newton
\acknowledgedihié debt to othets: | -
| "If I have seen further, it is by Standing»on‘the
-shoulders ofogiante" , _ | | |
\KI.‘Newton[ ;étter to Rohett Hooke guoted in Koyreh 1965)
/-./ . ) . .‘ "xu
ThlS is a factor in the percelved difficulty of phy51cs
as a. study - wh1lst it explalns the phy51cal world it does
'so 1ntterns whlch drffervfgfm the student's direct seneory
evidence.;“. : - . | . | |
An alternat1ve hypothe51s being 1nart1culated and often
unrecognlsed may produce d1ff1cult1es in the early stages of
‘sc1enCe~educat10n. The teacher often 1maglnes that he Ls

-

worklng on a clean slate of the student's mind and is




«-concerned‘to'present‘science in a-logical sequenoe of
instruétfon —However, when the teacher and student think.in
1ncongruent frameworks and even 1nterpret the same words

' dlfferently, cognltlve confllcts can arlse which puzzle and
frustrate both student and teacher.

5 The student can respond in a variety of»way51 the more
confident‘student or one who, betause of past experience -
enjoys the'scientifie environment, may  be somewhat flexibie'
and able to modlfy hlS framework, prov1d1ng the adjustment
is not in too great a conflict w1th hlS alternatzve hypo—

" thesis. ~Thls may take some time and never be complete. Other-
\ students can be more rigid. If his personal hypotheszs/about
a s1tuatlon differs too greatly from that whlch the teacher

“iis presentlng, the students" may come-to 1nhab1t two worlds:
an artificial one ‘in the sc1ence laboratory and the other in

: everyday experlence. A British Columblan Sc1ence Assessment
found\that thirty per cent of Grade XI1 students Stlll
maintained preconceptlohs on 1nher1ted traits in sp;te of
teachlng in genetlcs whlchlthey would ‘have recelved in

\school (Kargbo, 1978)

, Pepper has descrlbed several "World Hypotheses" of
~which four, in his view, ar adequate": that held by the

‘formist, the mechanist, the contextuaiist‘and the organicist-

(Quina, 1971), According t Pepper the phy51c1st s view is -
_ y

o

-.essentiaﬁly mechahiStie, e pays attention to the shape,
weight and solidity of an/ object and its grav1tat10nal

: attractlon as opposed to observ1ng the class to which éhe
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object\belongs (as noted by the formist), the conditidns of.
the object and 1ts 51tuatlon (seen by the contextuallst) and
the. whole h1story of the object as wvell as its present ‘
cond1t10n (noted by the organ1cist) TO some extent
Adependlng on the context we all d1vers1fy our perceptxon to
suit the 51tuatlon. A phy51c1st does not usually attend a

¢
symphony concert to ‘observe the vibration of .the str1ngs or

' drums or the resonance of a column,of air in a wind
‘instruhent o o »l , .

Pepper s.v1ew seems. too extreme and exclu51ve._Yet few
could dlspute hzs suggestlon that the scientist's attempt to
study his ‘environment purely ob3ect1vely can,be,strange toua
‘young student.. In particulat;\the physicist's mechanistic
view‘of the world is alien to many students, perhaps espec-
ially to girls. Either from social or physiological caUses,
oirls seldom seem to interest thenselvesiin mechanistic
toys, in space science and so'on; ForISUCh a student, the
»conflict in adjusting to-a new view in order tofcomprehend
»physical‘concepts may cause him or her to lose confidence
and in so doing bring’about an inability to aaapt |

Thls is not necessary A wise teacher, ‘know1ng of- the_
probable ex1stence of the student's preconceptions and
~someth1ng of their’ p0551ble.nature, can set'up some
cognitive dissonance.which'may_help thelstudent to prepare
tobaccept a new conception‘more in line.with>that of the

teacher, ‘ _ o . ‘



For example, as-many studies have shown, students often
bel1eve that all motion is expendable, that a certaln amount
.of energy will cause a body of a glven\mgss.to travel a: cer—’
tain dlstance horxzontally. Thls they have learned from
every day experlence. The teacher can hend a plastic curta1n
rod 1nto-a vertical U-shape with sloping sides. A marble is
allowed to roll down one side and rolls up the other'side
almost to the same level on the other s1de.»If th1s second
s1de is made to 11e more at ‘a lower angle to the horlzontal
fand the ball is released agaln from the same helght it will
travel, not the same dlstance but up to the same helght on
the second s1de. By extrapolatlon, the studentfseés that if
the seco d 11mb ‘were hor1zonta1 the ball could theor—'
-et1cally[go,on for ever: Although energy is lost in the same
way as,ln~ho?gzontal mption; this is not as significant a
}actor as that the ball alwaysigoes to the same height, no
matter what the angle. Hlstorlcal bellefs are a rich source
for cogn1t1ve dlssonance. Many students believe as d1d
Arlstotle, that heavy bodles fall faster than light. Two
bodles the same ‘size and mass will fall at "the same rate but

will they fall faster if they are JOlned together7 What

happens if two more are 301ned on’

-

N

Agu1rre (1980) 1nterv1ewed elementary school chlldren
on taskst1nvolv1ng forces. He suggested that students should
.‘be.grouped according to their preoonceptionsfof_physical
51tuat1ons. Then the teachlng strategy for each group can be

mod1f1ed to start. from the beliefs held by the group.



On the basis of the few relevant studies in the
literature, e.g. Driver (1§73) it appears that the conf11ct
between the student's framework and accepted phy51cal
.theorxes (or the teacher s framework wh1ch may be d1fferent
from the latter in some details) has many facets;

" 1.  the interpretation of a teacher's words,
2. the predictions the student will maké;'and
3. what factors the student sees as important.
These w1ll depend on his cognitive. framework and affect h1s
understanding (Dr1ver 1973). i o |
1. The_interpretation of the .teacher's words depends on the
student's acquisition ofhcertain'concepts. In the.area
of. force and notion,lthere are,several;basic concepts
which can cause trouble, especially the abstract
concepts such as‘force, speed, veloc1ty, acceleratlon,
gravity,-etc,.which are frequently used in. everyday life
in a loose, inexact and 1nterchangeable manner. Common
use of these words is not clearly deflned nor 1s it

1

_invariable with time. For eXample, speed and velocity

'barevnot distinguished as different entities. in common
parlance an¥ are.often“interchanged with*acceleration.
until the student canndiscriminate clearly between them,
he uill be unable to foruulate any meaningful scientific_
interrelationship among them (Kendler, 1964)'. |
| Plaget (1973) says that the chlld does’ not use

"adult language as we use a forelgn language -

glnterpretlng ready made concepts p01nt to p01nt He

I3



constructs a notion to correspond to a word, (p. 40).
‘Until the student has had experience with the use of a
word in the context of science, he will not have

. modified his cohception of the term sufficiently to

\\

T~ comprehend the teacher's yse of the term; ‘
2. The predictionssthefstudent makes will depend on the
relationships among the ¢oncepts, whether false dr trUe,"
which he perceives. In.physics, the'scientific law could
“be. |
P . Masi X Acceleratlon =VFbrce |
.but the student S hypothesis could well be- 51m1lar to
Aristotle's: o | |
Sy . Velocity = K x'ForceZResistance
»or3to Avempace's hybothesis; ‘
Velecity'= Force - Besistance o
| (Franklin, 1978)
If, in his eafly'%tudies,~the'sledent's cognitive*fremef_
Rwork céntalns such a relatlonshlp meanlngful td hlm / |

then however much he may recite F —,M ¥ A and solve
i |

.o s ks

Zoblems with it, he*will experlence difficuity in
de lang wzth new 51tuat10ns, e. g., What force keeps a
.heavenly body in orblt? o |
3. The factors which the student sees.. as 1mportant can also"
interfere with his building ‘of the ;ntended loglcal_b
framework; If in a .situation in dYnemics; he sees the
"Speed of a car és-being-more significant than‘the‘

L]

-~ increase in spjee'in relation to the force, or in a



B. The Purpose of the Study

problem in statics, he sees the length of a piece of
string over a pulley as a significant factor in |
Vdeterminingvthe foroe exerted by the weight at the end
(Aguirre, J978),‘he'will'have obﬁious difficuities,ina

»

building an undistorted cognitive structure. In the

‘latter cCase it is a simple matter for the teacher to

"point out the insignificance of the string: In the

»

former case bhs\z:rcept1on of the difference between

'speed and accelexation may be a complicating factor.

. -

o

The . purpose of this study is to 1nvestlgate the nature

of the underlylng cogn1t1ve structures of the alternatlve

hypotheses wh1ch mlght affect student understandlng of the

conception of motion as expressed in Newton's laws of’

motion.

A

In more deétajl, the study attempts to investigate the

questions?

1.

a. 1nert1a S g ‘ ~

What is the nature of the Grade X phy51cs students

'preconceptlons of motlon in the conceptual areas of:

e,

b.' ‘the eifect of forces on the motlon of an object7(

“To what extent are- these preooncept1ons held by Grade. X

T

phy51cs students in Edmonton Public Schools7 S
Is there any ‘consistency in the, type of. preconceptlon
held by-the student about various situations presented

to him?
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A

4. 1Is there aﬁ; relationship between the type of precon-
ceptions which the student holds and‘his achieuement in
physics at the end of ihstructioh;;s demonstrated by his
pétfdrménce on“the criterion test'and his school

. assessed end of term mark in phys1cs?

5. In what way do the alternative hypotheses parallel
earller theories held by Arlstotle or Galileo or other‘w_d
ph1losophers before Newton7\\\ _ - |

6. 1Is there evidence that the alternatlve hypotheses have
been mod1f1ed by the students exposure to space travel,
sc1ende fiction, etc.? |

7. Is‘there énj sex difference in the type of preconception
held, theAebgnitive stage of the student, his/her
achlevement in phy51cs or in any 1nteract10n of these
elements7 | |

C. ImplicationsAof the Study |
A knowledge of the alternate structures which might be

possessed by the students 1n a class is not only important

for the teacher but for the currlculum maker as well. If the

‘-student s perceptlon of a concept dlffers from his

teacher’ s, his acquisition of the sc1ent1f1ca11y approved i

principles may be affected. It would seem adv1sable to

introduce’certein concepts such as force.and energy earlier
in the curriculum to'builo up a more'concise,'USeful meaning

'for the student hefore he studles dynamlcs and to dlrect hlS

attentlon to those aspects of his env1ronment which are

?
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relevant to Onderstandingfphysical processesq'

Both teacher and .curriculum maker can also use these
possible alﬁernative hypotheses of the students in
considering'variousoepp;oaches to certain-topics. This is
particularly valuable with the more recent courses in
physics such as Harvard Project Physlcs\(1970) and Physics:
A Hdman Endeavour (Paul, Pierce and Stief, 1973), whith
stress the historical espect’of ;hysics. Knowing that
respected ph1losophers held thé same views as_he has
developed for hlmself can give a student confldeﬁﬁe and
encourage him to dzscover how later sc1entlsts used these

conceptlons to develope theorles wh1ch gave simpler lahs to

explain the observed facts.

D, Definitions

'concept - for“the purpose>of this stud& wild?depend on the
isolation of "some aspect (or set aspects) of‘the
Stimuli.'Examples of such conceﬂgiiare° mass, force
veloc1ty and acceleratlon wh1ch can be qualltatlve ors
guantitative and 1pert1a, causality and reversibility

which are pUrely gualitative.'
' The def1n1t1on of a concept is extremely dlfflcult As
Kendler (1964) has said, "The concept of the concept is
still vague and amorphous.

"Some psychologists classify the concept in terms of
personal involvement. For example, Jenkins (1966) has sugg—
ested three kinds of concept:

‘1. concepts dependent on shared characteristics (as in

v this study) .

2. .concepts defined in terms of a common response or
set of responses which the subject makes to
disparate- physical st1mu11, \
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conception - belongs to a particular individual and will

gener&lly differ at different stages.of development.

framework of knowledge - is the total sum of knowledge in

the public sense about a system or systems.

hypothesis - is a scientific belief or expectation that is

held publicly about a system or systems.

/hisconception - is an invalid concépt or relﬁtionship
between concepts acquired by a sﬁudent during instruct-

ion,

preconception ~ is a concept or relationship between
concepts acquired by a student before beginning

"
instruction in a subject.

q.

alternative framework - will be used to refer to the topél
' o o »
knowledge a person has about a system or systems. It

determines the perceptual aspects of the system which he
4 (cont'd)3: * .
concepts. based on systematic relatlons, e.g., what
is a meaningful sentence? ' ;
Others classify concepts in terms of thelr character-
istics (Kaplan, 1964):
1. observational terms, e.g., length, .
2. indirect observables, e.g., velocity, acceleratlon,
3. constructs -- not observable but defined in terms of -
- observables, e.g., instantaneous velocity, .
4. theoretical terms - meaning given by the part a
concept plays in a theory



‘f;con51ders 1mportant and 1s the ba51s on wh1ch he makes
ﬂhls pred1¢t1ons about ‘the system. The term framework
fdoes not 1mply a r1gld structure but a flexlble and even!

nebulous gonstruct in- some areas.-’

R

~ﬂfalternat1ve hypothes1s = 1s a preconceptlon or set of pre—
conceptlons held by a person before 1nstruct1on in a

]

subject,.e,g.,.the‘Arrstotellan’hypothesxs‘of motron.
'protocol -}15 the term- used for the transcrlpts of the

recorded student 1nterv1ews.

1nst1nct1ve —‘w1ll be used to descrlbe a response prompted

- by a’ natural or acqu1red tendency or aptltude.

Y
4

»1ntu1t1ve-- will be used/tO’descrlbe a. concept1on known or

learnt W1thout the consc1ous use of reason.

*~sophxst1cated -'w1ll be used to descrlbe a hlghly complex or
’ developed conceptlon | o p
'mature - descrlbes a fully developed perfectedf'uorked outi

conceptlon.

1mmature —’descr’bes a conceptlon nbt f1nlshed or perfected

1ncomplete.,*"



o earliest tlmes, 51mple or orlglnal

E. Limitations of the Study

pr1m1t4ve - w1ll descrlbe a response wh1ch 1s 1m1tat1ve of
a

A

»Ctiterion'test ~'is .the test deviSed by the investigator on

7 the top1cs assoc1ated w1th the tasks of thls study. .
- was presented by the teachers in the schools as an

-1mportant test.AThe marks recorded.rn_th;s study vere

obtained from marking by the:inyestigator.;_

o <
@

endiof'term marks - were the"markshassigned by the teachers
in the schools to the students at the end of the

semester .8 work 1n Phy51cs 10 f’d

conservatton of mot1on - is a psychologlcal construct
borrowed from Plaget (Inhelder and Plaget 1963) which
1nd1cates that a student realises that mot1on~doesinot
_ddissipate'except‘bylthe action ofian’externai
resistanCe. it is not intended tokrepresent a‘COnserved’
~ concept in'thsics such as'nomentun wnich'is conserved
'din ajcoilision'or’energy. .fot' g‘ E,

)

in‘conSidering the oUtCOme of'this study, various

5

»11m1t1ng factors should be con51dered

1. The results of -the study must be conf1ned to the student

populat1on from Wthh the sample was randomly selected

that 1s, Phy81cs 10 students 1andmonton Publlc ngh )
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2. The applﬁcation‘of cognitive.stages to‘the students'
. replles was 1ntended only for comparlson purposes - <

between the nature of preconceptlons revealed by i

- students on the dlfferent tasks. Since only one o

?crlterlon was used for asseSsment in each task these‘

.~ stages do pot fully represent those descrlbed by Plaget
3. ,The 1nterv1ew 51tuatlon places llmltatlons on the
valldlty of the results’

a. The student may be inhibited by certain factors in
the environment sueh-as\the.school atmosphere or by’
'perceiydngvthe’study as a form of testing. } _

b. fOn the otherthand the student may be encouraged to -

. produce 1deas wh1ch are not part of hlS personal
’cognltlve framework by overt remarks of the
.1nterVIewer or by non- verbal 51gnals desplte efforts
to reduce these. However, whlle these may. be
‘amportant for a psychologlst the teacher 1slmore
interested in the ideas which a student would
bpossessvin a similar sgtuatfon7in school.

s

d'F. Delimitations;of the Study‘

In selectlng the students for a fea51ble study, certaln
’restrlctlons we;e unav01dable° B

" The study was confined to Phy51cs 10 students at the
beglnnlng of the 1ntroductory semester ip phy51cs.

2. Only studen}s from Edmonton Publlc Sen1or High Schools‘ .



were used in the study .

The study was confined to investigatingvpréconceptions
in the areas of Newton's First and Second ‘Laws. Newton's - -
Third Law of Motion was .not included in the main study.

» .
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- _ ‘ | . Chapter IT

e, o . . REVIEW OF ‘THE LI'I;ERATURE

: R . . ,
A, Elémentéry;School Studies

The study of the development of scientific concepts inf
ch1ldren is domlna:ed by the wOrk of Jean Plaget and his -
.colleagues in Geneva. On the ba51s of clinical 1nterv1ews
with young chlldren ages 4 —'15“ Plaget traced levels of de-b
vvelopment characterlsed by speclflc 1ntellectual skllls.~‘
Briefly, these are: Pre—operptlonal ages 4 - 6 years, con4
cfete operationalf 7 = 10 years and formal operatkonal 11 =
15 years. In the preoperatlonal ‘stage, explanatlons of
phy51cal 51tuat10ns g1ven by chlldren are often anlmlstlc,

somet1mes maglcal or mystlcal. The second stage is charact—’

erised by the acqu151t1on of conservat1on of length mass,

L] v

- volume° the chlld is not aware of 1ncon51stenc1es in hlS

L4

'statements or contrad1ct10ns with other known facts. In the
third stage, the Chlld 1s able to reason Wlth concepts,
vabstract propertles and theorles and- uses symbols to express
ideas. He'is cr1t1cal of his own reason1ng (Karplus,_1977)
As an example, one experlmental problem presénted to

/

’Plaget s subjects was a ball launched by a spr1ng dev1ce

- ! -

along a horlzontal plane. The ch1ld whose reasonlng powers :
’ \

were pre- operatlonal exp1a1ned the motlon of the ball as
due to a force possessed by the ball When the force was .

used up, Bhe ball stopped The explanatlon by the ch1ld in-

17,



| j11'— 12 year-old. British pupils from "different ethnic

<

:this Stage answ‘red.the question "Why does it move?" Itbis
only in the:forlal.stage that conservation'of motion is
'acquired-and'there is‘complete.reversal of the explanation
‘tohanswer‘thelquestion’"Why does it“stop?" (inhelder and_
Piaget, 1958). °

“For other physical problems, subjects in the. formal 3

stage were able to give’correct‘explanations for the unwind- .

. ing and winding of a yo—yo'in play, a balloon released with.

air escaping and for problems. in inertia.

R

There is no doubt of the fertillty of Piaget s work but

he himself acknowledged that his results with children from
the better schools of Geneva differ from those with students
from other types of school and other social'environments
(Piaget 1972). While Piaget found most students . had reached
the formal stage by 15.years, Renner Grant and Sutherland.
(1978) tested 588 secondary School students in Oklahoma for
formal aMd concrete. thought and found the percentage of
formal thinkers rose from seventeen per cent .in Grade 7 to
only thirty four per cent‘in Grade XII. Grifflths {quoted 1n
Driver and Easley, 1978) found "a significant’oroportion“_of
N
groups and home environments” still malntain animisti
beliefs about ‘a range of ObjeCtS or events.

‘King (1961) found ten per cent of eleven to twelve
year- olds attributed life to such objects as sun and fire.
He was unable. toffind ev1dence of Plaget s stages of‘

T / .
. development but_described a gradual development of.reasoning
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.proceSSes'by aAmore systematic organisation of conoepts.
.In an analysis of studies on elementary school
chlldren, Voelker (1973) concluded that children know more
about many science concepts than can be found in
.1nstructlonal materlals for their ages and grades. .They are
often able to deal with functlons of concepts w1thout hav1ng
names for these concepts._”
Other studles on elenmentary school chlldren have
1nd1cated that explanatlons which chlldren glve for phen-
,omena do not fall ea511y 1nto Plagetlan categorles. Oakes .
(1947) 1nterv1ewed over one’ hundred and fifty chlldren aged -
from five to’ eleven years and studied thelb-explanatlons of
natural phenomena. He found that the seventeen types ‘of -
‘response whlch Plaget descrlbed in hlS earIy work were ‘not
adequate for understandlng the nature of the. responses. He
and other psychologlsts were attempt1ng to . analyse the -
| nature of . the chlldrens responses, not to present an 1nter—
pretatlon of the worklngs of a Chlld s mlnd as d1d Piaget.
ﬁ.:ﬁigh School ;%udies
Many stud;es have attempted to a551gn cogn1t1ve stages';
to students. w1th no clearly cons1stent results. The number
of students of the same age c1a551f1ed as be1ng in the stage
of formal operatlons varies between exper1menters and for»
-one experlmenter varies froh one task to another. The

results for various exper1menters asse551ng thlrteen year

old students varies from sixteen per cent to seventy five .

-
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per cent of the students being assigned in the stage of

formal operations (Hobbs, 1977). .

In a study of Grade X chemistry students from hlgh

_schools in Edmonton, Alberta, Wheeler and Kass (1977) found

'that as many as f1fty per cent of their sample mlght be.

non- formal in thelr thlnklng Th1s study mlght be compared
with the present work ‘which- deals w1th a 51m11ar sample from
the same c1ty o

Research on science concept.attalnment in h1gh school
students is more dlfchult to-find except in the study of
mlsconceptlons after or. dur1ng tu1tlon. Kass and Wheeler gj
(1979) 1nvestlgated problem areas in chemlstry, partlcularly

-t

in students' acqu151t10n of the mole concept. Because. of the,'

nature of the subject,-problems here seem to be‘due to R -

X

students' inability to reason with abstract concept¥ or to
misconceptions vauired during instruction rather than to
any preconceptlons they mlght have This.is to be expected

since .chemical 1deas are seldom encountered before school

blnstructlon. (Kass, 1977) -

“In the field of genetics, Kargbo.(l978) found that

Chlldren aged from six to thlrteen years already possessed

preconcept;ons on 1nher1ted characterlst1cs. The younger

chlldren seemed to be more rlg1d in the1r 1deas and the

older students .Seemed to be more flex1ble._“

Physics educatlon is a much richer source of precon-
ceptlons. Leboutet Barrell (1976) gave 10 questlons to 500

h1gh school students béfore they received 1nstructlon. He
BN

~

~_

. ) ’ -
/ : : Ce
N , , . I
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found that at about 14 -15 years "there was a ‘sudden 1ncrease
in the students vocabulary wh1ch clarlfled the1r explan?
ations but the common use of words rather than the sc1ent—
1f1c concept was Stlll prevalent. After 6 months instruction
~he. found thes; preconcept1ons were st1ll present and that
‘they 1nterfered with the acqu1sxt10n of sc1ent1f1c concepts.
With such large numbers and paper and penc11 tests, it was-
‘not p0551b1e to ga1n a: detalled knowledge of . the students
alternate frameworks._' S

"More recent stud1es of preconceptlons have concentrated
on 1dent1fy1ng the nature and extent of preconceptlons

;hefore 1nstruct10n. From a study of the attainment of

conservatlon of volume, ‘Hobbs (1973) suggests that the con-

cept of volume should be taught at the same time as the con-

cept of dens1ty and not before whlch is usually the case.
Erlckson, (1977) 1de3t1f1ed certaln_patterns of bellef on,
heat and temperature in twelve year old chlldren. He found
‘certaln conceptlons were w1despread 1n the . sample. For
example,‘heat and sometlmes ‘cold was regarded as a type of
subtle substance dapable of flowing into or out -of ob]ects.
In a study of preconceptlons about force, Agu1rre
interv1ewed students aged "from six to;fourteen years. He
found that’many students believed that forCes\acting at a’
'pointxdisappeared when‘equilibrium Was;attained.,He also
vfound many students believing that washers vere "heavier"

nearer the ground "He 1nd1cated that students also had

d1ff1culty with the comp051t10n of forces. In a later study,

M\ . . - ‘ | /

21
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Aguirre (1980) used the results of the previous work to set
a questionnaire’to Grade 8 students. Based on the preeon-
teptlons found Agu1rre suggested strategles for- teaching
force concepts wh1ch begin with the students own ideas. .
Investigating~childrenst beliefs  about free-fall
| . motion, Kuhn (1979) found many students beiieved that force
was necessary to maintain motion..ﬁe interviewed students
from Grades 6, 8, 10 and 11 andidecided;that‘even Crade-eh
.Students were ready‘to conSider these concepts at least
qualltatlvedy
Champagne, Klopfer, Solomon and Cahn (1980) found that
not one of their academlcally ta;ented“.seventh and elghth
gradé students conceived of motion in Newtonian terms.
Champagne et al. found that ten of the twelve studen@é
1nterv1ewed belleved that the force of grav1ty 1ncreased
over a ‘one metre distance as an object fell closer to earth.
The1r students did not dlfferentlate between mass and
'welght, volume ‘and speed;or veloc1ty and acceleration. They
" also found that their'students didfnot possess even a rudi-
mentary concep% of inertia. (Champagne et‘al.,'1980):
fsignificant'gender'difféfenees were found by Lynehvand
Paterson (1980) for thejrecognition of science concepts such:
as atom and‘moiecule,iprotonlandAelectrOn“in students from

* Grades seven to ten.



Chapter II1

THE INVESTIGATION.

A. The Pilot Test
The‘Subjects | ‘

'The subjects for'the pilot étudy”were sixt;;h Grade IX
students, éight girlsland eight‘boys, who intenaed td take
| Physics 10 in Grade X. Fourteen Stggents were from a Junior
High School close to the university and two from an
academically orientated Juniér’High'SChool.

Sinée tﬁeipilot test took place near'the_end'of the

school yeér,,in,June) these students wquld be'similar in

/

cognitive ability to the Students in the major part of the

study, Physics. 10 students at the beginning of their course.

Participation was voluntary so the sample was composed

méstly of students who fdund'physics fairly easy. -
. . ~N

The Tasks
‘ Nine tasks were devised each of which demonstrated one
"of Newton's Laws of Motion (see Appendix 1). Five tasks

‘described the ‘first law, two the'second and two the third.
| AN
- Procedure
-lTﬁs allocation of experiments was arbitrary, those.
_seeming'té yield the most interesting results were most’

frequently used.

23
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It was fortultous that the number of g1rls and bgys
given each task is equal. The number of tasks per studeqt
‘varled from four to seven.

Slnce thls ‘Wwas an exploratory exerc1se, a set df
guestions was established at’the_beg1nn;ng and modified as
the stddy pgegressed to a more gigid ferhat. |

| *The purpose of-the intérviews was to determine the pre-
cancéptionsfbf the students in the tasks set. As the
students performed‘tpe tasks, the interviews were recorded

with the students' previous permission. The tapes were later

transcribed. ' ‘

Treatment of Results,

The_transcripts of the interbiews vere analysed for the
congepts‘most freqhently expressed by the studehts. A record
was kept of the frequency ot express?oh of these'concepts 1~
-and a‘study made . to hote'those tasks most fruitful in
revealing the patterﬂ-of theught in the students.

From this study faur tasks which appeared to. pfovide
the most useful results were selected for the ma1n study
Three of these tasks dealt with Newton's First Law, the
' _balls in the groove, the ball in the cart and‘the spaceman
in\orbit} thekfourth'task, the cart pulled by a weight over
a pulley, dealt with the second iaw of motion.

The ttanscripts were also studled to attempt to- deter-

\mlne how students use sc1ent1f1cally defined terms. By d01ng

so, it was hoped to determlne_to.what extent these concepts
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were differentiated by the students and the manner in which

they were defined.

B. The Main ltu&?’ﬁ .
The perxod dur1ng whxch the 1nterv1ews took place was
the last week of September and the f1rst two weeks of
October, 1979 At this time the students had not begun to
study Newton s Javs: in, Physics 10 although at least six of
the subjects had studled inertia in Junior ngh school and
Task 3 was not new to them. Since "inertia" is part of the -
curriculum for Grade 9 5cience, it is most probable that
many more of these students hed beeh exposed to some teach-
ing‘of inertia‘but had forgotten it. This would‘be‘the sit-
uatieh in any Physics 10 class iﬁ Edmonton. Before Qhe
endipg of the interviews, some of the classes had begun a
study of acceleratien-as'became apperent in Task 4 but most

w

were still coberihg the mathematics required for the course.

_ The Subjects )
| The subjects for this study were forty Phy51cs 10

students from four senior high schools randomly selected

from the Edmonton Public Schoel system. It was orlglnally
intended to use two réndomly selected classes from each of
these~schools but it became éxpedlent to use three classes J/\\
from one school, one_from(anotﬁer and two from each of the
.other two schools. These classes wefe fandomly'seiected from

the Physics 10 classes in the’schoo}s and five students were

)
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randomly selected from each class, . .
w The distribution of the subjects by age and sex is
_ %iven'in Table 1. The ages are givep for September 30.

The nermal age range at this time for Grade X wouid be

14 years 7 months to 15 years 9 months. In some schools,
however it is common fogﬁstudents to enter Physics 10 in
Grade XI which would account for the large number of
students in‘the 15 years 7 months to 16 years 6 mon}h age
‘ éroup. The older students were in Grade XII and/or had taken
longer to cgmplete ;heir schooling. This would be -an
expected distribution of ages in Physics 10.

‘ ‘'Twenty six._of the subjects were male, fourteen were .
female. This proporfien of sixty-five per cent males can be
compared with the male/female ratlo for Phy51cs 10’enrleent
in Alberta high schools for previous years. The percentagsk

of males enrolled in Physics 10 in Alberta in 1975, 1976 and

1977 were 67.6%, 66.3% and 65.7% respectively, (Kass, 1979) i

A proportion of 65% males for 1979 is a reasonable extrapol-

ation,

The;lntervieﬁs

The interviews‘varied in length from fourteen to thirty
~eight minutes. This generally reflected varlatlone in
loquac1ty of the students but there vere some unavo1dable
constraln;s such as tests in the classroom and delays in

appearance of the students because the teacher forgot. These

delays were not important since it was possible to cover all
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,of the tasks 1n the remalnlno tlme. |
The 1nterv1ews at three of the schools (w1th thirty of
«;ghe students) took place in an unused laboratoryqat the‘
.school At the other school a small Phy51cs off1ce not in
use durlng classes, was made ava1lable for the 1nterv1ews.
w?he 1nterv1ews were. tape recorded w1th the students
sconseng-v | | v
Most&students, although 1n1t1ally nervous about be1ng
’;redg;ded ‘were cooperatlve and frlendly; There was one
‘exceptlon - a glrl whoganswered as. brlefly as p0551ble.' heﬁ

had the second hlghest mark 1n the school end of term marks

fbut came low 1n the third quartlle for the criterion test

: 'mark - the greatest dlfference in p051t10n of any student.'

"This suggests she ~may be an 1ndustr10us student durlng the
term who performs poorly under examlnatlon conditions. Her.;
conduct durlng the 1nterv1ew could perhaps be attributed to‘fw

fear that she mlght fall

Analysis. of Interviews
The transcrlpts of the tape recorded 1nterv1ews were -

'studled and analysed 1n three ways.

F1rst on scrut1n121ng the statements wh1ch the students
made’lnranswer to'each task, 1t was found that several
vstatements made by d1fferent students were expre551ng
the same{concept The statements made for each task were
listed and grouped together under the concept Whlch theyr

expressed A chart was drawn up for each task 1nd1cat1ng

o
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' dthe concepts eXpreSSed by‘eaCh"Student andtifithere was"
dmore than one, the’ order 1n wh1ch they vere e}pressed \
In- thlS way, a conceptual proflle for each student was

‘,obtaxned in each task”(see append1x 2). Ffom this chart,

a frequency table for the concepts suggested by each -,

task'was generated 1 | | | '\

Secondly, the concepts for each task were reviewed and com-

pared to assess a progre551on from the most pr1m1t1ve to
'.the most sophlstlcated explanatlon or descrlptlon of the
:'task From thlS and the student s conceptual proflle,‘av’
,cognlt;ve stage for each student wasvassessed. The
sophistication’ofgthe explanation and the cognitive\\ ]
b,stage of the studgat vere determlned by the degree to,
whlch he or she conserved motlon.~'
Thlrdly, further study 1nvolved comparing. these two factors,
" the concepts expressed and the cogn1t1ve stages

.assessed, with the students' performance on the:

criterion test, with individual items ondghe test and

‘with thelr end of term marks as assessed by the school;

';4The variation of cdgﬂltlve stage between tasks was also
- studled - B ’ ‘

It was hoped to determlne by thls method of analy51s
whether there is any assoc1at10n between the preconcept10n5~
of students at the beglnnlng of Phy51cs 10 and thelr «
cognitive stages at that time and their achievement at the

end of the course and, ‘if there is a relationship to

.determine its extent.
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The Tasks
%ask l; Horizontal notion along avgr00ve. i
| The apparatus consisted of a metal groove supported
horizdntallg by two,pieces.cf wood, (See_Figure 1). Attached
to a spring at one end;.was a "striker" - a square tablet of
hhwcod'which fitted in, at right angles to the.groove. The'
striker cculd behpulled back by;a'nail and released; Ongthe/
sides of‘the'groove were two marks: T0sone’the striker was
'retracted each tlme to ensure that\a constant amount of
‘ potentlal energy ‘was glven by The sprlng On the other mark
the near 51de of. the marble or ball was placed so that’ thef
spring was always travelllng with' the same speed when it h1t
\:the ball Although the striker would lose less energy to the
smaller ball the d1fference-1n massrof the balls was so' |
'small jn compar1son ‘with the dlfference between their masses

and that of the str1ker that almost the same energy was

given to each ball. More impo tantly,_the students assumed-

v Ly

that the. energy was the same [in each case.

> . . . - . .o L - .
T The.student'was'asked to explain what would happen when -
. . .

‘the f1rst ball was struck and "Why?". This was often diff-
1cult for.the student .to ansgwer: because he could not be sire
of what was-requlred. lf_so,‘he was 1mmed1ately,asked'the |
" next gquestion. The.ball' a steel marble,'was'prqpelled along
‘.the gro'c\'/e..- It was so. arranged that this ball s'ed about
half way along the groove.. ’ 'w"_:_»‘,": i

" The student was then-encouraged'@dipassﬁthe other two

marbles so that he coyld feel their weights relative to that .
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of the other ball without his attentlon be1ng drawn to thls

. factor. One was a glass marble of the same size but smaller

mass. than the f1rst, the second,was a steel ball with a
diameter about twice that of the other two and was therefore
considerably heavier.

The student was asked-whether there would be any diff-

erence in the way ‘these two balls behaved ang’to explain his
answer.»Each ball was then shot along t

students-were,asked to~expla1n'the re§u1t;

Task 2 ‘Inertia of a ball in a cart
A small open cart w1th sides ;and a handle was presented

to the student. A small marble was placed in the centre of

the cart, (see Flgure 2) The student was told that the cart:

would be sharply pulled along the table and equally suddenly

~~stopped He was asked to predict what would happen and to

glve his reasons why
This task was often used in Junior ngh School to
demonstrate the concept of 1nert1a. Some of the students

remembered hav1ng seen 1t performed and some could remember

,/

-

- Task 3. Inertia in space. T 7

Whlle the other three tasks were -ifi random order, thlS

was attempted last so ‘that the/student»would qlways have had

experience with the inertia in Task 3. It took the. student
: ' 3 o AN . .

away from the context of the earth intdé space and tested his
. ‘ . N . T Loy
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ability to-transfer his.ideas to space.
- ‘A large globe:ofvthe‘earth was shown,fa model spaceship
. and plast1c1ne spaceman, (see Figure 3). The soaceship with
the spaceman 1n51de was demonstrated orb1t1qg the earth in a
trajectory which took them over the north and south poles.h
The student was'then told "The spaceman heard a no;sew
out51de, put. on h;s spacesuit.and wenthutside‘to invest-
igate. When.the spaceship'was.here (over’thevequator) ‘he
\happened to‘let go of the spacgshlp Where would ‘he béﬁ'hen

the spacesh1p was over the North Pole and why’" It was ‘ment-

'1oned that the spaceman was wearing a spacesu1t thus 1nd1r—

'»f‘ectly remlndlng the students, it was hoped that there is no.

-

'a;r and thereiore no resrstance'to movement at the height.at
whlch a spaceship'iahin orbit. When the student had replied,
there was often some discussion. Then he was asked what
would happen if the spaceman did the same‘thing in.space but -
this time pushed away>from-the spaceship.‘Was there any.wayi

he.could get back?

o Task 4, Accelerat1on produced by a constant force.}
,In thlS task “a small cart o& ‘ table was attached to a‘

~ hanging welght by a str1ng over a;ngley, (see F1gure 4).

- The length of string was so arranged that the welght reached

ﬁthe ground as the cart touched the puLley There would thus

>be a constant acceleratlon when the cart was released from

.1ts initial p051t10n.
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o B ia .
The student was first asked to predict whatewoulé
“happen when the cart had been puiled'back ehd releaseda The°
experiment was perfermed and the student asked the reason
 for the type of mbvemeht.’

Next. the string was made‘longer and the Student asked
whether there would be any dlfference in the movement and
why The welght would reach the ground when' the cart was
.about half way to the pulley and the cart-would’traye} thehn
w1th a speed sl;ghtly.eecelerated by friction. _

The Criterion Test \ ; ‘

 .In order to make a reliable comphrison of the achieve- .

Ameﬁts of the students a test was devised which is named the -
'criterion test' (see appendis—3r.‘This"test vas composed of
twelve items, three items dealing with each of the subjects
involved in the tasks; For the'three items perteining to
~each task,‘oneewas straight recall, one ihvolved’application
of formulae oreknowledge teught in Bhysics 10 and the other;
involved transfer of learned‘matetiai to a new area. -
'The'criterfbn test was set in'three schools at'the end
;of the semester as an important review Wthh the students
7be11eved carried marks. At the fourth school from whlch were
~suppl}ed f;ve students,/the test was given as the end of
section test The, tests were, ;11 ‘marked for the purposes of

this study by the 1nvest1gator. One student missed the test

and for one other the test paper was mlslalﬁ

-



38
End of Term Marks S » ',.' ' : o
The teéchers' end of térm'marks wefe.collected for
'£hirty eight students -~ two students had dfopped‘the'course.
These marks were used to investigat¢ what reiationship mighé
~exist if any, between a student's achievement in Physics 10

4

and his conceptions at the beginning of the course.



" Chapter IV ..

ANALYSIS OF PREcoNCEbT;oﬁs
| Analysis of the student interviews will be presented
from two perspectives/ inithe*present chapter after ewbrief
description of each thk’ the sc1ent1f1cally accepted inter-

pretation of.the task will be given. Based on this explan-

dtion and on a psychoﬁogic 1 interpre tion of the data, a

method of analy51s of the concepts' 1 be describéd and

explained followed by‘a frequency t

ZRetieN
‘ /

~ ]
these concepts Parts of some interviews will be quoted

vof the occurrence of

"either to clarify the\conceptual basis of the analy51s or to
demonstrate the students .mode of response

From this presentation it is hoped to demonstrate the
nature and éxtent of the preconceptions which might be

expected in a typical Phy51cs 10 class in Edmonton Public

~

Schools ‘and to 1dent1fy .any sex difference in the type of
preconception held if such‘exists. It is also hoped_to
discover whether preconceptions held by these students in
any way parallel theories held" bywsome philosophers before
‘Newton or if there is any evidence of modification of stud-
ent thought by exposure tb space travel or sc1ence fiction.

;//f there is, it is hoped to clarify the nature and extent of
} - |
~ this modlflcation - '

After éhis general investigatlon of each gask across

|
the student population, /he next chapter will deal _with an

zmore‘COmplete,descripti_ons are provided in Chapter I11

l S : -

P
39



40

analyéis of the protocols of the individualvstpdents. By .
studying the total response to a task it is hdpeduto éain a
‘more valididescription of a student's conceptual framework
in tha£ erea. It should then be possible to test the con-
sistency of a student's responses ecross tasks and tﬁe
relationship, if any between the student's conceptual level
on each task and his success in Physics 10 as demonstraﬁedl
by his end of term marks and his performance in the criter-

ion test. Any sex difference will also be investigated.

A. Taska1: Coneervation of Herizontel‘uotion

In this task, the ball was to be projected'along 5
groove by means of a spring and the student asked to predict
and explain the resulting'hotibn-of the ball. fhen twd other

balls of dlfferent masses and/or size were produced and the

P
S

student was: asked to predict their movements and explaln hls\\
ptedictions. In each trial, the spring was retracted‘the
same amount»and the hall placed%@k%h its‘near edge on-the
same mark. Th1s/éﬁsu3ed that Eame amount of ene£§¥~was

given to the balls each time.

A ball of mass 'm' will move along the track with a
. 13;‘._-

veloc1ty 'vzbwhlch will ‘depend on the amount of energy 'E’
given the ball by the sﬁring and which‘will Be'determihed by
thearelationsﬁip )

| E='1/2mv2

J

!

According to New}onian mechanics, the ball QQuld continue
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1.

»

"w1th thlS motlon were 1t not for re51stance due to the

i‘frzctlonal forces. Because 1ts mass is greater, the large

I

jgsteel ball w1ll move most slowly also the grav1tat1onal

hrﬂforce pulllng 1t closer to the track is larger. Thus the

i

7fr1ct1ona1 retard1ng force 1s greater and 1s act1ng on 3

S U

i
,larger body 50 the retardatlon 1s the same. Slnce the 1arger

nball 1s mov1ng more slowly, 1t comes to a halt sooner, about

‘ one quarter of the way down the track Conversely,)thek’

'.marble hav1ng the least mass and the least frlctlonal

end of the track’ ';»;" o

[

A small contr1but1ng retardatlon whlch is prov1ded by

(oW

'are51stance, wlll go the fastest and farthest almost to the‘

the air is greater for the large ball than for the other’two

fwh1ch hav1ng the same size. as each other, would experlence

the same a1r re51stance.

-Mot1on of . a S1ngle Ball

‘studentsh;n descr;b;ng and expla1n1ng-the»motlon of the;

‘ball. L

RN

‘on. studylng the 1nterv1eys it became apparent that‘

there was. a 11m1ted number of'concepts expressed by the

/

v

Inhelder and Plaget (1958) reported the results of a

51m1lar task in whlch younger students between the ages of

ﬁ,flve andvflfteen vere asked-to,predlct'whach of several -

\
\

balls ‘of. varylng 51ze and welght would travel furthest along
“a groove. They found from the1r results that- w1th hncreas1ng
age of the subjects the responses varled from an~ attempt to
explaln why the balls travelled to a concern w1th why they

o

ll

™~
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of re51st1ng forces and as a consequence of thls, a devel-

fopmentvof the conservatlon_of motion.

The first task in this present study so closely

_resembles that of Inhelder and Piaget described above -

(al}hough dealing with a more homogeneous age group) that it

6o
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stopped ThlS tran51t10n sees an increase in the 1nvolvement

.&
is con%enxent to use Inhelder and Plaget s cla551f1catlon of

§

.students as a basis for categorlsatlon of the concepts

iexpressed The. concepts can then be des1gnated pr1m1t1ve or

Ps

\»\of motlon.

For thelr subjects, Inhelder and" Plaget dlstlngu1shed

R concretekoperatlonal'thlnkers);ch;ldren\aged’from~elght
‘AYearsjto thirteen and fo:mal operational aged above - thir-
“teen; To define formal operationai thinking, they~describe

' elght formal operat10nal schema one of whlch is composed of

"forms of conservatlon Whlch go beyond dqrect emplrlcal

i
'

._ver1f1cat10n"

U51ng conservat1on of motlon as the overall bas1s of

cla551f1cat10n, the statements of the studgnts can\be

3 . 1

grouped as expre551ng the follow1ng concepts'7

1. The motion of,a;bodya:equ1res a con "uousiforce.

2."There~is a constant relationship bet, n the force or

energy given to the ball and the #stance travelled by

‘3 A -retarding force of gravity acts on the ball.

t
oA

more mature bynthe,degree to which they express coﬂservatlon

"4, Retarding forces such as friction and/or air resistance
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(or pressure) are actlng.
5. The ball- would contlnue forever 1f no fr1ct10nal forces
.acted,j~k | ) | |
. The order‘of these concgpts iSi@n increasing lmportance of
sloving«down factors.-As will be seen later; the use:of'onel
_ doés not exclude‘the use of another sometimes almbst Simult—‘
aneously. - | ( ’
Table 2 presents aneanaIYSls offthe replies'of 92.5;per
'cent of the students. Of the remalnlng 7 5 per cent of /
students;’one said he "dldn t know" the other two gave no
more explanatlon than "the ball moved forward wrth the push”
and "The ..... (wor'd dlfflcult to hean) pushes it along”
nelther of whlch reply g1ves 1n51ght 1nto cognltlveb

processes. S ’ 4 B B . .

N

It can be ‘seen fromcghe table that the most common'

=5response whlch’was g1ven by half of the students,,suggested;v

“thhat the distange travelled depended only on the energy

/

lglven to the ball The act of mov1ng uses up the.energy or

sforce glven to it Gntil 1t stops thus glv1ng a constant
‘relatlonshlp between the energy or force3 and the dlsbance

travelled

‘5\«\

* The terms energysand force often appear to be perceived by
the students as-interchangeable and.do not have the precise
meaning they have when used in science. Energy (or- force),
‘as used in this context, is some undefined and undlfferent-
iated quantity given by\the sprlng to the ball which gauses
it to move and which is used up in the course of the move-
ment. S ‘ : _%’ -

!



- Table2z s

Distribution by sex of occurrenge of COncept§ explaining

&, - motion of single ball
o Per cent Fespbnding
A Boys - Girls Total
Pattern of reSpoHsev R, . N=26 N=14- N=40
| - - Continuous force is required .
o < : o R ' N .
Only response . . ‘ 0 : 7.1 - 2.5
) Later modified - o 17 0 5.0,
Total E o 7.7 7.1 . 7.5
Constaqt re1at1onsh1p between dorce and distance trave11ed |
On1y response : 1' - "% 27.9 - 57 1 - 37.5
< _Plus a retarding force =~ - : 3.8 v7.1 5.0
- Plus conservation of motion | BEEEE Y 7.0 7.5
CTotal o .38.5 71.4  .50.0%
Retard1ng,fofcei‘Tﬁ y
Only responée _' ) s re T T 3.8 . 0 - 2.5
- Plus friction . T 7.7 14.3. 10.0
Plus conservat1on of motion ' S , .7.7 - 0 5.0
- Total - R 2 143 1.5
Retard1ng foroes of fr1ct1on and/or air res1stance act
w1thout conservat1on oft mot1ona‘.“ , 19.2 °° 14.3 - 17.5
~:"conservatmn of motion- o - 30.8. 14.3 .. 25.0

50.0  28.6 42.5

Conservation. of motion

¥ Total 38.5 143 30.0
‘aOnly one student ment1oned retardlng forces on]y

X =5.0, 0. 2<p< 05 for d1str1but1on by sex
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'_Some comments of“theistudentS'uhich seemed to'lmply'~
. this relatlonshlp ares: - “,/’A | |
‘.fa. It stops because lt Puns out of push.
g b.ubvhe Force wasn ‘'t enough to push it.

c. It wzll roll as fan as the amount of power put into

L

it.

®
~

'd._ It needs energy to go a centaln d:stance
" e.. It uses energy and stops
F,u‘It loses momentum. - . - _ﬁ -

. There is a”significant difference between the sexes in. the -
(g
. use of this 1dea, girls belng much more llkely to suggest it

<

than boys - Ch1 square = 5, 0 p < 0 05

Altogether f1ve of the twenty studentsswho responded o

' with thlsuconcept laeer mod1f1ed their statements by referr-

hY

'»hllng to a re51st1ng force and three of these students event-

ually commented that‘weré'it not for friction, the ball

jﬁ§UId go forever3 Barb prov1ded an example of such ai change
RB, It would keep nolllng fonwand until it Iost the

J) momentunm or else it would roll to the end

whichever came first. I i
;lf_How would it lose the mOmentum? _
B. The force behind ivt wouldn’t be o »fhe‘fuhtﬁeh
'gaway it gets the mone force behznd it it Ioses

' vand so it gnadually stops because there’ s aln

: pnessune all anound bes:des lts PeSIstance fo
“the ball kind of slows it down | a;' ,"?

: Barb modlfled her orlqlnal 1dea that the ball loses momentum



46

as it goes along to an explanatlon that this loss was due to
a resistance = concept 4, Plaget m1ght describe this as.
;assimilation" in which the organlsm Barb modlfles her

by perceptlon of the motion to her cognltlve framework of

motion which itself undergoes accommodation(Piaget, 1930).

Three students seemed to possess‘the more pr1m1t1ve
91dea - that the ball needs a constant force to keep mov1ng
Their comments were as follows:
| a. ‘It slows down because thene S nothlng to keep
going. - S o
b. It slows down because thene s nothlng hltting lt all
 the time. | |

L}

c. It slows down because there’s 'no fopce’pushing it. .
_.Again, one of these students later mentioned resistance as a
factor in the motion.

Of the students in thlS study, half spoke of a res1st-f

ance, descrlblng it as one or more of the agents of gravity,

‘frlctlon or air resistance. The use of welght or grav1ty was

_ ?
.( very personal Some of these twenty students exp11c1tly

-stated that- the welght or grav1ty caused frlctlon Dav1d
\

ibalmost seemed to be talk1ng about frlctlon when he sald
s D. .as the'ball’ s rolling down lt gets slowen and\\\
slowen because the gnav:ty s pulling down handen f\\\\
against the steel It tends to slow down. o
On the other hand, Brlan one of the youngest students who

achleved average marks clearly separated the two:

DR



; _Icm’ﬁot sure Héw faP‘it’I;'go‘buf'it’ll élow_
down. | | | - |
1. why? | _ '
B. Because of thé’éfavity and thehe’s néthingu_

B. .

/

maklng it go forward. The only power it’s 1
gettlng is when that thlng shoots it forward and
lt 11 Just slow down because the gnavlty s
makihg it slow down. . |

The'gréviEY's making it siow dowp?‘:

And Friction'on.this.

‘How does gravity‘make it slow down?

Well, it’s pulling it harder to the-gnéund and _

if it’s fast to the ground, you can’t act on jt

"as*easywand theh’whén the gravity starts ft

pulls it down and it”11 slow down until it
stops.
So there's gravity and friction acting on it?

"If you got rid of all the frlctlon - supp051ng

"you could, what dlfference yould - that make?

It would go for a longer distance but it would o
still Stop because of the gravity.

.. So the graviﬁy-élo§s it dpwh?

Yes fhe friction just:sloWs it‘doWn'albit and if

you got rid of it all then lt would go: Fasten
9.

well it would go Iongen‘

' 7

Brian was clearly separatlng grav1ty and frlctlon and was
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one of those students who. belleves that a vert1cal force can-

oppose a horlzontal motlon.

Th1rty per cent of'khe students expressed,the concept
of cbnservatlon of motion but only half (6) .of these men-
tloned ;t.as a first response.-The other six ;ntroduced the.
concept later. For‘eaahple.wendy, an aoove average student
in both end of term marks and on the’ crlterlon test

i}

expressed several conceptlons about motion when asked

a L~

predlct and explaln the motion of the flrst ball.
w. The ball WIII be pU;;gd\

\fonwand and It 77 con—'
tlnue in a fonwand motlon along the strip.
because the fonce that you, used to pull back IS

, belng used in the opposfte way to push the ball
' fonwand
I. What will happen to it along there7

W It 1l slow down - gnavrty on because the amount
‘of force has been expelled it” s éEen used and it
slows down and then plus the gravity and the,
pressure. ’

'I. How does gravity qptk'against it? ‘ k

W. I don’t know if the gravity would - I know

: pnessune pnobably would the a;n pnessune | _
.because it’s gozng agalnst the air pressure and
lt s havzng to pusn?;ts way thnough so it’s

: slowly IOSIng the fonce that was grven the ball L.

to move. -
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"I. If there wasn't air pressure ‘would 1t go on‘
‘mov1ng7 o . ) !

w.‘ Theonetrcally wrthout grav:ty because once lt
goes off the end it should fall n{ecause of
gravity.

I. ‘Sdriflthere»was no air»preseure'end this wes
‘iﬁfinitely long wouie it continué movihg5
W;'WIt should, yes. There’s nothing else stopplng

it. ' ‘
I.I_Wduld ir go on forever? . |
f?: w. WEII lf this was lnflnltely Iong, yes
'One mlght wonder whether Wendy was: an. 1nst1nct1§e conserver\
of motlon since the questlon of conservation was not spon-.
Vtaneous. This doubt is relnforced by her reply to the space—
sh1p questlon. A ' ,
W, He s going to follow in the path fon a ]lttle
o ways and then the gPaVIty will overcome him’ and
':, ) he’s going to fall to earth.
I. Why w1ll he follow in the path’
Ww. 'Because he’s gorng to let go and that s the
| motlpn that he’s been rn}the rpcket and he’s
movfng'at the same speed aS'fhe rocket. and when
‘he-)ets go he’l?—contihue but he’lf'sfant to
slow and fall to earth. a
1. why.will hevslow down?
W. ‘Beéause7he’s going to descend.

Again,; gravity was used as a slowing-down agent.
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N
]

. P . _ §
Although' the other students had no problem imagining

the unidirectional movement of the ball along the track,
'ﬁ_Deborahﬁ(ZOA) persisted in holding an incorrect expectation'”
- for the motlon of the ball despite ev1dence to the contrary

This was her response when asked what would happen to the

-ba 1 l\.

'D. Jhe ball.will go about to the centre and then it
wrll go back because of the~fonce behind the

: pPlng ' »
. I. Why do you think it wili"go back? N
b;"uUst_because of the gravitational *---- (pull? -

tape difficult to hear)
I. 1Is if on a slope? |
D.” No. |
T Well what wxll make it go backwards7
\ D.’,dust the fonce of the sprtng drlv1ng it-
I.F’That w111 make it go ‘one. way and then it will go'
‘ back;-why do you think it will go back?
D. Idon’t know, I just think it will.
Theiball was prOJected _along the groove
I. Why did it do that? | |
- D. Because that was all the force you had rn the
o _spring. That was as far as it could go.
I.L Why does 1t need a force to go along there?
‘D. It Just couldn’t move ltself you have to do
somethlng to push It

I.. Why can 't it go further than that?
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D, Because thats all the force there was in the
' spnihg. | ‘ |
After the interview, Deborah voluntarily returned to the
questlon' | | 9 |
, -D., WOuldn t they go back because you pushed them
from the spning forward? Wouldn t they neturn
‘back because there’s no push left 1»n them?.
I.. Why do jou think they would go baokwerds?

' D. It’s just the way it looks they would go. |
,;when asked whetnerfehe had played/bagatelle‘; Deborah agreed -
but did not seem too sure. Perhaps indeed she had played it
vbut‘had never'perceived the_slope'on tné-board. It suggests
‘one 'possible reason wvhy more boys than girls takedphysics c
and seem to find it more eppealing - they are'more likely to
‘have played a veriety of'games where kinematice are import-
ant and perhaps ‘have .thus acqu1red an 1ntu1t1ve understand-

1ng of the motion of objects under varylng condrtlons.

o

A3 . & ]

‘It'was found in this task that a lérge number of
responses can be obta1ned from the students but on analy51s
only a few- concepts, ranglng from falrly elementary to
mature are - found to be represented Grav1ty, as well 'as
'belng confused w1th energy, welght and momentum has a very

personal and often undeflned meanlng for the’ student using .

~_‘ Bagatelle is'a table game in which a marble is prOJected :
along the side of a gently sloping board. It then falls back |
under the-effect of : ‘gravity over the surface of the board

and can score points by being" stopped in one of several

: ,traps.» .

N
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t.'Although_the'taskAseems to be very simple, merely the
explanation'for the movementrof a single ball it is
p0551ble for a st dent to be able to glve a false prediction
for the movement nd to per51st in this idea in spite of
visual ev1d;nce of the contrary.
The Mot1on of Balls of leferent S1ze and Wexght
When two other balls weré 1ntroduced to the task, the
students attention became centred on the contrlbutron of
weight or mass tE\the distance the ball goes. Thisvaffected
- the distribution of repiies but not the type of concepts
used in the two parts of the task so the analysis was per—‘
fformed u51ng the same, crlterlon that 15}‘the degree to
which the students conserved ‘motion. The concepts used for.
cla551f1cat10n were: . o . -
ij $\§re is a flxed relatlonshlp between the force or -
energy glven to the ball, the mass of the ball and the
distanee it .goes. ‘ )
2. The distance depends on the inertia of the ball.
3. Gravity or weight is a retarding agent.
4. The distance gone depends en the resistance to aail.
5. Conservation»of motion is explicitly stated.

6?!‘Speed is a‘determining factor.

' Table 3 glves the distribution o\ gse concepts. Also,

glven 1n the table is the frequency wit hich each concept
was accompanled by some 1nd1cat10n of th' importance of

frlctlon or of conservatlon of motlo

»
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o Table 3
Distribq&ion'by sex df occurrence of cohcepts exb]aining
' motion of balls df different size and weight
Per cent’ responding
Boys Girls Total
Pattern of response ‘ ' N=26!  N=14 N=40
- Fixed relationship between force/energy, distance and mass
Without friction | C o192 57 3,5
- Followed by/friction ~ 154 214 7%
‘Total i \ T 34,6 78.6 . 50.0%
; Relationship between inertia and'distancé«
© Without friction 3460 42.9 375
With friction R 9.2 17. 15.0
Total | . | . 53.8.  50.0 52.5
- o | : |
Gravity[weight4as a retarding agent -~
" Without friction = o 15.4 21.4 17.5°
With friction - : .17 . ] 5.0
Toyhl - | 231 21.a 22.5
| ‘ ' _ Resistance slows down
Without conservation of motion _’ 38.5 14.3 ©30.0
With conservation of motion T 7.7 1A 7.5
Total = . 46,2 214 375 ;
‘ | Conservation of motion ' | :;
Explicitly stated = I A B R
' Speed is the determining factor " Lo

‘With conservation bf motion - . 3.8» , 0 2k 2.5

*x?s 7.0 .01>p>.001 for distribution'by sex

S
b



The statements relating to the largér ball are assumed
to indicate ‘the same concept when the opposiik‘:fservation
is made for a lighter ball. '

°

The most frequent reply was concept 2; the variatiop\in
iﬁértia due to mass/weight. Over half of the students .
feplied in this manner although one third of these later
mod1f1ed the1r replies with a more sophisticated statement.
Phrases whlch suggested this 1dea wer:' : x

The spring has more energy when it hits the little

ball | | o

The sprrng doesn’t have as Atch effect on the Iarger

ball ,

It”s harder to,'push a heavy ob ject so it doesn’t go

as far/doesn’t go as fast.

°The first concept, a fixéd relationsﬁip between force
. or energy‘énd distance and mass was almost as popular. Haif
of the students‘feplied in this manner alfhough agéin a |
~third of these later modlfied it with é more sophjsticéted
staﬁement; Typiéal deScriﬁtions of the fixea nature of the
relaiibnshipﬂareg ' ' | f i ' { .

A heavy object needs rmore push (force, energy or
‘power”) to move a certain distance, = Lo

%
Students were more likely to modlfy -this concept by

' ggerrlng to fr1ct1on when comparlng the movement of three

Y .
\fballs than when descrlblng one. -
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g As when descrlblng the motlon oi one ball there was a
l51gn1f1cant dlfference in the use of thzs concept betweenf
.7the sexes. Almost Seventy n1ne per cent X11) of the glrlse
,;compared wlth almost thlrty fxve\ber cent (9) of the - boys
ementloned the 1dea._Ch; square for th1s dlstrlbutlon ls 7. 2\“§/}n
0T *%p >;.oo]. Slnce ‘this seems to be a per51stent sex |
{f~d1fference one must conclude that glrls enter1ng Phy51cs 10

‘o .

'have much less soph1st1cated 1deas about motlon than do- ,r °

*zf boys. There 1s a correspondlng tendency for more boys than,'

bg1rls to glve soph1st1cated repl1es,,but the dlfference is
_not 51gn1f1cant Nearly all (85%) of the students ment1oned
o elther concept 1. or 2 That is, ”they flrst salg,elther ”It
'”,takes mor'e ener‘gy to. move a. Iargen ball" It s harder- to
o push the 9argér\ball"'The other flfteen per. cent—ghly
mentloned some retardlng factor bezng 1mportant 1n the

idlstance the ball vent. :

- ‘ ' /'2& v

Slmllar to the 51tuat1on when descr1b1ng tﬁ% factors )
_affectxng the motlon “of -2 51ngle ball when almost one f1fth\\
: /-
respohded in this’ manner, one quarter of t://fkudents-used

the term""grav1ty 'welght".assoc1ated 1th d1551pat10n )
* : R
: of energy to explaln the dlfference in movement of the three

‘ balls._of the eleven students who offered such an explan—

\

',at1on 1nvolving grav1ty, two 1dent1f1ed graviiy wlth a force

o

’ downwards wh1ch 1ncreasq nres1stance"



weil “that has more welght so there’d be moﬁifl o

friction | ‘ N

Of the other n1ne, eight appeared to belleve that the pull

S

lEnglish,iappeared t0“have arriwed fairly,?‘;

of the welght or grav1ty downwards slowed down the motlon
"For example, Jane when asked what d1fference grav1tatlonal Rt
pull would make replled

Wéll :t holds it back mone, holds it down to the

O o -
14

Enound more so that it can t movg ‘as easrly

In th1s case, Jane demonstrated that she was not confused
Ny .

wlth the dlrectlon in wh1ch grav;ty was actlng but saw no

. »confllct in. descrlblng a vertlcal force as a horlzontal

retardatlon Claren who, from the difficuly

y from Asia,
L _ :

tecognised the problem. éheff;rst'snggestedfthat gravity"

- made the heawy ball need.more “strength“ to~godthe same

dlstance as: the small steel ball but when asked what dlffer-

'ence grav1ty made she sa1d~ '

C. I don’t th:nk it does.
I;ﬁ;Why’

R

.';3{;;

.L.CfdlIt doesn’ t - (pause of 10 seconds) - maybe It
R does but not a gneat deal. It s Ilke people
| walklng When the gravrty pulls you down so If
 the ball has the gnavrty pull - I don’t thlnk it
w:applles because the ball IS gozng all the ways |
It s just travelllng thene it’s not tnavelllng

. >, up and down:



Doug was a student who appeared to have more ‘uncommon
ideas. Wheh asked to explain the ‘motion of one ball, he

,suggested gravity without mentioning direqtion.then asked

whether“usihg the otherrballs wouid make’ differende, he
said: - | .4 |
| D; SUneait will, welght The amount%of’weight on
that . spot companederth amount of pnessune you .
“can put on to it w:II vany The Ilghten the
object the eaSIen it is to push it; the heavren f
1'1t is the handen it is ;e push Iﬁ?ﬁ;ou tny
1llft1ng a box that’s 1ight, it’s qutﬁé easy but

Tag

a heavy one, If s a Iot harder.

I. So what- dlfference will it make. .
D. ,S&pe, the heavien one won t go %a far.as the
' smaller one. | ) |
After\establlshlng the order of the dlstance the three balls
would»go— Doug appeared to clinch the argument b; saylng.
| ‘d., Because of welght also because of size too -The

4 smaller the obJect IS, lt s a lot easier to x L

mean size does have its advantage to an extent

I.  Why? _ ‘ ‘

D. It’s a Tbt-easien to mbve{sOmething.smaTI.‘A
‘fast ball is lighter than a soft ball and I .
'fhfnk'fou can*tHPOW it funthen‘because it’s
eaSLen to grip and lt s small but a soft ball
btggen and lt S heav:en and y@y ve got to use a -

»

.Iot more’ stnength e
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In théS'context, néﬁg appears to be thinking‘in_av o
similar manner'to Piaget's'young stndents, Piaget (1974)
dlstlngu1shi%’we1ght quant1ty and’ weight action in sit-
“uations qﬁéAgu1l1b;1um. When young chlldren (less than ten
years old)rf1rst learn to dlscr1m1nate betwen the two, "from
the~p01nt of v1ew of-we1ght act1on.;.when it comes to dir-
ections followed by the we1ght cons1dered as force, we
observe a curlous and rather systematlc gap The weight does
not always go down vertlcallyiand in some cases does not
even have a tendencyAto go‘down“’(p.91), Althougthiaget!s
stndents wefe dealing with static forces (ladders in equili-

brium, for example), the conception appears to be similar.

‘ Almost one'third (13) of the students-menbioned frict-" .

o

" ion or air resistance as a retardlng force whlch varied w1thl“

the mass. The type o& comment made ;as.
“ Am neSJStance zs gneater' on the langen ball
Fl"lCtIOfI is gr*eater' wrfh a heavy ob Ject |
'fThere was a greater tendency for boys to mention re51stancer
Forty 51x per cent of the boys d1d so compared wzth twenty‘v ‘
‘one,pervcent of the glrls. |
H-rInythis task} the relatlve mot1on of the balls was

pe?ceEVed as‘being more 1mportant than the mechanlcs of the
motion*ot an individual'ball‘ 0 only three students found

.any need to mentlon the congervatlon of motion compared w1the

twelve when dlscu551ng the movement of one ball:



L a rudlmentary idea of a flxed assoc1at10n of mass and

o The student is paylng ‘attention to the speed o

s :1“’"

If there was no friction at all, then they would
. ' . . . !
- ]

: just‘keep going. . ’ ' o o
Concepts 1 through 5 can be seen*as-a\progre551on“from

1

dlstancevto a more soph1st1cated awareness of the inegrtia of

r"\..

a mov1ng object. Statement 6 does noe f1t in th1; conblnuum;

the objectm

Thé’ heavien bal] Stops sooner because it/ is going o
slowen.

“Sooher",.in'this case, probably means at an earlier-point

along the track" rather than "eariier in timej. This |

assuwes,,probably uhcthciousiy,_t at the:eff

W

ct of the
‘ b
retarding forces on the three baYls is the same, that' is,

that the deceleratlon is the same., ThlS is ro ghly true.

~\

Because of the slow speeds,x-lnetlc frlCtIOﬂ is nearly

proportlonal to the weig and therefore to the mass of the’

ball. So,the retardlng/force due to friction jon thevsurface

- of the tracks wlll b greater on the heav1er‘ball but since’

this force 1s actpng on a correspondlngly grepter mass, the
ﬂ ,r/i
net effect w1ll he ‘the same. Thus, the large
g2

slower,_w111 be béought to a stop sooner.

/
/

all, already

it 1s doubtful whether Tim, the only student offerlng

thlS explanatlon, performed any such 1nvolved reasonlng Hlse‘.

attention appeared toAbe concentrated.on the dlfferent,

speeds of’the balls-rather thah their different‘sizes. Ohce

;the balls ‘are in motlon, and the dlfferent speeds

' hestabllshed the masseé are 1rrelevant Perhaps, if ohe

4 . : 1

|
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studenes had been asked first which would go faster then
which wculd'ge further,.the difference in speeds.weuld have'
been used more often to explaln the dlfference in distance.
It does however serve to 111ustrate that within a class,
,students will select dlfferent factors as 51gn1f1cant in the
same. probiem. | .
i' ‘The wrong predictions Whlch five students made often
1llustrated some>1nterest1ng preconceptlons, of the three
who thought the lightest ball would gofleast far,_Gordon oV
said: | o
Because it has thé smallest.subface‘abea so
thenefone - if you push it the same, it’]] rotate
 more than that one w:ll or it would ..... . in that
distance it would ‘go .round more tzmes and therefore
more friction so tt would therefore stop earlier
* This is -a mathematlcal problem rather than phy51cal (as 1n e
jphy51cs) assumlng that Gordon believed —
- j “total re51stance % force X dlstance‘
and confused dlstance with the number of t1mes the ﬁarble

w'-z"atated T1m also, before .his explanatlon which dealt wlfh

'"the relative speeds of the balls, had predlcted the marble

would slow- own earller
Well, if's nghtep and. the pneSsur*é - the weight and
eve,” hing pUShIng agarnst it will slow it down |
Faster - o

He did not reallse here that although the. effect of the

frIctlonal force on a sme&ler ball would be_greater, tﬁf’

SN
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_\force 1tself was smaller than that on the heav1er ball When

&
(

- he saw the lighter marble go farther he malntalned the same‘

!

,set" toward the problem, that is, he was concerned w1th the
a v

: speed of the slowzng down" process ‘and so- he proposed the

’orlglnal response, namely that ‘the effect of the retardlng

(a

. -force is the same on both balls but the larger ball, moving

slower wlll slow down earlier,

The repl1es of the two students who said the three =

* balls would go the same distance were totally different.

Geoff sa1d

G. _ThePe Shouldn t be (any dlfference) even though

j‘hk

there s a%@?rght difference. It should travel

’7the same_distance (as;the first steel ball) -

'Ji-f I. Why? o o

G. well, I can ‘t even explain it.
Carmanvs reply was more sophlstlcated°
It (the Iarge ball) would go ‘very slow but it wrll
pnobably go as: far DECause 1t has greater mass and
mone momentum® | | |
Carman seemed to assume that. the retardlng force was the
same on both balls so the one w1th the greater momentum, the
large one, would go further. Carman was one of ‘the top |

- e —

S In fact, thlS relationship between mass and momentum, is

“true— rf"as is assumed, energy is the same for both balls,

1/2m,v,? —1/2m v,?, that is, mv, x v, =m,v, X v,, or
momentum is 1nverse1y'proport10nal to velocity. But rate of
change of momentum is correspond1ngly greater for the: larger'

ball (frictional. force is greater) therefore the large and
"small balls will stop ?w the same time during which the,
faster ball, the small one, travelllng faster ‘lll go

G

further.
- AO



students in end of term mé}ks and the criterion test. ‘
1In the f1rst part’ of this task, the students"descripti h

ions of the movement of the 51ngle ball always moved from an
nelementary to a more sophlstlcated concept. In comparlng the
motlon of the three balls, this was not tru®. Geoff's T
response gas an example of" thlS. He first predicted that ali
three ‘balls would go the same'distance but’after-seeing the
'glass marble trsyel much further than-theismall-steel,bail,
he said: R | ’
" G. That was lighter so the gravitational pull is
o not as strong,_I guess. ' '
I. FWhat about thls one? (The large steel ball)
.d. It shouldn t go as far
;,I‘\ Why not”

G. Because it’s heavzer It’s blgger

It ,What dlfference does that make7v »
'G. The mass, I ,guess, but that doesn t make sense
- because wher you. drop two obJects ‘the same shape
. but different weights they hit the ground the

. same time.,

I.. But”we'te not.dropping them;‘we aretposhingithem'
| ‘elong‘here.'Therefs a difference.
G. Maybe they catch more air because they re

| bzgger N |

I. Does ‘the air*slow'them'down5 o

'G. vElthEP that or It s heav;en

The glass ‘marble and the large steel ball were in turn



1projecte!|a;ong thg'track
G.

1.
. G.

‘Because that’s the Same force except it needs

63

I Flgune ft’s the weight now

Why? ,

more strength to push a heavier object and that

‘belng heavier It s the same stnength but it’s

like lifting welght you have the same strength
but you can ‘t Tift heav:en thlngs because you re f
not ‘stronger, I guess So it needs mone enengy

~

to push a heavzen object.

In this. 1nterv1ew, Geoff first mentloned the heav1ness of

the large - ball wh&ch m1ght indicate concept 3. Then he

mentloned air gﬁSlstance, (concept 4), and flnally dec1ded

on the concept of 1nert1a (concept 2). HlS replles had a

different character in the first part of thls task namely:

G

'It wouldn t have enough ‘momentum to go alI the

way .

Why not?

‘I wouldn t- know, just the gnav:ty, I guess

What does the graV1ty do?

. It pulls lt down lt slows it down.

'Grav1ty pulllng it down slows it down?

If it was in space I guess it yould Just keep

go:ng because thene was not too much gnavzty

" The above excerpt 1llustrates a tendency common to many

students to. be reluctant to con51der that there mlght be

‘more than one factor contrlbutlng to the retardatlom. It

A
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v

‘also demonstrates that the conspicuous aspects of a

situation not only differ from person to person but vary‘for
each 1nd1V1dual dependlng on the c1rcumstances. There is no
guarantee of transfer of conservatlon of momentum from one

51tuat10n to another in space. If teachers prov1de examples

and problems in ast1de a varlety of" 51tuat1ons as possible,

‘transfer mlght be encouraged Exper1ence with' the concept of

'conservatlon of motion in thlS way, hav1ng to th1nk 1nstead'

of apply1ng formuiae bllndly, mlght encourage acqu151tlon of

" the ‘§oncept.

similarity-ovadsPonse hetween Tashs 1A and 1B |

Some of ‘the conceptlons expressed in descrlblng the -
motlon of one ball and comparlng that of three balls’are
very 51m11ar and the COrrelatlon of thelr expre551on by
1nd1v1dual students on the two tasks can be compared using
the ch1 square test; The use’ of the. conceptlons that the .
d1stance the ball goes is related to the amount of energy’
glven to a 51ng1e ball and’ that the. dlstance is related to
the energy and the 51ze of the ball when comparlng the three
balls seem to be 1n51gn1f1cantly related Ch1 square = 1.30.

p >> 0, 20 The use ‘of 'an 1dea of fr1ct10na1 force in the two

parts of the task is more hlghly related Chi- square = 6.41.

‘The probab111ty of thls happenlng by chance is leSS'than

0.02 and greater”than 0.01. The use of the term grav1ty as a

slowing down quantlty (but not when used as related to a

frictional force) in the £WO parts of ‘the task gives a

A
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chi- square of 4.50 u51ng Yates correction for small expected
treduenc1es. In thls case, 0. 05 > p > 0 02.
Summary

~The students mental 1mages range from elementary
Arlstotel1an 1deas where continued horlzontal motion
_requ1res a: constant force to the more sophlstlcated
Newtonlan chéept of conservat1on of motion. These dlf;erent
1deas are not mutually,exclu51ve, studentslcanvexpreSs both
and many d1d Although most students, if they mentioned
.several conceptlons, moved from elementary to more mature,
this was not always the case. ',4 I j

To some extent the task determlned the nature of the
- reply. Approximately one 1n three students actpally men-
‘t1oned consenvatlon of motlon when descr1b1ng the motion of
one ball but less than ten per cent appeared to conserve
mot1on when comparlng the motion of three balls.

In_psycholog1cal tests such as word'association primacy -
.ddf response is'assumed to be of importance in indicating
1ntu1t1ve ideas. On thls ba51s, conservatlon of motlon
rarely appears to be 1ntu1t1ve 1n thlS sample. When pre—
sented by students; conservatzon of mot1on was\usually
-preceded by a more primitive responSe.

Such terms as energy, force, pull of graV1ty are
usually used in a colloqu1al sense. The f1rst two are often
used 1nterchangeably while"~ each of the three may . be used as

a quantlty related to mass. When gravity was used in this

manner, its possession tended to slow down the movement of a
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body; Many of the_students"problems inkinterpretation
seemed to stem fron the lack of differentiation‘of'thesey‘
terms as well as 111 def1n1tlon.

'The 1nterpretatlon of the term pull of grav1ﬁy is very
personal. Of the fourteen students who mentioned the pull of
graVity as an agent Of retardatlon{.three said the»greate?
weightvor pdlloincreased.friotion and ngne implied that the
force of graviti downwards would slow down the horizontal p‘ //
motion." | R ‘ |

There is&only a slight tendency tor the samestudents\_
to use the idea of a fixed'relationship-between the energy
given and thé;diStance:the‘ball goes on the two(psrts of the
task. Students using the concept of frictional forces‘s;owf
ing down the movement of onewball are more likeiy to.USe the
same concept in explaining the differenceiin movement Sf_-.
} three balls. The probability such a distributron would

' happen by chance is less than 0.02. Students are signifi-]%x J

o

cantly more,likely (0.05-? p > 0.05) tO‘use gravity or
" weight as.a slowiné-down—factdr apparently not relatedvto
frzctlon 1n the second part of the task 1f they used it 1n
the flrst part in that manner.,"

Girls are tw1ce as llkely as boys to suggest that the
,dlstanoe\a ball travels depends only-on its size and the
force given. The dlfference 1s\significant though only
slightly (p <vb 05). 'There"is‘a tendency but not a signifi—
\cant one for boys to g1ve more mature responses 1nclud1ng

' the 1mportance of fr1ct10n and conservat1on of motion.
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B. Task 2: Inertia of a Ball in a Cart

e

run is SUédedly stopped: Then the demonstration was P
rformed and the student asked for an explanation agaln. f@%:

There are three constltuents of the motion of the ball
and cart: The first is the 1n1tlal movement,of the cart “for=
ward while the ball-remaine still. Because of tﬁe relative
motion of the ball to tﬁe cart, it(appears to'most people
‘that the ball moves to the back of the_Eart; The second
.element-occurs when the back of the cart_hits ihe;bal1,
setting the ball in motion with it and the‘third factor is
the continﬁed movement of the ball forward when the cart
stops. ‘ |
" Predictions

The topic ot inertia is in the Alberta Jdﬂior‘High
School‘curricﬁium for Grade 9 and Task 2 would be a likely
demonstratlon for 111ustrat1on. It was therefore not sur—
prlslng that three- quarters of the students knew what to.
expect. Whether they described the ant1c1pated mot1pn as a
movement ef the ball backwards then forwarde, or as stat- :
~ ionary tﬂen forwards, they were predicting correctly aepend-,
~ ing on whether they were describing the relative movement of‘

the ball. to the cart or its absolute motion.



Anagysis of Concepts
\4 ‘ .
‘ In analysxng the replxes to this task, ,it is convenient

;e force waslproposed\to'push the;ba1l bacg.gras or

to hold it stationery or push it forward when the cart

: t g :
stopped. - 3y : -

i & . . - N LN

~M72, A more mature-notion was one where an agent of weight or

gravity was suggested which seems to have some kinship

- to inertia. | | | ‘
3. An even more. sophlstlcated response recognzsed more
fully the idea of inertia acknowledglng that the ball
doeskpot "wxsh"ito change its state of rest;or of
motion. | » , | _ R : | ’
4. The’fonrth conoept was that of inertia.
The frequency with which these'responses occurred is given
in Table_4. The. to%al of’ responses 1s consxderably more than
one hundred per tent begause many students gave replles
wh1ch £ell into more than one category or they gave a diff-
erent type of reSponse for the second part than for the -

flrst B L

The most frequent response was: that given by forty per

cent of. the students who expla1ned the telat1ve movement of

o —
’
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': Distribution by sex of occunrence of concepts exp1a1n1ng
. ' '-»,‘f" motiun of ball 1n cart P S

17

Per cent responding

- ,'1 ”i""}"}~;'_ : {f f ,' . Boys} Gir]s' o Tota11 :
‘.i,iPossession of re]ative motion 5 IQ.A :  \\\ -26';,: ”“14- - N-QO

il' ,i Agent of a force

7 ,*_Without relative motion o . ;5719ﬁ2“':3 2T.4“1i"'20;
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.-fﬁbﬂith re]ative motion i SREEERRSY 3 SNNEREE 3% RUDI &
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Anthroppmorphlc exp]anations’

. Nith partial re]at1Ve motiona W“:V» gl'  jﬁ 3 8 ‘2114 QA~ ‘TO;Q”j'
',   H1th re]at1Ve motion u'f;'_ .?;‘f» t'i' ;j23‘lu' o 1500 .
'Total R RN SRR | '"5526;9ff' 21.4 T 25.0

;‘ﬂ T Inert1a] exp]anat1ons

i’ -With part1a1 relative motion :_}': - f<T 7 24 12.5
. With relative motion L g S LSO}O< . ’21}4 ‘ - 40.0
| Tota] : 'jl_; L R TR : 2 B 42;8 - B2.5

A11 students glving an anthropomorphic and inertia1 explanat1on had
f_ some 1dea of re]ative mot1on ' ’

._Q—
con

S «;



"the ball and cart by a force or'a cessat1onxof force.‘ vae

v _.;_;_ _-_-;_——;-;;_—,-_ = - S ,_M_,_. o : . f‘* o ?;r. o
3 - 0'5’ :
{ .

‘itype of explanation. A force ‘acting on a body can only: %@fA :%ﬁ“°“'
'percelved by the results of its action. When students do note .

g support ‘stops... is not a-co
- it“deals with the movement as a’ atate and not with stat1c-5'

et 70

FY

;'S & " . R

ey

* 3

of these 51xteen students proposed a force pushlng back at

: m;&

) the start and three more descrlbed tHls force as anv"equal

and 0PP°51t€ react;on"' Three students deczddl~that the béll e

,rolled forward at the end because of the force backwards

‘ceaS1ng For example, Chrls sald-

" Why. d1d it go forward when 1 stopped the cart7 f' T
mc Well, when it s aack and the force . stops, it s -
Ju way back hene and when lt stops it naturally

<

Just goes fonwand

'Thls 1dea 1s contrary to Newton s second law of mot1on wh1ch_w

9
states that a change 1n motlon can only be caused by an

unbalanced force. Here, 1t is, the cessat1on of force‘ that w‘

A is, nothang cau51ng motlon. The other f1ve students dec1ded
- the forward motlon at the end was due to a . force forward or TN

_a,ohange of force.‘

' "‘s,

Lo

It 1s_not dlfflcult to- understand the. reasons fdr thls

b; :

notice the- ball s movyement . relative to an exgernal frame~ -

~.work, .they can. only, explain its movement in the cart as the
.‘result of thHe aEt1oniof a force or forces. Piaget, (Inhelder
- and Plaget, 1958) names relativity of motion as one of -the’

v eight formal operational schema (pp. 307 - '329). In

dxscu351ng the -probleéms assocxated with th1s task of the it‘

"~ ball in the cart, Piaget (1974) says: "It takes a’long time

to understand the inertiai processes and one” can easily see

‘Hwhy, Admlttzng that a marble moves back in relation to a

support in' motion’and stays in place in.relation to external

'j'references is both to resist the ‘suggestions; of ‘trans- :
‘missions and to,coord1nate two systems of reference. On the
~other hand, the conservatlon of a rectilinear and uniform-

movement . espe%;ally en it ﬁgnrfésts itself after the PR §
ervation like any other 'since

propertles. (p 85)

~
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Two stﬁdents postﬁlatea a foroe of the wind pushing th?,‘
ball back when the cart started The corollary of th1s to

'these students was that when the w;nd stopped the ball went
. A ;

: t" _ to the front For example, when asked to explaln ‘the move-". S

A

: ment of the ball, Anln sa1d
, ;_ A ~we71 the force gozng, the winaacame in. pushed
k_ T '.v_‘ lﬁhe ball to the back hene and when you stopped
T, went n;ght to the~fnont- | . )
.i{ ‘Why7 You sa1d it was the w1nd?.
A, Yes pushed the ball thls way, when you stopped
'thene was no mone wind lt»went to the Front

: Generally the force 1tself was undeflned but ‘for: one’

:; ’;“studﬁht Doug, it was turbolence. H;s.unedlted comments S i

were: o 4 v _
| 7_\0,” In a solld, the molecules don t move practzcally o
S at all but they are v:bpating In quurds they f'
‘Just rotate ln curnents - 'you call them convect - R
fon cunnents or somethrng Ilke that When youtw, ve
got aln around an obJect the only neason it’s
VIQOIng to stay thene rf thene s no dent thene
.(reference to”the small dent in. the centre’ of
:;?the bottom of the cart, part of 1ts>§instructlon
o whlch perturbed ley ‘one or two students) iS ‘,:4j;.
"Jibecause the gng;ltatlonal fonce IS belng pushed |
| ' towapds it and nef]ected Al the molecules are ;1{"-.
- jf;V"" 9’é&bouncang off ft as fast as they can go and e

that’s the only reason it’s staying thepe is



7f,of the room whlch blOWlng:#w

A. because of a17 the molecules naci g towands it ‘
and neflectlng off and bouncrng ft If there sd R
an offset of that meaning If jt s’ starting to ,d, el

'go that way there is go:ng to be a new cunnent'ﬁ‘ 7?“5&}@
:comjng in. I mean if you pullyln the wall the 5

.air flow is goyng Ilke this and oven and stant—

» lng”tunbulence, it’s a blt .fffrcult to expla(n,y

R and'fonces it back. R ;

‘D0ugts~interview was thewlongeSt;: e was’very wflldng_to:ti_ : }.l

‘-‘taik"He‘bareiy bassed PhYsics*io' ith'40% at theiendudfvthe,‘

course yet on’ the crlterlon test h, attalned the medlan"

score. The 1dea here of the. a1r fl w1ng over the object and
cau51ng motlon is S1m11ar to Arlst.tle s theory of v1olent
motlon Once an. unnatural motlon h s.-been 1n1t1ated,,1t 1s
sustalned by air rushlng to flll the supposed vacuum left by

”‘the mOV1ng body, the turbulence cau tng the power to keep

the body mov1ng (Randall 1962)) Pla'et (1930) alsok

‘ftdescrlbes a young student explalnlng he movement of .
iprogectlles. The chlld says that thé B ll dlsplaces the air .

h1nd the p'OJectlle, pushes 1t

'along' In-an‘alfless room,Ai bail woul “not move ‘and could

’not of 1tself produce anj aif-t "22) An'ther student

N

-Wayne, thought thftﬁthe atiosp ere held ‘the ball in p051t10n'

iwhen the cart was’ flrst

1led After expla'nlng adequazely

» [
~ the. movement of the ball when he cart stopp‘d he was asked f?

N\
.

what'hapfened when the oart wa~‘f1rst pulled:

P U
/ . -
/
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P . o
)

W. It's hard to explain. I d say It’s just atmo-
spher' ic pnessune that would hold 1 t there.
As in Task 1, welght or. grav1ty has a cornotation-df

1nertxa for Dav1d- o

. D. The manble Will mn back thls way untll it hits the
‘back her'e and keeps gomg o S \

D. ;Gnavrtattonal puH pulls the manble down, nof’a‘facnoss so

the mar'ble tends to stay m ‘one place
The student was one of three students who used welght or:

 grav1ty in- th1s context in Task 1 as we&l\as Task 3 Anln

- even attempted to expla;n how grav1ty could c'ntlnue ‘the ”
motion: A./- o L e lvl . ?‘«g\
A «Gr'avity‘ purl J once the speed stops,- 11s down
! on it and: pul]s Forwards down. gk .y
: ' ‘ T
’ Geoff was not qu1te sure exactly how to expla n 1nert1a and

gr'awty ‘Jf you ne movmg and stop su%;enly

'f"you’ll ‘go fonwandﬂ S é,g SRR e
B ' B e T T
- Altogether seven students used grav1ty or welght to expl”in B

v'the 1nert1a of the ball when stat1onary or when it was
{ﬂ‘mov1ng Also Barb, who had one of the hlghest endAof:term‘,”

marks and scored seventy four per cent on the eriterion testé




o . . ‘ﬁr‘ 8
compared the ball in the cart- with a pé@gﬁn in:

)

 ‘stops suddenly and said: . A,‘ e T Coet -
N Bl Because ‘the car rs stopptng,}thene s no fonce
:; -;‘L. :, stopplng you :\you haye to stop (when you h1t
¢ the front?) Well, .if the car isn’t there, i
. there’ s nothtng in ﬁact you keep on gorng
S because thare S no fonce stopplng what you. had
fThe fonce is: still behlnd you so it s st;ll
pushlng you forwand ER "vg ‘.“,’1
.‘It So. that s why you go fotward - because there s a:
A force behlnd you? o . | S
Bﬁ OK. When- ydu stop, you go forwand Wallu~I supp-
| \ose 0 that would be the only thing to push you
fonward because the fo@pe in the car'is stopped '

(‘iand stopped that force but you’ 1 strll be golng“

a L ‘0

“thls c1rcumstancé3but‘?kplalns"

¢ e

".;fftask, Barb seemed to thlnk tha

only were the terms we~gh*{fgrav1ty and MOmentum

explaln the concept of 1nert1a, ‘the ball was also

‘descrlbed as "want1hg" to stay still or to move-
,J1+, It wants to stay ln one place i ,,Qlﬁﬁ A
| It s a fnee object and hasn t been puIde e

ES

It wanted to stay st177 j- o



.and the 1nert1a of the’ball Whenethe cart wag Stopped-:up'

U
oS

1. It doesn’ t know the cart will stop
2. It wants to go. . .
::3. It hasn t. been stopped - f _ o
4, 'It will try to keep—going L
- Two students' responses were- ”It s‘ﬂbt the: thlng to
do" and "It just happens that way" Lo s
'“Perceptxon of Relat1Ve Mot1on

S It seemed that it was marglnally easier for students to

-

vexplaln the 1nert1a of xhe mov1ng ball when the cart stopped

. than when the caTt was f1rst pulled TWenty one students,“

/

seemed to understand the 1nert1a of the mov1ng ball compared
.w1th seventeen who could see tha 1nert1a of the statlonary
ﬁ;ball when the cart was flrst pulled ThlS mlght be due to

compllcatlons in perce1v1ng the rerltlve motlons of the ball

w‘“'i«:,‘_-and cart when the ball appears to move backwards in the cart

~ when_ the cart is, first pulled( Some Of the d1ff1cu1t1es

«

'whlch the students experlenced 1n thls resp%:t of relatlve .;
motlon are 1llustrated by the- follow1ng exc@fpts from

.1nterv1 s w1th Marsha (M) " Shawn (S), Anne}fh) Tamara (T)k

and Erlc (E)

M. jBecause you ne mov:ng this, not that the ball

SO lt’s gorngﬁ%o move so when yoy move that "ﬁig'f »

J.youﬁre ‘not mov ing - ‘that so it 17 go back because'
-that s moving e o : . ‘.' C e

*,'S; “When you ne ln a can you ne thnow:ng up a bail

(the can s g01ng to change lts space and that , ’”ﬁ *
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tends to“move the ba]l back in a diffenent’
positlon and it’s the same hene maybe it was :

Taodi 'changlng space -"the cart was no Tonger here It

¢

P ] &

&

& . ) Sumar:y\) .

, was thene and ‘the ball moved with lt

e&é .

‘When you stant\rt it moved back because it has .

been sitting in one place and It would continue '

sitting expept it can’t it goes backwards. I’

don’t undecsrandyit. ‘_\1 {,_ e

‘T. It stayed in its own place for a while then went_.
 back. . ) o

- E. It ,‘stayed a bit théh }*ol\_led back- and Q]tthe
 wall. - o =

The above students are beg1nn1ng to percelve the motlon of

the ball Yelat1ve to an externa%ﬁframework but they are not

yet 1ndependent-of the eftect of the{1mmed1ateAsurround1ngse

hof the ball that 1s, the cart.’ \f_» B _ vtf o -Aé

Qg&‘m‘»rr

Compared w1th Task 1, »when conszderlng the motl&ﬂ of

'one ball, where almost one third conserved motlon, more than

X

':half of the students percelved theiinertla of the ball when
'the cart was stopped and the ball contlnued mov1ng, that 15,

‘they conserved motlon. This dlfference -may be due to the

fact that many students may have seen thlS experlment demon—'

strated in junlor hlgh school If SO,'lt 1nd1cates that .
transfer of conservatlon of motlon cannot be: taken for

granted

3

B
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The 1nert1a of the statlonary ball was sl1ght1y more

d1ff1cult for the students to percelve than that- of the mov-

\
;ng ball. This ‘may be due to the compllcatlng-factor of the

perceptlon of the relatlve veloc1t1es of the ball and cart'
‘when the cart was flrst pulled |

inertia is possessed by five (12.5%) of_the students com-.
pared.with,lin Task 1, seven (17.5%) when.describing the

- motion of one ball and tenf(ZS%)'in comparing‘the motlon of
. three balls. Three of these studehts used‘the termvin the
.same'manner in both taSks‘ lt may be surmlsed that agaln

prev;ous experlence in Junlor ngh School played a part: 1n

these_dlfferences,ksomevstudents having learned a‘sczentlf—

ically-correct,egplanation for'the'motion of the ball in the

‘cart R

Three studeﬂts thought the a1r pushed the ball to the'

‘hback of the cart'ﬁh ﬁWthe iart was - flrst pulled - a prlm—_
’ W?.“ﬁ"} N -,'3. ! 2]

‘_‘1tﬂve explanatlon. These students were below average 1n per-

formance on end oﬁ“ﬁerm marks and on ?hekCrlter1on test.

F1ve students att?lbuted the movement of the ball forward

when the cart was stopped to a cessatldn of the force hold—-

1ng it at the back whlle the‘cart was moving.

The concept of welght or grav1ty as a factor 51m11ar tob,
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' C. Task 3. Inertia in Space C
' .While the‘other tasks were in random order} this tash
was presented 1ast to observe any transfer of concepts of
inertia from terrestlal to 1nterplanetary space, which. could
be ! 1nferred in the context of the responses to thlS
'quest1on A globe of ‘the earth and models of a spaceship and
a spaceman were presented The' spaceshlp w1th the spaceman
inside was shown orb1t1ng the earth rn a path over the north
and south poles. The student was. then asked,"If the spaceman
went out51de ‘the spaceship to make repalrs WIthOUt a llfe-
‘"e and let’ go when the spaceshlp was over the equator

“(mov1ng north) where w1ll he be when the spaceshlp is over
1the noré‘?pole?" The student was asked: to expla;n hlS‘ '
-answer. The Student,was then asked, "If the}spaCeshibjwas
not in orbit but out . in space and the‘spacehan'did the same
thlng, but pushed away from the spaceshlp, what would hap-
pen’ 1s there any way he could get back?" o

Slnce the spaceman in orblt has the\same veloc1ty as
.'the spaceshlp and there is no retarding: force, the spaceman
w111 contlnue w1th the saﬁ% velocity as the spaceshlp He :
.Wlll also be equally effected by the grav1tﬁtlonal pull of
’the earth belng smaller in mass but hav1ng a correspond'
1ngly smaller force act1ng on h1m. So the accelerat1on to—
wards the earth will be the same and he w111 contlnue along-
side the spaceshlp. . ‘, v \ : .

" When' out in space, away from external grav1tat10nal

f1e1ds, if ‘he pushes away from the»spaceship; he wlll
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‘cont1nue in the direttion of the push (and also glve an ’
equal momentum to the spaceship 'in the opp051te dlrectlon)'
He could return to the spaceship if he_threw something very
Nard in the opposite direction from that in‘which'he wishes \ o
to go. The force must be great enough to counter his first-
'mot1on and change it to the other direction. He could also
use some small Jet.gropeller. | |
_Unﬁortunately,'the first part of this task*often stim-
ulated enough disdﬁssion that the validity oflgome cf the x{
students' replies tc-these'iater questions is in doubt. The
responses to the Second~part will not be repcrted uniess
there had been no dlscu551on and only 1f the student's
response in this part might throw llght on hlS reply to the
f1rst part. «
This task tests the degree to- whlch the students con-
o served motlon when the spaceman left the spaceshlp and thelr
']perceptlon oi the motlon of Ege spaceman relative to
‘external frames of reference when he is in the spaceshlp

,'Coordlnatlon of two systems of reference and the relat1v1ty

5f motlon';and "the forms of conservatlon wh1ch go bexond

direct emp1r1¢al-ver1f1cat1on' are two of the»elgh

'operatlonal schema descrlbed by Plaget Qﬁnhelder and’,

-,Plaget 1958 p. 307 329), These schema together w1th correct

knowledge about condltlons in space would dlrect the student

Ay
to place. the spaceman over the spaceshlp. _
It is doubtful whether any students‘could;giwe afi
“intuitiye response to this task, at least not one that would

[
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conserve motron. They have never been in space so their ' '
Evreplles will: depend on. the SChema they have developed based
on’ v1car1ous second-hand experlence from televus1on and
'space science. : S o o0

| The students replies to ‘the questions will be reported

first and then some miscellaneous preconceptions which the

questions revealed will be described.

DestinatiOnhef the Spaceman in Orbit

:Table 5 shows the frequency of-occurrence of the
ivarlous predictions fo& the" p051t10n of the Spaceman when
the spaceshlp 1s over the North Pole. Hls p0551b1e locatlon
- would depend on what speed‘the student assigned to him and
whether the student conSidered the'spaceman wbuld be
affected by.graVity‘ahd~to what extent Some students also

took 1nto con51derat10n other factors such as whether the

fspaceman would have -air "to give him buoyancy

'h_curser glance'at Tahiers indtdates'that girls'are
more likely than boys to expect the'spaceman to rbmain over -
the equator. chsnare more likelyxthan girls:to expect~the
Spaceman to remain with the spaceshlp Ne1ther tendency 1s
significant at . the .05 level;

: -~

'AlmOSt'half Cf'the'stUGEntsAplacedfthe Spacenan gﬁer

‘the equator that 1s, w1th no horizontal mot1on. The problem

is similar to the ball 1n the cart when the cart. suddenly
‘ - R : .
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b :;:\‘* \:w ('
% | A
) Ao : s :
g R ggstribution by sex of total occurrence of predictéons
3 2 . » .
LR ST of destination of spaceman in orbit
- 43‘} 4 4,3 - . 5 |
) SN
Per cent responding o
| Boys. Girls.  Total
\ ¢ ) A » *
Position and speed of spaceman N=26 N=14. N=40
At_same speed as spaceship
With spaceship « | 50.0  21.4>_ 40.0
Above spaceship: o 3.8 0 N.2.5
- Total giving spaceman same speed | . 50,02 21.4 40.02
. .' Slower: than spaceship h
‘Dragging behind . 38.5  57.1  45.0
°M0v1ng outwards, ol © 1.5 0 7.
) Spiralling towqrds earth S 154 70 . 128
Total expecting retardation ) ~ 50.0% 57.14 52.53
. Stqy1ng over equator | _
" F1oat1ng or stat1onqry ) ‘ o 26.9,' - 50.0 35.0
Floating away = ) 0 7.1 2.5
-~ Toward earth ‘ ' S 19.2 *7.1 15.0
© Total expecting no linear motion .. ./ 38.5% 64.3 . 4752
'; In reyerse direction . 7 e |
Down to desk 115 0 75

3some students altered their repTies by changing the effect of graVity'

so this is not the total of rep11es but is the tota] number of stugents

(
!

g1v1ng this reply.

4
4

/(
|
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stops. Of the nineteeﬁ‘who.pxpected the speceman’s‘horizon; 

tal

one

motion to stop when ﬁhﬁ}et go the sﬁaceship, more‘tﬁon «
half had explained the motion of the ball in the cart by

a force or cessation of a gorce.»ron\example,‘Tim said,

It could be when you’re going the wind pushés it
back then when you stop there’s no wind so the
sudden stop pushes It for-wand

-]

When asked vhere the spaceman would ﬁe, T}m said: | fﬂ

Same place where. he fell off . He woumn t be moving
it was the spadeshlp that moved. He’d JUSt stay m
the same spot

On the other hand; Gordon, d1scussung the ball 1ﬁ the cart

sa1dm

" When you stop the cart the ball would have Sstill

For

been golng Iike smoe you, pulled it you’ve got the
ball goi hg that speed and when you stop the car~t
you haven’t stopped the \b,all so the balhhits the

front. . /
the spaceman problem he aid:

-

He’d st;li be over the ecpator' because there’s no
mot ion He has no movement ere the spaceship is

) pr'Opethg itself thr-ough space and he has no way to

" do fﬁat S0 he would Just stay still. : s

-
+

When remlnded qt his reply about the ball in the cart Gordon ;

sald o »_f‘: | SR - \:

\
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. I’m not s¢> er her'e,_‘wrth the ball thene s - it’s
- the dlffenenq:e between thene and space is, so much
Iffer'ent like ther-e s pnessur'es and th:ngs like
hene ghiQMF pnessuoe,.the closer' you get to
earth. It getS\JOWen as you go up and that m(eans '

. there’ s Tower - I dsn t know ih space To me, I -
would frrst thlnk he wou7d Just sit thene.and then )
you know, you compane It to that but then out in.

In Plagetzan terms, Gordon is seeking: an equlllbrlum between;-
the Sub-systems of schemes- His: 1deas of space, both those

prev1ously acqu1red and hlS 1ntu1t1ve response to thlS

questlon and hlS schema about the ball 1n ‘the cart present

; confllcts Whlch are not resolved dur1ng th1s 1nterv1ew.k

-

Although Arlstotle was mdre 11m1ted in hlS knowledge Q\

4

matters beyond hlS own’ experlence, he also bel1evep that

_conditions in spaqe could be dlfferent frpm those on earth\
/
le_p

~ . e,

: Of the twenty students (one half of the sample)

expectlng the Spaceman to lag behind the spaceshlp,bseven
~students mentlon d that the effect of grav1ty on the man and

' spacesh1p would be dlfferent so the spaceshlp would be

' pulled round faster because it is heav1er.,Th1s is part1c-'

ularly surprlslng after Task 1 where 6 of these students had

expected ‘the large ball to go slower and stop sooner. The

_other of these 7 students had expecfed no d1fference w1th \

o the balls. The 3 boys who thought the spaceshlp was pulled

@
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he 1dea - more SO

round faster were'each'hesitant about

than- the glrls Again, thls is an. Ar'stotel1an coycept - -

L that grav1ty has less effect on a. s.aller object;

\ Another explanatlon for the ‘paceman lagging behlnd the
h spaceshlp glven by thlrteen;students (three 07/whom also -
thought grav1ty would have less effect on h1 ) was\that the .
'spaceshlp .was powered in some way or was ‘pfogrammed' to -

“ circle the earth They were prOJectlng condltlons on earth

v1nto space. o - . /.

?

n It mlght ‘be expected that the students who decrded the
spaceman would be over the North Pole would be both con—x“v
. servers of motlon and comprehend the nature of the motion of
the spaceman and spaceshfp/;hentogether. It appears that
thlS was not always ‘true. Shawn,,&or instance drew an.
analogy between space and- earth wh1ch seems to reveal

non conservatlon , :
- S. When it’s onblttng ﬁhe“eanth it s not as if

it’s up and down and alI of a sudden lt goes off |

471ke that . It s not as lf zt s ups:de down when |

7“_‘ " it’s going undenneath the- South Pole there. It

o 7stays flat I:ke that Why? I don’t know.}Maybe

p:because of the~speed it’s not;going to fa]l off '/
because if you stand up on a car: when lt moves

- forward and you’'re on the hood of course you’ re f
gorng to be Itkely to be jerked off. If you're

kinda on thene stable you know you ‘re gorng to



stay on - it’s movlng ova' a flat surface so he

v

should have no t ouble staying on. -
'Shawn apparently did not expect that the spaceman would stay -
w1th the spaceship if he fell off -He was non- spec1f1c about'
why the spaceman would stay on.the spaceshlp - maybe grav- |
pxty, maybe because it~ .1s not up51de down What part speed |
ﬁplays 1s also uncertaln, whether it .causes a centrlpetal
force or just produces a more stable 51tuatlon Later, when
‘Shawn was asked about the spaceman pushlng hlmself off in
space, he: sald' | | | T
S. 'Thene ‘s no gnav:tattonal pull. I guess.he d Just |
' float upwards because there’s nothlng pushlng .
him down to the sun.
1. ”ﬁould‘you like to take him and show me what
would happen? _ | '- | |
S. He’ll dPlft up there I guess. . o .
TI. Will he go on? Is he going to stop7
- S. 'No, he’ll be krnd of suspended ln space I
guess ‘ ‘ ‘
‘Ii> Will he stop like that or will_he‘go on?
S. No, I doh’t think he’ll go on.
I, Where w1ll he go?
'S, To the extent of his force. Aften it’s gone
‘he ‘11 kindof Just float. |
I ‘He "1l just stay around? What do you mean bf)the
extent of hlS force?

S.:. How . hand he pushed of f the Shlp I guess would

‘\\ .
AN »



‘In this dxalogue Shawn' certalnly seems to have no concept of

- T,
M,

<

" determine how fan he’ 11 move rff

I.. So if he gave a really hard push he'd go further
than if he gave a light push?
'S,~‘Actually, I don t know, you know, because the
'gravrty you know. Maybe it doesn t make any

;' drffenence how hard he pushes hlmself off. Per—'
| 'haps he’ ll Jjust move a centaln dlstance and stOp
\  there. Maybe he’ll go like_that.and the ahip.ll

\

move right along

-

u

conservatlon of motlon However, lack of conservation of
motion in this 1nstance only suggests that he did not con-
serve motion when the spaceship was in orbit. Many students

were inconsistent in this respect and lack of conservation

‘of motion cannot be assumed to .be proven absent.
S : | S m

‘Two students expected,%he spaceman to be above the

Ll

spaceship. Alan reasoned that: |
. |

‘ A. Oh, probably a little"fuﬁther‘dut but he’s still orbit-’

ing the earth. ere gradually, eventually, he’ s gorng to

fstralghten out.

I. iWhy?’

A. He’s a lighter object,something 1ike that. It’s got

éémething}to do with gravity, I know that.

This argument is similar to expecting him to slow down

because a smaller force of gravity acts on him. Again, this

9
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is- an Arlstotellan 1dea
Greg eventually placed the spaceman with the spaceshlp
Before <doing so he expressed a rather unusual viewpoint:
' G. He’ll‘ée up here somewhéne‘ -
I. Why do you think he' ll be up there? .
(In the lab setting, up there" 'was level hor1zontally w1th‘
the North Pole and above the equator ) |
G. ‘Because there S no gnavrty so he’ll start - to |
float so if he’s up thene the ship is on an
angleilike'thaf.he’ll stért;FIoatfng'ub like
that. '
”i. Why will he mee up thefg7
G. }Because fhepe ‘s no gnavrty to hold him down so
'jhe d float in the space. |
I. Why will he move?‘(Pause bf ten seéondsj Why is
; there no gravity? o

G. I can’t teII you .

T I. If there was grav1ty whlch way would 1t be pull=

1ng him?.
’G, Towand the earth.
~I. But there is no graVity.
G. .Sé he’ll probably'be F?Oating away .
I. why doés'he go in' that direction?

- ————————— i —————— - —

" 1f the spaceman were "above" the spaceship; that is; on
the other side of the ship from the earth, when he-let go,
then his centre of mass would be further from the earth, the
gravitational force would be less and he would have a sllght
tendency to move out but this would soon be corrected he
would in fact have a slightly disturbed orblt.



, | ﬁ\ s
G. If the craft was ] ike that (moving on around) ‘
and he was |ike that he’ll probably go stnalght
~up, I think.

‘I. Why does the spaeeship’go'ltke that? Why doesn't

K

it go straight on? ‘ ,
G, Because it’s being pulled in by the earth’s
gnévfty. o o
J. But ydu said there'has no gravity up there.
G. Then thene must be grav:ty»up thene
¢ I, What will the spaceman do then?
G. Then he’ 11 pnobably go in the same direction.
I. Where will he be then? |
G. Hé’lllpnebabiy be rfght over if:(thetspaceshjp)‘
Fromuthie last remark,'Gteg,appears to be capeble.of'con—
serving motion but his previous respohses indicate that

~other thought patterns predominate in hls cognltlon. F1rst

he has confused ‘frames of reference. Greg think's the Space—_

man w111 float - upwards (belng we1ghtless7). Another pre—

vconceptlon which thlS 1nterv1ew 1llustrates is the confu51on
'between inertia and gravity. When, Greg accepts that there is
gravity up there, then_the-spacema goes ‘with the spaceship.
‘The same preconceptlon ‘has been observed earlier where stud-’
‘ents dec1ded the spaCeman would go slower than the spaceship
because the force of gravity on the spaceman was less. The
_same idea was'ev1dent in Task 2. For example, 1nfGeoff s
expianation‘where 'thé weight,'the'momehtum and the gravity'

2

are all used to explain ‘the motion of the ball forward when,



the cart stops.

“The pattern of Greg s replles to Tasks 1 and 2 were :
51m11ar, he responded f1rst with pr1m1t1ve ideas but after
discussion -on both, he was able to give explanat1ons con—
51stent,w1th conservatlon of motlon. .

Referring back to Greg's original predictiod, we have
the epaqemah floating upwards where 'up' is in reference to
the field of the laboratory. He was not the‘only student to |-
'qonfuse framea of reference.\Brian, amongst many replies '
which he attempted'said he would be 'down there' pointing to
the deék supportiné the globhe. In later discussion, both
Greg and Brlan 1nd1cated that they knew that grav1ty pulled

«Mh

- towards the earth It appe

of grav1ty acting Qng,l,

s w’“
that gravity pullsg e

'¢hat the more primitive idea .

ué& intuitive whereas knowledge
r @Earth is acquired and is not
so ready a .response. ' .

Harold had this ptoblem of orientation and much more

besides.:His first remarks indicate great uncertainty about’

the prohiem. (sic) | i

I. Where is he going to be? - .

- Hl'AHe‘Iet go the whole spaeeship? So'he’e)apant
 from fhe_spaceshfp? | )

I. He was here and he just let go. .

H. So he Jet go of the wholé thing?

I. He wasn't catchinzeh;IE\SE\Tt\at all.
"H. 0.K., I.got it now. When the §paceshfp’s'0b'

| there, where is he? |

v



- Wwhy wduld he be going there?

'1ike‘that in orbit. Why would he go in that dir-

90
Yes. _ ) x -
‘ . - :
He should be floating up.
Whete?>
_Into onbit

The spaceshlp s here, would you llke to put h1m

where he'd be7

\No,”he’d be going'down.

~

Down? To the desk?

Yeah, down to the‘gesk.

Because if he never attached his 1ife-1ine then _
that takes all his o%ygen away.

He has his oxygen in the back there. ¢
-So he’s breathing oxygen9

~ Uh- huh He couldn't survive without that in

space.

0.K. then he’ d be gorng up.

Uh- huh

’r:r ‘
Because gravity is real wht Qfgn push you ﬂm
around like this. If you see a guy in a movre he )
floats around so he could be floating around up

there -

'Why will he go up there? The spaceship was going

e

~ ection?.

welrl, since gravity’s o light it pushes you up.
Gravity comes under y®u and pushes you up.

~.



that’s what kes you go up.
.

Uh-huh. What does gravity do to you?

I don’t know.

-« . '
"What is gravity doing to you at the moment?

Noth‘ing - I'm sitting. L r. '
Nothing at all? .

Well, it’s pushing under me trying to get me:up
but can’t. 7

ﬁuppbéingithere was no gravity at all, what
would you do? ? ‘ _

I'd be sitting on the ground all the time.

Would you?

.'_Well, I'd be walk - I1'd be on the ground the

whole time. |

What keeps you on the groupd?
Your‘fonce5

What force?

Well, the force that makes - when you walk, you

push force down on the ground and that makes you

-walk.

Well, why do you stay on the éfound? Why is it

'_-you can't jump up in the air?

. Well, you could probably..jump but you’'d come.

straight down .

Well, why is it you can't go further up? What .

_keeps you down?

Well, your force. When it,goes up, youﬁ force

91
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pushes you dowh again. Well, gravity tries to
push up and your force pushes you down. Your
force Is heavier than the gra@lty so It pushes
‘you down on the ground. |

I. Isn't éravity what keeps you awn on the ground?

H.  No, I think that makes you get up. '

I. Why do you think it.mgkes you get up?

H. Well,vft’s Just, gravity’s so llight It puéhes up
and it’s just 1ikes (if you leave it?) it’s so
)/,Iight and if you put it in a balloon it goes up.

So it pushgs up.(Could he mean 'levity'?)
I. What do you think gravity is? What is it due to?

-

H. I think it’s just an.air mass or so pushing up.
I. fwhy does the moon.keep. in orgitmarqund the

| eaf}h? |
H. Why does the moon keep in orbit around the

earth? I don’t get what you mean.

Some ﬁiscelléneous Beliefs %

thle consérvation of motion and unders£anding of
‘relative motion were essential to»cémplete sucCQSS in this
task, it was alsd hecessary to have knowlgdge of conditions
in{space ;Qch as.the lack of an atmoéphere and’the effect of
the earth's gravity. Students ofteﬁ gave evidence of preéonf
ceptions in this area. Some. of these‘preconceptions are

derived from poor quality science fiction which takes little

cognizance of the scientifically accepted framework of

&
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knowledge.
In order to know that the spaceman would keep with the

spaceship, the student must know: o

‘1, 'That there is no air to produce friction.

2. Something aboutvorbits

a. The spaceship has no engines. Its speed is
conserved, the direction only is changed by the
effectyof the earth's gravitational field.

b.’ Centripetal force is provided by gravity.

c.\_The force of gravity is proportional to the mass and
its effect on all objects is the same.

Engines in the spaceship ,

Although no mention of the method of propulsion of the
spaceship was made by the interviewer, almost half
{seventeen) "of the students during their discourse volun-
teered the information that the spaceship had engines or
rockéts. Oné other student thought that tlfe spaceship was
"programmed" to circle the earth when it was‘in orbit.
Believing either of these, it would be logical to assume the
spaceman would lag behind thé spaceship. | )
| Probiems with orbits

Many students had a confused idea of what orbiting the
earth ,meant. Doubtless few had Eonsidered the matter before,
David's interview illustrates several of these preconcept-
ions. David predicted the spaceman wéuld be above ‘the

equator

.\



\
Here? )
No, he wouldn’t be. Okay, If the world’s turning
and the spaceship golng this way, he falls off
the quceshlp?
Weli, he just lets go.
}hen he’s still on it. |
He was here and he just let go the spaceship
where will he be when the séaceship's up here?
Over the equator. - .

Will he stay there?

.+ Yeah, he’l]l stay there.

Just up in the sky? \ v

No, because he’s in the earth’s gravitational
pull in a strict orbit. He can’t get in or out.
Why?

Because the grav - equal forces, the gravitat-
ional pull of the earth. y
Wouldn't that pmull him down to earth?

No, not if he’s in orbit with the earth. Like
the moon’s not beiqg pul led down to the earth
because it’s in erbit with the earth and the
gravitational pu]l is' equal with the ..

With what?

I don’t know.

You know there's a gravitational pull pulling
‘him inwards, there must be something pulling‘him :

outwards. Why does the moon stay up there?

3
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]
Maybe bedause of Its own gravitational pull.

What doga a pull do? ‘ | -
Keeps them apart . ‘

Why wqpld the spaceman stay here? What about the
spaceShip? Why does it go on moving?

0.K., the earth Is turning, right? It’s |lke }he
spaceship keeps going around It in orbit., If
/;bene’s no gravity In space but there |s the
gravitat ional pull of the earth and from {he sun
and the spaceshlp gets in orbit between the
earth and the sun, well, between the earth,
round the earth and because the gravitational
pull from the sun and the earth, it equalises it
so it can’t go up or down unless it’s own power .
What about the spaceman?

Same rules when he stay$s up

So he stays here because the earth is pulling
him down and the sun is pulling him?

Pulling him away. The forces are equal so he
stays.

Suppose this happened when the sun is over
there? ) . )
He’s in a Jot of trouble. He would stay where
the sun is all the time because the earth is
turning this way. He's here,rthe earth keeps
turning round and round, he stays but doesn’t go

anywhere else.

95



‘;:1 Dav1d has a ‘schema of a spacesh1p orb1t1ng the earth by
the earth turnlng beneath it. ThlS 1dea could have been
| suggested by the dzscussion of f1xed pos1t1on satell1te-:
f transmltters. Thenilt 1s qu1te loglcal that the spaceman
stays Wlth the spaceshlp. When it was. po1nted out that the .
vl spacesh1p mOVed ‘over the North Pole (wh1ch would not be.‘
| p0551b1e 1f the rotat1on of the earth caused the relatlve'
:motlon) Dav1d lacklng conservatlon of motlon, left the .
spaceman over the equator; Dav1d postulates an orbit’as
somethlng phy51cal in order to explaln why the spaceman
'should stay. there. Asked to clarrfy, he sought a balancing
force in vain. He appealed to the fact of the ‘moon renalnlng?
in. place suggestlng 1ts own pull held it there. Perhaps
ubecause the graV1tat10na1 pull of the ‘spaceship wouldn t,be o
‘l lafge enough to hold it there in the same way, he introduced
the 1dea of the sun's grav1tat10nal field as the necessary VV'
forge,’., ' S C | C : _Q,»’
"> DavidJs idea'of'the moon's gravity'holdlng”itfup‘is
51m11ar to Plaget s young students (about seven years old)
._who thought, (Plaget 1930 p 250) v
» An object floats because, being heavy, 1t has the
:strength to ‘keep 1tself up |
Chrls also had problems with condltlons in space; She
flrst thought the spaceman would follow the spaceship

. because of the alrstream (relmlnlscent of Aristotle imag-
A

1n1ng_contrnued motion'being duezto the”mot1on of the air).
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' Fhom_the alnstream»from*the jet; lt’s moVed and-it’s}t
pulling the air along with it so he’d be moving |
along -too. | d | “ ,
Chris'thouéht Eheymooh stayed in position because of the

~ sun. R

. A
ot

'Tim,first thoughtAthe spaceman“would stay ovef\the‘
quator but when remlnded of the ball in the cart he put h1m
somewhere behlnd the spaceship: ‘ /
o I. Where?;' . R ' ‘J-_
“T.. Could be - if he was trapped in the onbit;'he |
: Would.go Found:the earth but if-théne was no‘
3 grav:ty he would just keep going stralght ﬂ?

|
\: e
Thls is again an 1dea of a flxed orblt C AN

Richard thought the spaceman’ would sp1ra1 1ntg the.
earth because ‘he lost momentum:
I. How does he lose ‘the momentum? ‘
‘»'Rf He wasn’t in the Shlp and he 11 probably fall
IR below the onbltal llne go:ng down
ThlS agaln suggests a phy51cal Orblt. When comparlng the
spaceshlp with the mooh and asked if the moon was powered
he said: | | _ | ’
~No, /t just orbits. It’ s far:enough away Fnom the:
earth not to be pulled into it but close enough to
be mov ing arqbnd it. E R | _,/
L1ke David, he doesn t feel ‘the moon would ‘be pulled by the

force actlng on it. S
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Claren had a similat‘ldea. In_spite'oprroblems with

\

"fEnglish as a second language, she was able to eacress her
thoughts well enough \?he thought the\spaceman would, float
around, over the equato\\but
**leé is going to still\stay up there because the
‘earth’s gravity doesn’ t attract that much in the
atmosphere | | | | | C
As proof; she mentions the mOon:"" o : T

_For rnstance, iFfa ;oon has gnaVity to'eanth but it

doesn t land on eanth does lt It Just nevolves '

around earth, wel] eanth attracts it but the moon

doesn”t'land'onvearth, '
She does not‘mention perhaps does not notiCe.that,‘while'the'
moon is moving, her spaceman'was not. '

B111 also felt the need for a force°
I, Do you know why the spaceshlp is orbltlng?
B. 'Because it’s between. two gravity forces, moon
and the earth o ' N

‘Gordon alsd carr1es lack of, conservatlon of‘%otlon into the

¢

e rotatlon around the earth E axis: -~ ~":’
f.‘ Would he stay rlght above the equator7
G. No, because,the earth is mov;ng ltse]F so he’d
stay in that spot but the earth WOuId‘be‘mOVing.
From these examples it can be seen that some students
who lacked conservatlon of mot1on not only, expected that the _

spaceman would be left over ‘the equator but thought that the

world turned beneath him and beneath the spaceshlp It was
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also. p0551ble for students who did not- understand c1rcular
'motlon to present an. orblt as somethlng almOSt phy51cal
Some students expected a body'far enough away from the earth
to stay suspended in space even thouén{fae ody was not mov-
-ing and-was being acted on_ by gravity:}Other stydents seemed
"to think it was possibfe for the sun's gravitational

attraction to balance the earth's.

Gravity and air

In the view.of Newtonian.mechanies, there}are'at least
three occasi%ns in'space.travel when an astronant is
"weightless". ; T :}‘ \ :

1. When'ne is S0 far from other objects that tﬁeir gravit-

atlonal flelds are negligible. |

2. When he is so placed between two large obje ts that the
grav1tat1ona1 ﬁleld of one is exactly balanwed by that
ofrthe‘éther. For example, at a fixed point between the
moon and earth, c10ser to the moon than the earth._Sinqg

" the ratio of the sun's mass to that of the moon is
elghty one to one, the distance from this point of equalt
‘grav1tat10nal force to tﬂ‘ sun will be nine tlmes
greater than the distance to the moon.

3. . When he'is'in orbitkarodnd an objeet,‘He is in eonstant
free fall under the gtavitational field,but'has just
sufficientlnorizontal vélocitj to remaih-in orbit. This

is a more-difficult cdncept to\nnderstand especiaily

before studying the physics:of circular motion.

o



. 100

Most students knew there was no gravity in spaoe_but
‘,were not always;sure where the effeet of the earth's gravity
ended For some this caused confu51on with the we1ghtless—
ness of an astronaut in orbit round the earth. .They atsumed
he welghed nothing because he was out of the earth's grav1t—
’atlonal fleld or somet1mes .even when they knew there was a
gravitational field. For instance, Paul said:

He just isn’t heavy enough ro_be pul?ed back as

well. It must be there (gravity?) because the moon

is attracted to the earth but he just couldn’t move

. . . . ry
fonwand ause there’s no - because he’s not really

¢

- doesn t neally we;gh anything in space
This is another 1nstance of, the spaceman not belng able to
. ~ /.

.move forward because he-we;ghs nothing.

Some confu51on due to the idea of a spaceman in orbit

. being welghtless was apparent. Two glrls mentloned that he

vwas welghtless even though they thought he would be station-
‘ ery-and one boy said.the man weighed nothing but the space-
sh1p was affected by grav1ty In .space travel it is the ot
.spaceman Who is descrlbed as -’ belng welghtless, not the. |
spaceshlp ThlS is possibly why some students thought that
grav1ty was actlng on the spaceshlp and not on the spaceman.‘
There was also confus1on fpr some students about the
\relatlonshlp between the atmosphere and grav1ty.‘Severalﬂ
'Students thought~there eould not‘be one without the. other
and explipitly'stated so. Since they knew the atmoshere

4

-_ended soﬁewhere above the earth'and'sordid gravity, perhaps
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they thduéht thatuif the earth had a sphere of gravitationdl
influence, it would be occupied by air. Some indicated that
they weren‘tjﬁery sure Qhat'gravity was. It was SOmetiﬁeS
describgg as though it were ‘some mysterious'force which held
things iﬁ plaCe.‘For,inétance, Tamara.seemed‘to think grav-
ity would do more. than just pull towards earfh:
T. Because there’s gravity it stays in itsrérbit.
The earth has gravity, it’s Kind gf holding it
_}thene,\I"guess. | | .
I. What does gravity do? )
T. Halds things where they’re'sdpposed to be, I
_ . ‘ 4 o
’ ggeSSu | o
I. What does it do to you when you try to jump off
B the ground?v _ |
YT It'holdskon down to the ground.
V'Andthér,student,'predicting:tﬁét there would be:no
gravifap}onal'forcé acting on the spaceman or the spaﬁeship

thought -that there'might'be a magnétic attractive force

i
-~

between Fhe_spaceshiﬁ'ahd the eartﬁi~Barb‘said: |
B. He’s out of orbit so hels not in with the grav-.

. jtational pull of the earth?

I. Hé's here on the spaceship which is in orbit.

' B. Out of the gravitational pull of the earth, it’s

" rot affected - well I|don’t know if it is.

I. Why does it go in orbit round the-earth?

B. Because the earth pulls it togéthen, magnet ic
poles? | |
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I. Magnetic?
B. Gravitational pull pulls it to the earth.
Many students, like Tamara, descrlbed the spaceman as
just floating. That s the way they show it on television.
In the absence of direct experience, television will provide
for many students their only cognizance 6fvspaée. Some stud-
ents, like James, seemed able to criticize such shows. In
discpssing where the spaceman would be if he let go of the
spaceshlp in orbit, he said: N . '
U I .should say he doesn’t have to (hold on). He
might drift a Iittle ways in relation to thé
spaceship. But on the space-shows you alwayé see
the guy drrfttng away the mlnute he lets go.
I. You don't think that' S rlght7_
J. I.don’t know -if it’s right or no. There’s a lot
that’s not‘right'iﬁ those space shows. No, I
don’t think it would make much difference if he
wésﬁ’t holding on for a few seconds. I don’t |
“think he’l], drift very far though.
I. Why? | | v
d: Because he’s in - he’s moving in nelafion‘to the
c: spaceship the same as the spaceship is when he’s
" holding on. So he shoufd keep moving the same
way after he Iets go.
James was the only one to score full marks on the crlterlon
test and had seventy six per éent in end of term marks.

Other students who seemed uncritical of television, did not
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do as well in physics. N |

. Space as a venue, » ‘ \
Space presents an ent1rel¥ d1fferent venue for
students. Thelr -conception pf space at the beglnnlng of

\

grade X ranges from surprlslngly sophlstlcated accounts of
cennrifugal force (all these from boys in this project) to
‘some more primitive and imaginative. Their preeonceptions
are often fabricated from the various reports they_heve
‘heard and read on space'trevel and from spacé shows and
science fiction. |

Except‘fo:.those studenes who were actively interested
in space science, mostly boys in this study, most of the
-students inﬁerviewed disclosed only some isolated and not
.always accurate knowledge of space travel Ansnefing ﬁhe
questlons posed nece551tated the1r comb1n1ng some items of
1nformat10n which they had acqu1red about space together
with their ﬁnderstanding of motion on earth. The inherent
complication of constanﬁ résistance to motion en earth which
prevented easy'anaiogy with'space‘médé the task more diff-
icult Unless they were avare of certain facts such as that
~there is no air in space but there 1s a grav1tat10na1 field -~
where a spaceship 1s_ogb1t1ng and were able to combine them
logically, the task was very difficult.
' The average time of response to the question "Where

will the spaceman be when the spaceship is over the North

Pole?" was greatef thénlthe average response time to any
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other questionf After predicting the position of the space-
man, -the wait ti@e for the reply to the request for a reason
for that prediction was less than for the gther questions,
Five (of thirty two) students(éxplained their first answer
as they gave it before being asked for the explanation. Thig
wait time is. needed for the student to think about the
images and concepﬁs which might be of use in this situation
and to combine them to form a logicai‘édﬁceptual frayework
sufficient to‘an5wer the gquestion. Haviﬁg anSWered'Ehe
‘question, the explanation has already peep formed.

| The students do not\haye such a weélih of physical
experiehce of space on whicﬁ to draw as they do for terr-
eétial problems. Because of the abéence.of resistande, it
should be easier for students to construct a éimpié frame-
work within which to think about Simplified frictionless
motion in space than studying motion don earthr especially if
taken away from the complicating factors of 6rbiting the
earth. ‘

It is SUQgested thét "space™ is a useful tool in -

-

teaching by providing illustrations of Newtonian.mechanics.~
It has the added ;?véntagg of béiné an area which‘appeals»to'
many students. vaiously events in space are not advisable
when introducing motion because they are not familiar and do
not provide tangible ekamples.'But concepts can be dgalt h
with in the context of earth first and then later related to

events_id space especially those which become reported in:

space research or by reference to heavenly bodies.

-
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Table 6 gives the disfribution of the fifst replies of
the students. Comparing figures with Table 5, the later
replies tendéd to place the spaceman either with the space-
ship or closer to it. There is a significantlyﬂlarger‘prb-
portion of girls than boys. who suggested‘ﬁhe.spacemaﬁ would
remain~over the equator when‘firséirespond&ng to the
question where the spaceman w§u1d be. However, if Eonsider—
ing the response as being the most.primitive, the two boys
‘who sdggested the spaceman would go in the'feverse.direction
should bémincluded. This gives chi-square for diétribution
by sex! of the most primitive answer as 3.24 which is not -
significant at the .05 level. |

. .

Summary

Almost Balf the students'exbected the spacemén to sﬁéy
at the equator. Only half oflﬁhe\remaindei of the students

predicted he would stay with the spaceship.

Three students failed to‘see the globe out .of context-

/ >
of the léboratory for a little while'thinking of'graviéy
acting "downwards" Mrather than ﬁowards'the earth.

| Nearly h;lf of the students thought that the spaceship
- was pfope%léd by engines or rbqkets'ﬁhen in orb?t whilé one
~other student described it as being Aprogramméd"'to cifcle
 the earth. Some.students thoﬁght the wqfldnturned underneatﬁ
the spaceéhip; | | | -

- There were many misconceptions about gravity. Among

them were: : : *
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Table 6

Distribution by sex of occurrence of preditions of °
destination of spaceman in orbit. First reply

>

Per cent responding

Boys Girls Total

Position and speed of spaceman N=26 N=14 " N=40

At same speed as spaceship

1

With spaceship \ 34.6 7.1 25.0 .
.Further out than spaceship . 3.8 0 2.5
Total - - 38.5 7.0 215

Slower than spaceship

28.68 ' 22.

Dragging behind B 9.2 5
Moving outwards_ B . .8 0 2.5 -
Spirally downwards - , ‘ ' 3.8 718 5.0
Total e - 26.9 - 35.7 30.0
"Staying overlquator
Floating or stationary 23.1 50.0 32.5
Floating away R 0 71 7 2.5
Moving toward earth =~ - . 3.8 7.1 5.0
Total - - S o 26.9  64.3 40.0%
| In reverse direétion \ |
’ , ) ) )

- Down to desk ‘ » 7.7 8 5.0

30ne girl thought the spaceman woﬂ]d follow the §paCeship for a while
then spiral towards earth. She is counted twice.

* . o "
For this distribution by sex, x2=5.29, .02<p<.05
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a. There is no,gravity b;cause the spaceman is weight-
less. - |

b. There is no gravity because there is no atmosphere.

c. Grayity acts on the spaceship not on the spaceman.
In space travel it is the man who is described as
being weightles§, not}the spaceship.

d. Gravity ig sometimes used as tﬁe "force forwards”
similar to inertia. If this force is less because
the spaceman is lighter, he goes slower. If gravity
is absent, he does not continue forward. ‘

e. The spaceman can remain stationary above the earth

in the earth's gravitational field without being

pulled to earth because the moon does not move to

A5t

earth. There.are various reasoﬁs for this including

balancing gravitétional forces from the moon or sun

or theré'is no reason at all.

Except for those boys who had studied space .science as

a hobby, most students' ideas of space were strongly influ-'
enced 5§,televi§ion and science fiction. At least one
student expressed scepticism about the veracity of space
science . but otherg in sayingﬁ "Well that's the way the
spéceman floafs on television were expressing some possible

"doubt.
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D. Task 4. Acceleration Produced by a Constant Force

The three previous tasks were concerned wit% students’
understanding of the inertia of stationary and moving
objects, that is, with Newton's first law of motion. The
fourth taék deals with accelerates motion: Nehton's second
law. Its inclusion in the project was an atfefpt to discover
wvhether there was any relationship between :;T\ﬂistribugéon
‘of understanding of inertia with that of accelerated motion.

In this task, a cart was attached by a string over a
pulley to a hanging weight and the student was asked to
predict what would happen if the cart were let go. When the
student had pgedicted a movement of éome type, the cart was
let go and the student was then asked what type of motion he
perceived and, if he could, to explain ghfs motion. Next, a
longer string was attached between the cart and weight and
the student askeéd what difference, if any, this would make
and "Why?"

" The force of gravity acting on the weight is translated
into a horizontal pull -on the cart by the tension in the
connecting cord.ivathis pull exceeds the frictional fbrce§
voppdsing its motion, the cart will move toward the pulley
with a constant acceleration. The size of this acceleration
will be dependent:on the unbalanced force acting on the cart .
before it hits the bulley.

The acceleration can.be expiainea in various ways: It
may be considered that it is the constant pull on the cart

which produces the éteady increase in momentum of the cart,

\
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that is, acceleration. Alternatively, the potential energy
of the weight which is lost as it talls, may be seen to be
transferred to the kinetic energy of the system of weight,
cord and cart,. N

When the string is made longer, the cart moves in the
same manner until the weight reaches the floor when the only
forces acting on the cart will be frictional and it will
continue with a very slightly decelerated motion to the
pulley. |
Explanation of Acceleration

/,Table 7 gives the distribution of'the student explan-
ations for the perceived increale in speed.

There seemed to be three explanations for the acceler-
ation which were equally favoured by the thirty three stud-
ents who attempted to answer this question:

Almost one third (11) of those replying thought that
the speed increases bipausc'the force of gravity increases
near the earth. They/gre, in effect, saying that there 1s a
linear relationéhip between force and velocity or' /

F =KxV)>
It is'possible that some of these students were aware. that
gravity decreases with distance from earth so perhaps they
thoﬁght that iis increase on approaching eg}th must be suff-
iciént to explain the increase in velocity. Geoff may have
_ﬁad this idea when he said: Because the closer youfget to
the grbund, the more gravitational pull there is. 1f this

was their way of thinking, most of the s;udentswsuggesting
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Table 7
\’ . , . ) . '-j ‘ .; -
. ~ RN L'i‘;‘,"- cL
D1str1bution by«sex of” occurrence. of concepts Exp1a1n1ng
acce]erat1on of. cart pulled® by constant force

. .

 Per cent'cesponding
Boys GirTSl . Total
' Reason for acce1erat1on n e1 o N=25 N=14 N=39a
_~Pu11 of grav1ty greater near earth, : -7 28.0 21.4 | 25;6‘.
\ ’_Fa111ng body 1ncreases speed e 44.0 . 7.1 30.8*%
“Speed or energy . increases -~ . - 28.0 28.6 < 28.2
7 Don't know 0 429 154w

;quekihterView'waé notﬂrecorded on tape fokhthis’taSk}

2= 4 ]2 for d1str1but1on by sex, corrected for sma11 expected"
frequenc1es p< .05+ ' ‘
2- 9 .58, for d1str1but10n by sex, us1ng Yates correct1on for

small expected frequenc1es 0.01>p>0.001. > -



this explanation did not.perceive that any such increase
must be so small as . to be‘negligible even if this relation- -

ship were'true,‘One might suspect that in some ‘cases this

idea ofvthe increase of gravity near the ground was only

introduced to the students' thoughts by the question. It may’

. T
L} ET

not have been present before. The reSu1t~obtained here is

s1m11ar to one obtalned by Aguirre (1978) where half of the

‘students-lnterv1ewed ages six to fourteen years, a1d thatv

a washer is heavier closer to the ground. This termlnology

seems to be 51m11ar to- that of Piaget's young students.

:'anget'descrlbes thelr-response (Plaget 1974) "From the

fact that the welght tends to go down vertlcally,‘theb
subjects of (stage) IIB w1lL conclude, for example, that it
acts and'we;ghs more toward the bottom than-the top (P.
92). | '

In this present study, with older students than e1ther

P1aget or Agu1rte—4nterv1ewed only one student talked about

¥

‘ ”the welght gettlng heav1er Bernie sald."

B. There will be acceleratlon speedlng up of the
| ‘cart and at first it won ‘t be dOJDg anythlng
rlght at first and then the lead weight erI be
vy,gettlng heav:er and heavier and-it’11] be .
actually pulllng - no the gravity would be
‘ pulltng the }ead weight down towands it.
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Another one third explained the increase in speed of

A

4the_caft by itsiattechment to a falling body so that

-
velocity of cert = velocity of falling weight_
t ) n
The,femaining one third of tte etudents replying eeemea
to pdssees a more scientifically adceptable idea, either
that the‘centinuing appl{ed force overcomes'inertia and con-
, stantly'ineréeses the speed of the cart (9 students) namely,
| F=Kx dv/d4r o . }
or that potentlal energy is converted to kinetic energy (2
’students) ‘Such views were. 1nterpreted as belng expressed by
the following statements i _
1. 1It ‘takes a little whlle to get started and then it Just
keeps go:ng lee this thlng Fell all the-way.and it
Tvkeeps falllng SO that would even pICk up- more Speed

é.k The gnavfty Jjust pulls rt faster and the thing Falls

' faster.. 3 T B |
- 3. Ithwirl stabt'slowtbecause'it’e go ‘té/;;;;;She;tﬁat

inertia . and then it 17 start galnlng

4. In the beglnnr@g you heed mone fonce to get rolllng and
, then it starts moving and doesn’ t n s much force and
it makes a greater movement on the ball. |
’5. FIPSf the gar will be mov:ng slowen and as qt speeds up
lt will be fneer to be mov:ng fasten
6. It started go:ng faster when it was. gorng down so the

gnav:ty started pulllng down more so the whole thrng

<

.
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starts speedlng up.
The grav:tatlonal pull on this will make it speed up o
8. The gnavrty.WIII be pulllng on them and the more it’s
pulllng the more they’]1 fall faster. ’
9. When the we;ght is falling, lt increases in momentum and
: the faster t falls the mone ‘energy lt carries.
10; It gains energy as it’s falling
That only  two students mentioned energy as e possibie factor
is surprising ‘since energy‘is_in‘the Junior High. School
':curricdﬁhm.f ' ' : _4?

During the time in which the interviews teok place, a
-change in the relative frequency of‘octurrenbeiqf the re-
‘plies td this task appeared to take place. Of the twenty

stpdents‘interviewed-in the first senen dafs of the inter-
views, nine said.the“?ett went fester because the pnll of
‘gravity,is greater neer;earth'and only three students»said -
it was because a falling body goes faster. Of the twenty |
students interviewed in the last'eight.days, three gave the
former reason and nine the latter explanatlon. A ch1 square -
(test glves a probablllty of -such a dlstrlbutlon occurrlng by
chance as less than 0.05 and greater than 0.02.

From the comments of students it seemed that more
schools were deallné w1th the motion of falling bodies 1n‘l
the curriculum as the 1ntetv1ews continued. The recency of
this’topic in ciass may‘be a reason‘for the increase in fre-

_ quency of exblalnlng the acceleration by the. acceleratlon of

a @alllng body. It suggests that w1th these students, their
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l replles may have been affected by external events. Harold
gave an Arlstotel1an explanatlon at flrst- .
‘f.~ Why does it go faster as it goes down?
" H. Because lts weight - the ain pushes it back Ilke
‘ 'thls, thwahd and this just goes down because
the w.erght pushes it down. So the faster it goes.
- so wait a minute, when it goes down. it goes
‘down slowly and then‘ it gees faster and fasteh.}
I. Why is that? “ o o -~
H. Because when air pushes it this way, see it
‘gathers it in like a va'cuum or spmerhing . It
pushes that way. | ‘%
S And»that'makes it go faster?' - ‘_ : )
H. No, I don‘t think so. |
1. Why does it go faster?
H. Because this is falling down and it pushes it.
Harold seems to be suggestlng that-the air sw1rles around
the catt and pushes it. ThlS helps to 1ncrease the speed of‘
| ;the falling weight and the cart. Arlstetle belleved that
\iviolent motioni (not natural) was sustained by afsimilarr
i actlon of the air. : -
| Pred1ct10ns of Movement. o~ N
Onefthlrd of the students predlcted that the cart would
‘not move unless the welght was heav1er than the cdart. When
‘the cart moved, four of these thirteen students remarked

that the wheels made a difference, the others made no

'comnent' Wltnfut wheels the force of friction between the . R
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3

-cart and the: table, ‘'which has to be overcome - by the tension
in the string beforle ‘the cart will move, would be very much
greater. The cart wouldlnot move in this case. With the task
as presented, there was-Very little‘frictibn elther in the
hrotation of the wheels or'between the wheels and the table. :
Type of Movement N |

" Robertson and Richardson (1975) in similar work with
Grade 9 and 10 students found that all boys and ninety per
'cent of the girls tested recognlsed a change in speed of the
trolley (acceleration). In their experlment 51m11ar appar-
atus was used and the students were asked to note the speed
" of the cart as it passed two vertical lines on cards placed
" one meter apart. They-were asked yhether it was the same and

o

ninety per cent of the students recognlsed a change in

- speed (P. 327) In this present study, nearly he same

am——

proportlon, 84 6% predlcted a. constant acceleratlon. Of the
' remalnder, only one boy fa1led\to recognlse a ‘constant
acceleration in the demonstration. He saw an acceleration to

N

the mid-point, then a constant speed.

Effect of Longer String . .

Thirty students predicted that lengthenlng the strqeg
would have no effect on the movement of the trolley Two
students, not noticing’ that the welght would reach the
ground before the cart reached the end of its run, thought
the cart would reach a greater speed , because the weight

=
would be pulllng fom longerr Seven students thought that the

1
1



-1nfluences such a5'3nstruct10n in class
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cart would have a smaller initial speed when it was longer.
To guote Deborah "because it began further back" and:

D. I don’t think it will go quite so fast. '
«I; Why not? |
D. Because there’s a longer rope here. It’s }t'akingr
Jonger to get to the cart. |
Summary | |
Understandingvthe concept of.acceieration presents no
dlffatulty to students of thlS age.
The concept of energy was used by flve per cent of the
students to explaln acceleratlon The remaining explanatlons

for .acceleration could be divided almost equally into three

groups:

1. The'force of.gravity increases near the ground so the
|

force on the cart increases.

2. A falllng body accelerates therefore the cart will also.’

. 3. The continued application,of force overcomes*theglnertla'

g

.of the cart and increases its speed or momentum.
These ideas on motion are easily effected by external
S
" One third of the students thought 1n1t1ally that the
hanging we1ght would have to be heavier than the cart for

the cart to move. Twenty three per cent of the students

thought that a longer strlng would mean- that the cart would

have a smaller initial speed That 1s, they lacked conserv-

-atlon of force.



Chapter V

AGREEMENT BETQEEN ASSIGNED LEVELS

.Many researchers have pointed to the problems assoc-
iated with applying:cognitive stages to rnoividuaicstudents
‘from interview protocols (Hobbs, 1977). In dealing with e
groﬁps of children and studyingitheir development as a
group, Plaget was deallng Wlth a much more stable element. |
The 1nd1v1dual will shift his 1deas from time to time. durlng
the course of the interview but the group as a whole w1ll
remain within certaln 11m1ts. .

~The changes which ‘the student makes durlng the inter-
view will reflect his internal ‘cognitive processes ‘and also
the interaction of these with external stimuli such as the
remarks made by the 1nterv1ewer and also the non- verbal

® B A

communication wh1ch takes place. Attempting to separate

‘ these is an impossible task; yet to-attempt the same diag—
nosis on written answers'and even more so with multiple .
ch01ce te\}s has the dlsadvantage of 1051ng depth In short

“all attempts to 1nvestlgate the students cognltlve func-.

tioning mpst choose—between 1ncomplete information -and over-

much.

Another problem in assrghino staées is in decidihg'oh
the criteria.to use. In this study, Tasks 1,2 and 3'were,
assessed‘at least twrce.—In each case, there was moderate

_correlationvbetweeh the assigned levels for each student
between tasks (r = 0»6)>but not the same agreement across

.
DN
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tasks or with achievement.

Another problem with any methoa of determining cog-

- nitive stages is in understanding the student's meaning ,

especially.if his ideas are very different from those of the

investigator.

The assignment of cognitive stages is often taken to

x
"~

describe some innate character{sticqu-an individual. Now,
althbugh maturation must be ahiimportant.factor in)the
manner in which a student fésponds,'his experience or learn-
ing must play a part.. Piaget describes the interaction of
the enviroﬁment and the- cognitive structures of the organism:
.as an essential process in deuélopment. So; in this'case;
the.éogn;tive'stage of these students will be affected by
prévious'ekperiéncé as well as by innate qharacteriséics
more_sovthan with the younger stuaents with Qﬁich Piaget
warked. This istnot im rtant.&n this'study;~the cogﬁitive

stages are used to compare replies on the various tasks and

" to discover whether these have any effect on achievement in

1

physics.
{
A. Distribution of Cognitive Stages
Task 1. Horizonta% Motion along a Groove
The first task in this study in which balls -were

'propelled along a groove is similar to Qhe.developed by

" Piaget (Inhelder and Piaget, 1958). Piaget, however,

interviewing younger students, employed several balls of

different masses and sizes and posed the questions "which
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will go further" and "Why". In the pfesent study, .initially
only one ball was used and then thr8e balls. of different

- sizes and masses. The student was asked more open- ended
| questlons: "What would happen when the first ball was
propelled along the groove" and "WhY?" and "What diffefence-
would there be with the other two balls?"/ Within the context.
of the Piagetian 1nterpret1ve framework, the results
resemble those obtained by Piaget and are conveniently
classified in a similar faghlon; Piaget and his co-workers
grouped the responses of his étudentvan three."Stages”
(Inheider énd Piaget, 1958, pp.125 - 132)
Stage I'. Absence of the‘operatioﬁs‘necgssary for &n
objective’account of the experimént‘and‘the use of

contradictory explanations and corrections after the

.

experiment:
Substage II4A.HAttempts to eliminate contfadiétions and'-
correc%ions after the experiment.
Substage II-B. The beginningIbf the reversal 6f ﬁhe‘problém
in the direction of slowing do&n. ‘ ' l
Substage III A, Exp11c1t reversal of" the problem of motion
durlng the experlment
Substage III-B. Conservatlon of m;tlon.
o . Inhelder and Plaget (1958)
Briefly;_the transition,Between Stage II and Stage III
, occurs wheh, in,deciding-hOW«farAthe‘ball goes,'the,studenﬁl
altefs his attention f;om;considering the. question: "Why

3

does it go?" to answering "Why does it stop?" These two
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categories conveniently describe the replies of the students
inmthe;preéent work. All of the students gave objective
accounts so none could be placed in Stage I.

Table 8 gives the total percentage of students who were
assessed in- these stageslon Task.1a and Task 1b and also on
fhe task as a Qhole.-Results are also given by sex. if a
student demonstrated conservation of motion on one part he
was’assessed as though he demonstrated conservation of mot-
ion on the whole task.

It can be seen that boys tended to dominate the upper
léve}s of Stage II and Stage III and girls fell mostly in
the lower levels. If the Stages are taken as a whole, the
résults are very similé: for both sexes: Slightly more than
half boys and girls were placed in Stage IT and a little
less than half boys and girls‘iﬁ Stage III. |

| It can also be seen from Table 8 that students tendedvv
to do better on Task la. As expléinéd béforé_ih Chapter 4,
this.is probably due to the nature of the task; in Task 1b
the ;elative masses of the balls>is a complicating factor
“both in initiating motion énd'in its cessation. Frictional
forces appear to the students to be of less impbrtancé inf
~Task 1b than in Task la. Thirty studgnts were consistent in
- the'type of;replf they gave to the two.parts of Task 1. But -
for se&en-students there was a consiaérable_différence.in
ftheir replies. For example; Anne said in the fifst~part,of

the firsti¥ask with one ball:
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A. This metal fhlng (the groove) Is causling -
friction to act on the ball, slowing It down.
1. If there wasn't any friction?
A. It would keep on going.
In the second part of Task 1 when asked whether there would

be any difference if the glass marble and the heavier ball

i
»

wd!ujuaeﬁ”ﬂﬂ; said:
A. There shouldn’t be except maybe the bigger one
will npot go as far and the marble will go
further.
I. Why?
A. Cause they weigh less?
1. The marble weighs less, what difference does
that make? i ‘\
A. 'It’svnot as hard to‘get it moving if there isn’t
as much weight to get moving, it’s easier to
\mové. And the biggentone is harder because it
weighs more than the other one. |
In Task la, Anne conserved motion noticing that frictional
forces slow down the ball (substage IIIB);.in Task 1b: she
made no mention of friction stating that weight'is the |
Qete:miniﬁg factor in the motion.(substége I1A). This i_ll‘u—C
strates that not only do different individuals pay at;ention
to differgnt facets of a situétion but_that.there'is varia-
tioﬁ within one person to the aspects to which he pays

attention even in similar situations.

N
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Greqg is another student whose reply would be classified
in Stage 1IA. For these students, the motion could be
described as:

\

Force = mass x distance
A
When the ball stopped close to the place which the student
had predicted, Greg was asked to explain why the ball
behaved so!

G. Because of the impact force that is given off by
the spring and the board which will drive it
down to a certain point at which it loses its
velocity and stops.

I.’/;hy does it lose its velocity?

G. Because there’s nothing pushing it. At the
beginning there, it’s that spring and the piece
of wood there that drive it forward and as its
speed - as its velocity- its velocity will
decrease because there’s nothing else that’s
pushing it.

I. Does it need something to push it to keep it

going?
G. Yes.
I. Why?

G. It needs something so that it will keep a
" constant speed because an object can’t keep up
its own speed ]ike a ball because it’s got ‘



~_nothing to keep it up at the constant speed.

1247

-

In sub—stage IIB, re51stance is beglnnlng to be of

1mportance. For example, when asked to expla1n, Lawrence

shld-"'
L

.'\ 3

‘e Because thene s no fonce pushtng rt but the

dd’5udden force Just pushed it. Like this thlng, if

. You. could gnease this or get a smallen ball

"d;fference does the grease make?

'.;you wene to pull it and. Tet it go it would roll
for- a ways and then: stop bgﬁause the force is
;‘stzll on it. ' |

. 'So that s why it stopped Is'there'eﬁijay‘i =
3 could get 1t to go further? B e

. LPuiI that thlng funthen back

W1thout d01ng that.‘

O If T greased 1t,;1t would go further? What

It Iubnlcates it.

= Why does 1t go further when you 1ubr1cate 1t7 L

It makes rt more sllppeny o e S
What is happenlng that is dlfferent ‘when -

lubrlcatlng it?

Weln the ball’s touching both the sides. The

?f_7ball is bigger than this Ilttle gnoove thene I

:,,;guess the srdes ane making it slow rtself down

' and if you Jubnicate}jt»l thrnk'tt.wquld;go~
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Fasten because it would inde thnough thene
" more. L | _ )
I.‘;If you got rid of the effect of the sides on the
~ ball, how far would it go then? |
L. It would probably go just about. to the end.
Lawrence does not con51der that re51stance is of great
1mportance in. the movement. of the ball. For h1m, there 1s a

'self~expend1ng force cau31ng motlon which w1ll halt the

" ‘marble before the.end of the track.

‘The influence ofi}esistadcehiﬁcreases with maturity
:hntil it is the méjef factor in the”movedent 6f the Balls.
: Sub stage IIIA would 1nclude those students who, wvhile
‘,‘g1v1ng re51stance the major ‘role in the SlOWlng down
b'process, thought the ball would»stop eventually anyway An
~ example of thls sub—stage is glven by Brlan: "
B.'_The ball w:II come thls way ‘and start slowzng

down as it Ioses momentum.

-~

I, 'Why?

B. Mbybe frlctlon agalnst ‘the sides.

: I.hilf there was no frlction,_what wohld happen7
.B. It would Just keep gozng
I;' And never stop? ‘
B. Oh yes, it’l] stop.
A few studehts possessed;conservation‘of motion‘ando
: ;ocussed on the;fete;ding,forces whiqh acted on the balls.

‘For these students who were in Stage’ IIIB, .
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Energy from spring = kinetic energy + work done against

For example, Carman had thlS type of reply
c.

friction.

'~ resistance

It’ II start off at the speed the spring travels
—‘well a spl it second and-lt’ll be tnavelllng at
thar speed and gradually it will slow down.

Why? | - o0 K

Friction and the air will cause it to slow down.

Friction‘and the air?

Friction caused by the air and the rail.

If there wasn't any friction, what wopld it do?

Out in, spacehyou'need ‘no ‘power to keep at “a

constant speed because it’s a vacuuTj there’s no .
. A et 7. Rk

RN

'
Ao

. . . . ‘\v ’\ N . . - : )
- ‘Task 2.Inertia of a Ball in a Cart

For a fdll understanding of this task,‘the interpreter .

must see the'motion of the ball-relative to external frames

of reference.uﬁhen the cart is firSt»pulled .the bali

remalns shatlonary to an external frame of reference. Then,

v

when the back of the cart hits the ball the ball moves for—

-

wvard w1th the cart and contlnues 1ts motion forward when the

.cart stdps. The observer must also understand the 1nert1al

forces whlch hold the ball Stlll at flrst when the cart

moves.forward andjthen,keep it' in motion .when the cart

stops,
'

3o \ ‘ _ l CL
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Piaget and his assistants also performed similar exper-

iments to this one but with younger students. (Piaget,

1973). Piaget presented a series ofﬁ%ive tasks on inertia of
increasing‘cdmplexity.1The fifth ana final task was a ball [
in the centre of a cart as is;Task.zuin’this study. Piaget‘
defined the cognitive stages by'the chilé‘s success on the
tasks.-In Task 1,‘the.child wasApladed on an experimenter's’
shouide;s'and the mat*pulled»underneatn them. In question 2,
the chiid was‘replacedlby aLaoli and'the mat byAa'piece'of
paper. In question 3, the doll was. placed in a cart and in

question 4, a ball was placed at theﬂback of a cart and the-

child asked for predictions and ekplanatfons when the cart

was moved The cognitive stage was determined by the correct

-predlctlons which the child made and on his degree of under—

“

stand1ng;»(P1aget 1973 La formatlon de la notion de force,

ppJGB).

An dttempt was made to use the same criteria in

’ assigning cognitjve stages intthis study. Some modifications

were.necessary bécause the previous questions had not been

-

-

set. The criteri re; -

Substage IIA the student d1d not pred1ct correctly nor have.
any apparent 1ntu1t10n of relatlve veloc1t1es or- of |
1nert1a. ' ; |

Sub—stageJIIB - the student ptedictea\cdrrectly’but had no

‘more 1dea of relative veloc1ty or of inertia, -

Sub stage IIIA the student predlct‘ncorrectly but had

some perceptlon of relatlve velbc1t1es -and a part1al
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understanding of inertia.

Sub-stage IIIB, was similar t¢ Stage IIIA but the student

1

~predicted correctly.

The dlstrlbutlon of stages amongst the genders and in the

sample as a whole is presented in Table 8 (p 121). Agaln

the boys seem to perform better on this task than do the

girls.

'An~analy51s of'the protocols tends to suggest that

giris generally have more difficulty in perceiving the

relative motion'oﬁ the ball and cart. Barb for example, had

difficulty with her explanation:

B.

Well, you pulledvit and . you set it in motion,

, you set the wagon in motlon but the ball in the'

wagon wasn ‘'t in mot ion so it had to compensate

for that by moving the other way.

I see what you mean.’The wagon moved, what happ-.

ened to the ball’.

It stayed where it was but it couldn t because
you pulled it, forced it the other way

On the other hand there was a tendency for the boys to have

less problem w1th the‘relatlve motion but to have difficulty

in perceiving the 1nert1a Wayne‘gave an example of this:

W > When it starts, the ball will roll to the back

- of the cart and when it stops it w:ll noll to

the Fnont.

Why? . q

; Since the ball isn’t attached to anything.

" Probably because the atmosphere surround ing the
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ball will hold it in place and pnevent lt ‘from
movrng with the cant -
‘While Wayne could see that the ball was held in place ané.
did not move with the cart he explalned the inertia of the&'
ball by the atmosphere. This appears to be a very'primzpive'
idea. ) ) | '
Not all the girls found difficulfy‘with this task.
Wendy was an exceptlon ‘ |
W. When you pull it, the ball szI move back
| because it’s nemalntng in the -same place, it’s
not belng pushed so it’s stay:ng in the sahe~
spot COnsequently as thls moves this will appear
to move back and when it stops it’s go:ng to
moye-Fonwand because once it hits the side it’s
. bgen given pressure to push it so it’s boing ét.i
. the séme speed as the cart so when you stop the
canf, th?'ball still'has that motidn"so it’'s |
'going,to'contﬁnue_fbnwand.
:Céhsidering all thirty eight students nhose intefviews
are.stggiéd in this task, three of the thifteenjgifls per-
.ceived the relative motion when the cart first‘moved.and
’vseventeén of thethenty—fiVe boys.vThié‘giveS'a chi—squa:é?/
of 6.92 which is significant at the 0.01 level. q§in§%§étes
correction for small exﬁectednfrequencies, (tﬁé/;malleét is‘

6.8) ch1 square 1s 5 23 whlch is 51gn}f1cant at the 0.05

level ' _ -
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These resnlts whieh suggest girls nave more problem
with ﬁerception ﬁhen Boys are similar to those 6btained by
Witkin'and'otners with field_dependence/lndependenee'and- .
with embedded figure tests.(Witkin et al., 1562)'This can_ be
& problem for‘gi}ls‘in Understanding physical concepts-pa;tfv
‘iculerlijhen the ball in the cart is used as a demenstret—'
ion foff;nereiah‘ | |

‘Task 3. Inertia'inysbace_

This task was suff1c1ently similar to Task-l to a551gn'
cogn1t1ve levels on the 'same basis, that is, the extent to
which the student conse;ves.mqtlon. |

-

The distribution of cdgnifiVe stages in this task is

egainhﬁhown in Table 8, (p. 121)‘
tThe levels would be a551gned in thlS task on' the foll—

owing crlterla. .

Sub—stage IIA. The spaceshlp stays above the equa%or or
falls to earth or. straight out 1nto space..The;e is no
conservation of motion, B . »

Sub-sf ge IIB represents the beglnn1ng of Zhe reversal of
the problem of slow1ng down. Th1s would be demonst;ated
" by ‘the student saylng the spaceman slows down because he
has no propulsion. .

Sub-stage IIIA. The spaceman‘fellews behind the spaceship
‘but - not asdfést because he ls lighter or he stays near
td tnewspaceshfp butlcould nqt'gOIOn.fbreger.

Sub-stage IIIB. The spaceman stays with the spaceship



~ because his motion is'conserved.

These 1evels dlverge from the Plagetlan stages w1th a
sharper dlfferentlatlon between Substages IIA and IIB. There
was a clear-cut dlYlSlon between those_who.had the spaceman~
lose all his motioh.when’hellet go»and those who saw him
continue moving for a while. It was neoessary_that the
former students did not perceive his motion relative to
emternal'fields'when he was in the Spaoeship In Task 1 -with
the balls in the groove, levels 2 and 3 are not as sharph%ﬁ'
dlstlngu16hed because of the nature of the task. A ‘task will -
only demonstrate those levels of cogn1t1on whlch are -
'1nherent in the 51tuat1on. So the assigning of spec1£iC/
sub- stages or sub-levels seems ﬂ! depend as much .on the task
as ‘on. some b;ologlcal or psgchologlcal state‘ln the student.

| The predictions the students'made osually but not
_'always indiéated their‘cognitive levels. For example, Shawn
compared the'spaceman's sltuation with that of'afperson onl
the hood of a car, as reported in”Chapter 4,~and predioted
the spaceman would stay with the'spaceship,'When asked about
the spaceman pushing away from the'Spaceship;in space he |
said: " o
S. He"ll drift L)p thene,nI guess.
l.. Will he go on or is he going‘to stop? -
S. No, he’ll be'ﬂmd of suspended in space.
I. Wlll he stop 11ke that or w1ll he go on?
S. I don’t think he’ll go on. |

. . /
1. Where.will he go? -
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. S. To the ektentv of’“his force after it’s chne he11

kindof just float. o
This is aﬁtotaliy\non—conservationalist/viéw—point.and_
suggests'that this sthdent was not consgrving motion in the
first part of the question.

One~$tudeﬁt conserved motion with resistance predicting
~that, if orbiting close to earth, the spaééman woulg be- some
QayxbéhiﬁdAthe spacéship becausé-df the resisténce due to
‘the density of the atmbsphefé. The further away from,earfh
hé‘was, the less atmosphére and thérefore,the closer to the
épaqeship he would bé. She also‘thought that'thé spaceship
had engines. It is not lbéical for a:cpnserve: bf motion to
believe that the épaceship had engines but‘ih this case the.
'stddént-indicatea that the engine was-needed’bécause of the

resistance of the air.

”fasy 4, Acceleration produced by a ConstaﬁtvFOrcé

| This task diffe;s from the\gther three by hotAtgsting
the students' understanding of :;ertia or of Newton's first
law of motion. It does test their undefstanding of his =

~ second law of,motion in éskiﬁé the' reason for the
acCelératiQn. Itvwés decided to draw ub’cognitive leVelshon
this basis ﬁo see how they;correlated with cognit}ye levels’
based on under$tan§inghof inertia. N
To assign coghitive‘levels on the-undérstanding of thé

second law a decision was made to base it on the

understanding of the cause of the acceleration. The

3
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followihg criteria were used to assess levels.
Stage 1. An inventive force suéh as ﬁhe wind is used to
beXplain the incfeaée in speed.* No 'students in this study
seriously believed that a wind couid cause the acceler-
o atiph; .
Sub-stage IIA., A oné,té one relationship between force and .
speed. Students in this stage ;xplained the incréése in
speed of the cart by an increase in the férce of‘gravity
acting on the falling weight. o |
Sub-staée IIE. The movement of tﬁe cart is analoéous'to that
_‘of\a falling body. Students iﬁ ﬁhis stage knew that a .
v falling body increasgs in_§peed which is nhot a concept
easily acquired &n eéefy@ay life from obser&ation. For
“this reason and because of the uneven distribution in
.time as described in the'previous chapter,.itQWas
"beligved'this;représented 1ea;ning rather than a
cogniti&e,stage. |
Stage III. The conceptlof increasing.momentum ortspeed with

. ,c\
a constant applied force or the energy increases with

s

continuéd‘application of the force. The third stage
requires a mﬁcﬁ'more abstract cognition than any of the
‘others similar to the échisitioé of inertia.

The diétfibution of these levels ‘is givén in Table 8 (see

p.121).
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~B. Consistency in Cognitive Stages across Tasks.

A Pearson product-moment correlation was run across the
cognitive stages assigned in the first three tasks. The
results are presented in Table 9.%

The results of the cérrelatidns abpear to demonstrate a
consistency across the tasks though not Qefy great. The
strongeét agreement appears to be between Task 1, the ballé
in the groove and Task 2, the ball in'the_;art: The corr-
.elation is significant at the .05 level. :

In this type pﬁ,stddy‘thére are many factors which
effect\theseifigures and the:relative»contributions.of these
faétor§ are’éifficult.to determine. Duriég the interviewé
sensitive students ﬁay have gained insight into some
problems from subtle clues unconsciously a¢quired from the
interviewer. The point at which closure to a problem was
applied was not tigﬁtly controlled although’it was usually
when the best reSgonsé frém the student seemed to havé?béen
obtained, Although the initial questiéns were standardised,-
. the following questions wére.more flexible because of thg
.desire to explore the student preconceptibns freely.'Assign—
ing cognitiye.stéges on the criteria»describéd.earlier in -
this chapfer is not a straight-forward operation. For
example, 'the importance asc;ibed in'Task 2 to the perception

¢ For all correlations the same data file was used. Only
thirty six student records, were complete so only this number
- was used in the following correlations. The reasons for the
loss are as follows: One student dropped the course before
the end of term. One student missed the criterion test and
the test of another student was lost. As reported before,
the tape of one task on a student interview was lost.
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‘extent of his push.
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of relative motion can strongly effect the distribution of

cognitive stages‘partibularry between stages.

N

In spite of these co¢plicating facEPrs there does‘
appear to be similarity i% the manner ih which students
reply to tasks. Considerﬁng the difference of some student
responses to Task 1 (as éeported early in this chapter), a
high correlation would be suspect.

.There was a consisténcy &n the perception of motion
relafive to external fra@es oé reference in Tasks 2 and 3.

|
Ten students used a force in Task 2 to explain the movement

forward of the ball whenkthe cart stopped. On'Task 3, eight
of these students e#pected that the spaceman would no&’ha?e
horizontal velocity ana Qould remain over the equator,
ShaQn, as already described drew an énalogy with a person on
the hood of a car and said hevwdhld stay with the ship.
Marsha also predicted he would be:with the ship'but she had
just'comple;ed-Task-2’where finally éhe had ﬁefceived
relaﬁive motion. Both of these studengs’said that whenbiheA

L2

Spaceman pUShed himself off in space he would only go to the
Eight of these ten students scﬁ;ed below the mean’ on
the criterion test and on end of ferm marks. Shawn scored
above the mean for both whilé Gail was above the mean on the
crifgrion test and Karen abo?e the mean on end of term
marks. Comparing these studeﬁtslin their-performahce in the

test, one half of them were éuccessful in question 7

compared with sixtéen of the twenty seven other students

~N
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which is very similar. They performed worse than the others
on questions 11 and 12 though not significantly. Three of
these students conserved motion on question{11 while

eighteen o

the remaining twenty seven did. Two of these
students scé,ed more than half marks on question 12 while

twelve of the other twenty.seven daid.

C. Student Preconceptions Related to Achievement

Criterion Test Achievement

The students' performance on the criterien test was
significantly related to one preconception on each task. In
Task 1, the initial explanatioh the student gave for the
‘movement of a single ball was pesitively correlated to
achievement on the criterion test, (r = 0.44, p < 0.01),
(see Table 9, p.135). That is, the more sophisticated the
reply to this first task, the better the student‘tended to
perform on the criterion test. In Task 2, those students who
gave as an explanatien for the movement of the ball in the
Acart some reaction}gf force, were negatxvely correlated with

.

achievement on the criterion test. The vaer of thls correl?

ation was r = - 0.43 (p = 0.01). In Task 3, the possible

positio?s for the sfx eman were numbered, tﬁose nearest the

spaceshlp hav&ng‘*:‘ﬁa'ghest score. The initial.responses of
the students were r-.éted to performance on the cr1ter10n
te§t,v(r = 0.40). The probability for this occurlng by

chance.is less than 0.02. 'In Task 4, the explanation that

the cart gains momentum or speed from the constant applied

o
~
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: hchzevement on, End of Term Marks

lv’ T . .
RN . : . K

"force was less strongly related to achlevement ((T = 0.37, p
,<-0 05) It seems that those students who have the more
!'mature preconceptlons are able to da better on thlS type of.,

'test._It may be that these preconcept1ons do not reflect L

some 1nnate characterlst1c ‘but 1n many cases are acqu1red

'ﬂIn these cases 1nterest4and experlence could @ause

g -

~_re1atlonsh1ps such as those reported.~ ’~V Lo

‘-

o
"

l'With”the end of term”marks, (See'Table 9, .p. 135)»”Therevmay

;be some preconceptlons wh1ch were om1tted that would show a;r

»
X

51gn1frcant.re1atlon.

Relat1onsh1p between Achxevement Marks

woo

There was a p051t1ve correlatlon between scores on the

crlterlon test and end of arm marks,(ry= 0.55 p = 0. 001

see Table 9,,9,135) ‘At one school from which there‘were

_/*flwe‘students,ithe‘crlter;on ;est‘waS’psed,as an end of
.'section test‘andlthererOre-would contribute to end of .term
' "marks.- At the other schools the crlterlon test was stressed
’ be\brehand as an 1mportant test but was not 1ncluded in the
' end of term mark It should be remembered thaf the end of
'term mark reflected performance on other sections of Physics
1@ than the narrow fleld of Newton S £1rst two laws

reflected 1n the cr1terlon test. Th1sais possxbly one/reason

imarks and_preconceptlons. S - . . 'l

- A . : . o o 4
3 . ’ s B g < \‘

-On”’ all the preconcept1ons tested for relatlonshlp w1th

' other factors there seemed to be no 51gn1f1cant-correlat1ons a

a

“fwhy there 1s no 51gn1f1cant relatlonshlp between end df term B
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D. Cognitive Stage Related to Achievement
‘Criterion Test" ‘ '

.The criterion test was related toithe cognitive‘Stages

oo

'assigned in Tash 1 and Task 3. The correlations were-‘

‘ respectiveiy, r = 0 43, P = 0 010, and r =-0'49 :p < 0.01
Ksee Tableh95. An earller assessment ‘of cogn1t1ve stages in
~Task.2:gawe greater‘weight-to the perception of relative ilj
motion. These assessed stages were alS%%related'to the

criterion'test (r =-0.43, p < 0.01).

. %
End of Term Marks

. )'\,
’,End of term marks were not 51gn1f1cantly related to any/
'a551gned cognltlve stages. As suggested above thlS may
reflect a broader base of sub]ect matter or that. end:of " term_

marks do not test cognitive stage.

B8
Ui

E. Variables*lnfluencing Preconceptions o

L H1stor1ca1 Antecedents

- o
g 2

s

Many of the preconceptlons demonstratedzln the stud-

Aents responses resemble bellefs of anc1ent phllosophers
espec1ally those of Ar1stotle. Several students 1mag1ned
| that the air was a factor 1n sustalnlng motlon b; "tuéb
ulence - sw1r11ng over the object to push 1t from ‘the other
51de.‘There is no way to ascertaln whether they were in any_
‘way 1nfluenced by dlagrams in the Physics text book If they
were, they had not read the captlons w1th care, There wasr‘

:also a tendency to feel that grav1ty acted w1th a greater

" effect on a heavy body_than on a llght one. This too was a
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Greék*belief.in*the case of‘fallingobodies. ﬁlthout Checklng
exper1menta11y the Greek phllosophers stated that heavy |
" bodies alvays fell faster than l1ght-ones. Several students
‘described motlon as-1f;the body .lost energy or momentum'as‘
it'noved, that iig«agif motion was self-expending; This‘was
an idea introduceé hy Philoponus in the fifth andvearly'
'sixth oenturiestTDﬁﬂThat the hellefs of ancient philo- '
sophers should be reflected in. the student-of today.shou1d'
not cause surprise for:the Greeh‘philosophy explained 1
»everyday phenomena.with‘commoh‘senSe ideasr Science does not
do this..Physiqs teaohes about a seemlngly,unreal\world out-
side of the experience‘of students.
Space Travel, ScienceaFiction'and-érevious Teaching

| Modern science does have an 1nf1uence on the precon-

ceptlons of students partlcularly, ‘of course in ;elatlon to
problems in space. However, the conceptlons acquxred from
.-space travel sometimes d1stdEt the alternatlve framework’
‘"away from the generally accepted structure of knowledge. The
‘term we;ghtlessness applled to the spaceman is mlsleadlng,
Students SOmetimes reluctantlw'assume-that gravity acts on
_the spaceshlp but not on the. spaceman. At other tlmes they
'assume that there is no grav1tat10na1 field and then must'.
invent an agent to hold the spaceshlp 1nﬂorh1t - an eng1ne
.in the spaCeship or even just that the earth'turns under~

neath. Sc1ence flctlon plays its part. If a spaceman leav1ng
o . .
.a mov1ng spaceshlp in a £ilm jUSt floats away then

conservation of motion is not reinforced 1n\the studentfs

Y - ’ . ;‘ . N ’?5
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“and work hard ,on term marks, they are not as able to- ta
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.

mind.‘ﬁut might it not be that:a student who does not con-
serve motion does not .see the spaceman still moving when he
leaves the spaceship?. |

Some s{Udents demonstrated auremarkable soohistication
withAregard to their'conceptions. In many cases‘interest was

a‘%?jor factor though the reverse was not always'true: not

all the students who-professed interest in science possessed

mature conceptlons. Some influence due to teachlng was ev1d-

enced ,Many students had learned from teach1ng on 1nert1a in-

the case of the ball and cart though sometimes inability to .

perceive relative motion interfered with: learning.

Most students had learned that’gravity was a force

- pulling downwards but this did not prevent them accredltlng

it w1th slow1ng down horlzontal motlon and in ma1nta1n1ng it

as in s1tuatlons of 1nert1a of a mov1ng ob;ect.

v

'Gender 1nfluences : o '\'

There was a significant tendency for girls to do better

?;idks than fdr boys, (p <.0.05). Further

: analy51s 1nd1cates‘that the correlatlon between end of term "

marks and‘on the crlterlon test is gender linked. For boys

_the correlatlon is hléhly s1gn1f1cant (r = 0.73, p < 0.001)

whereas for g1rls there is- no 'significant relat1onsh1p, (r =

:0,35,9p > 0.05) This suggests that while girls are dll; ent

the type of questlon set on. the test as are. the boys.

‘ There was less agreement also between the performance

of glrls on the tasks and thelr achlevement on the criterion

@
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"test‘than there.was,for'boys.,This is probably_duehto the -
'preponderanée'of primitive replies in .the girls' answers to-
" the tasks which is probably due to their lack of experience

in thevarlé of physics.
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Chapter VI
SUMMARY DISCUSSION AND IMPLICATIONS .

A. Summary
| The Problem )
Students beginning the study of physics often find

1nexp11cab1e problems in. learnlng certain parts.of the sub-

"ject. Often desplte great effort on the part of the student

‘ and teacher, concepts bedome even<more confused and at var—

iance w1th everyday life even as the terms become more - fam-

\
111ar. It has been suggested (Driver and Easley, 1978) that

one eXplanatiOn CQuld be that students have already acquired

preconceptions about their surroundings which are . subtly

different from the accepted scientific concepts which the

teacher presents. These preconceptions are all the more

"difficult to confront because they are unsuspected. Further-

. more, even for those students who achleve a measure of

success in the'subject 1t is p0551ble for earlier precén—
ceptlon' to appear and cause confu51on.

One area which is partlcularly susceptlble to. 1nterfer—

‘ence in thlS way is. that of dynamlcs and espec1ally the sub—

ject of Newton 5 Flrst Law of Motlon which states that a.

~body co tinues in its state of rest or'of unlform motlon in

hlne unless. it is compelled to change that state

_Qby external im ressed force. ThlS is contrary to every- day

all motion is- opposed by resistance and

143
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reguires a force to sustaln it. Thus 1nert1a of a mov1ng
body is not ea511y percelved’ as such and it may be that the
concept is seldom,'lf ever ‘acquired 1ntu1t1vely .
To support the belief that students m1ght not be able
to perceive the inertia of a mov1ng body merely from the1r

own first hand .experience, we can examlne_hlstoracal records

of early philosophers to observe that many centuries of

‘civilisation had passed‘before the concept of inertia became

. -
established‘(Franklin 1878). Before Gallleo, scientific

.. thought was domlnated by the teachlng of the Greek phllo—

sophers such as Aristotle whose physics was subordlnated'to‘

. philosophy and-religioh.'(Randall, 1962).

The purpose of the present study was to investigate the

preconceptions~of Physics 10 students before they began

-

" study of Newton's laws of motion. The intention was to

determine the nature and extent of their,preconceptions in

the field of inertia and to discover any relationship
between preconceptions held and performance in physics as
determined by end of term marks and by achieveément on a

- 1

criterion test. Another_purpose was to discover any gender

dlfferences in the type of preconceptlon held or the extent

of. these preconceptlons. Comparlsons were also made between

the studeﬂts ideas and those -of early philosophers. Modlf—

ications due to exposure to space travel,-science‘fiction as -

well as classroom instruction ‘were also sought.

’ Although the motion of the planets may be observeé it is
seldom notlced as cont1nuous movement /
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érocedures
The:stndy'was conducted in four randomly seiected s
Senior High Schools in the Edmonton Public Scnoo%'system.
Five students were randonly selected from each‘ofleight"
classes also selected.rando:ly from'these schools. The stud-
"ents, twenty six boys and fourteen Qirls were each inter-
- viewed 1nd1v1dually for an average of half an hour and were
presented with four tasks for which they were asked to pre;//

dict and explain events. The "‘interviews were tape-recorded

‘and later transcribed,and analysed for the concepts

expressed , "‘\\\\\h I _
' ' The first task was to explain the motion of a steel

marble along a groove after impact frym a sprlng. This was
followed as part of the same task by a request to predict
whlch of three marbles of d1ffer1ng size and massn&aﬂiL;a;‘N__
travel furthest along the'groove and to explaln this pre-
diction and the subseqﬁent events when the mafbiﬁs'weref
proyected 1n ‘turn along the groove ‘f, 1»' o -

'In the second task, the student wasdasgzg to predict
andéexplaln events when a ball was placed in the middle of a
cart and the cart was sharply pulled and then stopped.

The third task was presented as a spaceshlp and space-
man'orbiting the earth, The'students were asked to predict
and explain the fate of the spaceman if he were to-det gvof
the spacesnip.’They were also asked to describe events if he
pushed.hinself'ayayfﬁrom the spaceship in outer space.

LI
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%he fourth task was slightly different. It presented

"accelerated motion in the form of a cart pulled by a string

over a pulley‘which was attached to a falling weight. The

students‘were-again asked to predict and explain events and

any changes which might occur if the string was made long

/£

enough that the weight would hit the floor before the cart

'reached thetpulley. This task, which involveslNewton's‘

Second Law ofbMotion, was included to determine whether
there was any relationship between the studentS' under-
standing of Newton's First Law of Motion and of His Second.
Nature of preconceptions

Student ideas in the present sampleiwere found to range

" from comparatively primitlve conceptions to the sophist-

icated concept of conservation of motion The primitive con-
L conse ‘ .

ceptions expressed such ideas as that all-motidq requires

force for its continuation or that the poWer of motibn is

self expending Sometimes cessation of a real or 1maglned

: d
force is seen as an 1n1t1ator of motion in the opp051te

direction from that of the- force. With 1ncrea5e in maturity
of thought, resisting forces such as 'gravity', friction and

air resistance are mentioned. Concurrent with these "ideas

- the concept'offconservation'of motion may or may not be

demonstrated. Its absence from an explanation need not

- indicate that the student does not possess the concept.

Lo

" When a student's reply inClqded more than one idea, the

-

first, the intuitive one was usually the least mature.
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Seldom was a response preceded by one which could be called ¢

-

more sophisticated. The naturefof'the preconceptionsi
expressed by the students depends to some extent On'tne_

task. Conservation of motion does not always appear as an
'apnropriate concept in some situations.

In the first task, which studied the horizontal motion

of marbles\in a grdove, almost all the students gave a prim-

e

itive respdnse at first. About one third of the students did

not or could not modify this reply, while more than one -
. i . : . v : )
“third of the remainder of the students were able to respond
. ) o »
with the sophisticated concept of resistance. Similar

A

"dlstrlbutlons of pr1m1t1ve and soph1st1cated replles were
obtained in the other tasks except that some greater success
was achleved in Task 2 in all respects.
Consistency across tasks o '; - ‘ .

-There seemed to be con51stency in the students replies

[8

across Tasks 1, 2, and 3, most partlcularly w1th the higher
>1eyel:respdnses: Those that replled_ln\a sc1ent1f1c manner
‘to one. task would be most likely to reply‘in this.manner‘to
another. Thereiwas no agreement between tte degree of soph—
istication attaéned by the students in either ef thetfirst
three tagks and the way they‘replied to Task 4 when the .
deéree‘of sophistication was decided by the criteria used in
thisystudy.'Iﬁ_perCeption'of relative motion was the
criterion of suceess’én Task 2'there’Was strengvagreement

between success on thlS task ,and on Task 3 (P < 0. 001) and

"‘between Task‘2 and_Task-1 (p < 0.01; Table 9, p.135). 1§

&
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perception of inertia was the criterion of success then the .
agreement between Task 2 and both Taskv1rand Task 3 is less
(p < 0.05). | )

There was apparently a little consistency in the use of
gravity or neight as an agent which sustainedbhorizon;al
motion or opposed it. More than halonf the students‘naed it
\in this manner af some time {n the first th;ie tasks;. six 9f
these'studénts were consistent users and applied the concept
on:more‘than one dc;asion. l
,Relationship to achievement

The criterion test was related to the conceptual levels
assigned on Tasks 1 and 3 and on Task 2 if perception of
falative motion was the standard of success, (p < 0.01). The
and of term marks did not seem to be reiated‘to any assignedA
conceptual level but was correlated with the criterion tast
(r = 0.52, p = 0.001). This relationship was sex-dependenf
For Eoys the correlatlon between criterion test and end of
term marks was much greater:- than for glrls Por boys, r =

0.73 (p < 0.001), for girls,'r = 0.44, (p = 0.160). This

' means that the'ralationship between the two sets of marks i

Y

nef significant for girls. = AN

Resemblances to early ph1losoph1c thought . ,
| Many preconceptlons dlscovared in this study‘resembled
-bellefs of early phllosophers and sc1ent15ts Some students
‘appeared to belleve that contlnuous motion requlres a force

to sustain-it wh1ch 1s 51m11ar to Arlstotle s (384- 322 BC)

teachlng about v1olent motlonl(that is, not natural motion).
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(Randall, 1962).

Another Aristotelian oonception not as widely held is.
that the atmosphere plays a part in sustaining‘motion. One
Aor two students imagined that the air swirling around a cart
‘caused it to move or,increased its speed. A few more used
the atmosphere to. explain why the ball appeared to move to

~

the back of the cart when the cart was 1n1t1a11y moved and
explained the apparently sudden move forward by the absence
of the pressure of the air.
Aristotle also taught that the effect of gravity was
greater on a larger body‘than a smaller and-that a heavy
. body will always fall faster than a lighter one. A similar
thought was evidenced by those students who imagined that
gravity would pull the heavier spacesh1p faster around the A
earth than the spaceman. Students also showed willingness to
believe that different laws of'motion,applied in space fron
those on earth; another oonception taught hy Aristotle.
Philoponus (late 5th century andlearly sixth)
‘questioned Aristotle's ideas. He believed that a’medium was
' not necessary'to sustain motion and that motion wds [
self-expending (Franklin, 1978) an idea which some students
//ﬂ"seemed tO'believe.'Shawn‘for exahple, when he wa8iasked how .
the enefqy in the rolling ball was use” .p said: "It was

applied in getting from there to there it was used."

 Students .who did not believe that
motion of the cart or the spaceman that of T ol 'spaceship -

1358 AD)
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against the hypothesis of the rqtatioh of the earth. He
believed that if the earth rotated, an arrow shot vertically
'upwards would not fall back in the same place because it
would ﬁot share the rotation of the earth. This was actually
contradictory to his "impetus" theory which negarded |
"impetus" as something permanent unless acted ubon by
resistances or othér forces. It may have been that he was .
considering all possible ideas or there may have been
religious reasons for his inconsistency.
Influence of .modern science science fiction and‘preVious/
insfruction
It might be expected tpat"students would bave been
influenced by space travel and science fiction. Some stud-
ents seemed to have acqﬁifed a knowledge gf conservation bf
motion from space travgl. When discussing the motion of the
single ball they mentioned the fact that without resistance
it would go on forever, as‘in space. |
While some studehts were conversant with the factors.

involved in earth orbits, others had acquired incomplete
knowledge ofvthe'sysfem and on.assi@ilating.this with pre-
conceptions already possessed_prodﬁced some distindtly
personal al;ernative frameworks of knowledge to explain aﬁa;
predict events in space.

| One particularly confusing concept was that of wéight~
'~lessnesé. Although occasionally a student would describe the
spaceship'"fallingP.in its orbit’arouﬁd the earth it is

hardly surprisingvthat there were very few expr&éﬁiqﬁ;phis;

FAa
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concept since it.involves knowledge and understanding of
circular motion and centripetal force. Many stydents had
heard of the "weightlessness" of an astronaut SSEEVEr, but
not the accompanying "weightlessness“ of the spaceship. When
asked to express their ideas in this study, they had
difficulty in accommodating the conception. They resorted to
several solutions such as that gravity did not act on the
spaceman but did on the spaoeship or that theworbit‘was too
far from the earth'for any gravitational field at all. The
spaceship re%olved around the earth because it had motors or
rockets or was otherwise powered and directed. |

Orbits were seen by some students as something almost

tangible around the earth. The conceptlons varied from gn
-almost concrete bfit invisible factor -to something related to
speed, that is almost the scientific concept of orbits.
Other students thought that other forces kept the spaceship
above the earth - the grav1tatlon;l field of the sun or the -
moon or the spaceship's own weight. Some students explained
orbits by hOlding the spaceship still wnile the eerth
rotated beneath it. ‘
| Some students did not consider that the spaceman was
moving when he was in the spaceship so when he left it he
was stationary. Even if the same student perceived that the
ball in the cart maintained its motion when the cart
stOpde there'was sometimes no transfer of this inertia to
the region of space. This conceptlon was reinforced by space

shows; several students mentioned that the spaceman 1s seen

".‘.“

‘ | o

gy
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‘f,very personal mean:ngs Although ‘almost all st

_tthe mot1on of the balls on'

-

-describe hlS fate. N

;;Gender d:fferences o - o '1 «d*_, N _smh

Sex drfferences were 51gn1f1cant 1n ‘some. areas. Glrls
\

N, 2

~fwé§e more llkely to offer pr1m1t1ve explanat1ons for the

¢

atasks than were boys but although there ‘was a correspond1ng

v

ltendency for boys to produce more advanced 1deas thlS dlff-
'f'f;erence was not s;gnzfxcant Glrls vere more llkely (p
- 0. 04) to do. better on end of term marks than boys. The
f\gender dlfference in the relatlonsth of ‘this end of term

’.mark w1th the crlterlon test has already been mentloned

(p. 146) T .

There was a greater degree of agreement for boys

between the gay they performed on Tasks 1, 2 and 3 and their -

performance on, the cr1ter10n test than there was for g1rls.
Use of terns gravxty and wexght
| Many terms such as grav1ty, we1ght enerQY. force‘and

momentum atre used 1nterchangeab1y in var1ous contexts. Thr§>

o

jwas not unexpected A more surprlslng dlscovéry was the use

. of the terms. Grav1ty and welght in partlcularp:jym to have

nts recog-l

nlze them as represent1ng a force attract1ng all bod1es to

by

.dxrect1ons. : [ o g SRR S g

.“_ . . e > L8

In‘Task 1 grav1ty pull #as descrlbed as slowxng down

1

track sometlmes it seemed

”qulte separate from fr1ct1on Grav1ty pull was also :-5

i -
.. 2

PN s -

l"floatlng away >In fact,r'floating \was most often used to D

_-the earth they also can be seen as a factor actlng 1n other 3



described as. something which held the balls mv&@a

”‘to be- overcome to get them mov1ng, it was 1argerlfor '

3. Gravity. pulled the spaceif

‘would not be pulled down to earth.(

. N A - '
'] . o u St meiy

\

heav1er balls. o . S “.l - AT

. With the ball in the cart, grav1ty agaln (or welght

'.here) held the ball in place when the cart moved at f1rst ®

ulThe we1ght or G- force was perce1ved by other- students as

somethlng wh1ch held the ball at the back of the cartqshlle
1t was WOVlng. Momentum, grav1ty and welght were all

described as somethlng 1nherent 1n ‘the ball which thrust

forward when the cart stopped Seemlngly dszerent was the

“descr1pt10n of grav1ty pulllng down and thus pulllng the

ball forward

' Grav1ty was perceived as J##8ing a major part in rask-

ound so, if the ‘spaceman is

;we1ghtless, he doesn t move when he 1eaves the spacesh;p

- or, if the gravztatlonal fleld is acknowledged as actlng on
the spaceman, the force is less on the smaller mass, @here—“
:fore, he goes slower. Grav1ty may pull towards. the earth but

'because 1t 1s small ‘some - students thought, the spaceman _l‘

3]

_The. explanatzon of acceleratlon of a falllng body be1ng

" due to 1ncreased force of grav1ty nearer the ground in Task

'
N\

.4, is reflected in work by Agulrre where younger ch1ldren

- thought a we1ght would 'be heavier 'closer to the ground

(Aguzrre,]1978) Champagne, Klopfer, Solomon and Cahn (1980)
had 51m11ar results. Inspectlon of the vocabulary of |

Agulrre s students suggests though that these are d1fferent
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conceptlons. Whereas Agu1rre E st ents appear to have a
pr1m1t1ve conceptlon of 'heav1er' near the ground the older
"~ students in thls.study seemed to be argurng that the force

of gravity gets larger on approach to the earth and that

this increase is sufficien ‘explain ‘the increase-in’

~ speed. This idea that a br force is'needed to increase

speed is a corollary to t I oonoeption that all motion needs é
a force to sustain it and the idea "is therefore still a

relatively primitive preconception.

/w . T
- B.. Dzscussxon & e

~

It seems that, regardlessﬁof the more sophlstlcated
ideas which students may posses; about a famlllar 51tuatlon
sthe1r f1rst, eactlon can be 51m11ar to that«of earl;er '
.“fphifosophers 'Although"fegzof them said that motion‘needs a
fconstant\force as Ar1stotle taught most of them seemed to
belleve that the attrlbute _causing motlon vas used up For
somevstudents, this was later chan;ed to energy wh;oh-was
lost bedause of.reSisting forees_but'a“large'numbet believed
that mOtion;was>self—enoending‘and.even some of those know-
ing of resisting fbrces»thoight that invany oase<without'
vres1stance,vthe motlon would d1551pate. . v- 'o;_ o VH

The preponderence of pr1m1t1ve responses 1n the 1n1t1a1
| replles of the students to the tasks 'is not surprlslng
"These are the int 1t1ve 1deas Wthh result from early 1nter—
: actldh with the e v1ronment The 1deas whlch have been
consc10usly acqu1 ed f%&low‘later,vInifact,some of the o

~

g
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2

prlmitive¥ideas are not in themselves contradictory to

’”acceptedﬁscientific explénatidns: On earth, the energy of a

a

. moving body is used up (in transforming kinetic to heat

experlence. To acqu1re such_ldeas probably requ1res some

nﬁnergy) To make this complete one must quallfy it with:

N

‘The energy is used in overcomlng re51stance . Some -0of these

L

pr1m1t1ve explanatlons glve a much more commonsense

‘description of the environment. Th1s is why, they reflect ‘the

ideas of early philosophers.‘

The more mature _ideas would be more likely to have been
learned from other 30urces than mere observatlon or
¢
' : X Lt . .
conscious thought but not. necessarily overt instruction or

learning; This would be effected by factors such as

_ interest, availability of information as well as cognitive

'

abilityfénd_it_would be‘effected‘by interaction between
these."~ p _‘l | l |

HThe use‘of the.terms'"pull'ofvgravity" and "weight" are
éﬁ example of'the‘persistence of.intuitive idees. The

learned concept is that graV1ty is a force of att

‘earth but the 1ntu1t1ve 1deas of 1nert1a and frlctlon whlch

.\come from physical experlence are comblned w1th thlS know-

' ledge. So this force, known to act\vertlcally, is used to

descrlbe a power holdlng thlngs in place as when the cart

moves in Task 2 and Task 1'f1t slows down horlzontal motlon

in Task 1; and contlnues horizontal motlon or even.1n1t1ates

' it-in Task 2 when ‘the cart stops and;in Task 3.
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.bPerhabs thetldea of‘gravlty as‘a slowingjdown agent
should not be too_surprising.’Friction‘is not an experienced
lforce'to~an observer; the'weight is more tahgible. If the
student does not find conflict in the idea of llneat motlon
being affected by forces at rlght angles to its d1rect1on,
then grav1ty can be a more obv1ous agent for retardation as
in theﬂtask with the’ballslin the groove and wlth the cart
'belng pulled by the falllng weight than a horizontal force
wh1ch is not very obvious. Some students thought that it was
'the force of gravity aeting on the cart which, had to be
overcome before the cart would move..When an object is only
seen relat1ve to its 1mmed1ate surroundings as. with the ball
in the cart and the'spaCeman in orbit, then the vertical |
, force of gravity is one of the forces suggested which causes
“the ball or spaceman to thrust forward
There seems to be some real dlfferencebbetween the'
‘sexes in'giving primitivelresponses oo‘Tasks 1 and 3..Girls
here significantly more likely to givé such replies at the.
;beglnnlng of Physics 10 yet achleved better on end of term
marks probably because they were more dlllgent in their
studies. A noticeable result was that though there was a

Ly

SIgn1f1cantly greater use of pr1m1t1ve conceptlons by the

glrls, the greater use .of sophlstlcated concepts by the boys.'b

was not 51gn1f1cant It suggests that girls begln at a
drsadyantage but‘are more l;kely to be{flex1ble. One reasoh_
. for the girls' early dﬁSadvantage\is no doubt due to their
. lack of experiencemin the_area\because of inclination. and

.
4
&
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sqcial factors. This céuld lead also to less adequate under-
 standing~of vocabu;ary. For example, when asked what |
friction was,'Anpe saia; "Different forces acting”. Althougﬁ
she had used the term apparentiy with ﬁnderstandiné aS,a'
?actor‘slowing down'the motion of the spaceship, she did not
dusé it éisewhére and it is possible that -she did not really
"uqdersgdndythé'te;m. Another aspect of sexual difféteqfeg is -

that because of their lack of experience in the field,:gifls
might benefitvfro% ;ore cbncrete'experiences in classroom
instruction. The purpose would not be to make thé subject
léss formal but'tp give morerpractical work;in the initial
stages. '

' Whethe; theré.is'any-bidi6§ical‘réason for gir}s“‘
ﬁooref perfofmance inﬁscience'than boys' seems‘to be elusive
. to-investigation. It appears that the cerebral Bemisphefes
have specialiséd functions and that this speéializatioh
‘tak;s place earlier in girls thah‘boys.;One_suggestion”'
(sutherland, 1981) is that later deve}opment'in boys allows
-for»greétef balance of functions of’ﬁhe two hémiépperés and

,'gfeater development- of the activities controlled by the

-,

Afight:hemisphere.'Hence boys:have gfeatér S§atial abil;ty_‘
;ndjgifls bétter laﬁguége deelopment. On the other hand,
Epstein»(1978),sﬁg§es;§ thét growth‘spurts in brain'develop—>
ment.are related to the appearance”of ﬁiagét's cognitive

~stages. Hé also states that,thesé‘gr0wth spurté at age

.eleVen are'greafef for girlsvthan boys and that at fifteen'

‘is greater,for boys than girls. Epstein argues  that
B & . N i j .



- \.: ‘ x ;. : . | | - - -
- curricula designed'for boys are:inadequate for gfrls and
that girls need the stimulation offhigher level reasoning at
age eleven, If thlS is not prov1ded then it becomes
dlfflcult to develop the faculty. The same. need mlght be
applled to some boys too. ’,[ o - : B
The degree of sophlst1catlon in the student replles
must reflect interest and experlence. But not only thegﬁg
fact\rs are 1mportant some students professing interest.
were asslgned falrly low cognitive levels. The 1nteract10n
of interest, experlence and ability would explain the
—*”’b5§E§§§;;;§ of assigned cognitive'levels across'Tasks 1, 2
and 3. It nould also explain achievement on the criterion.
test but not the lack of agreement of a551gned cognitive
1ew€1; and’ achlevement as demonstrated by scores on end of‘
term marks: ‘This could_be explalned by the broader base.of
end of term‘marks although Newton;s"laws of motion are a -
~large part of the core currlculum in Physics 10 Since end‘
of term marks were correlated with, certaln questlons on the
criterion test, (r = 0.6, p < 0.001 for questions 2 and g, r
= 0,4, p < 0. 02 on questlons 5 and~11) it is p0551ble end
-of term marks are strongly b1ased in favour of recall or
stralght appllcatlon of formulae and do not reflect ab111ty
to transfer learned concepts.rm*ﬁ
The lack of agreement between the cognltlve levels
'a551gned on the other three tasks and the level assigned-in

' Task 4 could have been due ‘to the criteria used to ass1gnwﬁ

this cognlt;ve level. In a similar task, Plaget‘used

a
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recognition'of acceleratibn as the.criterion but only one of
these students failed to see the acceleration. It could,also,
be tne;manner‘ih which these critetie were epplied.

The cognitite stages in Task'éywere aesigned ffdm two
' pointe’of view;'One was on the'deéree to which theYEtUdents
appeared to percei?e the inertip of the ball andnthe other”
was the percébtion ofnthe movement of the ball relative to
external frames of reference. As mignt be expected, the
agreement between the two is fairly high, r = 0.7 (see-Table
9, p.135), no higher‘becanse one does not depend always on
ti‘he other. It may b’een that :percept'ion, of relat‘ixv‘e motion
" Seems. to correlate ‘more highly w1th performance on Tasks 1.

1

and 3 and w1th the cr1ter1on test. It seems that perceptlon

s

of relatlve motlon mlght be- related to some general abllxty
From the 1ntefv1ews it seems that in some students there.Ls
K a great resistance to the percept;on'of the motion of the
dball relative to. external references. |

While it isddiffigult to determine to Qhat extént'con—
servation of motion is a learned concept, it 1s p0551ble |
that 1t/m1ght be acqu1red by 1nteract10n w1th the environ-
“ment in these. days of space research without learnlng at
school. The Greeks 1nfluenced phllosophlcal thought for many
centuries and this may have been why conservatlon.of.motlon
was so late. in be1ng accepted. Arlstotle was very hlghly |
'respected for’ centurles but language may have been a great

” barrier for hlm. The Greek. language whlch he used did not

have a term for the active verb 'moves' only .for the passive
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form 'is mov. This would pose problems“ in thinking of |
‘movement which does not have a continuous stimulus (Randall,
1962) . | |
It seems from this‘stuéy that both'conservation of.ﬁggt'
dion-and the perception of motion‘relative to external frames
of reference, have some relationship to success on the
criterion'test. This does not necessarily imply that they
are essential to success on‘this test. It‘is.more likely
that all three are related to a general abiiity. Whether
this general ab111ty is descrlbed by "stages" or by’a con—
tlnuous scale is not 1mportant here. -
If "cognitive stages" are real though difficult to\
determlne and are dependent on innate structures as well as

- 14
on 1nteract10n with the env1ronment “then only the latter

factor can be effected’by teachlng The lack of formal
structures prohlblts acqu151tlon of formal thought

ThlS study did not set out to prove the ex1stence of

. cogn1t1ve stages but only used the idea as a tool in com-

parlng performance on tasks. It did appear- that the nature;,,z """ -
. of the student dlfferences mlght support the eX1stence of

some kind of stage; There wefe some students such as Carmanv

who were very sophisticated in their understandlng of the
1concepts. These students did well espec1ally on the.

variable in their perfdrmance but were able to achiefe some

criterion test. There were other students who seeméd jo be
jﬁ.
success on the tasks and at tlmes appeared to. learn very

»QUlelY There were on the other hand five students who were
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very resistant to the idea of conservation}of motion and to
the.petception,of mot {on relative to external frames of
reference and who perfqrmed.poorlyion both’achieVement
‘ xscores. Whether one prefers to consider a continuous scale
of ability to cognitive stages the difference in students is
" great. o ,.. | Co
The most useful results in this study were obtalned
when the student was asked a speolflc questlon such as
»"Where,wlll the spademan befyhen the spaceship is here?" To
»esk a student to”ﬁredict and explain "What will happen?"
when a ball is pushed a;ong a track is'open-ended and leaves
the student uncettatn about how he’is,expected to respond to
the question. Asking‘for explanstions of predictions or_of.k
demonstrated events is also open—-ended but the invest-

1gator s expectatlon 1s more clear.

T

g}/lmptfigtzons for Teaching -

‘ : Students seem to enter phy51cs classes w1th preconcept-
ions many of whlch resemble those of early phllosophers
Whlle such 1deas may obstruct learnlng, they may also be
used by the teacher as strategles in teachlng One method is
to follow the scheme of recent phy51cs courses such as |
Physics: A Human EndeaVOUP to follow h1stor1cal ph1loso—
phlcal thought. Whlle that text deals w1th Arlstotellan con-

.ceptzons such as the need for constant force on a mOV1ng

object, there are other conceptions of later philosophers_t

 whose ideas were reflected in'the sample studied here. A

' N
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student who thinks that moving objects borrow a force which
| diesvout even in a void Qould‘reCOgnt;e the philosophy of
Philoponns. Others would feel a Sympathy_with Buridan who
decided that the‘earth did not rotate because an arrow shot
~straight up in the air came stra1ght down. Thosé Qtudents‘
would not believe that an object 1n51de another mov1ng
‘object maintains that motion. $Such students would learn
without losing confidence. ‘ o
Anotherrpossible'tecnniqUe'is similar to Aguirre's. He

suggested that students should,be asked for their inter-
pretations of the action of forces. ‘Then from these contrib-
.utions, the class can work tOgether to formulate more
sc1ent1f1cally acceptable concepts: The same ‘might' be accom-
pllshed with motion. The teadher could take:the 1dea that a
certain amount of force witlvalways push a ballfa certain‘
distance. I1f this were true, then the sur%ace‘should make no
‘difference.vBut a ball'given\the same }mpulse on different
~surfaces will go different distances.IStudents would then ce
encouraged to consider factorsgwhich oppose the motion of
the ball. P T

: A teecher_might also discern‘from this Study that the
students' use of a word does not always mean that he has
.acqu1red the- concept even ‘when he appears to use the word
‘-correctly Many of the students showed lack of discrim-
ination between concepts such as/lnert;a and gravity or
weight: This would probably.begin to disappeer.és the
concepts‘yere'presented and defined. Less likely to be
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clearly defined are such terms as ftiction‘or force.
Empirical deflnltlon by examples might help those students
who were most unfamiliar with such words.
Girls might also benefltffrom'practlcal experience but
',:not in situations where it is more profitable in acqu1r1ng
marks to allow the boy54€o do the work while the glrls make.
the falr copy.
¢ The experiment with the ball in the cart to demonstratev
inertia should be’used with great care. Students who cannot
.perceiveka little of the motion of the ball relative to
external references, will not acquire the concept of

Newton's First Law. Some perception of the ball as

9
t

statlonary at flrst is essential’ and the perceptlon of a

&

body moving when it is within a mOV1ng body is no more to be
taken for granted. | ' } - | A
The resistance some students have to acquiring the con-
'Zcept of conservation of motion and of‘relative motion and
their difficuities with the subject suggest thet they might
/.perform better in a class with less formal concepts. wh1le

there are ways in which students can work 1nd1v1dually in a

class, a551gnment.of marks appears to be a problem.

D. Suggestions for Further Research
The direction of further fesearch is suggested by some
of the f1nd1ngs in th1s study.A |

‘1., .Some of the flndlngs in this study were unexpected

' 1

partlcularly the many connotations of the term gravityﬁ



‘the spaceman pushing away from the spaceshlpﬂls‘posde ‘}

T

v
9

.students possess in this way could'be .iplored by’ pre*

\&Wﬁ,

senting problems in space with andgn@&,gat'a grav1tat—

the most diffictlt prob TE&%“¥@¥W“vhbh the spanshlp was
in orbit. This task could be more USé?ulfy e;pig§%da;ox

test students' conservation of motion if. the quest;O% Qf;;:w

w

before the complications_of the earth B orblt are

involved. As a comparison elther Task 1 or Task 2 could&%f‘

also be set. Together with this an embedded f1gures test-

could be set to test whether field dependence/lndepend-'

ence has‘any bearing on the problem through percepcfon'n

of relative motlon.

- This study dealt with a single age group and does not

indicate how the students’ .cognltlve.structures might
evolve. A study of the deveIOpment of these conceptions
of grav1ty and" 1nert1a could be undertaken by testlng

younger children at various ages.

-

Since possession of the concepts of conservation of mot-

3

ion and of motion relative to external frames seem to be

important in achievement in physics, some attempt might

be made to determine to what extent, if any, these

concepts could be taught. If success can be proved
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againsf a control group without teaching, the result

might indicate whether these concepts depend on innate

structures.

: H
Since responses depended to some extent on the nature of

--the task and how it was presented, further study should

- be madc;of student ‘response to several modifications of

a task such as presenting a simulation of a spaceman and
spaceship in orbit. In order to achieve credibility with

these mature ‘students this might be best dealt with by

£ilm. . 8
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APPENDIX 1

Experiment A, Balloon blow ffﬁ,af aded.
Questipns. ‘ e :
The balloon: was blown up and held closed for a
whlle. : N
1:"If I let go of the balloon, what w1ll happen?" N
Usgally the stydents predicted correctly..
"In which direction will the balloon go flrst?"
- This was answered correctly. . '
'Q 3:"Why does Ehls happen?" :

I3

“\ul

aExper1ment B. Cart pulled by a we1ght over a pulley Lo
Questions = - o
~Q 1:"Here is a cart, attached by a plece of string
to a weight hanger with weights. I will pull the
.cart way back to here and let go. Can you tell me
what will happen to the cagt?" . ,
By namlng the apparatus of the experiment, he students were
‘given names for the objects with which they might not be
familiar. Most said that the cart will move, three sﬁﬁd it
~would only do so if the we1ght ‘and weight hanger were
: heagler ‘than the cart.
' TQ 2:"Will the cart always move w1th the same speed
between here and here?" S : '
. Q.3:"Why?" \ o
. Demonstration and agaln “"Why?" if the,student‘had}not
predlcted correatly ‘ : o

: Experzment C ¥2 carts pulled by we1ghts over pulleys‘

Quest1ons )
Q 1:"These are two 1dent1cal ‘-b,,,ﬂ ched as you
'see to weights as before. Laglall pig® them both- _
back to here and let- go. Wi L e *uvemené&be the .
sa@e?"' :

Q- 3 "HOW c ol

" again?"
‘Q 4:VIf -1 e the br1ck and add -a weight to
* the hangey 1fferenCe do you expect that to
‘make?" ¥

The answers wer

i ;oorfect_and ljttle of interest was
ga1ned from thlS. ' Lo . :

’“Experament D. Marbles propelled along a metal groove.

vApparatus , g
A metal groove and three. small ‘balls were produced One ball
was a’small steel marble, ther a glass marble of the same

~ siZe and' the third was a:s ball of diameter .
e B o | '



N

- the same for. each ball/)

"Questions

Apparatus

p‘ﬂ , ) ‘a 0, ' -

ap rox;mately tw}ce that of the other two. = =

shall plade .this steel ball in the groove w1
.its side on this mark. “mhen 1’ llfpull the ‘sprin
back. this distance so that the s riker comesat
other‘mark anq%then let go o X
(This was to ensure &s much as ppsshk#p that the 1mp

Q 1:"What will happen to the ballv"'“
Q 2:"Why?"

‘Demonstratson. If the students’ predlctlons.were wrong, they
~were asked "Why?" again..

The experiment was repeated show1ng 51multaneOUSly the other
two balls. e L
Experiment E., Cart upside dawn and on wheels
A small cart was presentqﬁ :
Questions
Q 1:"I shall push this cart along the bench up51de
down and let go. Could you tell me what will
happen?” .
. Q 2.nwhy7n
Q 3:"Now I shall put 1t the right, way up and do the
same thing. What happens now?"
Q 4% "Why7“ . L . .

.Exper1ment F Actlon and react1on between dynam1cs carts

with plungers

e °

Two carts’ were‘presented and thelr 1dent1cal structqre.
demonstrated. Each had a plunger but one remained 1nact1ve

‘throughout the experiment. The two carts were placed end" tog ::E

- ene so that the loaged plunger of one was set ready to the .

strike the other caft. Two bricks were placed. with one. brlck U
behind each cart. The student was asked: :
- Q 1:"What wmll happen when ‘the plunger 'is pressed?”

_After his reply; '

‘Q 2:"Where would you place the carts so,that they

‘hit the bricks at the same. t1me7“ _ 5

Q 3:"Why?" A '
Another brick. was placed. on}”ﬁb cart and the student asked o
where the. carts shoyld be placed so that they hit the brlcks

‘at the same time. IR 2N )
EXperiment G. vWagon and ball. SO o o
.. Apparatus. -

" .- Questions;

A marjsle was placed in the centre of a'@fRll open cart which.
had a handle attached., = , , A \

’

.
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Q 1:"1 shall pull th1s wagon forward and then stop’
it suddenly. What do you expect to happen’"
Q 2:"Why?" : .
The experiment was performed, If the student had predicted

.wrongly, he was asked to explain "Why?" again.

Experiment H. Earth spacesh1p and astronaut.

Apparatus.

A large globe, a toy spaceship’ and a plast1c1ne astronaut
were pregented. The spaceship was demonstrated orbltlng the
earth with the spaceman inside,

Questions

This globe represents the earth and this is a space-
ship in orbit around the earth. It goes like this ‘
every 36 hours (The spaceship was shown orbiting the
earth in a great circle over the north and south
poles). The astronaut inside needed to do repairs to
the outside of the ship so he’ put on his space-suit

-, and climbed out. In his haste, he forgot his

- life-line which attaches him to the ship. :

"Q 1:If he should let go of the %hlp, where will be
be in about 15 minutes if the spacesh1p has got .to
here?"

- Q 23 "Why?"
Q 3:"If the spacesh1p is out in space and the
astronamut climbs out again without his life- line and
pushes himself off acc1deﬂ¢ally, what w1ll happen?™
Q 4:"Why?" -

- Q 5:"If the spaceshlp is agaln out in space and the
astronaut leaves again without his life-line and
pushes himself off acc1dentally, what w111 happen’"
Q 6:"Why?" .

Q 7: “How cou&d he get back to the spaceshlp?"

a

Ekperiment I. Ball on a rotatlng platform ‘
‘-Apparatus R
Axrotatlng platform was presented w1th a small marble placed

“on ‘the surface.

Questions: - -

Q 1:"I shall rotate thls platform w1th the ball on ‘

it right here. Then the speed\will beiincreased, '

will go faster. ‘What do -you expect to happen ‘

eventually’

'Q 2:"Why?". @ |
The problem was not. satlsfactory because 1t was dlfflcult to
set up. Because the rotation had to be accelerated, the ball
.always went off w1th a backward motion.

. ‘ ) . ) o
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APPENDIX 2

‘ STUDENT PROFILES '
. A summary of each student's replies to the tasks is
.given here. Student remarks are in 1ta11cs, commentary is in
normal print, A RIS
ALISON ' T >
Task ‘1.
It stops because it runs out of push.
There isn’t enough push behlnd it to push it the .
whole way .
You didn’t push it han enough
Theflighten one will go farther, the heavy onhe not
‘as far
The ‘1ighter one doesn’t need as much force.
Friction is greater with the bigger one because of
the way it sits in the groove.
Friction makes it slow down faster.
‘It wouldn’t go forever with no friction because of
air pressure.
~ If there IS no air pnessune, it would}go forever.
Task 2.
The ball W177 hit the back on the start - will
bounce off - hit. front of cart on stop.
- Cart goes forward but ball doesn’t.
Groceries in a cart don’t go fonward because its not
the right way for it to go.
ghen the cart stops, things keep on movtng to the
ront.
_cThlngs in a car go the same speed as the car and
‘don’t know when the car is going to stop.
It doesn’t know cart ‘is going to start until
somethrng hlts it. .
Task 3.
Spaceman would follow spaceshlp a little bit behind
; or be on the spaceship. ) ‘
. Too far out to go down to eanth ' &
Probably slower than spaceshlp . :
,y”"?ﬂﬁmmeshlp has engines.” (corrected)
Hﬁ’dmgb -slower because he’s not as blg as the Space-
ship »
The spaceman in gace would start falling when he
Ra;pushed himself of
~“He would float anywhere. .
? If he started in one dlnectlon he would just keep

~go:ng
There would be no way fon him to get back .
Task 4.
Car will move if the weight is heavier than the
- cart.

It will pull . if the welght is the same because the
cart is on wheels.
The cart will speed up as the welght falls.
T we;ght will’ Jerk all at once when lt starts



‘,Task 2.

falling and then cart will slow down.
The cart will increase its speed to a centaln pornt
and then stay at that speed,
‘(After seeing the weight fall) -
The cart moved faster all the way. '
If something falls from the sky it reaches a maximum
speed but there is not enough air pressure here.
A falling body goes on increasing Speed if there is
‘no afr resistance.
For a longer string, the cart w171 start slower,
bec?use it takes Ionger for.the string to neach the
- car
Its like: nlding a bike too big for you. -
., The cart won’t ever reach the same speed as befone
After the weight hits the floor,.the cart increases
its speed for a very little bit Funthen : .

Drew ‘

Task 1 '

The ball nolls because lts strugk unt:l fnlction
makes it slow dowm.

The heavy one goes funthen (but changes mind

immediately),-

~ The heavy one slows down fasten because of its
weight. o
Ehelspnlng doesn t have as much effect on the larger
a .

The glass one will go the same distance as the small,
one. 0On feelrng weight, no, it will go further.

The ba77 will go back on the start and fonwand on.
the stop because it is a free object.

Does gravity hold the ball standing still when the
cart starts? -

" The ball. is moving when the cart stops. The ball
‘doesn’t stop .

_Task 3.

The Spaceman would stay with the ship because
there’s no friction in space. There’s nothzng
pulling on it. -
If the thing (spaceship?), flipped over there might .
be a little gravity to pull something down. o
The movement of the spaceship creates a force which
overcomes the pull of gravity so- the spacesh:p
doesn’t fall to earth.

Task 4, '

The cart will move fonwand mov ing fasten all the

t ime:

It will increase its speed at 32'/sz.

After the string is lengthened, the cart will

increase its speed as before but it halts sooner

because the weight reaches the ground.

Then it wrll decelerate lnstead of accelenat:ng

ﬁ
B S oo
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Greg.'
Task 1.
The ball will eventVally slow down.
“Air and metal friction slows it down.
The little one will go the farthest. ’
The little one is smaller and takes less to get it
moving so it would go farther. o
The larger one has more friction because It takes up -
more space and weighs more. The big one takes more
energy to get moving faster
Task 2.
“The ball will move back in the cart on starting and
forward when the cart stops. At first, the ball .
hasn’t been pulled but the cart has. When the cant
- stops, the ball hasn’t been stopped.

Task 3.
The spaceman will fall to eanth in a nrng from where
he fell off. :

The spaceship is fall:ng to eanth ‘all the tlme when
it is in orbit.
Not sure whether the spaceman would fall as fast as
the spaceship(That is, whether he would lag.behind).
He will stay wzth the spaceshrp

Task 4. , : °}
Task 4 was not recorded.

Gail .
Task 1. . ‘ ' \

The ball is kind of heavy so.it starts off real fast
but it slows down because there’s nothing to keep it
going.

"The heavier ball needs a gneaten shove so it doesn’t
go as far. = -

The 1 ighter ball needs Jess shove so lt goes faster.
It’s Just the weight makes it harder to push.

Task 2,
When the cart is pq]led the ball will go the

'oppOSIte way . :

. When the ¢ art stops, the ball w:l] roll back.

The cart : lpplng one way makes the ball go the
other way.

" The force from it (the cart?) makes the ball go.
When the cart is moving air or force holds the ball
back so it rolls forward when there’s nothing to,
hold- it back.

Its the jerk of the cart stop

.-

ball go forward.

j p"lll'?’makes the
- Task 3. ’ o

The spaceman will besFloating ardund where he got
off, he’s not moving.

He wrll float behind the .spaceship or be by:. If for.a.

while then he will drop behind.

The spaceship has power. : Lo
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(When told the spaceship does;not have power,) the
spaceship will go faster because It’s bigger and
- heavier.
. If the spaceman pushes away when out in space, he
will just go floatlng away . .
Tagk 4. -
The weight will fall and pull the cart If Ft is
heavier than the cart.
The cart starts slow then speeds up.
With a longer string, the cart picks up Speed until
the weight hits the ground and then keeps going
‘until the cart hits the pulley

Paul ‘
Task 1. ‘ '
The ball goes down the tnack because of the enengy
given to it..
The ball uses up energy on moving then it stops.
The- marble won’t go as far as the big ball, no, .
that’s wrong.
~The heavy ball needs more enengy to move a certain
-dzstance because it we;ghs more .
Task 2.
If started quickly, the ball will go to the back
\ When the cart stops the ball moves to front.

N The ball went to the back at first because it was
:ii::) not touching the cart - would that be action and

reaction? . ; _
Task 3. ¢
N - The Spaceman will float around whene he got off.
There’s no air and no oxygen.

He’s.not heavy enough to be pulled by the eanth s
gravity. (weightlessness?)
The spaceshlp has its own rockets.
Away in space the spaceman would just move away from.
the spaceship if he pushed himself off ..
He could move his arms to get back. -
‘Task 4. : ’
The cart increases speed because the gnav:ty pulls
faster and the thing (weight) falls faster.
When the string is longer, the cart will slow down
after the-weight reaches the ground.
ﬁt will continue moving because of the enengy it
- has.

_Gordon.
"Task 1.
The distance the ball will go will depend on the
power or thrust put on to it.
It will stop in a certain distance because of
friction from the groove. ’
~ It would keep going witbout fnlctton

T a
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The heavy ball will go farther. Although heavy ball
has more welght and thehefore more friction, the’
small ball rotates more so therefore It has more
friction still. (The balls are fired along the
groove)
Gravity pulls down the same on all the marbles
therefore all would fall at the same rate.
The small one goes faster because Its easier to get
going.
All the balls would go on forever if there was. no
friction.

Task 2.

. The ball and cant are separate objegts so when the
cart starts, the ball hlts the back chause T
still.

The cart and the ball move, when the cart stops, the
ball is going that speed so it hfts the front.

Task 3.
Astronaut would still be over the equator because he f
has no motion. .
The spaceship has engines.
The earth is moving underneath the spaceman
The man would fall to earth under gravity.

Task 4.
Gravity pulls on the weight and the cant moves.
The cart will increase its speed because the weight,
pulls it down and the gravity gets strongen Qﬁ~‘
Fonce is gneater closer to earth. C e

James.

.Task 1. : ’

The air and friction stop the ball.

With no friction the ball would go on forever.
Bigger ball has more mass, its harder to push and
~get going SO - wrth Same force small ball would go

-~ _farther.

'Big one won’t go as fast so it doesn’'t have the
right speed to keep going.
There’s less fonce per dens:ty S0 brg one will go
slower. .
The pull of gravity is gheater on the blg ball so it
slows it down because there’s more resistance. ‘

Task 2.

., The ball will go backwards at the stant and forwards

., at the stop.

: Newton’s first Iaw of motion.

Task 3. .
The spaceman would stay in the same place Pelat:ve
to the spaceship unless he pushed himself away.
Wonders if the pull of gravity would have a '
different effect on him and the spaceship because of
d'ifferent density changed to mass. Otherwise he
would stay with the spaceship. ,
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On TV shows the spaceman |s shown drifting away when
he L?aves the spaceship but doesn’t think that Is
rig

If the spaceman pushes off In space, he should go
kone way and the spaceshfp the other.

Task ¢

When the weight touches the floor. the cart will
keep going with its inertia.

A fallling object increases &ts speed so does the

sLcart T
/// The cart will Increase speed at a lower rate after

It gets moving.

No, the acceleration will be constant.

When the string is longer, the cart will continue
moving with' its inertia after the weight reaches the
ground but the cart wil]l slow down.

Iggggia is overcome by gravity and friction in the
Wi s

_Gnavity and friction are the same, gnavity pulls
down ‘and friction is between the body and the eanth
Friction acts downwanq, o

Marsha. ' . - v ‘
Task 1. 5 <

The ball stops because there’s not enough force.
It needs energy to go to the end. ‘
nergy makes it move. : v
The ball would go further if. the rod sloped down.

~The heavy ball .won’t go as far as the '1ight one.
because it has too much pull.

It’s too heavy and it’11] slow it down

Lighter ball needs less energy to get a centatn
distance.

-This one’s big so for a blgger space it needs.more
energy. ‘

. Task 2. ) ‘ / »

The ball moves back at finsﬁ

Then it goes all around, the% fonwand because the
cart hit it.

The ball goes . back because the: cant moves and the
ball doesn’t.
(After a demonstration of the movement)

When the cart stops, there is a jerk so the ball
goes forward.
(The demonstration was repeated)

The cart stopped, the ball was still moving so lt
went forward.

Task 3. , .
The spaceman will stay with f%é spaceship. - L
- (This vwas immediately following ‘Task 2 and it is |
possible that there wvas transfer from task to task).

If the spaceman pushes away out in space he will

just roam around

/.

-
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i T - \\ a ’ . L
<<\ ften he pushes\awa v, he’ II\Just stay thene ©
\\fhe spaceship keeps going with the power it has. ,
The spaceman could get back to. the spaceship if it .
“were stat?onany by walking

- Task 4, v ’ -
o The cart w;ll.move Fasten because Falllng bodies
- - . move faste LT .
y " The weight gains- energy -as. lt 's. falling. /

" When the string is-l1énger, the cart will go slower.

- No, it’]] go faster because it has/mone t to gain
speed, to gain energy. ™. x 4
It will go faster at finst because the welght is
further back so the welght fsn’t pulling 2s. much

wrth It
" | - Bernie. - 4; SR '\ f‘ T
‘ Task 1. _ g
S While belng pushed the ball is accelerating, when °

not. being touched acceleration would start to.
decrease and it wouldn t make the end oF\the tnack
with its speed.
- The glass ball would. go fastew than the small steel
~ ball because less mass needs less energy to.push it.
~.The largest ball with the same energy will go the
least far because it has more mass. ,
Task 2. '
The ball wrl] stay. stlll‘at f'lirst and go back in the
cart a bit, \\f
, When the cant stops the ball will go to the hole in
* " the centre. .
: The ball w;II tny to keep gotng when the cart stops. \&
Task 3.
-The spaceman w177 stay with the spaceshlp because,
he’s go:ng the same speed and there’s nothing to’
slow*him down. *
- If he pushed away from the spaceshlp, he would keep
going in that dLrectlon
Task 4., ..~
The cart will accelenate because the welght gets
. heavgen and heavier. - :
The gravity would be pulllng the Iead weight down

1

towards it , ,

The weight IS pulllng the eanth to lt too but you

can’t tell.

Gravity on’ the welght gets stronger and stnongen as ’ -

it gets closer to the earth.
With Tonger string the cant tnavels Iongen and that
makes rt go fasten , p

. -Brian.
. Task ‘1.



gPaVIty _
Power ‘is gr-en at flnst then no more is glven
Gravity and friction act oh the ball. /-

.. 'If there was\no friction, the ball would go quther
but it would! Stop because of gravity.
The glass ma le is lighter and will go Further and
faster than the steel ball. -/
The heavier ball is harder to get movrng and has
) more gravity to slow it down. ,
Task -2. '
The ball moves back in the cart at the start because
it’s«trying to stay stlII - thatﬁs)Newton s, First
Law or something. .
The ball keeps going at the end unt il lgé stopped by
the edge of the cart. 4
Task 3.
The spaceman will float behlnd the spaceshlp
_tumbllng around
He won’t go as fast as the spacesh;p T
He must- be in the earth’s gPaVIty because satellztes‘
come down eventually :
If he was out in space, he would speed up. because he
pushed himself off.
Then he’d slow down and Keep on going.
- -Probably wouddn’t slow down just keep on going.
Task 4.
The wahght ‘must be heavier than ‘the cart to pull it.
But the cant has wheels SO It would probably go
anyway . :
Gravity w17r~make the cant accelerate.
With the longer string, the cart will accelerate
‘until . the weight reaches tHe/”Pound and then wzll
slow down; o

- ) .

Shawn. . . o ,
Task 1.9 ’

The amount of energy reléased by the spring
determines how far the ball goes down the track. .
The energy is used up in gettrng from here- to here.
The small ball has Iess mass the energy isn’t belng
used |ike that.

You don’t have the energy to throw a b:g ball as far
as a little ball.(The balls were the same size but*
one was heavier than the other).

The larger ball has more résistance because it has a
TFarger- surface area covering the tracks and thene
will be friction from the air around- it. .

It takes more energy to move bigger things.

If there was no. friction at all the small ball would
still go further because the force being applied .
would be used faster by. the blggen ball.

- Task 2.

) - J

¢ S '



. When you’re in a car and throw up a ball, the car is
~going to change its space and that tends to move. the

Task 3.

Ry

On the start, the ball 177 noll back on the stop,
it will go fonwand

Because to every actlon there is$ a reaction. ‘

ball back in a different pos:tion maybe lt s the
same here.

On the sudden stop the bal 1 goes fonwand because of
reaction to the stop:..

Spaceman stays wzth spaceshlp because if you’re on

- hood of moving car, don’t fall off when you let go.
If the spaceman pushed himself off in space, he’ll

. Jjust float upwards because thene s ho gnavrtatlonal

dlstance and stop there.
Task 4.

pull in space. _

He’ll float to the: extent of. hlS Fonce -

Perhaps it doesn’t matter how hard he pushes,
because of the gravity perhaps he’ll move a‘centaln

»

. Cart will start slow and then speed up

- The weight drops because of gravity and’ as it drops-

it increases speed and rncneases momentum and
increases its energy.

The energy comes from the gnavrtat)onal pull but
gravity does not increase its energy.

“With Tonger string it has the:same motion except

»

Anne.
Task

when the weight reaches the ground the cart will -
Just carry on._'
~

1 .

-Fnlction from the metal causes the bal] to Slow

Task

down .

If there was no fnictlon the ball would keep going.

The bigger one won’t go as far and the smaller one
wrll go farther because it weighs less.

" Its easier to get a lighter thing to move so if ‘the
force' is constant it will go farther.

There is more surface area on the bigger ball.
2.

The ball will go backwand when it stants and

forwards when it stops.

Continues with the motion it was, in when cart stops.

It moves back at.first because it has been sitting
in one place and would tend to continue sitting but

~can’t, it goes back, I can’t understand it.

Did- thls in dunlon ngh but don t remember, fonmulas
or laws.

Forces acted on it and it takes a long time to
react, -that’s what "they" said.

(After the demonstration) It sits there a Ilttle
whlle and then goes back.

182
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It goes fonWand at the end because it contlnues
moving in the direction it was. .
, At the beginning, ball isn t moving, cant is.
‘Task 3:
Wherée spaceman is depends on how far out he is .
be%ause thene s less fnlctlon and gnavyty funthen
ou ' :
Would be. behind spaceshlp
W?uld have to be fairly close because gnavrty holds
] .
If he’s onbltlng, needs space-suit and therefore *
there wauldn’t-be any friction or veny little.
May. have engines .on spaceship. T
If no engine ‘would stlll move at same nate unless
. claose in. .
- Spaceman should be near spaceshlp aften he let go
If the spaceman pushes himself off in space, he
starts a force acting on him while he is pushlng and
" he keeps an going.
Task 4, ‘
The weight is pulled down by gravity.
It will go at a steady speed until the weight
reaches the floor.
(After the demo) The cart increases speed.
When the weight got- closer to the ground, It»was
easier for gravity to act on it.
With longer string, the cart lncneases speed untll

the weight reaches the floon then it slowly %
~ decreases. _ .
" Lisbeth. T C S
Task 1. ‘ '

Ball w:ll go along and stop because of the pull of.
gravity andybecause thene s nothlng hlttzng lt all ‘

the time.

It would go further In a vacuum because thene s no
air. ,

The manble has less welght and it would go further
and faster.

"The steel ball won ‘t go as far and will go slower.

'-GnaVIty doesn’t have as much space to pull down on
the ‘marble.(Marble is same size).

Large ball doesn’t go as far because it takes more

to push it and because gnav:ty pulls down harder on

it., e o o
Task 2. - - -

When the cant is first pulled ball w:ll go agalnst

the edge. .

When the cart is stopped, the ball will go Fonwand
When the cart is pulled there has to be an - equal
reaction in the other direction.
When the cart is stopped the ball goes on movrng
: fonwand because lt s pn- lts own. :

3

183
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(After the demio)When the cart is started, the ball
doesn’t move by itself.
: Does it have sbmethfng to do with gravity? .
Task 3. .
The spaceman will be up near spaceship -
Gnavzty keeps him into earth and the, speed keeps hlm
going
It might be that because he’s smallier,he would go
slower than the spaceship.
. %oon as an object is a certain distance above the
ar it will go into.orbit - between air masses?
‘It doesn’t have enough force to leave the earth so
it gets stuck in an orbit.
. Away in space after pushing away from the spaceshlp
Spaceman will Just stay away fnom it but quite
~close. ' ,
Task 4.
The g?nt moves because gravrty acts on the hangrng
weig
The cart starts slow then will move faster because
gravity is greater near floor.
When string is 16nger, cart will* increase speed
unti] the weight. gits the ground then it w177
decrease. '
The cart slows down because gravrty pulls on it and
the air slows it down.

- -Doug.
Task 1. : '
The balls keeps going until it slows down because of
gravity and pressure of air molecules.
_ The weight of the other balls makes a difference.
A,ea‘,warbe weight on the. spot_compaped‘w4th the pressure.
- put on it varies. -
The IlghteP object is easier ta push.
Its easiér to 1ift a light box. \
Light ball goes faster and Ionger

¢ Task 2. . '
, ,ggéﬂgail will move around and hit the walls on stant
-and stop. ¢
The ground under the ball moves so the ball pICkS up
' g;?und and sticks to it and hits a wall and bounces ’
o
Will Rit back first w:th a straight forward motion.
Its in the centre and gravity is in the middie so
" the ball will come back close to the middle. ‘
The ball is held on the plate and the - wheels ane
pulled to earth.
(Some talk about molecules in gases, SOlldS and
liquids).
Object will stay whene it is-because gnavrtatlonal
force is pushed toward it and reflected.
A1l molecules are racing towards it, Peflectrng off .

“
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and bouncing it so It stays thepe, in the middie.
If it moves, a new current comes In, there’s an

‘offset.

If you pull in wall, air flow goes over and starts
turbulence and that pushes it back.

At stop pushed forward.

(After demonstration) If it had moved in a curve
would have gone all over because of pressure,

- With no air is plasma. Lo
In" space no gravity, no air, no oxygen. |
What would happen if there was no air?

Well the ball and cart would probably move slower
because there’s no air on the. moon and the guys
there moved slowly. -

n Task 3. ’
- Thé spaceman would stay on top of the shrp because
of gravity.

Just enough gnavrty to keep spaceship in onbrt like
" planets and gravitational round sun. :
If the spaceman pushed himself off in space, he
would keep going until he slowed down.
He slows down by hitting molecules.
Could go on forever Ilke asteroids.
Task 4. ’
Couldn't predict movement of cart because didn't
know relative weights of cart and weight. : '
If the string was three miles long then weight of
~ string would mean it wouldn’t move.
Weight will pull because of pull to centre of eanth
and cart will roll to edge.
Gradually gains speed because the closen you get to
. earth, the faster you go. :
Wil not reach tenmrnal velocrty because too close
- to earth. A

Gnav:ty IS st ronger closer to earth. z

Not enough room . to get to maxrmum /.eak

An1n ,
Task 1. .
At first the ball goes fast and then slow because
there’s not enough force - -pushing it to make it go.
Lighter ball goes farther than heavren one because
gravity pulls heavier one down.
Also thene s not enough force to push it.
.. Task 2.

The ball would bounce around and hit the front.
(After demonstration)The wind pushes it to the back.
‘Went to the front because there’s no more wind.

Ball is attracted back at start, when stopped went
- forwards.

The stop comes unexpectedly SO ball thnown fonwand
by gnavzty pull and down. .
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Task 3.
The spaceman will be at the same spot and dnlfting
the ‘other way because there’s no gravity pull. 4
No, he’ll drift to earth because of gravity pull. '
He will be moving forward but will stop slowly and a .
little gravity will pull him to earth. -. :
His speed down will increase because gravity pull
increases. *
If the spaceman pushes of f in space' he will go on
floating the way he pushed.
He might stop after a long time. »
Task 4. -
The cart will go forward at the same speed
No, it will be slow here then gradually go Fasten
Because gravity pulid gets faster: \
With Jonger string the cart will incnease speed '
until-the welght hlts the gnound and ‘then will go at
the Same speed.

* > e \
N b y EY

David. " s . , ) \ N

/- Task 1. ' #
The ball will slow e s@ gnav:ty pulllng rt
against the steel pggggs “stop.

If it wasn’t for }‘h{-’!\"

All balls will-go thde

No gnav:tatlonal pull’ lS dlffenent wtll gQ dlffenent
- distances.

Task 2. . .
The marble wrll noll back untll it hits the back and
then it will keep going.

Gravitational pull pulls marble down so marble tends
te stay in one place.
~the-marble hits the back automatically does to
the fnont I'ike a change of force between the manble
and wagon.
" When the cart stops, marble doesn’t so lt goes on
- moving to the front.
Task 3.
- The spaceman will Stay ‘over the equaton
He will stay with ‘spaceship.
No over equator. ’
~ He is in a strict orbit so he won t be pulled to
. earth because of equal forces. ¢
Like the moon is in orbit. : 1
Penhaps gravitational of earth is balanced by the

.moon‘’s own gravitational 11 B
The spaceship keeps in onggf\areugghéne earth :
because the gravitational pull of ~earth and sun
keep .it in orbit by balancing. :
* Same for the spaceman. Its the tunnlng of the eanth
that makes him orbit. : x
When the spaceman pushed hlmself away ln space he
would go on moving away.

k3

t
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Task 8. - ' T

L3

The weight of the hanging weight must be greater
than the weight of the cart for the cart to move.
The cart will increase its speed because the gravit-
ational is greater as the weight falls.

With longer string the cart will be movrng'fasten at

the end.

4

-

Geoff.
Task 1.

The ball would go so far and stop because thepe s
not enough momentum.
Gravity pulls it down to stop. it.

It would.go on forever in space.
" The other balls would go the same distance

(After demonstration) The gravitational force is e
differerit explains differént distances.

Shoukd be the same because in falling, movement is
same for different welghts same shape.

Maybe the bigger one catches more air. f

It must be because: you need a bigger force to move a
bigger obJect

Looa

Task 2.

Task 3.

. When the cant starts, the ball nolls to the back

when the cart stops, the ball rolls forward.

The cart moves fast at first, ball doesn’t.

Wken the cgrt. slows down, the ball moves back.

The ball stays still, (G fonce) then the cart comes

along and hits 'it. L SEEEPVEE

The ball goes on forward wheh the ca’l, @Lys because

of momentum - the weight and gravity.' -%3% B
- The-ball is being moved by the cart, tnglcart stops ‘f%h“*

and the ball doesn’t realise so it contlnues movtng a

The spaceman keeps Falllng Ilke\/paceshrp

- He goes in a 'straight 1ine.
. sHe follows the ship because of the orbit.

The spacemanmight fall back; depends on what
difference the different welght would make.

If he pushed off in space, he would go on moving
unless anOther ‘force acts.

Task 4. ‘ N

Will go at same speed all the way. '
No, it will gradually increase speed because there’s
more of a pull

No then it’]1 go at the same speed :
(After the demonstration) There’s more gravitational
closer to the ground.

- It’s momentum, it starts off slowly then just

gradual ly gets faster.

When the strrng IS longer, th cart will move
slower. .
It’11 have more speed when it reaches the end, it’1]]



move fasten g

It’'1]1 go fast®then slow down because it won’ t have
the weight to pull it. The weight will have reached
the ground. :

Its weight pulled it after the hanging we Ight
reached the ground. It didn’t have any of ItS own
powen I't kept gofng by momentum.

Barb.
Task 1,

*The ball will stop because it loses momentum
The force behind it from the spring gets used up by
air pressure and gravity slows it down.
The marble will go the farthest, the big steel ball
the least far.
Need more force to make the Iangen ball go longer
distance.
A large object needs-a larger force to set it going,
each molecule of mass needs a certain force.
The ball accelenates at first then slows down - the
molecules can’t keep up speed because of resistance.
The force of gravity keeps the ball on the ground so
it doesn’t go up in the sky and that produces
friction which slows it down and air pressure slows
it down
The marble went the furthest because there’s less
» mass and more force on each molecule :
Task 2.
Yhe ball will go forwand at first and then
backwards.
(After demonstration) No, the other way around.
The wagon was set in motion not the ball so the ball
compensated for it by moving the other way.
The pull on the cart forced it the other way.
The ball started going the same force as the wagon
then when the wagon stopped it didn’t stop the ball
so it kept on going.
Force keeps you going.
Task 3. ’
The orbit is outside the gPaVItational pull of the
earth.
The spaceship goes in an orbit therefore the earth
pulls it - magnetic pull? - gravitational?
The spaceman will fall to earth.-
. The spaceship is powered by engines.
' - The moon is out of the grav:tatlonal pull of the
earth, magnetic poles keep it in orbit.
- If the Spaceman pushed away in space, he would just.
float away.
‘Pask 4.
The cart will increase spe€ed because once it gets
moving It needs less force so it increases speed.

With a longen stprng, the cart increases speed untll;
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the weight hits the ground the It slows down.
After starting, the weight pulllng on It means |t
goes faster. '

Tamara. : . .
Task 1.
The amount of force given to the ball makes a
difference in how far it goes.
The glass manble goes further because |t we Ighs
less.
It’s harder to push sometRing that weighs more:
The heavier, bigger marble can’t go as far with the
same amount of force because thene S more area to.
roll over.
Task 2,
The ball goes to the back at the begrnning because
it’s eing forced back.
It goes to the front at stop because the cart is
Stopped but the ball isn’t.
(The demonstration was performed) At the beginning
‘the ball stayed irff its place for a minute and then
/went back. :
No, the capt went fonward but the ball stayed still.
Task 3.
The spaceman will be floatlng anound'as he does on
television. . S
The spaceship has power.
Gravity holds things where they’re: supposed to be.
Maybe spaceman would go on round in orbit but he
couldn’t get to the spaceship because the spaceship
" is bigger and is being pulled anound by gravity

faster.

If he pushed himself off in space, would “just
stay where he pushed himself to - re the force
ran out.

He could, SO on,foneven because there’s nothing to

Task 4
The cart d be lighter than the.weight or it
“won’t move ‘
It might speed up somewhere along the way.

(The weight was allowed to fall and pull the cart)
You could have a heavier cart because of the wheels.
The speed increases slowly all along. ,
With a longer string, it will go faster at the .
beglnnlng and it will speed up faster because
there’s more room to speed up faster.

(After demonstration) It kept the same ‘speed aftep
the weight hit the ground.

Would slow down anyway lf there- was' nothing maklng
it go.
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Wendy.

Task 1,

The force in pulling back the spring is used up by
pushing the ball forward. :

It slows down because the amount of £orce Is used
plus gravity and pressure slow it down. ‘
"Perhaps not gravity but the air pressure because it
has to push its way through.

If track was infinitely long ball would go on
forever.

The heavy ball needs more force to make it go
because " it’s heavier and its weight prevents -t from
mov ing. :

Large one would need more force to get it to move
because it’s heavier and the weight would prevent it
from moving as quickly. .

The little one would go further and faster because
it’s smaller and lighter; it doesn’t have as much
‘area. . ”

Task 2 .
The ball moves back because it’s staying in the same
place and as the cart moves it appears to move back.
The ball continues to move when the cart stops
because it still has the motion of the cart.

Task 3. . '

Is the spaceship beyond gravity? if not he’d be
pulled down. = °

He’d follow spaceship for a little way, getting
Slower then fall in towards earth.

The spaceship has something pushing it.

He’d be pulled in because his mass isn’t as great
he’d be pulled in ‘and slowed down because_of air
pressure and increased gravitational pull. :
Gravity would pull on him quicker because he’s
easier to direct being less mass.

If he pushed off in space would go.on forever.

. Task 7. ‘ ’

The weight pulls down on the string and pulls the

string.. .

This (the weight) is heavier.

It’s got gravitational pull as well as its weight

pushing down so it’s going to pull the cord and the

cart will move forward.

Weight includes gravitational pull, sorry, the mass

and the gravitational will push down the cart.

Gravity gets stronger closer to earth and makes'it

move faster.

(After demonstration) ~‘f .

Its got the momentum of the object moving plus the _

weight and the gravitational force pulling it harder

would cause .it to move faster.

With the longer string will continue with the same

speed after the weight hits the ground.



Wayne.
Task 1. ‘
The ball will move a certaln distance and then stop
because of friction. :
Without friction It whuld go on forever.
The glass ball is lighter, there Is less friction so
It goes further.
;he heavy one has more friction so It won’t go as
ar.
The air friction is greater with the big one.
The small one has less resistance against the spring
so It will push it further and faster.
Task2. ’
At the start, the ball goes to the -back, at stop it
goes to the front.
The ball is not attached to anything.
The atmosphere surrounding the ball holds it n
place and prevents it from moving with the cart.
At the stop, t ball continues its motion and goes
on. :
Task 3. 7
The spaceman would be with the spaceship because
there’s a vacuum in space and there’s nothing to
slow him down.
The spaceship is in orbit because there’s
centrifugal forck pulling out and gravity in.
If the spaceman pushed of fy in space would depend on
the direction: If he pus forward, he would go
faster and away, if back, would go slower and away .
If he pushed sideways would keep same forward motion
but move away sideways.

F

Task 4.
The cart speeds up because the falling weight speeds .
up.
Once it gets momentum, will build up momentum to the
limit.

With the longer string would keep going until the
momentum wears out. :

Jange.

Task 1. ,
fhere’s not enough energy passing from the spring to
the ball to make it go all the way down.
Glass marble will _go further because it’s 1ighter
and there’s less gravitational pull on it.
Gravitational pull holds it back more holds it down
to the ground more so it can’t move as easily. .
Large ball won’t go as far because it has more grav-
itational pull on it. ‘
Gravitational pull tries to hold it in one place.

Task 2. .
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4

The ball tries to go back at first, to the front on
stopping the cart. - ‘
Ball Is free moving and doesn’t make the adjustment-
as quickly. as the cart does. - ,
(After the demonstration) The ball stays In the same
place.
At Qhe end the ball keeps going although the cart
has ‘stopped. ,

Task 3.
The spaceman would be at the equator.
Wouldn’t be moving but it would seem he is moving
because the earth is.
Air Is only close to the earth, outside no
atmosphere.
If there’s no atmosphere, there’s no gravity.
Something must keep the moon up but if there’s
gravity, why doesn’t it fall to earth?
Something must hold spaceship in orbit not ' '
necessarily gravity”
If spaceman pushed himself off ih space would drift
away In the direction he pushed.
Then he’d be stationary.
Maybe not if there’s no air to stop him.

Task 4.
The weight will pick up velocity because it picks up
force or something as it goes faster and faster.
It increases speed because the weight is closer to
the floor.
Gravity pulls harder as it gets down further.
No that’s not true maybe there’s more string on the
other side of the pulley so there’s more weight
there. -
With longer string after weight reaches ground,
there’s nothing pulling so cart will slow down and
stop.

Brian.

Task 1. .
The ball slows down and loses momentum because of
friction on the sides.
If there was no friction, would keep going forever.
The small ball would SQom\down fast because it would
wobble as it goes down )
The big ball would go on rolling because it would be
riding on the rails.
The small ball will go faster, slow down faster big
ball will go slower but keep on rolling. )
(After the demonstration) Large ball is heavier and
it has more mass to roll over.

Task 2.
When the cart goes forward, the cart goes back,
.don’t know why. «
At the end the ball keeps rolling because there’s
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,\notning to stop it.
 -(After- the demonstratlon) The cant moved undeP it,
the ball- stayed in the.same place.
When. the -cart stopped the ball went on movzng untll
it hit the wall. - -
Task 3. . '
The spaceman wrll fall down to eanth (The'floor‘of
“the 1aboratory) e
" No, he’ll come in Ilke thls (towards globe) beCause‘
. of the earth’s pull. .
No, he’l1 keep‘falling (down to the floor aga1n9
because there’s nothing to propel him. . .
Probabiy- the spaceship s pnopelled by nockets or
something. . :
" He-might have momentum going down while spaceship
- has momentum going up, with the eantn’s pull, he
'mlght end up on the earth.
) If he pushed off in space would Just keep gorng rf
.t there are no forces actlng on him. -
= Task 4, :
_There would be uniform motion all the way
(After the demonstration)As its going down, the
pulley’s going faster and it started pull ing along
the string and it started going faster when it was
rgoing down so the gravity, started pullrng down more
so the whole'thing starts speeding-up. ‘
With longer string, will slow down when welgnt nrts
the floor because notnlng is: pulllng it.. .

Carman B w . \‘,//
" Task 1. '
oL The ball slows down because of fnlctlon and ‘the air.
1. A greater mass makes it go slower.
" The big ball will go slower but- wrll go as Fan
because it has more momentum.
The small ball goes faster and goes ‘the same

, distance.

"~ (After the demonstratlon)It could be the smallen ‘one

{ goes ‘furthenr because there’s less friction from the

. air*because of the surface area and it’s lighter..

 If it’s lighter, If ‘can use the energy mone

- efficiently.

- The energy of the big one is absorbed mov:ng agalnst
‘the azn and moving the mass against the rgil.
Task 2. -
. The ball goes to the back and then to the front.
¢t It’s inertia, the stationary ball doesn’t want to
- move and the moving ball doesn’t want to stop

Task 3.

’ -He should be along wrtn the spaceship because its
under the influence of4tne earth’s gravity and he
has less mass.

_Gravity with less mass equally so he should stay ln

#
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the same orbit.
If he pushed off in space would Jjust keep on going
until he came under the lnfluence of another gnav:t-‘
. atlonal field
Task 4.
Cart will start at zero and gnadually increase its
- Speed because the- speed of. gravity increases.
- Gravity xncneases° It’s 32'/s and tw:ce that eveny
second.
After the 2nd second it will have travelled 96/ .()
‘Don’t know why speed increases as it falls. :
If the string is made longer it’1] reach its highest
speed as the welght reaches the gnound and then go ’
on coastlng

Chris.
Task 1.
The' dlstance the ball goes wzli depend on how fan
you pull. back the spring.
‘The small ball will go fastest and neanly down to
the end.
The Ianger ball will go slowest and rﬁe fonce
wouldn’t push it as far.
_The greater the. mass, the handen rt is tq push it.
Mass slows it down, the small weight goes fast sc>gt
keeps going'quite a distance. .
Lhe mass is causrng the force not to push it as far -
because thene s more of it to push.
Task 2.
The fonce ‘of the pull pulls the ball back at Flnst
Then the ball rolls forward. )
When the cart goes forward, the weight of the ball
pulls it back but as the cant stops the weight
shoots forward.
Gravity. pull.-pulls it back force is going one way,
and weight is back there.
When the cart stops the welght of the ball shoots
forward :
Gravity pyll pulls it back, force IS ‘going one way,
and weight is back there. -
When it stops, the ball has to’ go somewhene so lt
goes fonWand
Force pushes you forward - in a car when it. stops
‘The force pushes you fonwand in the car when it
stops.
Task 3. : o
The spaceman will be anound the equaton mov ing
slowly up after the spaceship in the arnstneam of
the sth : o
- There’s no oxygen but there are othen gases there.
If there are no gases there, he’ d probably stay over
the equator. ,
The moon stays up thene pnobably because of the sun.

v
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/The spaceshlp is pnognammed to orbit the eanth
-~ Saturn has moons thenefone gnavrty must keep our
~moon in to earth.
Therefore he would gé w;th the spaceshlp or stnalght

up. \
If he pushed himself off in space, he wou]d Just
- keep gotng ' &
Task 4.
The cart will go fasten towand the end. It lncneases
as the weight is gaining momentum.

- It’s going down the centre of gravity of the stnlng
as it gets around, the weight of the string gets
heavier. e
When the string is Iongen After the welght is on ‘
the ground. the cart keeps going.

~ With the weight it probably kept constant speed but

- when the weight’s on the floor it gained speed. .

' “"Won’t it gain more momentum as it’s going if the

e weight’s just stopped whereas it’s got a constant

. : vpull Sso it would keep it at a®uniform speed but when

It’s near the bottom, I guess ‘it’s losing more, it’s

~not pulling on it so it’ s gaining its own momentum

from the weight. .

A person falls because his weight’s gneaten than

gravity., - N

Gravity is the pull of the eanth weight’s my mass

Weight is the pull of gnav:ty

Eric.
Task 1. ' )
: Ball will go down that way don t know how fan and
don’t know why.
The heavier ball won’t go as fan because it’s harder
to push. : 2
"The lighter ball goes funthen because it’s easren to» »
‘ push. )
Task 2. ' ' VT
When the cart fIPSt mpves the ball w:ll go.
backivards.
When the cart is stopped the ball goes forward.
The ball goes at the same speed as the cant when
the cart is stopped, the ball didn’t.
(After the demonstration) The ball stayed a blt at
- first and then rolled back. S
_Task 3. C
(Has been told thlngs keep going 'in space but 1f he
hadn't been, told would have said spaceman would lag
behind spaceship).
The spaceman will be with the spaceshlp ,
If he pushed off in Space would continue forever.
~Task 4, 3 _

y



-+

pask 3.
{V-The spaceman would stay whene he was he wasn t

‘going along here, you would

The cant w:ll speed up as it goes
Gravity gets stronger as it gets closen to the

‘ground ,

Wlth Iongen strlng mlght speed up slowen

-

P . ,“‘N\

Task 1. ' IR {

After the push, the ball wrll gotc) lncreaSIng its
speed for about two feet and then slow down. : ’
It slows down because of Frlctlon and air

resistance. '

(After the demonstratlon) No, it stayed at a steady

- Speed because after the fIFSf push, the friction

Started slowing it down.

" The large ball and glass manble should go same speed
-~ and- then slow down.
- The heavier one will go fanthen the. llghtep one

Jess far because resistance has more effect.

The pressure, the weight and everything pushing
against the ‘smaller one will make it slow down
faster.

(After the demonstratlon)The same force pushlng
against the heavier one would make it go slower’ -
the friction would make .it slow down Fastep because

it isn’t going as fast as the two.

If there was no friction or air they would aII go

for longer but they would all be pretty much the

Same .,

No they would Just keep going about the same s
~Task 2.

The ball will go back on start and forward on stop
(After the ‘demonstration)iWhen the caPt is going the
wind pushes the ball back.

When the cart stops, there’s no w:nd SO the sudden
stop pushes the ball forward.

mov ing, spaceship was.

(Analogy with ball in the c*h t) The force of you
st keep going. |

If he-was tnapped in the orbit, he would go round

- the earth but if there was no gnav:ty, he would Just -
. keep going straight.

He’l] be going slower than the ship because the ship
will’ have its engines on: so lt would have a constant
force.

If he pushed off in space would go on away at an
angle :

Task 4. : - e

The cart gradual ly plcks up speed from zeno

"With a longer string will go faster.(Thinks Strlng .
will pull for-longer) The cant slows down because of
““friction.

196
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~

It speeds up because the weight .is pulling.

v

Lonny. / o { - B

. ‘Task 1,

The ball. stops because it doesn’t have enough energy
to go further because of resistance.

- If it had no resistance, what would It‘gq on?

If there was no resistance, it would stop eventually

" because there’s only a certain amount of energy.

Task 2.

The light marble will go further and the heavy ball.
not as far. ' ,

When you have that energy from the spring pushing
against the heavy things, it slows it down under the
resistance of this thing here because you need more
‘power to push something heavier and if you use the
same amount of power for .the light thing, it should
go further.. ‘ . - ,

When the cart is pulled, the ball goes back.

When the cart is. stopped the ball goes forward.

The ball goes ‘back because of the force against the
ball. ' : T :

. They‘re both stil] at the moment but when you pull

N

Task 3. .

cart, ball is still still but cart is moving and it
moves it backwards . ' 4 S
When you stop it the energy’s still in the ball now
both of them are moving at the same speed, but if -
you stop it the ball will go forwards because it
-still wants to go. S ' '
The acceleration of the cart makes the ball go
backwards - G-force. -
He wouldn’t be with ship but maybe he would because
there’s no resistance in space. ' .

" But you couldn’t. go out there and keep going.

The earth’s gravity is keeping the spaceship -in.
Rocket power hkeeps it going. N

If spaceman pushed himself off in space, would keep
on going. : , o

Tésk 4. "

The cart will increase its speed because the weight
increases its speed. '

. Gravity makes the cart fall fdster because it pulls

\

it down. . , o
If the string is .made longer, the cart will slo
‘down after the weight hits the ground. -

Lawrence.
Task '1.

. The ball sfows down because there’'s no force pushing
it but the sudden force just pushed it. - .

- If you were to pull-this thing and let it go it



would rol] for aways. and then stop because the fonce
is still on it.
Could make it go funtheh by lubrijcating the sides.
That would make it slide through more, might go a
little bit further but not much.
On smaller ball gravitational pull is less so the
; ‘force neede to push it is Jess.

Task 2.
' The ball will go. to the front when the cart stops
‘and to the back on a sudden start.

The sudden pull makes the ball move, the force:from

you pulling the cart pushes the ball to the back.
The suddent stop compelled the ball to go’forwards
You suddenly stopped it, the ball was still go:ng
forwards. .
At the beginning, the ball was standing strll and -
when you-pulled it the same kind of thihg happened,
‘ you pulled it and the thlng sort of went out from
- underneath it and the ball just went to the back
end. - . .

~ Task 3.

Thefspacemah wrll Iag behlhd the. spaceshlp and
darift '
Very little gravity in space, the man is welghtless
so will drift 1ike wood on water.
The spaceship has propulsion so man couldn t keep up
unless he was powered.

If: the man pushed himself away ‘when: they were way
out in space he would phobably stay from where the
3 force -ends,

Task 4. :

pull on.the weight.
With Ionger string should speed up fasteh - no -
should go the- same because even though it does have

longer, string, it sttll has to go the same drstance .

. down'.

. Claren.
Task 1.

‘pull that spring.
h/ mass of the big ball is heavier so it’s go:ng to
take more strength to travel the same distance.
Gravity pull pulls you down byt no, the ball-is
thavelllng "all the ways" and |the gnavrty just up
and down.
Lighter thrngs travel faster |like Ilghter people
Task 2,
The ball will hit alI of the szdes :
(After the demonstration) The cart’s not moving,
it’s staying still- then you/move the cart and the
cart is in motion and the ball hits the back.

The cart will speed up because of the ghaVItatlonal -

198

=

. The distance the ball goes de 'nds on how heavy you .
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‘Task 3. ' '

The spaceman will float around over the equator
Grav ity effects him but he won’ t come down because
gravity isn’t much. _
It could be that he won’t come down because there’d
be Interferences from other gFaVItfeS
Could be the sun’s energy . It’s really hot there
because it has no atmosphere just outer space.

~ Thei?oon has a gravity to earth but it doesn’t land
on
If the spaceman pushed himself  away in Space, he
would go on and never stop

"Task 4.

The cart moved fasten because the distance to the
pole (pulley?) was “shorter.

Harold.

Task 1. - ' '

The small ball travels faster and Funthen

because it’s small. '
It goes faster becaused it hasn’t much welght

It goes further because it’s faster.

The heavier one gets stuck. to the sides more.

If you could make it smoother it wouldn’t go any
further, it would just have a nicer run.

Task 2 , S
At the start the ball goes to the back at the stop
it goes to the front. :

At the start it’s settled in its place, when you
cpull jt it jerks and pushes back. ‘ ‘ :
At the stop, all the Fonce goes: fonwand and pushes
it to the front. o
Before bnak;ng in a car, you’re sitting back in the
seat, you’re not moving. Whéen you stop, the car
kpushes you .forward, ~all the welght ends up'in fnont.
Task 3 _ .
He’d be floating up into OFblt >
No, he’d be going down to the desk because he has
no oxygen.
(It was explained there was oxygen in the spaceman S.
- pack. ]
- Then he’d be going up because gnavzty s light and’
pushes you up.
Gravity comes under you "and pushes you up.
If it wasn’t for gravity you would sit on the floor
You stay on the ground because of your force -
. gravity tries to push up but “your fonce is heavier
- and keeps you down.
The earth goes round the moon.
“The sun goes round the earth once a day
Sometimes it’s cold weather and we get Paln
Ra:nfal?s or we have snow.
The moon’s I:ght is from the sun. Clouds cut off. theﬁ
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. light to give full moon, quarter moon etc. ' '
If the spaceman pushed hlmself off in space, he’ d
| come back down.
Task 4. ° /
The speed increases gnaduan

"The air pushes it, gathers rt in like a vacuum and
makes it go faster.

" No, I don’t think so; the wefght is falling down,
pulls it, it goes by itself and the werght is
pulling it faster,

With the longer string, it slows down aften the
weight hits the floor because the weight isn’t
pulling any more. -

Alan.
Task 1.
Just the Fonce fnom the spnrng makes the ball go
that far.
The 1ighter bal] goes funthen because it’s eas:en to
push a ]ighter object _ '
Task 2. .
When the cart stants the ball goes to. the back.
When the cart stops the ball goes to the fnont
No idea why. -
The ball Isn t moving befone the cart stops
Task 3.
The. spaceman will still be onbltrng earth but a
little further .out because he’s 1ighter.
He would orbit earth a couple of times and then
drift off into space.
If he pushed off in space he d go ‘on foneven
Task 4.
If. the weight- is heav;en than the cart, the Cant
will move with slow acceleration.
Increased speed is because of the pull- of the
weight, because of the speed of the weight.
With Iongdf string, the speed went down when the
washen hit the floor and cut off

Bill. )
“Task 1. ‘
Energy given to the ball by the spnrng slowly ;
decreases because off fricton.
The glass ball is lighter so there’s Iess Fnlctlon
The Targer ball goes slower because thene S more
‘friction because it’s heav:en '
Task 2.
' “When you first pull the ball will go to the back
when you stop, it’ 17 go to the front.
The ball will go back at the start- because it’s not
being pulled as well. .
The cart is moving under the ball which isn’t .
. . —")’J.
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moving.
The mot fon of the cart continues and stops so the
ball goes forward.

Task 3,

The spaceman will slowly follow the orbit because he
doesn”t have the energy to push him.

He will be going down into earth. :

He slows down because there’s nothing pushlng him.
The spaceship has a rocket.

The spaceship is onbltlng because it S between the
moon’s and the earth’s gravity forces.

Things which go on moving slow down as the energy
disappears.

The energy Just goes to nowhere. If the  space-
manpushes away from the spaceshrp in Space he’d
goon mov:ng forever. . .

-Task 4.

The cart picks up speed at first and then goes at a

"constant speed. (After the demonstratlon) it still

does that.

When ther is a lTonger stnlng, the cart slowed down
after the weight hit the floor. -

It increases speed while the weight is pulling it.
(Rather contradlctory statements) -

'4R1chatd
vTask 1.

Lo

‘The spring pushes the ball until it has enough force w

- to move down the track then it will s}ow~down

The mass slows ‘it down.
The slower it goes, gravity starts’ to neact on it

Gravity pulls downwand and if there isn’t enough

momentum s:deways gravity w177 Slow it down and
stop.it.

The marble goes further because gnavrty isn’t
pulllng down as much on It :

-

Task 2.

The ball wants to keep moving so goes fonwand at the
“end.
“At the beglnnlng,glt wanted to stay still but the

- cart moved so it stayed st177 till it hit the back )

"of the cart.

Task 3.
. The spaceman wil.]l be between the spaceshlp and the

equator but coming in to earth because of gravity.
The spaceship is powered, he isn’t so he’ 71 slow
down under conditions: of gravity.

He’ll fall below the 1ine of the onbrt

The moon doesn’t need engines because it’s fan
enough. out not to feel gnavxty so much.

No, he won’t slow down so he’ 77 .Stay the pnopen
helght

. If he pushes ofF Fnom the spacesth he II go on
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mov ing forever.

Task 4. : : '

The ‘cart will accelerate from the start to the end.

Gravity pulls on the weight, the more it pulls, the

faster it falls. ‘ R

With the longer string has more time to speed-up.

Will speed up until the weight reaches the ground.

The weight of the cart will slow it down,
\ '

Greg. .

Task 1. : N :

The force hitting the ball will drag it.to the end.

It loses velocity because there’s nothing pushing
it. ,

It needs something pushing to keep it going.

The marble goes further and the big steel ball less
far becalse the spring only gives off a certain
amount of power. !

Task 2. | T _ . : '

When you pull the cart suddenly, the ball goes
toward the back, as it goes, the ball moves along to
the front. (Changed mind about ball moving gradually
to the front and said it will stay at the back until
you reach the end.) . N
Goe? to back at first because the motion makes it
roll. - ‘ B

(After the demonstration)As the cart was
raccelerating, the ball moved back but when .t
Started to slow down the ball moved forward.

When going faster, crainge (?) holds it back.

As slowed down, ball moving at certain speed and

. moved forward. : B .

Task 3. . T A )

The spaceman will be‘up above spaceship because
there’s no gravity. , , .
Spaceshipkept in so there must be gravity so he’ll]
stay with spaceship . S _
~ Away from earth ter pushing off will just float
. around - keep on floating away. ‘

Task 4. ) v .

- The cart will go.at a constant speed - accelerate a
bit. o . - o ,

Becau ;eight is falling at same rate. S

No falling things accelerate so cart will because

string is pulling it and cart tries to keep up.

- Things fall when there’s nothing to support them.
Things go faster from'a great height. because of the
welight wants to find something to land on. ,
With longer string won’t go as fast. (After the
demonstration) no, its the same. L
When the weight hits the ground, the cart goes by
- itself because there’s nothing pulling it.

It accelerates when there’s something pulling it.

\

4
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The falllng weight accelerated because it was belng
pulled by gravity.

&

Karen

Task 1,
The force of the sprlng act ion pushes the ball down
to the end. .
When you pull the spring back., it Increases the
potential energy. When you let the spring go, it
releases the potential energy which pushes the ball.
The blggen ball goes less far because its Hh

- It’s harder to push a big ball.

They went so far because of their mas;

Task 2.
The ball moves to the back at the start ar@ t@
front at the stop.(But she doesn't know why
It’s the opposite to what happens . to the wagon.

. This happens in a car.

The ball wants to stay in the same lace because o
energy is given to the wagon not to the ball o
The ball wants to keep going at the eﬁb :

Task 3,

The Spaceman w:ll be over the equaﬁon

No, he’s moving so he’d be betweeh the spaceship and
the equator

He doesn’t have force thrusting him forward as the
spaceship does.

Oh no, the spaceship turns of all its englnes it
drops them so he would be up by the spaceship.

k;f pushes off in space, he would keep going.

Task 4 ‘

The cant is go:ng to move forwand because of the

~ weight on the other end of the string. «
There will be a gradual increase in Speed.
The weight has more weight than the cart.
With the longer string, the cart will go faster and
faster even after the Welght touches the floor.
(After the demonstration) After the weight touched
the ground the cart start O slow down again
because the pull was taken away fnom it.

Heather. ' ] - .
The spring pushes the ball along.
The 1ight marble goes furthest becduse it doesn t
take so much to make it go down.

. The big one needs a bigger push to push lt

Task 2. ‘
The ball will go back then” move around. T
(After the demonstration)It goes forward on the ‘
stop. Otherwise no answer. . s

Task 3. -



The spaceman woulg be still over Africa moving in

- the direction of fthe spaceship. '
If he was out in space, he would be moving in the
direction that he pushed. .
Don’t know whether he would stop.

Task 4.

The cart will start fast then slow down.
Falling things go at a constant speed.
(After the demonstration)It sped up. » _
Wlt? longer string it will move slower. (No reason
why s \ ' ‘
(After the demonstration)It increased its speed to a
certain place then stayed the same.

Grant.
Task 1. n
The ]ighter one won’t go as far. ' e '
- The heavier won’'t go as far because there’s more to
push on it and it uses up more energy as: it hits it.
Th? spring has more energy when:- it hits the little
ball. ’
(After the demonstration)When the spring hits the
little ball, it doesn&t have to use up as much force
to get going as it does with the bigger one.
The little one had more push at the beginning;
It’s lighter and will go further doesn’t need more
" push. ‘
Task 2. . ' , ' )
"The ball. goes to the back on start and front on
stop. ’
The ball is stationary at first,the cart moves.
At the end the ball continues moving.
Task 3. .o , . :
The spaceman will be moving towards earth where he
got off.
He would splat - no, would burn up.
Don’t know why spaceship doesn’t burn up.
If the earth disappeared, spaceship would go on
until it hit another orbit. ,
It goes around earth because it’s in orbit.
The earth is pulling on the spaceship.
If the spaceship diappeared, man would fall.
The spaceship has power, man doesn’t.
It the spaceman pushed away in space, he would ke@b
on going up. ] : -
Task 4. B
- The weight must be heavier than the cart.
It will go at a constant speed.
It will go faster as it gets closer to the ground
. because the earth is pulling on weight.
. With Jonger string cart will take longér to go
 faster because there’s more length in the string.
(After the demonstration)It went the same as before.

204
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Peak speed In the centre because the welght hit the
bottom. o
It would go faster with shorter string.

Deborah,

Task 1.

It will go a way along and then go back.
(After the demonstration) :

It went as far as it did because that was all the
force there was in the spring.

It must have force to push it. )

The glass marble will go further, the big one won’t
go as far. ,

The speed is different because of different weights.
~ The big one didn’t go as far because of the weight
behind it. (Expected balls to rotate back because

there's no push left in them.) '

Task 2. -

The ball will go back on the start and forward on
the stop. :

Force is against the object to push it back and then
behind the object.

(After the demonstration)

When you pulled forward your force was in front of
it. ‘

Your force changed on the stop but- thene’s no force
there.

Task 3. .
The spaceman would go out into space because there’s
no.pull or anything out -in space. ‘ o
He weighs lighter in space because there’s no
oxygen. . .
What Jittle force there is is pushing him out into
Space.

He would die and his body disintegrate because he’s
so light and there’s ro oxygen. ' '
If he pushed himself away in space, he would go that
-way because of momentum, force, gravitational pull.
(There's no gravity up there)

‘Then he would just stay where he pushed himself to.

Task 4. '

The cart will get faster near the middle.

It might increase speed all the way.

It will have a constant acceleration because of the
weight falling. '

(After the demonstration)With longer string it will
go slower because it takes longer to get to the
cart. -

It won’t increase its speed as much as before. It
wll stay at a constant speed from the middle. _
(After the demonstration) It went faster at the end.
It was more of a constant speed all the way through
but it seemed to go faster at the end.

\



It Increases speed because the welght s dropping.

Ted.

Task 1,
The block of wood will hit the ball and cause It to
move down the track.
The further you pull It back, the more power it’]]
have coming up so the further it will go.
The momentum will hit it suddenly and it’1] go
further.
(After the demonstration)There’s more pressure
behind it and the acceleration of the block of wood
on the spring will hit it and it”1] give off some of
that acceleration by hitting it and couse it to move
down further. , ’
The large ball will go less far because the more
weight It has, the harder it is to move down because
it stays stationary.
It’]] slow down because it only has so much momentum

gg}ng for it,

Friiction maybe on this will slow it down.

Task 2. :
It will hit back on go and front on stop.
The marble will stay still while the cart moves then
will continue moving when the cart stops.

Task 3. , :
The spaceman would shoot out if the gravity’s weak
enough.
The spaceship is being controlled by the speed it’s
going and by gravity holding it in.
If the spaceship disappeared and gravity was great
enough, he’d just come back around.
There must be gravity then so he should keep coming
around but not as fast as the ship because he’s
lighter mass than the ship. ,
He’1l probably go along with the ship and be a
little ways behind it. ,

» If -he pushed off in space he’d just keep going

- . because there’s so little up there. .

Task 4. ’
The weight will drop and pull the cart along.
It will have a steady acceleration because the
weight attached to the string is pulling on it
causing the force to move this way because of the .
force going down. .
With Jonger string accelerates to a point then slows
down. -
Has the same acceleration.
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APPENDIX'3~

THE CRITERION TEST
'The questions asked 4n the criterion test will be
.followed by the task to wvhich it has some affinity, the.
- number of students scoring full marks or part marks on the -
question, (N =36) and the degree to whlch it correlates
w1th any concepts measured .

PHYSICS 10

1Mot10n T -
1. A cyc11st travelling at 6. 0 m/s comes to rest .in 3. 0 S.
o what is hxs accelerataon’ :
_Task 1.
33 students scored full marks,‘.
-3, made minor errors and scored half marks.
ln an ice- cream parlour, a waitress sl1des a 200 g
“sundae with an initial veloc1ty of 5.0 m/s along the
counter. If it comes to rest in front of the customer
2.0s later, what is the opposing force between the
'bottom of the sundae and the counter’

‘Task ¥. . '
16 -students. scored full marks,
13 scored part marks,
7 scored zero. * ' ’ E : o -
Correlated W1th end of term, r = 0.6, p < 0,001
3. A sports shoe manufacturer only produces two types of
running shoe. The "Alpha" shoe has extremely good gr1p
between the soles and the. ground .The. "Delta shoe- is
more comfortable, has good grip. but not as eXCept1ona1
‘as the "Alpha" shoe. Which shoe would the sprinter
_prefer° Which would the long-d1stance runner’ Why’
Task 1. : '
18 students scored full marks,;
17 students scored part marks,
‘1 student failed to.score any marks on this questlon.
Correlated with success on task 2, r = 0 4 p < O 01 .

4, A 1 0 kg ball dropped from a bu1ld1ng strlkes the ground
v 5.0 s later. If a 5.0 kg lead ball, the same size had -
" . been dropped instead, what time would it take to fall
the same he1ght° S

Task 4. ‘ ’
25 students answered correctly, '
11 students answered incorrectly or. d1d not attempt
' Correlates with 'success on tasks-1,.2 and 3. p < 0.05
Correlated wlth end of term marks, r = 0.7, p < 0.001

~



8 students:scored full: marks
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Correlated with explalnlng the motion of the ball in the
cart by a force, r'= -0.5, p < 0.0t '

- Correlated with success in task 2, r = 0.3, p < 0.05,

-

A car is moving at 12.0 m/s. -If it accelerates to 18.01

,.m/s in 10 s, what is its acceleration?

Task 4,

.28 studehts scored full marks,

2 scored part marks, / ’ o ‘ <
6 'students scored zero.

Correlates with end of term marks, r = p % 0.02
Correlates with task 4, gravity gets greater near earth

‘r.= 0.4, p < 0.05"

Correlates with use of force to etplaln the ball in the
cart, r =--0.4, p < 0.02

‘Correlates w1th the belief that the spaceshlp had

englnes, r = 0.3, p <0.05

10. 0kg.

« 80 N

A mass’of 10 0 kg rests on a bench. It is attached by a.

frictionless pulley to a bucket into which water

.trickles from a tap. If the force of friction between

the mass and the bench is 80 N, what will the bucket and

‘water welgh when the mass beglns’to ‘move?

Task 4,

2 scored part marks

<26 scored zero.

Correlated p051t1vely with students saylng that the

- welght must “be heavier than the cart in order to pull it

in task 4, r = 0.4, p < 0.02

'_Correlates negatlvely with students saylng that heavy
4objects need more push in task 1; r = -0.4, p<0.02

,_A carton falls off the roof of a truck mov1ng at 30 n/s

as it passes a policeman. If it takes 1.0 s to reach the

1ground how far from the polzceman will it land’
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because it gathers momentum, r = 0. 4 ‘p < 0.01
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‘Task 2. : 5
.20 students scored full marks, : : A

16 students scored zero marks,

Correlates w1th sophistication of flrst replles to tasks
1 and 3, r = 0.4, p < 0.01

Correlated with saying an accelerated body goes faster

“,

A paper boy riding his bxcycle south at 4.0 m/s throws a
paper 'to his left (east) at a horizontal velocity of 3.0
m/s relative to him. What is the horizontal velocity of
the paper relative to the ground’ ‘

Task 2. . ' -
21 students scored full marks,
15 students scored zZero marks -

. 'How can an astronaut on a journey to Mars under

conditions of weightlessness distinguish between a rock
of mass 50 kg and one of imass 500 kg if they appear
exactly the same in all other ways?

Task 3.

8 students scoréd full marks. .3 .students had a partly
correct answer. 25 students scored no marks.,

Some students in a van are trying to drop pennles in a
cup on the floor of the van. If they released them from

~a height directly above the cup, where do the- pennles
“fall when

——

a.  the van is moving at a steady speed’

~b.. the van is accelerating?
c. the van is slow1ng down? ~

Task 2
28 students scored full marks,
8 students scored part. marks.

. A spaceship is way: ‘out in space. Draw,a . rough :
- velocity-time graph for two minutes if it accelerates

from a velocity of 1 500 km/h to 3 000 km/h for the
first 30 s and then switthes off .the-engines.



Task 3
16 students scored full marks.

11 scored part marks.

9 students scored zero.

12,

Correlates with end-of-term marks,.ru;10.4, p

Correlates with the conception in task 1, "it stops
. because it~runs out of push" r = --0.65, p < 0.001

TN

‘Space- ship B mov1ng at 600 m/s passes space- sh1p A
moving at 400 m/s in the same direction only 50 m away.

- 210

= 0.02.

At the moment that the ships are even, the captain ‘in A
fires a missile from the front of A in the direction of

the front of B, If the missile travels at 200 m/s

between A and B and the ships are 100 m long,

a. how long will it take the missile to reach B?

b. where on B w111 it land?

400 m/s| |=—50 m— [lOOR 600 m/s

]

'Task 3. :
- B students scored full marks.

14 students scored part marks.

14 students scored no marks or" dig nob;attempt.
Correlates with performance on task 3, r = 0.39,
~0.02. - : .



