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INTRODLICTION

Since the late seventles there has been an ever increasing interest for the
study of alternative ideas in science topics. Mechanics soon deserved
researchers’ special atlention and is surely the topic on which the largest
number of studies has been carried out. Almost all these studies concentrated
on the idenlification of stiudents’ alternative ideas, leading to the conclusion
that they do exist and resist to instruction.

Although Viennot, in 1979, had already pointed out that the set of
spontaneous, intuitive or natural explanations held by students about
mechanics "could not only be the result of ignorance or deformation of
formal knowledge" (Viennot, 1979), very little progress has been made
towards the identificalion of the causes of students’ alternative ideas in
mechanics. However, a few authors have tried to find an answer to the
questions: a) Why do people construct some personal concepts? and b) Why
do those concepts differ from and resist to what people are taught?

According to I'. Hewson (1985), peaple’ ideas or concepts exist as a result of a
process of natural selection undertaken by the individuals’ intelectual
environment which favours the development of some concepts and inhibits
the development of others, The individuals' construction of ideas and
concepts about the natural world requires a fit between the subjective
purpose of knowing and the objective context. When doing so, individuals
often look at something as if it were something else, seeking for analogies
which help them to achieve that fit (Guidoni,1985). The natural analogical
reasoning undertaken in this process is based on individuals’ schematic
prototypes or duplicating schemes which often lack in fit and/or are handled
by strategies not enough developed. In any of these cases, natural analogical
reasoning is likely to lead to natural thinking and alternative ideas. The
existence of similar basic ideas in different individuals is due to the fact that
their way of processing ideas is driven by the invariance of external
phenomena and by stable cultural patterns, Therefore, M, Hewson (1985) calls
our altention to the fact that the origin of alternative ideas has to be viewed
in the context of people’s intellectual environment. According to P. Hewson
(1985), it includes individual and social beliefs, language, accepted theories,
observed facts and events, It has also been argued that actions on the world,
social interaction (Ogborn, 1985), learners' previous mental schemes (Driver,
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1988), dilferences between accepled ideas and ideas presented by some
tpachers and textbooks, teachers' unwareness of students' alternalive ideas
and the way sclence content is sequenced, arganized and "presented” to the
students (Martins, 1989) can also contribute to alternative ideas,

Despite the fact that multiple sources of alternative ideas have been potnted
aut in the literature, the work done on lhis topic consists mainly of
thearetical reflections based on the resulls of stuwdies alming o identify
students’ explanations about mechanics phenomena,

This paper aims Lo be the authors' first attempt to idenlily some causes of
secondary school students’ alternative ideas in mechanics. The research
reported here shows the first results obtained within a larger project focusing
on the origin of students' ideas in mechanics.

METHODOLOGY

Taking into account the diversity of origins of alternative ideas referred 1o in
the literature and in order to get as much information as possible, data were
collected from three sources: students, physics teachers and textbooks.

To investigate where students get their alternative ideas from, eight
secondary school students (four nineth graders, who had nat studied
mechanics, and four tenth graders, who had studied this topic for the first
time) were interviewed by one of the authors, about four problematic
situalions (Appendix 1}, These situations can be interpreted by the use of
mechanics, although they are often explained by students based on their own
ideas (Sequeira and Leite 1989 Sequeira, Leite and Duarte, 1989). The
sequence of the inlerview is basically the following: describe what happens;
explain why; how de you know that / where did you get that idea from.

To investigate whether physics teachers hold alternative ideas on mechanics,
a questionnaire was prepared by the authors and responded by 17 teachers,
This questionnaire contains the four problems referred to above and some
possible answers to each question of the problems, including the correct
answer and the most frequent alternative answers among students, before
and after instruction on T0th grade mechanics. Teachers were asked o circle
the correct answer to each question,

Finally, a brief analysis of the chapter of mechanics in the four most
important Portuguese 10th grade physics textbooks was carried out in order to
evaluate the extent to which textbook writers take students' ideas inta
account and promote their conceptual change,

DPISCUSSION OF RESULTS

The data collected from the different sources considered in this study will be
analised separately: students, teachers and textbooks.
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A - Students

The alternalive ideas expressed by the interviewees participating in this study
are similar to the ideas idenlified by the authors in some previous studies
{e.g. Sequeira and Leite, 1989, Sequeira, Leite and Duarle, 1989). The number
of interviews is very low and therefore no statistics will be performed.
Rather. interviewees” answers will be used in a descriptive way in order lo
et some insipght on possible canses of students’ alternative ideas.

The main alternative ieas expressod by the students can be summarkzed as
follows:

‘Ojects need a support, whatever it is, otherwise they cannot stand and they fall. The
falling velocity of the albgects dopends on their weight so thal the heavier objoct falls
faster, when fall acenrs in the air, In the vagnum, objects do not fall because there is
eiiher no ,||m|;15:|th|lr|¢ O T pravity, When objpects are moving, there has to bea forceora
el foree acting in the direction of motion, 1, at a given instant, this force stops and
anothor force is applicd to (he moving ebject, the direction of motion changes o the
direction of the applicd (orce. The foree (or the net force) acting on a maving object is
prn]\nﬂinnal. to ins welpcity, I the {oree slops, e objoct rither stopk ‘Hlml‘diﬂ"}' or
continues moving for a while with slowing down motion or it falls.

Let us now try to identify the possible causes for the alternative ideas
expressed by the students

1 - Objects need a support, ollierwise they would fall.

Students are used to see objects either on a support (such as a string, the
ground, another object, etc.) or [alling (when the support is taken away).
Therefore, they cannot accept the idea of a spaceship moving in deep space
without a support which can be either an engine on or an upwards force.
This can be illustrated by the following quotations taken from the interviews.

“... i the spaceship has no force it falls; There has (o be something holding it up. 1am
sure... There has to be an wpwards force to keep the spaceship up there.,, [t needs the
engine N on [to move from Teft to right] and... an upwards foree to keep i up.” (1
grader):

"IWhen the only engine on is turned off, the spaceship] falls... the spaceship cannot
ptand... it cannot stay there. When o person feels weak he/she faints because he/she is
not strong enough 1o stand up The spaceship would stop only after falling.” (10th
grader).

2 - The heavier an object 5 the faster it falls, in the air.

The interviewees were asked to compare the falling time of two equal size
spheres, one made out of iron and the other made out of woad, when they
are released from the same level, in the air. They all stated that the "iron
sphere would fall faster because it is heavier than the wood sphere”. They
argued they knew it from their everyday experience with “heavy” and “light"
objects and even described some experiences which they had done or could
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do in order to corroborate their previous answer. Some examples of
experiences described by the students are given below.

"1 have done an cxperiment| with stones... a biggers slone and a smmaller stone; the bigper
stone falled faster than the smaller stone” [9th grader);

“I have done lan experiment] with a piece of chalk and a stone... the stone reached the
ground sooner because it is heavier.” (I grador,

The air resislance is always there and students do not pereeive its influence
on the falling time. They only perceive the influence of what may or may not
be there and therefore base they answers on it. Weight is a characteristic of
the objects which students easily perceive as changing from one object to the
other and that seems very appealing to them.

3 - In wvacuum, objects do not full; they float.

Students have watched TV programs and science fiction films in which they
could see astronauts floating either in the moon or in deep space. They know
that in the moon, like in outer space, there is no atmosphere. They,
therefare, deduced (incorrectly) that the non existence of almosphere was the
cause of floating in space and answered to the question about the spheres in
the vacuum tube based on the characteristic it has in common with outer
space, that is, absence of atmosphere. An illustrative example is given below.

*.., As there is no air, they would stay in the same place; they would not fall... In ouler
space there is no air and people float [1 have watched it] on TV." {9th grader).

On the other hand, some students know that the weight of an object is
smaller on the moon than it is on earth. Besides, they can watch on TV,
people floating on the moon's surface. Then, they conclude that in vacuum
there is no weight/gravity and, therefore, they state that objects do not fall
inside a vacuum tube.

4 - Motion requires a force in the same direclion.

Students live in a world with friction where they have to exert a force on any
object they want to keep moving in a well defined direction or with a
certain velocity, Therefore, they invent forces to explain slowing down
motion consistently with their everyday experience that motion requires a
force in the same direction. One student put it this way:

"... the coln goes up... due to 1he fact that the force T gave to il is bigger than... the foroe
of gravity; olherwise, the coin would not go up” {10th grader).

This belief is so deeply rooted in students’ minds that, even after studying
Newton's first law, students hardly accept objects moving in a frictionless
space, without any applied force. This statement can be illustrated by the
following quotation from students’ inlerviews:
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“The spaceship would not move if there was no engine on. The enpine M i on... because it
i= behind thie spaceship . It exeris a foree on the spaceship so that it can move.” {10th
prader).

“Enpine N {5 on... there has to be something that makes spaceship move Tike that”
{1k prader).

As it had already been found in a previous study (Sequeira and Leite, 198%a),
sudents feel a need for a cause to oxplain every phenomena. Maybe, because
of that, they hardly use the law of inertia which does not include any causal
relationship.

5 - Force ts propartional to velocity,

Almost all interviewees stated that the speed of the spaceship moving in
deep space (no friction, no gravity) would be constant if the functioning
power of the engine is constant, it would increase with the the power of the
engine and would decrease with it. Some sludents stated that they knew it
from their

" expericnce withicars.., Il we ageilerate more and more, the car goes faster and faster;
if wo aceclerate boss and loss, it goes slower and slower; i acceleration is constant, the
apecd | will be constant” (10th grader).

6 - The divection of mation changes to the direction of the applied force.

Some students stated that the spaceship moving horizontally (they say, with
enpine N on) would change instantaneously lo the vertical, when engine N
is switched off and engine K is switched on. These students do not consider
the inicial velocity of the spaceship and base their answers only on the
pasition of engine K.

However, other students acknowledge the idea that the direction of motion
does not change instantaneously to the direction of the applied force/engine
on. These students base their answers on their everyday experience with cars
changing their direction of movement, as illustrated below.

*[The spaceshipl... would change its irajectory... and it would go down... 1 am..,
comparing it... with a ear. The car does not move immediatly from one direction to the
other” (1Mh prader).

But these students believe the change of direction would occur very rapidly
so that, after a short while, the spaceship would be moving in "the direction
of the engine on".

7 - If the force stops, the objects either stop immediatly or continue moving
for a while, with slowing down motion, or they fall.

When the force acting on a moving objecl stops (engine turned off or force
used up), the object stops immediatly "because there is no longer a force
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acting in the direction of mation”. Other students believe the object would
fall due to the non-existence of a “support”

However, some students accepl the idea that the spaceship can move after
the engine is turned off but they refuse the idea that it continues moving
with the same velocity after the engine is turned off. They put it as follows:

"The spaceship loses the force but it continies moving downwards. AL firsL i moves
faster but aftcr a while it moves slower Al the biginning| 1 selll has the force the
engine has ghven 1o . [Later] the force will vanish."(10th prader].

This kind of explanation seems |o be based on students’ experience with cars,
as explained by one of the interviewees:

"It is not because ang switches off the engine of a car that il does nol mowve.. The
spaceship would continue movieg downwards,.. until il reaches the grownd When this
happens, it stops.. As the spacoship gets nearer the pround, its velocity wonld
decrease™ ([0th prader)

B - Teachers

When physics teachers responded to the guestionnaire with the same
probiems of the interview conducted with the studenls, some ol them gave
altzrnative answers, as shown in table 1.

TABLE 1 - Physlcs teachers' performance by problem,

N=17
Problem Correct answer Altcenativey answer Canpnpt answer
i = i - i %
Spaceship 14 B2 2 12 1
Coin toss 1 £5 5 29 1
Twao sphores:
! - air 6 as 11 ] 1] 0
- WECULIT 17 1081 i 1 il 1]
Hook on labie 17 10K i ] i ]

Teachers' alternative answers include the following ideas: a) the heaviest of
two equal size spheres falls faster, in the air, because it is the heaviest (Two
spheres problem); b} when a coin is tossed up, it acquires a decreasing
upwards force (Coin toss problem); ¢} the spaceship moving in deep space
with constant velocity requires an engine on or a net aclion ol several
engines in the direction of motion (spaceship problem); d) The direction of a
moving object changes abruptly to a different and permanent direction,
when a force is applied to the object (Spaceship problem).
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In a previous study, 16 physics teachers were asked o answer o a different
version of the spaceship and the coin toss problems, under examination
conditions. Only 25% of the teachers were able to answer correctly to the
spaceship problem and 50% to the coin toss problem. The remaining teachers
expressed alternative ideas similar to those usually expressed by students
{Sequeira and Leile, 1989)

The resulis presented here corroborate the stalement that some alternative
ideas are very resistent to science teaching and lead us to question ourselves
about the elfectiveness of physics teaching, We cannot say, in the context of
this study, that teachers who hold alternative ideas would present them lo
their students. If they were going to use this problems in their classes they
would hopefully think about them and teach them according to newtonian
mechanics. However, teachers can be faced with students’ alternative ideas
which are similar to the ideas they themselves hold unconsciously. In this
case, we think that it would be very difficell for the teachers to perceive that
the ideas held by their students need 1o be changed and therefore they would
not promote students’ conceptual change, Another possibility would be that
students undergo a conceplual change of their own ideas to the teachers
alternative ldeas

C - Texthooks

A brief analysis of the chapter of mechanics in four 10th grade physics
textbooks (Silva and Valadares, 1985; Almeida and Silva, 1984; G4, 1987;
Pereira et all, 1983), leads us to conclude that textbook writers do not take into
account students' alternative ideas about mechanics concepts and principles.
Athough several cognitive sclence studies have shown that very few
concepts (if any) included in 10th grade mechanics are really new to the
students, the textbook authors state objectives for the students to master
concepts and principles as if they were all new lo 10th graders entering
mechanics classes. It seems that the authors of the textbooks are more
concerned with the amount of “new" concepts the students are supposed to
learn (probably, by rote learning) than with the conceptual change of the
students' prior ideas into meaningful accepted concepts.

The contents included in mechanics are basically the same (following the
syllabus) and in general there is little integration, if some, among the
different contents, namelly between kinematics and dynamics. Silva and
Valadares (1985) try to develop some concepts further than the other authors
do and present them in a slightly different sequence which seems maore
promising in terms of giving students a better understanding of some
concepts. Two of the textbooks (54, 1987; Almeida and Silva, 1984) introduce
too many concepts to describe motion, being some of them unnecessary and
even confusing to students. In fact, they use, for example, the concepts of
average velocity and average acceleration as being scalar quantities, related lo
the change of position measured over the trajectory, instead of the accepted
concepls of average velocity and average acceleration as vectorial quantities,
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related to the change of position in a given frame of reference. The accepted
concepts of average velocity and average acceleration are labeled by these
textbook authors as vector average velocity and veclor average acceleration. Tt
should be noticed that, in these textbooks, the words average velooty and
average acceleration do not mean the magnitude of the vector average
velocity and the vector average acceleration, We are affraid of the possibility
of sudents not perceiving these differences of meanings and petling even
more alternative ideas than they already have.

In what concerns the presentation of the content, none of the texthooks takes
into account the existence of cerlain alternative ideas among students even
when they have a good opportunity to do so without any extra efforl. Take,
for example, the case of a textbook (Tereira el all, 1983} which describes and
suggests students to perform an experiment which would enable them Lo
establish a relationship between the force acling upon a body and the rale of
change of velocity. Instead of testing the idea commonly accepted among
students that T is proportional to ¥, the authors assume, from the very
beginning, that T is proportional to A%, This procedure does not promaote
students’ conceptual canflict and diminishes the interest of the experiment,
as the relationship is to be confirmed and not "discovered™

It is very stricking to find in the textbooks some statemenls (sometimes in
bold) and concept definitions which either are scientifically incorrect or can
lead students to reinforce their own ideas, The following paragraphs, which
can be found in one of the textbooks, corroborate the previous statement.

"If there is no force acting on a body, its velocily remains constant; therefore, the body
moves on a straight line with uniform motion,
In summary, we state the first principle of dynamics, that s, the Inertia principle, as
fallows:

To a nule force it corresponds a nule accofcration. * (Almeida and Silva, 1984,

p.100).

In fact, there can be forces acting on a body and its velacity can remain
constant, The condition is that the forces are balanced.

Another textbook stated:

"The weight of a body is, then, the force respansible for the aceeleration in feee all, g,
that we can observe.” (58, 1987, p. 141

The first part of this statement is what students (and even some physics
teachers) say and deeply believe in. We believe that one should be very
careful when explaining free fall and fully interpret it both in terms of forces
(including air resistance} and changes of velocity.

One more example concerns the definition of weight given in one of the
textbooks. It is as follows:
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"Weight s the net foree of of 1the ferces exerted by the earth wpon the hodices” (Almeida
and Silva 1984, p M),

Although the authors of this deflinition recognize (in a footnote) that it is an
approximate definition of weight, we think that there is a need to distinguish
between weight and gravity. We believe that we could give students a more
accurate definilion of weight, as Silva and Valadares (1985) do withoul
making the concept more difficull for them to understand. In fact, it seems
that weighl as the nel force applied to an object, when it is on a support, is
nit only more correct but, at the same time, more in agreement with their
cxporience. Besides, we would like to argue for the need of speaking abonit
interaction belween the earth and the object instead of speaking aboul
alraction of the earth, In doing so, we would certainly contribute to
diecreasing the number of students feeling like the interviewes who stated:

“Il doos niel make sense o mee. Each phject has fls weight, If it was the earth that
atracts the oljects, than i should ateact all with the same weight.” (Sth grader).

CONULUSIONS ANE IMPLICATIONS
The results of this study seem 10 indicate that;

a) Students themselves can consiruct and/or find ways of reinforcing their
alternative ideas aboul mechanics phenomena, When doing so, they use
information from their everyday experience (with cars, falling objects,
astronauts, etc), from the mass media (namely, from TV programs, science
fiction films and books) and from their contacts with relatives, peers and
teachers. Students' alternative ideas are often a result of a process in which
students interpret different facts and phenomena as if they were analogous
because they do not perceive the characteristics that distinguish them. This
process seems to be alse inflluenced by students' beliefs which sometimes
prevent them from acquiring the accepted ideas.

by Teachers may coniribute to the persistence of their students' alternative
ideas or even 1o the construction of new allernative ideas if they themselves
hold these ideas wilthout perceiving them. In this case, teachers are not aware
of the need to change students’ alternative ideas because they themselves
beliove in the same ideas.

¢} The authors of the textbooks in this study do not take students’ alternative
ideas into account and some lextbooks can even contribute to the
reinforcement or the construction of alternalive ideas.

Therefore, it seems necessary to take into account the analogles used by the
students, in arder to help them to discover the fundamental characteristics
and the order that lie beneath [he appearance of physical phenomena, so that
effective learning can occur. |t scems also necessary to make teachers aware of
the problematic of alternative ideas so that they become conscious of the fact
that a) they themselves can hold alternative ideas and b} their students' ideas
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are resistant 1o science teaching and reguire teaching siralepies specially
devised lo promote conceptual change: Besides, physics textbooks need to be
revised both in what concerns the underlying theory of learning and the way
some physics concepts are defined, sequenced and orpanized. Tlowever,
deeper research is needed (o identify the causes of students’ alternative ideas,
so that we can acquire the background information necded 1o devise
appropriale teaching strategies to change students” alternative ideas abwul
mechanics coneepts.
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ATPENDIX 1
THE SPACESHIP PROBLEM

1 - A spaceship with four engines (K, L, M, N} disposed according 0 picture | stands in outer
space where thore is po friction {no atmosphere) amd oo gravity.

1.1 - Imagine that the spaceship is moving with constant velicity, and passes by psoint [ and
and after that by a paint T' (Tct 1),

|
r

B elirpction of myodion ; M p@q L
i

Pt
L1 - Areany of the crgines on when the spaceship moves botween polnts D and T2 Do cose of

an afirmative answer, spegifly which engineis) istareon,

al In any case, fustify your answer.

.12 - [s thore any force on the spaceship whon it passes by point I'7

a) Justify your answor.
bl If ywour answer to question 1.1.2 was “ves”, drivw, on ek, the forceds) acting on the ship,

1.2 - Immediately after point I engine K s the only engine o, for tes scoonds,

121 - Draw the trajectory taken by the ship during that time, Label the point where the ship
will be after the ten seoonds by "0
LIV, SE

D direction of motion N L{Eﬂ L
M

Tiet. 2

1.2.2 - Deseribe what happens 1o he speed of the spaceship etween poinls 1" and .
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1.3 - Immedintely afler point Q engine K is turned off

131 - Does the shop stop or docs i keep moving?

ak [ustify e answir,

EA2 0 I ponee ansiwor G0 questing 11 was "Keeps on moving”, draw on Pict 3 the trajectory you
ik e 5!1|[1 will faka; IF yim amiwiered T ‘|1I'IF“1".. yiti dion ot need 10 make any dﬁWing.

K

N p{d L

Met.d

L4 - In the bax below, draw the complete (rajectory of the ship and mark points T and Q.
Remember that: The apaceship moves with constan! velecity between points [ and Iy Between
perlints T amed O engine K s the only engine on; Just alter point Q engine K is tumed off.

Pict. 4
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THE COIN TOSS MROBLEM

1 - Picture 1 shows the teajectory of a coin thrown up vorlicatly into the air, leavimg the and
at point A, reaching a maxiram point 13, falling down vertically, and being caught at point F,
Adr resistanca is (0 bo ignored,

i 5
’ .l
L v
b =
R i
fidii )
parth surfaee - Fierd

1. 1= Draw, al the pulnls pl.acv_-d lateraily, the Torcets) thal act on the i webeeny 1o at [alEL L
B, T, Dand E. Label the forcels) represented,

1.2+ Doscribo the reasoning done o answoer b the provios gucstoe,

1.3 - Drseribe what happens to the velocity of the eoin:

1.3.1 - during the ascent.

132 ~during the descenl.
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PRI DR O TANLE TTRONLEM

T1- Pretorre 1osbioiwes o tusak al resl o a table

“eilrl h’::j:!'il Acp A .
ich.1

1.1 = Isfare) there amy foroetsd acting s the book?
_.Na
L Yes

T1E v mswered “No”, jostily your ansver,

TF s anvwnred “ e, drvw the forces) on 9610 and label them,

THE TWO SPHERES PROTLEM

1 - Imagine two massive equal size spheres, one made oul of iron and the other made out of
wiskl,

L.l - Compare the falling time of the two spheres, when they are released from the same
lewel, i the air,

1.1.h - Describe vour reasoning

1.2.a - What would happen il the lwo sphores were released from the same Tevel In a vacuum
tube (tube without air)?

1.2b - Describe your reasoning.
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