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ABSTRACT

o The:analysis of answers given by students to certain
éhysics_ﬁroblems shows that behind the errors they make it is
possible_to'identify & background of a Physics model currently
refer-red—'to. as:intuitive which is different from the formal models
built~ﬁprb§fph§sicists; .

. The aim of this work is;discussing results cbtained
from the analysis of answers to problems oy Brazilian students
from two different levels and several areas of knowledge.

In attempting to step beyond the ]cnowledge of existing
intuitive models which explain. the unorthodox answers to Physics
problems, several questions are proposed and new ways for going

on with the research.

"sponsored By CNPq.

Research on teaching-is_generally directed towards
meeting.the needs-of:teachers and ‘students . regarding. -to  the
conditions in'whichrteaching occurs and to the .quality of -the
interaction between the subjects yhc'partkﬁ;ateﬁﬁlidm siﬁrnﬂon.

Considerable amount of systematic work has been dene
in this field seeking_soldtionstfor.specific'problems.that deal
mainly with the most immediate aspects of teachingrsuch_as,the
methodeleogy used by the ‘teacher, including the various forms. of
interaction between teacher ‘and student, the kind of teaching
material and the mechanism of evaluatlon._- :

2 smaller amount cf sYStematic WOrk”' on +the -other
hand, has been made with the aim. of solv1ng problems which are
less explicit in the process of teaching and learning..' These
problems correspond to the- generally deficient knowledge of
teachers and researchers on students' abilities for learning.
The possession of mental structures, as deflned by Piaget, on
one side and the level of understanding of concepts to be worked
out, on tlhe other.side, are.essential factors for enabling - an
effective learning.

Our 1nit1al .concern in this work is connected with
the knowledge of certain conceptual structures regmnhng physics
contents which would be present 1n students knowledge and which
could deflne the starting pcint for teaching.~

It is. génerally agreed among physics teachers that
students have difficultles in dealing with some concepts | in
certain situations. lt is observed on the other hand that these
difficulties cause mistakes which are persistent and highly

frequent in stlidents answers.
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Some research work has already been deone in order to
detect the concepts which would have been used by students and
which-could be'responsible for a large pért of their errors.
These~concepts'have been called "intuitive", "spontanecus", "mis-
‘conceptions™, etc., by several authors.and they can be inter-
connected” in' broader schemes forming intuitive models which
may be’ capable of global explanations of physical phenomena.

. In view of their broadness and iﬁuﬂtmnmctﬂxm these
models form knowledge blocks with strong roots in students
knowledge and their possession can ekplain the persistency of
intuitive answers, even if formal concepts are taught,

An intuitive model for the concépt of force has been
worked out by Viennot" starting from students answers to a
set of especially prepared questions which worked as traps for
showing existent intuitive concepts.

. ThEraim_bf this-work is ﬁo perform an analysis of
students mistakes in terms'pf gibbal intuitive models which will
lead to hypotheses akout the context in which theée intuitive
concepts: are emplaced.

The paper by Viennot presenté some problems on me-
chanics which are capable of stimulating intuitive answeres if
the student has the corresponding intuitive.comxgms. The author
does-not go further in investigating what would favor the use
of intuitive concepts although she points cut that sometimes
they_apgear mixed with the orthodox formalism.

. ‘Using two. of the.questions'proposed by Viennot (see
Appendix)'the experiment was repeated with Brazilian secondary
school students and with university students from several areas.
The total number of studenté {184) was divided into two groups

in order to simplify analysis and interpretétion.of results. as

shown on Table I.

The hecessary information is cbtained with content
analysis techniques, that is the analysis of - students written
material in solving the problems. The investigator main task
is to find out significant categories for reconstructing the
previously proposed. framework representing the characteristics
of the concept and which at the same time may contain the ob-
servafions found in the raw material.

Taking into consideration that the investigator
subjectivity could cﬁange the final results considerably,a system
of referees was adopted for obtaining uniformity and coherence
of the characteristics found and their classification.

| It was found that, in general, the framework found
by us was compatible with Viennot's model and that the intuitive
characteristics which were searched were present in most of the
testé.

Some of the answers were the following:

EXAMPLES Of STUbENTS ANSWERS
Answers to the 1st problem:
1 - "a) Different, for a larger elongation the spring exerts a
st:ohger_forée

{(There is a force that accompanies the object)

b) accelerations are different since at the same point their
velocities are different"

{acceleration (or force?} is proportional to velocity).

2 - "a) Since amplitudes are different for the three cases, forces
will alsco be different:
F = -~ kAcos{ut+d)

(there is a force that accompanies the object).
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b} ... in case .3, the body is.in eguilibrium since wv,=0"
{zero velecity corresponds to zero force).
- Answers to the 2nd problem:
3 - "No

F =ma = F;—P.

/A P

£3 . ) 3 S
y 2. - A
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(force in the'trajectoty.direction).
2 o : RO
4 — "F =m g—z. since velocity (magnitude, directicon. and sense)
ko ;

is ‘differeht for eich at instant t -the force will alsc be
differént forgthe'six halls"

(fofce'proportional aofVelocitY)g

5 - "In cases 1,'4, 6 the balls are under the ‘action of two.
forces- trle force w1th whlch they were thrown a.nd thelr weilght

(there is. a force that acoompanles the- object}.

'lTebie'I.shows=the'diStribution of the main catego-
ries_for our;sample, of answers=which were considered intuitive
andzﬁhiEhiare explained: by the Viennot~nodel.

| It should be pointed out that in-this work as well
in ‘that by Viennot separation of students in age groups has not
been. attempted: and this cerresponds to the intention of limiting
the research, at least for the time he;ng, to the construction

of intuitive models, which explain physical phenomena, without
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considering the.nossibility:that they'may:chenge with‘age;l"
It would Seem appropr:.ate at this pomt to ask whether
the orlgln of these answers could be in students understandlng
or in the questlons whloh were made.

- From the point of view of-a research which tries
to survey intuitiVeimodels-which may-bhe capable of -explaining
students mistekéssand difficulties.when using certain concepts
the answer to:the above'question does not seem relevant.  Starting
frem this 1nformat;on the main scope for teaching .is to be able
to use a strategy based on 1ntu1t1ve ‘concepts known  in thelr
details which- can 1ead to students understandlng of omxzpts as
they are unaerstood by phy51cists. .

When analysing quest:.ons in relatlon to thelr phy51cs
content we conclude-that,they-do not contain errors or defi-
c1enC1es of - meanlng but only some elements which couhihe called

"distractors® and thelr purpose is to bring out intuitive model

Wthh are in- students minds._ Purthermore, as it is widely known,
most of these 1ntu1t1ve ways ‘of thinking are in agreament with
daily experience'andftehicommon 1anguage used by people.
Although “the- samgle which-was—used was not very large
it is belxeved that results ‘were slgnlflcant enough for suggest-
ing the deepenlng of a. detalled model through a careful analysis
of answers even before ;ncrea51ng their number. It is noticed
immeédiately thet-the:numbet:of_intuitive answers is considerably
smaller for‘the gtoupscelled'“ﬁxact'Sciences“ exeept for the
Londrina-Group-and'this;disctepancy'cen-be attrlbuted - o the

lower level of that. Unlver51ty in relation to USF.
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INTUITIVE RELATION BETWEEN FORCE AND. KINEMATIC VARIABLES

Some of the answers which were given to'ﬂuaproblem

relating force with kinematical variables seemed interesting:
"... velocities are different which implies in different forces".

"...acceleration at @ given instant must be different since

velocities: are different".

>
" .. since the force is F = m.z and if velocities are different,
accelerations are also different therefore forces are different
for each of them".

-*.
> As

"a = =—— acceleraticns are different because in the same At

At
the masses. will have different displacements".
In trying to obtain deeper details of the models
we noticed that there were subtle differences between answers
which related force to velocity; this was evident in the way of

reascning followed by students untii they established the rela-

tion between the two concepts. MNext we became interested in the -

examples. related to the concept of fdrce:connected to trajectory?
and velocity; a large fraction of the answers were results of
this unorthodox way of thinking about the concept of force, as
it is shqwn on Table I,

‘On the other hand, we know that students use intuitive
concepts. mixed te the formalism taught at schools. In fact we
detect this situatiqn in many_of the_aﬁswers - the  newtonian
relation ' F =ma appeared.in certain phases of .the resolution
and the final result could be correct or not,®

What would the use of formal contents mean in the

intuitive model of force?

What would be the depth of understanding with which
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this content would have been used?

. -The answers to these questions did not seem simple
to us but we directed our research towards them and tried to
advam':e. somewhat in relation to what had been previcusly established.

Examining carefully the intuitive answers which were
included in the category F=oa{v) we conclude that scme of them
could be detached from this group to form another category in
which the relation betweesn force and velocity would be the con—
seguence of an intuitive relation between acceleration angd
velocity} completed with the formal newtonian relation.

We decided. then to subdivide this category into aothers
which could account for the cases which considered force as if
it were proport'io'na.l to velocity, F=ol(v) , in a relation without
intermediate steps. and those cases which dealt with a wrong concept
of acceleration in its relation with velocity which was trans-
ferred to force through the relation Fe=ma. At the same time
we started observiné directly the intuitive relation  between
acceleration and velocity. through implication relations such
as: if velocities aré different then accelerations will also
be différent."'Sqme other explanations which were given also
showed that stﬁdents wefe making a total confusion between the
concepﬁs of vélpcity énd acceleration.

Returning to'Table I we divide the first colum into.
two.categories and we'add two others:

. F'= a(v] in.a direct relation
SV A oad s F 4
CVE o+ oad

. Mixture of the concepts of velocity and acceleration,

and thus wé obtained Table II.
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Besides contributing for the improvement of the
existing model and providing some information for studying con-
ditions under which the formal content is used by students, these
results show that the mistakes we detected in the answers which
‘imply a proportionality relation between force and velocity -may

come from a different origin and - in a teaching :situation they

must have a specific¢ treatment when the aim is the correct and

precise understanding of the concept.’

It was also noticed that after separating these two
categories, the second problem (that 9of the jugglers) contributed
strengly for the first categeory (F = a(v).) while the first problem
" (that of springs) was contributing mainly for the othefs. This
would already provide soﬁe informatiqn on conditions (type and
content of queétionsi which would faVb:_discussﬁxxof the physical
concept in each of its charactetistics.

Although results are not final, they point towards
two new problems. ‘ .

The first pfoblem-concerns.tozthe' choice between
intuitive conéePFS'and-formalism_which ig made'.when students
face a problem'and~this plﬁces'thé“question:

Whaﬁ'léads stuiﬂms,either.tb use formalism, often
without physical meaning or the intuitive concépts he_has?

The_second probiem refers to the_cdnnectioﬁ'between
the varicus intuitive notidns.and_the_formal relatioﬁs for ob-
tention of.preferenfial,reply-paths.

The approaéh to both_prbbiems.demands an-elaboration
of new instrument guestions with which the required information
can be obtained and this is the séquence that will be followed
in a future research; meanwhile we merely intend to try to dis-

cuss the probléms which arise in the research and raise hypotheses

to be tested.
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AN ATTEMPT FOR EXPLAINING THE USE OF .INTUITIVE CONCEPTS AND FORMAL
CONTENTS

At first sight -it may seem that the student initial
1dea-wou1dﬁbé to- use the concepts he has and that have physical
meaning for~him.' However when his knowledge is limited by im-
precise or incompiete-concepts:he searches_"fonmﬂaé'for solving

problems.® It 'sholld be taken intée consideration ~that when

‘students were submitted to this test they were mot under a. common

evaluation situation and often thé contents were not part of
their curriculum. Therefore we can assume that students were
free to gi&e*ihtuitivé‘answeré which contained a physical hanﬁng
without fearihé tﬁat'there'might“be risks of undesirable con-
saquenées in the eﬁélﬁgtion. _

In -trgihg “to -.c':lar'ify the results and check the hypothesis
we raised the éhsﬁérs”feiative'tc force were amawﬁﬁ-ﬂmérately
for each problem; eépecially*for that of :the spring and that of

the jugglers. The quantity and nature of the informaticn  given

in the problém-qdﬁid'be'impdftant:factors in this guestion. 'The

presentation of eaéh'df'ﬁheSeiprdblems is different in the repre—

sentation of the real elements invelved; a larger  or smaller

degree of-“realitY"*appareht“in'the formulation of the problem

could favor-eitﬁefifheTusg-of-formalism.or“intuitiveVideas.

- E?rthermbrgfanbther:factor=seemé to-be 'decisive ‘for
the choice «of ihﬁuiﬁiveﬂorjfbrMal answers: .the course-students
are taking.. B -

"Téblé'iii;whﬂﬂ1refers to the Sio Paulo ébkats.shows
the perceﬂtageé:ofﬁygg'ahdagg replies to-the first guestion.of
the spring aﬁdijugglers'pfoblems which mean :‘that forces are

réspectively-equal‘orudifferent.
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The first outstanding result which however should
be expected is that there was a higher percentage of correct
answers from the Exact Sciences group. We consider that this

roupmasters:Zormal knowledge better and students are noit in-—

[te]

volved: easily . by- distvractors.which.may. be.contained- in the questions.

However, even for. students classified into the Exact
Sciences category -there is a higher -tendency of intuitive answers
for the first problem (the spring}.and formal answers for the
second . {the-jugglers}. We could-justify this result considering
that:launching. problems are classical and very cammon in Physics
courses. .

A- second result is- that for students included into
the  "other areas" category (m&in;y Biology and Psichology stu—
dents) there is an ihversion in the two problems regarding the
higher tendency: for intuitive:- replies: the jugglers problem is
the one-with-higher-percentageqof-inﬂﬁthe-nﬁﬂies. A hypothesis
for: justifying- this result could be found in the presentation
of the:problem: the reality-aspect presented in the problem
would. -favor: intuitive reasoning. - This would suggest a research
direction related: to the preparation of questions - which may
bring-forward. intuitive:conceptual structures.

In the jugglers-problem velocity is given in the

real: movement representation-(the. trajectory is indicated in

each caseland the gquestion is-about force. ' Therefore relating

one. concept to the other would be- the most immediate operation

without having to consider the acceleration which caused each

trajectory. : For: the student, the aristotelic model F = alv)
would be: able. to explain each-situation coherently.
In-the spxings-problem there is  information about

velocity and force ({suggested by the indication of equal elongations
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and different amplitudes) for each case. In this problem the
graphical represéntation of trajectory is not so clear and replies
had to base on velocity and force data which were mxﬁ.aqﬂicit.
It should be noticed here that the graphical representation of
position in function of time does not correspond to the reai
trajectory.

The third result is that in view of the kinds of
replies which weré_ given we noticed that although intuitive replies
occurred with different percentages for each of the two éuﬁent
groups they are not different regarding to the intuitive content
and this leads us to emphasize that intuitive concepts of Physics
are more widely established among students of areas other than
exact éciences.__This result suggests that we should work mainly
with these students if.wé want to have more information about
intuitive concepts.

Let'us_now come back to the content analysis of
intuitiVe replies and the attempt of explaining the insertion
of formal'reiatiohs in intuitive reasonings.

For the spring problem, the percentage of dprrect
answers is higher than for the jugglers problem and here students
used F_:}na .as an intermediate relation between v and F

for concluding_that the forces were different. It seems that

the contradiction.between'the intuitive idea F=a(v) and the

informa;ion that forces are equal led students to use a relation
which would establish a bridge between the problem -concrete known

and the-intuitive‘idea.



.13,

CONCLUSIONS

Within'thé physics teaching<framework, we tried to
si:udy' one ‘aspe'ct of the teaching and learning process which al though
little explicit is considered to be a decisive factor for the
possibilities of effective teaching.®

In fact, we tried to understand what would be con-
tained in students_Way of thinking .din felation to specific con-
tents &nd this will enable the prépaiatioh. of problems with
appropriatefsﬁafting point and appfdach,.

. Fﬁrthe:mOre-sincé this area of research is still
poor in adequéfe-methodoiogies we outlined the path we followed
in trying to solve an objectiﬁely gtated problem showing .the
various branchings wé had:to face and which foreed us to take
decisiohsaconStanﬁly.

Fin'a:-l.l'y, new. problems arised together with some replies
for the initial'broblem.“ Some of these quéstions involved intuitive

conceptions. in. the following aspects:

- the relation betweén the structure of intuitive conception and

the subject.knbwledge area;
- a more refined elaboration of this conception and its relation
to the type of question-which-favors its explicitation;

~ the apparent coordination between intuitive - conception and
formal centents of a subject, that is the object of cur present

concern.
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APPENDIX-

Problem 1

Three identical vertical springs S“ Szand S, exert

3
a restoration force P =-kx on three equal masses M at one of
their ends. The spring elongation is x and k is a coastant
{fig. 1}. o .7_

The three ép;ings are attached to the ceiling and
oécilate ﬁithouf damﬁing.abouf their equilibfium posifion.with
diffefent'amplitudé81 At the instant to when the free end of
53 reaches maximum height (with zero vy velocity) the ends of
81 and SZ are - at the same height but with speeds vy and v,
(£ ).

Answer'iﬁ_the table below whether the listed concepts

are the same or different for. the three springs.

- the: same- 'y different
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Problen 2 -

A juggler plays with 6 identical balls. At instant
t all six balls are in the air at the same height following the
trajectories indicated with dotted lines on the figure 2. The
velocity.of each ball at the same instant is also. indicated on
the figure 2.

1} The fdfces which.act on these ballg at this instant are

the same for different for the same for different for
the six? | each? some (which others (which
' ) ’ 1 onesz)y ones?)

a} Force exerte&;by;thevspriné-

b} Total. force actiné over M

c) Kinetic: energy: of M '

&) Potential eﬁergy'of Mo

e} Total energy of M.

£} A;ceieratiop of M

Why? - (Reply for each guestion separately}.

Justify.your answer (deleting air friction).

2) The same guestion for the six balls potential énergy._



A
[

erpail ibHrium
position

Figure 2 - Probléﬁ”?;

Figure 1 - Prohlem 1.




Table I. Distribution of answers over the main categories.

class

F=u(v)

Force
in the
trajectory
direction

Force
supply

Energy’

= CL(V)

Force and
velocity
corposition

Last year of
&xnnkmy

Tst
Biology
(USP)

2nd
Psichology
{USP)

Sumer
Course*
{USP)

2nd
Architectire
(Londrina)

14

16

16

12

15

10.
14
14

14

Exact
Sci-

1st
Physics
(USP)

2nd
Physics
(USP)

3rd
Physics
{USP}

4th
Physics
(USP)

st
Chemistry
(Londrina)

21

24

40

14

12

* Summer
school

course offered by the
Physics teachers..

University of Sac Paule (USP) for secondary

Table II.

Distribution of answers over the new categories.

area

class

F=o{v) .

V£ > af
> F £

V# > aé

Mixture of
velocity and
acceleration

Other
areas

Last year of

Secondary

st
Bioclogy
{USP)

2nd
Psichology
(UsF}

Smmef
Course
(USP}

nd
Architecture

(Londrina)

10

Exact
Sciences -

st
Physics

{USP)

2nd .
Physics
(USp)

3rd
Physics
(USP)

. 4th

Physics
{USP}

1st
Chemistry
(Londrina)
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Table IIT. Percentages of yes and no replies to the first Ques»

tion of the two problems.

Springs Jugglers
COURSES ??ring Eotal
orce orce Soma
Yes | No Yes No| Yes No Yes
Last year of
Secondary 50 50 57 36 7 43 36
1st .
Biology 44 50 38 62( 24 38 38
{USP) .
2nd
Other Psichology 31 |63 F 25 |69 19 | 567 19
{usp)
Summer Course '
(USP) 50 50 34 66 34 33 33
2nd .
Architecture 47 40 7 86 1] 35 35
- (Londrina}
18t :
Physics 66 34 66 29 86 0 14
(Usp)
2nd
Physics 66 | 34 54 42| B4 8 4
(USP} B
3rd
Exact .
. Physics 65 30 78 22 93 7 0
Se¢iences (USP)
4th L
Physics 71 |29 % 71 21100 0 0
(USP)
ist .
Chemistry 8 52 25 67| 58 34 8
{Londrina)




