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PORTUGUESE PHYSI1CS TEACHERS' ATTITUDES
TOWARDS STUDENTS® ALTERNATIVE CONCEPTIONGS
ON MECHANICS

ABSTRACT, The new Portuguese physics syllabuses advise teachers to base their teaching
on their students’ alterpative conceptions.  This article aims to describe Portuguese physics
teachers attitudes townrds students’ alternative conceptions. on mechanics.  Data were
collected from 251 Portuguese physics teachers by means of a questionnaire prepared by the
authors.  The tesults ni the present study seem to indicate that the teachers who have
already acgquired some backgmund information aboul the issae of alternative conceplions
are belter prepared 10 deal with students’ alternative conceptions on mechanics. Based on
the results of this study, the anthors argue for the need to improve teachers’ knowledge and
attitudes towards students’ alternative conceptions so that they can put into practice the
new syllabuses recommendation

INTRODUCTION

The Portuguese Ministry of Edication has been carrying out a reform in the
educational system which includes significant changes in the school curricula and
syllabuses. Nowadays, the new syllabuses are being implemented in some schools for
evaluative purposes. They are to be reformulated (if evaluation shows this is needed)
and to be taught o every student taking Sth, 7th, and 10th grades in 1992,

In what concerns the physical science subject (which includes physics and chemistry
topics taught by only one teacher), it will keep on being taught from 8th grade onwards
bart ore time will be allocated 1o it at some grade levels. However, greal changes are
forecast for the sequence, organization and depth of content 1o be taught, which can be
illustrated by the case of mechanics. In the old syllabuses, this topic is first included at
the 10th grade but, according o the new syllabuses, qualitative mechanics will be
anticipated to the Bth grade and it will be later integrated with quantitative
mechanics, at the 10th grade.  Another important difference between the old and the
new physical scienee syllabuses refers to the explicit argument included in the latter for
both a constructivist perspective of learning and a teaching strategy based on students’
previous conceptions, including alternative conceptions. This means that physical
science curriculum planners are aware of the recent developments in science education
and want physics teachers to take them into account when teaching the new syllabuses.

As the alternative conceplions theme is a recent issue in Portugal, the authors
wonder whether Portuguese physical science teachers are ready to effectively teach
the new syllabuses, starting from students’ conceplions. The topic of mechanics seems o
be particularly difficalt on this respect as it is a topic on which Portuguese students
{Sequeira and Leite 1991) as well as students of other nationalities (Moreno and Moreno
1989} hold several alternative conceptions, On the pther hand, there is some evidence
that students can have success pno mechanics and stll maintain their alternative ways
of thinking (Sequeira and Leite 1989), This can be at least partly explained by the fact
that traditional teaching has focused on quantitative mechanics. The separation of
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qualilative mechanics from quantilative mechanics and the antecipation of the first
one to the cight grade, may prevent students from success unless they really master the
concepts which they are supposed to learn. This is only possible if adequale trealment
is given o students' allernative conceplions,

This article aims to describe Porluguese physics teachers' attitudes towards 1) I
grade students’ alternative conceptions on mechanics and to make some inference about
the action needed to prepare physical science teachers to teach qualitative mechanics,
according to the new syllabuses concemns.

1. METHODOLDGY

A, Population and: Sample

The Portuguese physical science teachers (which are approximately 3000 teachers)
are the population for this study. The authors assumed that 10% of the teachers,
sclected randomly on a school basis, would be a represenlative sample of the
population. This means that about 300 teachers participaling on this study were
needed, As data were to be collected by mail, 1000 teachers (from 120 schools) were
invited to participate in the study although only 251 of them returned a valid
completed questionnaire,

B. Instrumenl

A guestionnaire was prepared by the authors for the purposes of this study. The
first version of the questionnaire was discussed with six physical science teachers, two
science education and a research methods specialists. Thelr comments were taken into
account during the preparation of the second version of the guestionoaire (which woulld
happen 1o be the final version). Three judges agrecd with the adequacy of ecach
question to the objective formulated. The questionnaire was then handed out lo some
physics teachers, to be completed under the conditions of the final study. The analysis
of the thirteen questionnaires which were completed and returned has shown thal no
major change was required. The questionnaire was therefore considered ready for the
final study. Its objectives are to enable the authers: aj to idenlify the percentage of
teachers who have already heard about allernalive conceptions; b} to compare the
attitudes towards students' alternative conceptions on mechanics shown by teachers
who had heard about alternative conceptions with those of the teachers who never
heard about this issue. These attitudes concern the perceivableness of students'
alternative conceptions during mechanics classes, the recognition of the resistance of
these conceptions to teaching, the didactical treatment given (or not given) fo these
conceptions and the attribution of causes (o students' conceptions on mechanics.

2. PISCUSSION OF RESULTS

Only 45% (n=114) of the physical science teachers participating in this study had
heard about alternative conceptions. On the other hand, only 74% of the leachers have
ever taught 10th grade mechanics. When doing so, 93% (that is 173) of them realized
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that their students fake 1o the mechanics classes some ideas which are different from
the scientifically accepted ones. Although this was the designation used throughout
the questionnaire (ko enable all teachers who have ever taught 10th grade mechanics
lo answer to il in spile of the fact of having or not having heard about alternative
conceplions), from now on, those ideas will be referred 1o as allernative conceptions on
mcchames

Table 1 shows how frequently the teachers who have already taught 10th grade
mechanics perceive that their students take some alternative conceptions (which were
identified by previous studies (Sequeira and Leite 1989; Sequeira et al. 1989) and seem
to be relatively frequent and/or resistant ideas (Pozo 1987, p. 127-130) to the
moechanics classes, comparing teachers who had heard about allernative conceplions
{Gronp A} with those who never heard aboul it {Group B). Data in table 1 show that
teachers whe had heard abont the alternalive conceptions theme scem 1o perceive the
shdents” alternative conceptions which were considered on this study more frequently
than their counterparts who never heard about that issue, The differences between the
two groups of teachers are statistically significant for alternative conceptions "A"
(DF=170), 1=2,90, p< 005), "B" (DF=170, 1=2.37, p<.0l), "D" (DF=168, +=2,34, p=5],
"FADF=169, 1=2.79, p<.01), "G" (DF=168, 1=2,52, p<.05), "L" {DF=170, t=234, p<.05)
and "M" (DF=168, t=243, p<.05). This means thal the differences between the two
groups of teachers are stalistically significant for seven (put of thirteen) alternative
ideas, that is for more than 50% of Whe ideas considered on this study. (see Table 1, next
pagel.

[t is interesting to notice how high is the frequence with which both groups of
teachers perceive that their students take to the mechanics classes the idea that
"Heavier objects fall faster than lighter objeets” {alternative conception "I"). Besides,
this was the alternative conceplion on which teachers' answers showed both a higher
index of radicality (64, that is medium/high radicality, cqual for both groups) and a
haplier level of consensas (8 Tor Wachers who heard about aliernative conceptions and
AN tor leachers who did ool hear aboul the tssue),  This means that alternative
conceplion "™ was the alternalive conception on which teachers' answers both tended
to concentrate most on the higher extreme of the scale (radicality index) and agreed
most {consensus level) (Serafini-Trulls, 1991), This can be explained by the fact that
this conception is not only very frequent among Portuguese students but is also very
resistant to physics leaching (Sequeira ot al. 1989).  Although the analysis of the
results in table 1 seems to indicate that teachers who had heard about alternative
conceptions perceive them more frequently than other teachers do, the low level of
consensus (never reaching the minimum of (1L5) existing among, teachers of each group
seems to indicate that the teachers in each group do not behave as a group, in relation
lo the pereeivableness of the alternalive ideas that students take to the mechanics
classes. In this study it was not investigated how much teachers know about the
allernative conceptions theme, However, the authors suspect that in most cases that
knowledge may be very reduced.  If this suspicion is true, it can passible explain the
reduced level of consensus existing among trachers who had heard about alternative
conceplions as well as the non existence of a statistically significant difierence between
the bwo groups of teachers, for some of the alternative ideas. Following this way of
reasoning, the other proup of teachers' low perceivableness and consensus may be
eaplained by the fact that their lack of knowledge about the alternative conceptions
theme makes it difficult for them to perceive their students’ conceptions
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Teachers' scoring of their perception of students’

alternative conceplions on mechanics IN=179

Mean score® Mode®

Alternative coneeption e e -
Crmip A Grousp B Group A Group B

(n-AH  n=R1 (n=-Ry (-9

A Conslant velocity requires constant force .03 Lt -4 3
B . Constant acceleration requires an increas-

ing force 249 234 3 a
C. Motion requires a force acting in the same

direction 254 167 3 3
D. The direction of motion changes intantancously

to the direction of the applied foree 233 1.98 3 1
E. There is no foroe acting on a resting body 313 2.89 4 &l
F. After a force stops acting on-a meving body, its

velocity decreases uniformly 285 255 3 23
G If a force stops acting on a maving body, motion

returns to its initial state 182 151 1 1
H . Inanimate bodies do not exert forees 1.98 1.86 1 1
1. Heavier objects fall faster than lighter ohjects a54 354 1 4
1. In vacuum, objects don't fall because there's

£ gravity 200 1.92 [ i
K. In an interaction (e.g, crash, gravity), the body

having mone mass and /or velocity exerlsa

greater foree 291 28 a A
L. Force is proportional to velogity 268 2360 i 2
M. Objects have force |46 142 1 1

*Scoring 1 - Did not pereeive; 2 - Perceived somotimes; 3 - Perceived many Hmes;
4 - Perceived every time | taught mechanics

Group A Trachers who had heard about alternative conceplions;

Croup B Teachers who never heard about alternative conceptions,

According to the results given in table 2, teachers who have heard about
alternative conceptions feel these are harder to change than teachers who never heard
about that do. In fact, about 73% of the teachers from the first group have experienced
that these conceptions either require special strategies or are hard to change even when
using special strategies, while only about 47% of the teachers in the latter group have
exporienced so.
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Table 2:
Teachers' experience of the difficulty in changing students’
conceptions
(M =145)
Cironp A En:?'f.l} 3 2
ltems ¢ SrOUP RS9
f % R
A The traditional teaching-learning
changes them definitely 2 25 13 151
B. Traditional teaching-learning changes them .
but same time later they will appear again=~ 19 4. 3
C. Traditional teaching-learning is nol able to . 4
change them; This change requires special
strategies 29 367
D. These ideas are hard to chapge even when ! ! na
using special stratogies 29 3.7 20 233

Group A: Teachers wha had heard about alternative conceptions;
Croup B: Toachers whio never heard about alterative conceplions.

~ When teachers wore asked about whether or not they take the ideas their students
bring to the mechanies elasses inlo account during their teaching prac'!ir.'r.} only one
leacher (out of 173) stated that he/she does not do it (Table 3). According iu Table 3
the percentage of teachers that gave reasons to take them into account which are more
related to the interference of these conceptions with the learning of mechanics (reasons
C and .D} is larger for the group of teachers who had heard about a.itemali\re
conceplions (72.1%) than it is for the group of teachers who never heard about that
issue (53.2%). Again, this may indicate that the first group of teachers is more aware

of the negative effects of the alternative conceplions in the students’ learning of
mechanics than the latter group is.
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Table
Teachers' reasons for (not) taking into account
students'conceptions on their teaching
(M= 171
Group A (n=749) Ciroup B (n=92}
Reasons
f ™ i %

AL Mo It would make stodents feel conlused 0 ] 1 (I
B. Yes; They are a good starting point 22 279 42 w5.f
C. Yos; They interfere with mechanics learning 12 152 k| /.0

D Yoes; They are a good starting point and
interfere with mechanics learning 45 56.9 26 /3

Group A: Teachers whe had heard about alternative conceptions;
Group B: Teachers who never heard about alternative conceptions,

Table 4 shows the methodological procedures used by the teachers when they lake
into account their students' conceptions. The analysis of the data presented in table 4
shows that the percentage of teachers who “identify students” ideas”, "help students 10
perceive the limitations and contradictions of their ideas™ and "compare students fdeas
with the history of scicnce ideas”, is higher for the group who had heard about
alternative conceptions.  The differences belween the two groups are statistically
significant.  The results of the X2 test Gailer continuity correction) are respectiviely:

DF=1, X2=7.287, p<.01; DF=1, X?=3.83, p<.05; DF=1, X7=6,161, p<05. In wha
concerns the methodological procedure “B" (Make students aware of their ideas), the
difference between the two groups is about to be statistically significant. (see Table 4.)

Although the difference between the two groups of teachers relatively to procedure
"3" is also statistically significant, the importance which may be given to this fact is
very reduced, due to the very low number of cases which are responsible forit. Thus,
the results presented in table 4 seem to indicate that teachers who had heard about
alternative conceptions tend to use procedures which make students more conscions about
their ideas, about the limitations and contradictions of these ideas and which require
more participation from their students in the change of those ideas. These are some of
the procedures which have been advocated by several authors working on alternative
conceptions and conceptual change (e.g. Driver and Oldham 1986, Posner et al. 1982).
However, there are some procedures which are still used by large percentages of
teachers of both groups. That is the case of procedures "C” (Demaonstrate students that
their ideas are wrong) and "H” (Compare them with the accepted ideas).  These
procedures are teacher centered and therefore the authors wonder how and how much
students participate in these processes and how effective they are in changing students’
alternative conceptions,
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Tulle 4:

Methodological procedures used by the teachers with their students'
allernative conceptions on mechanics

(N =173
Methodelagical procedures Caroup A fn=H) Croup B (n=93)
f T f #
A Identily studeng’ ideias . 43 538 3
. 3 K 323
B Make students aware of thelr ideas 41} S0 kK 344
C. Demonstrate (o students that their ideas '
ATE WIOng n 400 40 43.0
D Help students to peeceive the limitations and .
contradictions of their ideas 58 715 3
E ., Advize stiudents to test their ideas 7 JIE.:H .'5!.'! ;12
F | Help students fo evaluate the advantages of
the scientifically accoptod ideas nver
theoir own ideas N 388 25
G. Advise students to forget them i 63 0 233
H . Compare them with the accepted ideas 13 538 5 559
1. Compare them with the history of scionce ideas ki 3RE 14 2{1;-1

Group A: Teachers who had heard about alternative conceptions;
Giroup B Teachers whe never heard abnat alternative conceplions.

Finally, teachers were asked about the contribution they think some issues may
pive I the existence and/or persistenee of students alternative ideas on mechanics
Data related to this question are presented in table 5.

The analysis of teachers’ answers shows significant differences in relation to some
of the items.  Thus, teachers who heard about alternative conceplions considered that
“students’ everyday language”, "didactic presentation of the content” and “teachers’
fack of knowledge aboul allernalive conceptions” have a significant higher
contribution to students' conceptions than the other group of teachers did. The results of
the t-test when applicd to these three items are, respectively: DF=152, t=2.935
pe.AKIS; DF=152, (=2.155, p<.05; DF=127, 1=3,765, pe.0005. THENE

Issues like "students' cognitive development”, and "students’ lack of some
fundamental concepls” have a statistically significant higher contribution for teachers
who did not hear about alternative conceptions than they have for teachers who h.'w;_‘
got some backpround information on this matter, The t-test results are respectively:
DF=152, 1=2.24, p<.l)5 and DF=166, t=2.595, p<.05, It is worth noticing that item B
{students’ everyday observation of natural phenomena) has been scored near grade 3 of
the seale by both gronps of teachers, meaning that they all seom o think it can give an
important contribution for the existence of alternative conceptions in students’ minds.
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Tuhle 5:

Teachers' scoring of some possible causes of students’
alternative conceptions on mechanics

(N=173
Mean score® Mode*
S “CrupA  GroupB GroupA CroupB
{n= {n=43) (m=HIn {n=53)
A 3 3
A Students’ cognitive development g‘i; gﬁ : 4
B. Studenss’ everyday languapge 3. ; 2 :
., Sdence Hrﬁﬂn}ﬁ'lms and books 256 4
D. Students'everyday observation of s ;
natural phenomena g%g gg 2 3
E. Didactic presentation of the rrmtcnlh _ :
: 5" lack of knowledge aboul the
£ Teg‘]:l!:-?hr‘a'liﬂ-o ennecptions theme 709 218 ] 5
3, Shidents tack of some fundamental - e . 3
physics conoepts g o 2 2

H. Sudents lack of mathematical concepis

*Seoring: 1- No contribution; 1 - &malk contnbation; 3 - Good Comtribation;
4§ - Main contribaation : oo

Group A: Teachers who had hoard about nlIL'rnnlu_ro mm:q.ﬂ::grli,

Group B: Teachers wha never heard about alternahive coneeptions,

However, teachers who have heard about the alternative conceptions tlnog;c;,
scored it a bit higher (3.20) than their mi!eagues who never heard ﬂml'ttg;; ihi[;:-
The same applies to the item about science fiction, as the first group scored i & i
the latter group scored it 243. Although the d;[ferelnce-:s between the:-.ru g;rznpxm e o
statistically significant, the mean scorings seem to mda-:a!e that teac cirs Wi : ;;“ o
background information on alternative conceptions cunsrdered Ihl:“iL tL'lﬂ: cﬁmﬁ(‘:mér
and "D") are more important causes of students' alternative conceplions ilar; E other
group of teachers did. Therefore, the analysis of the results shown in tab Eh seems nr
indicate that the group of teachers who have got some mfcbrr.natmn on ¢ ?tlssl:lr;-iw
alternative conceptions tends to feel more reslpunsdﬂn FU_T their aifldentls altern gy
conceptions than the first group do and to attribute more importance o some g}gsn} ;
causes which have already been identified elsewhere (Sequeira and Leite : as
such. But the level of consensus among teachers in both groups is again lower than (0.5,
for all the items, and some items were not scored by 11% of the teachers. This E'ncnnr:
that again, teachers in cach group did not behave as a group and that s0me of th-;::;;n
not sure about whether or not some of possible causes contribute (o students” conceplions.
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CONCLUSION AND IMPLICATIONS

The resalts of this study show that unly 45% of the Portuguese physical science

teachers had heard about alteenative conceplions, which is a low percentage, as
expected.

Despite the possible low level of teachers' knowledge about alternative
conceptions, the results of this study seem to indicate that teachers who had heard
about alternative conceptions show better attitudes towards their students’ conceptions
on mechanics than their counterparts do. In fact, the first group of teachers seems to
perceive more frequently the conceptions their students take to the mechanics classes, to
be more conscious aboul both how difficult these conceplions are to change and how they
interfere with formal teaching, to use didactical procedures more likely to change

those conceptions and, finally, to feel more responsible for their students’ conceptions,
than the other group does.

Although some of the indications of this study (e.g. those concerning didactical
procedures) should be further investigated, it seems that teachers who acquired some
knawledge about the alternative conceptions theme are more prone to teach mechanics
according to the new syllabuses recommendation than are their counterparts who have
no knowledpe aboul it. However, il seems that the knowledge possessed by the first
group of teachers is not vet enough to teach the new syllabuses, as these teachers do nat
yet behave as a gronp., To effectively teach physical science based on students'
canceplions, teachers need (o abandon teacher andfor content conterod teaching
stralegies and 1o use student centered methodological procedures. This may be an hard
task for teachers 1o do by themselves. Thus, they will need help and guidance from
science educators and researchers in order to being able to effectively deal with
allernalive conceptions. Teachers may need adequate diagnostic tests, teaching
materials, methodological advice, ete. However, adequate knowledge about the jssue
of alternative conceptions may facilitate the teachers' job and help them to deal with
the challenge brought to them by the new syllabuses.

Therefore, it seems that a lot of work has to be done if teachers are to put into
practice the new syllabuses and to start teaching mechanics to 8th grade students, based
on their alternative conceptions. This can be done by including the alternative
conceptions theme in physical science education courses and in initial training courses
for physical science teachers. Also in-service courses for physical science teachers
should be organized so that these teachers ean acquire enough knowledge about the
issue of alternative conceptions and teach mechanics at the 8th and the 10th grade
level according to the new syllabuses recommendation,
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