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Characteristics of the methodology used to describe
students’ conceptions

N. Marin Martinez, Dpto. de Diddctica de la Matemdtica y de las Ciencias
Experimentales, I. Solano, Universidad de Almeria, Spain and E. Fiménez
Gomez, Dpto. de Diddctica de las Ciencias Experimentales, Facultad de
Educacion, Universidad de Murcia, Spain.

In a paper published elsewhere (Jiménez Goémez et al. 1997), we compared research carried out on
students’ conceptions of force in the decade 1975-85 with later research in the period 1985-95. Only a
slight progression was found in the results offered by different authors.

In this contribution we analyse the research objectives of selected investigations into students’
conceptions of force, their methodological characteristics and their most widely used theoretical
foundations, in an attempt to explain the lack of progress made in this research line. Some suggestions
are made which may help the science teaching profession to understand students’ conceptions better.

Introduction

More than two decades have passed since the need was seen for more attention to
be paid to the conceptions held by students concerning science content (see Driver
and Easley 1978). During these 20 years, a large number of studies have been
published and a new language has come into being among educators and research -
ers to describe the problems associated with the teaching and learning of science.
The studies, most of them concerned with science teaching, have been accepted by
most educators and researchers to make up a ‘theory’ in the postmodernist sense
(Solomon 1994), giving rise to the so-called ‘alternative conceptions movement’
(ACM) (Gilbert and Swift 1985) or ‘social constructivism’ (Gilbert 1995; Marin et
al. 1999).

In previous papers (e.g. Marin and Jiménez Gomez 1992; Jiménez Gomez et
al. 1994; Marin and Benarroch 1994; Jiménez Goémez et al. 1997; Marin et al.
1997) we have attempted to show that achievements in research into students’
conceptions of the subject matter need to be looked at afresh in a theoretical
context and using a different research methodology. In this paper, we analyse
the most noteworthy methodological characteristics of research into students’ con-
ceptions. Based on the findings of such an analysis we make suggestions designed
to avoid the methodological deficiencies found in this kind of study.
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Selection and classification of a sample of studies on
conceptions

Mechanics was chosen since it is one of the subjects where students’ conceptions
have been most studied (Moreira 1994). However, the enormous number of
articles found led us to restrict our investigations to the principles of dynamics,
more specifically the concept of force and laws related with it.

Another problem was to choose representative samples of research into
students’ conceptions concerning force (Jiménez Gomez et al. 1997). Most
research along these lines is published in the proceedings of congresses and meet-
ings, so they are frequently difficult to obtain. For this reason, we opted only for
those articles published in journals specializing in science teaching. However, this
still meant a very large number of articles and so we decided to concentrate on
articles published in the following journals, which, besides being easily available
(in Spain) cover the object of our research: Enseiianza de las Ciencias, European
FJournal of Science Education (now: International Journal of Science Education),
Physics Education and Science Education.

We excluded articles dedicated almost exclusively to theoretical discussion,
even though they may occasionally make reference to students ‘conceptions’ on
force since they do not offer methodological proposals or results. In total, 29
articles were chosen and classified into three categories.

Type 1: works that categorize students’ replies according to their similarities
and differences usually expressed as percentages. The results and conclusions,
which are basically inductive, are linked with the peculiarities of the physical
facts presented in the questionnaire. We have called this group of studies descrip-
tive-physical fact dependent.

Type 2: works that, besides using the above described procedures, attempt to
establish relationships between the different groups of answers corresponding to
the questions on different physical facts. The general applicability of the conclu-
sions reached in this type of study is greater than that of the first type, to such an
extent that the conclusions may sometimes reach a degree of generality that is not
implied in the facts contained in the test. Some authors make predictions as to the
possible answers of students to situations not presented in the questions. As in the
first group of studies, the data are interpreted from the point of view of the logic
of the content. This category of study is referred to as descriptive-physical fact
independent.

Type 3: works that establish relationships between the categories system used
to classify the students’ answers and aspects or variables shown to be relevant in
the cognitive structure of the student, such as cognitive style, short- and long-term
memory, mental operations, etc. We refer to this type of study as descriptive-
relational since they only use descriptive techniques to relate variables, but do
not establish relationships between the students’ answers and those basic cognitive
variables contained in a proper theoretical cognitive context.

Table 1 shows the authors classified according to the above three categories.

Note that small number of studies classified as descriptive-relational makes
this group unrepresentative. The methodological characteristics used in the
descriptive-physical facts dependent group are weaker than those contained in
the independent group. For this reason we consider it sufficient for our analysis
to concentrate on the 18 articles as descriptive-physical fact independent.
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Table 1. Classification of the articles selected.

Descriptive Descriptive Descriptive
dependent independent relational
Helm 1980; Gunstone and Viennot 1979; Watts and Bar 1989; Acevedo
White 1981; Ivowi 1984, Zylbersztajn 1981; Watts 1982; et al. 1989.
Terry and Jones 1986; Watts 1983; Maloney 1984;
Brown 1989; Clement et al. Ruggiero et al. 1985; Terry et al.
1989; Kruger et al. 1992; 1985; Noce et al. 1988; Boeha
Galili 1993. 1990; Villani and Pacca 1990;

Finegold and Gorsky 1991;
Thijs 1992; Galili and Bar 1992;
Reynoso et al. 1993; Bar et al.
1994; Kuiper and Mondlane
1994; Twigger et al. 1994,
Montanero et al. 1995.

Strategies and categories used in abstracting data from the
selected sample

It is of fundamental importance to respect the original data when evaluating the
methodological procedures used by other authors, although there is always the
temptation to offer one’s own interpretation when recording and categorizing
bibliographical data, a temptation that must be resisted in the interest of improv-
ing methodological studies. Data were recorded using a double procedure: first,
inductive, recording the most relevant data offered by each author and, by using
criteria of similarity and difference, analysing the data common to several authors,
the data particular to one work, the relationships between studies, etc; second,
deductive, based on methodological considerations described in more detail in
previous works (e.g. Marin and Jiménez Gémez 1992; Jiménez Gomez et al.
1994; Marin 1995), but briefly:

® The need to base the search for, and definition of, the students’ knowledge
on a theoretical platform which avoids, to the greatest extent possible, bias
and distortion in the interpretation of the data.

® The need to operate with a model of the subjects’ cognitive activity, which
avoids the inductive and descriptive character of investigation, in which the
search is not directed by any type of hypothesis, expectations or foresight.

® The need to use methodological strategies that discriminate between the
responses that reflect some sort of scheme in the student’s knowledge and
those arising from compromise, inventions, or simple chance. Such meth-
odology should:

(i) present a variety of situations in which the topic is involved;
(i1) vary the different factors intervening in the several physical situations
presented,
(ii1) ask for likely outcomes (prediction), based on a given initial config-
uration of a physical fact, in order to evaluate the subject’s transfor-
mational capacity; and
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(iv) weigh up the operational capacity of the subjects using situations, in
which different figurative factors are varied while the variable in ques-
tion is kept constant.

Thus, far from rushing forward to the bibliographical data to see what could
be found, we established a line of study in order to collect data. However, this line
of study was not rigid and interacted continually with fresh bibliographical data.
This permitted us to modify the line of study to include the data (an inductive
process), at the same time as deductive processes showed up certain absences or
shortfalls which might otherwise have been overlooked.

The application of the above strategies to bibliographical data made it possible
to draw up tables 2 and 3 whose content we shall briefly describe:

e Table 2, which is of a descriptive nature, summarizes the bibliographical
data of the selected studies (descriptive-physical fact independent).

e Table 3, which is obtained from the data of table 2, is a synthesis which
reveals the most important methodological data.

Both tables (2 and 3) contain the same columns; which describe:

what the authors are looking for;

the procedure used and theoretical framework;

the techniques used in obtaining information from the student;

data treatment. In table 3, the single column of table 2 has been subdivided
in order to show: (i) the criteria for grouping and relating data; and (ii) ‘test-
tuning’ and studies on the coherence and reliability of the data.

We describe each of these columns in more detail below.

What are the authors looking for?

This column shows the name of the author(s), the year of publication and the
subject matter of the research. The data recorded answer the questions: what
are the authors looking for? What do they intend to show? We pay special attention
to the terminology used. We also record the authors’ views on the possible persis-
tence, coherence, consistency, etc. of what is being looked for.

In the first column of table 3 we categorize the search for regularities such as :
A.1 laws, A.2 models, A.3 strategies, A.4 beliefs, A.5 theories, A.6 common ideas,
A.7 conceptions, A.8 schemes or alternative frameworks, A.9 ideas which were
accepted at certain times during the history of science.

Procedures and references

We attempt to give an overview of the methodology used in the study concerned
and analyse whether it follows a clearly inductive procedure, hypothetical-deduc-
tive or whether both procedures are used, depending on the phase of the research.

First, we describe the suppositions on which the research is founded, men-
tioning: (i) the authors most cited or considered most relevant to the work; (i1) the
preoccupation of the authors or aspects on which they put most emphasis; and (iii)
the suppositions or foundations presented by the authors as a starting point for
their research.
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We pay special attention to the coherence of such initial suppositions and their
use in subsequent steps of the research in the formulation of hypotheses, construc-
tion of questionnaires, data treatment, interpretation and categorization. In this
way, it is possible to detect any inconsistencies between the various parts of the
work in question. In particular, if the authors set out any hypothesis, we attempt to
see whether these are constantly adhered to throughout the paper.

For the corresponding column of table 3, three aspects are emphasized:

A.

B.

The general sequence that the investigation followed: 1. inductive; 2.
hypothetical-deductive; 3. a combination of the two.

The explicitly expressed framework, on which the research is based: 1. the
academic content; 2. rules and mental models; 3. historical conceptions.
Other works are used to: 1. confirm data; 2. use techniques; 3. evaluate
data; 4. continue the research.

Techniques used to gather information from students

This section describes the sample and the structure of the test. The scheme for
homogeneous data taking is as follows:

The make up of the sample: number of subjects, level of study and ages,
type of school or university studies.
Type of technique used for obtaining information (data acquisition):

(i) 'The questions, are they problem situations which must be solved? Are
they questions on the definition of concepts? Do they refer to everyday
situations? Can the student physically handle materials or are draw-
ings presented? Are predictions and explanations asked for?

(i1) As regards possible variations in factors: do the factors (whether rele-
vant or irrelevant) intervening in the task change gradually? Are the
questions repeated by changing the context or situation?

(1i1)) Concerning the sought for content: is it explicitly shown up in the
question or is it implicitly involved?

Are parallel tests given which have previously been shown suitable for
evaluating an important aspect of what the student is supposed to know?
If so, which tests?

It is important to know whether several tests are given, in which the initial
questions are gradually modified according to the students’ replies? If so,
the reason for using this technique should be considered.

Any other peculiarities of the study.

To complete column 3 of table 3 (“Techniques used for gathering information
from the students’), it has been divided into five sections, each with its correspond-
ing categories:

A.

B.
C.
D

Paper and pencil: 1. open; 2. closed with no explanation; 3. closed with
explanation.

Interview: 1. individual; 2. in pairs.

Type of question: 1. direct question; 2. explanations; 3. predictions.
Situations: 1. in drawings; 2. real.



MARIN ET AL.

N.

668

‘paruasard arom
SI910LI} A} JO SIUDWIWOD pue suondIpard
[eoLIAWINU 9y} dpIsSuoe uonjeue[dxa UaILIM
sirdnd a3 jo sisAJeur 3UdIUOd pue $I10YD
juanbaiy 3sow oYy 10} ‘A[eiduad ‘roded

ays ur A[[edrrowinu pajuasaid a1am synsar Ay,
'SYI0MIWERI] SATIBUIIIR

JUDIDJJIP UIIMIDQ PIYSI[QLISI SEM UOHE[dI OU

pue (auo 1daoxa ) uonponus wasdyd wnagavd
D oL paariap spoz YL00uD.Lf 221IDULIID
yova ‘Kjpiouar) ‘sanbruyody saneyenb

pue saneinuenb yloq £q pasA[eue 219m SIOMSUY

'$309[qns jo sdnois 03 uowwod a1 ‘pasoddns
ST 31 ‘YoIym FUIUOSEaI Ul SII0UIPUd)} 10
Buryoo[ st 1oyine 9y} asnedaq sdeyiad ‘uaals
aIe sa3e3uadiad ON ‘JUNOIJE 0IUT SAYEISTW
10 SI9MSUE }091100Ul e} 0) pazisayrodAy
dIoM SuntosvaL snoauviuods ur sa1uapual

[042ud3 10[/pup suoygou ‘sap] 2211MIUL YUIIIII(]

*S020440
YFnoayy parparpur 24202 52040 pue sFurmeIp
o1doad-yons papn[our suonsaINy) ‘sIAYIom
yo1easal £q paquIosap Apealfe ylomawely
saneuIalfe ue Aq paiidsul sem sI19y30
9Y} JO QU0 ISBI[ IB IS[IYM ‘I9MSUB JOIII0D
A[[eo1j1IULIdS, Y} sAem[e sem asuodsar
a1qissod auo ‘uonsanb yoes uy umsuv
419Y] 40f UOSDAL © SPN[OUL 0} PIYSE 2IIM
spidnd ay3 pue doeds e sem o219y} ‘uonsanb
yora Jo pus ayy ¥y "suosanb 2210y ajdunue
Jo pagsisuod auvuuorisanb jrouad-puv-1advd ay
uopuor] pue
Buipeay] ul s[ooyds A1epuodas daisuaydrdwod
INOJ W0} SI9YOE) Al 119y} pue sprdnd

1B9A-pIIYy3-JO-pud ¢z d1om siuedonied ay g,

pafipout 24202 WODNIIS Y] UL PIR]ORUL
$2]qQDUUD 2U0S K] PUOISDII() “SUOPUD]IXI
9418 pue su01791paLd dewW 01 SIUIPMIS

oy 103 Ayrunizoddo ue papiaoxd pue uoneniis
1earsAyd o13109ds swos 3noqe (,¢(9010] € 219}
ST, "8'9) ‘422.41p puv uado 24202 paysv suorsanb
2Y ], 'sdINUIW ()¢ 03 () SuIe) Yoed ‘s7597 1adnd
-puv-j1ouad Buisn £31s19A1U) 1B 18K pAIY
9Y3 03 [00YdS AIBPUOIIS J ILIK JSB[ AY) WOI]
(ue13[ag pue ysnuig os[e Inq ‘Youai,] Ajurewr)

SIUDPNIS PAIPUNY [BIIAIS PIAJOAUI [IIBISAL Y T,

2INSEAW 03 YSIM Sioyine
Y3 YIIyM Jo 1ua3IxXa ay3 ‘syidnd pue sioyoes)
u29M13q §ISIXd Sulpuejsiopun jo Jng, v eyl
uonyisoddns 9y3 yaim Surliels ‘J9sit JuIIUOD
STWAPEIL Y} ST YOIBas SIY) 10J 20UIJAL
OYL (0861 SHBA ‘6L6T IOUUIIA ‘6L6] 19ALIQ
‘€861 AL ‘[L6] UdLIBA\) SIIPNIS 1230 Ul
PaqLIdSap SIUIPNIS JO SYL0022UDA[ 2QUVULI]ID
9Y3 10J YOO[ A722279Npu SIOYINE Y], "IOUIIIS
Jo suononnsuod [euosiad ojur padojaaap
pue panijsuod aie sadualiadxs pue sFurueaw
‘SPIOA\ SUOIIBSIIAUOD PUE SJUIAD SUIULIIOUOD
suone[ndads pue sasayrodAy oneIdULSOIp!
[BNPIAIPUI SB UJ3S dIk SYIOMIWEIJ IATIRUIII .
10 SBAPI 983Y,], "SI0UALIAAXD UMO 119y} UO
Paseq PlIom Y3 JO SeapI JUIIIYOD JONIISU0D

UDIP[IYD ey} JOI[2q 2Y3 Ul JOB SIOYINe 9y J,

‘3uruoseal snoauejuods Ul UOIIOU OB 0}
9s11 9A13 yorym suonsanb jo sad4y ay3 Ajissepo
A1ySnoa pue dn 39s 03 a[qissod s1 31 pue suorjou

puv smv] 221Ul ‘SUosvaL snoauvjuods
u1 $210UIPUI] PAIUIE QudYrs K1070UD]Jxd

22171nUL Ue ISIXD 219U} ‘A[pAnONpuUl ‘sny ],

'9q Arw A9y} SuoIm I19A9MOY

‘way) Ajrpowr 10 a8uryd 031 sydwalie Isisal
Je) $3d90U0D JO YO03S JUIISISUODI-J[IS pur
uowwod e syuasardal ‘Jooyods je 3ysne; jou
ysnoye ‘yorym so1sAyd sanmiul, jo swayods

A103eue[dXd UOWWOD B 21BYS SIUIPNIS [V

¢ouaresard

9Y3 JO 2IBME SIIYDBI) 1B JUIIXD JBYM 0

pUE SMIIA UBIUOIMI N[-UOU a1k judfeadrd moy
:suonsanb om) yse 03 UIIY IIM SsIOYINE Y],
'2IMBINI] 9} Ul punoj (suonezijenydaouoo
Jeuosiad sjuapnis juasardal

03 SYI0MIWERIJ AN BUIIIE, WLId) AY) PIBMIO]
ind g/61 A9[Sey] pUB I9ALI(]) SyL0022UDLf
2a110u427]0 4DNI14DG dwos Jo Arrendod

Y3 passasse (1861) ulleizsioqiiy pue sHep\

"PIqLIOSIP Al SUOLOU PUD SO2D] I 2UFINTUL

puv Suiuospat snoauvjuods ul savuUIpua]
D428 ‘awayrs K101puv]dxa 2217INIUL uy

'SMP] UMO S} JO SULIDY

Ul pazI[ewIo} 9q Ued jeyl Sunulyl AepAIssd
JO puIy B )1 SULIIPISUOD ‘SOIWBUAD AILIUIWD[D
Bururaouod spuapnis fo Fuiosvas snoauvjuods

9y3 sasAfeue pue sa10[dXd (6L6]) IOUUDIA

JUWIVIL] DIV

JUIPNISs 2y7 uLoLf UOVULLO[iLL
Suiv1qo ur pasn anbwuyday ¢

N RIEYETEY,
PUD $2UNPaIoLJ ‘7

s40f Suryoo) sioynp
oYy 240 YN "]

‘juspuadaput o) [B01SAYd-aAndLIOSOp 9Y) JO SIsA[eur [BOISO[OPOYIDIA ‘T d[qel

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq



669

THE METHODOLOGY USED TO DESCRIBE STUDENTS CONCEPTIONS

ponuuo;)

JUIIU09 2UMaPYID Y] S1 PIVP FUIPNIDe2 40f
400w [DI112402Y] Y [, "POYIdW Dlesou,
93 pawid) yoroadde ue ‘sprdnd jo 1dquinu

© Aq paieys seapt uo paseq arniord arsodwod
B WLIOJ SYIOMIWEIJ Y ], "SMIIAINUL

93 Surinp 9013 3sed] 38 pasn pue spdnd
0M) ISBI] JB AQ PasN sem YIOMIWERI] Yors]
AMIIAIIIUL AY) JO 3SIN0D Y} SULINp UIP[IYD
Y1 Aq pasn suondaouod 3o1dxs pue 31 dwr
93 wo1y 19y3a503 paooaid are ing rdnd

9UO WO01J AWO0D J0U OP PIALIISIP §¥L0022UvAf Y T,

JUITU0D INUWdPVID Y] S1 DIDP Y] IDNID2I
0] Pasn Y40mauvif [02132409Y] Y[, "PIYSI[RISD
dIe SYIOMIWEIJ JANBUIII[E UIIMID]
$91YDIBIAIY ON ‘Sylomdwey ojul Surdnoid
I19Y) JUBLIIEM O} SISIXD SINLIB[IWIS JUIIDIJINS
ySnoyife ‘UaIp[IYd 1B IDY) SB SYIoMIWeRI]
JuaIa JIp APAnelienb Auew se 9q 1ysSiw
a1a spidnd jo dnoad Aue 10} 3By} UOISN[OUOD
9y3 01 SUIPEI[ ‘JUIPNIS U0 YIBD UIYIM
SUOIILLIBA 9[3qNS AULW 19Mm 219y, ], "ajdures
J[ews e 93nb seam jeym woay Surpueisiapun
S U2IP[IYD INOQe SUOLIBZI[RIAUIS 9w 03 10U
sy nsal 9sayl Ajnuenb 03 opew sem 3dwone
ON 'SUOISSNOSIp AuBW WOIJ umeIp saimord
93sodwod a19m Inq ‘frdnd suo ou 03 pasuofaq

PaqLIdsap a1om Jey) §y40maun.Lf 3s1a ay J,

‘uoneIou
Pa[ieIap B M paquIdsue) A[[nJ Uyl pue
padei-orpne 19M SMITAINUI Y} pUR Payse
9I9M 9210 INoqe suonsanb 10311 2210y
Y2 L0f SUOSVIL 112 10J payse atom AdyJ,
'90103 30 3da0u0d 1191 Jo sajdwiexa-uou 10
sojdwexa se 301d1djur 03 pasmbai a1om spidnd
Ayl Yorym ‘sSuimerp aui] ajdwiIs Jo uoI3dd[0d
B UO PaIjuad sMaIAIalul oy, (7861 2uioqsQ)
pue suEp QD 0861 dUI0qSO pue
119q[10)) Y20044dV SIOUDISUL-INOGD-M2I12ATU]
Y3 paf[ed poyraw & Juisn A[[enpiaipur
PamaraIajul a1am spidng ‘eaie ueqin uopuor]
1938915) 93 Ul (sdnoad so1sAyd [949] paoueape
pue sasse[d 20uaIds 1otun() S|OOYIS WoJ ‘sIeak
81 03 [ wouij 298¢ ul SurSuel UIIP[IYI[0OYIS

71 219m Apnis siy3 ur spuedionnied oy,

‘piom Jeys jo Suwuvaw 112y7 uo puvdxa oy payse
U93J0 219M puk AJIABIS WLID) AY) ISN JO Paau
9y} 3[9J SI193sFUNOK ()7 [[B ‘SUOISSNISIP Y}

JO 9s1no0d a3 Sunin(g -dqedrjdde aq jou Aewr
10 Aew 9210§ Jo 3da0U0D AYI AIDYM SUOTILNIIS
snotrea Sunotdop surmvap ouyy ajduns auios
124d423u1 0) paYse a1am s193sBUNOK 2y} ‘99
Sunm(y "9010J INOqR $02212497UL ITNULU-ATL0f
ut 31ed ool syuapnys 9y I, ojdwes 1951e]

® jo 3red pawio] oym pue siedak /] 03 7] WOl
98k ul paSuel oym ‘Bale UOPUOT] 193BIIL) Y}
punode pue ul (dnois so1s&yd/o0ua1ds) sjooyods

Arepuodas woug sprdnd (g 219m syuedonaed ay g,

EL{QEREN
9[qepUEISIAPUN I9YI0 YIIM JUIISISUOOUI WIS
JB) 9SINOISIP S JUIPNIS B JO SUOIIIIS JUNOISIP
031 ASBd 9q pPINoM 31 ISIMIAYIO ‘sisaypodAy
Buryjiom e se opew 9q 03 SeY IBY) U0

ST 1 ‘I9AMOT] "UIRIUTRW 0 JNOIJIP ST ‘(19peal
€ 10) I9UDISI[ B 0} JUIISISUOD A[[BII50[ 218

sjuowale)s s, uos1ad e jo [[e jey) uondwnsse ay T,

"3UIyoLI} WOOISSL[D
JO 908 33 Ul A310BUD) 119y} PUB IOUIIIYOD
JeuIdIUL ‘9sn peaidsapim I19Y) S$I09[Ja1 JBY)
snieys B UdA1LS A[[njioadsal aie syromowely

SATIRUIAI[E S UIP[IYD ‘Apnis ay3 Inoysnoay, T,

a1quedwod

AJ[Eninuw a1k SHUIWAILIS Y3 [[B IBY Aem

e yons ul [1dnd v £q sjuawalels 10J 3UNODIE
ued 1BY) SYIOMIWERIJ JONIISUOD 0} Ipewt

st 3dwane ue ‘s3d1I0SURI) MITAIIIUI [ENPIATPUT
Buisijeue uy *20.40f [0 sy10maMD L[ 2211DULI]]D

S U2APIIYI SILIDSIP IoyIne Y ‘Ajaaionpuy

939 (086 1) HYM
pue suoisunc) (9/61) YLAON Pue WNeqssnN.

*3°9 :sa1pnys 19yzo dn smojjoj 3rodazx siy g,

"IYBW UDIPIIYD JBY) SHUIWWOD Y} WOoIJ
UMBIp SUIDq SYIOMIWERI] YONS ‘SMIIAINUI AU}
J0 9s1n0d a3 Surinp Apo1dxe pue Apoduwr
Y10q SYIOMIWERIJ Y} SN $19)3sFunok
Eléel 8712048 [0 syi0mamvLf 22110UL2]]D

S u24ppy9 103 YOOI sioyine ayy ‘Ajaaionpuy

‘Jlom denpeis-iopun

pue [9A9[-y ySnoiyy uaas 3sisiad ued pue
Ma1A $o1sAyd [eUOIIIPEI} AU} WOIJ JUIIIJJIP
A19A 9q ud3jo uLd MA1A umo s idnd y rway
punoIe prIom Y3 UIe[Xad 03 $110JJ9 dAnRUIFRWI
S UdIP[IYD AqLIdSAP 03 (8/6]) Ad[ser]

pue I9ALI(] A Pasn JIOMIWEIJ JAIIRUIIIE,
w1d) ay) s19ja1d suBAN ¢ PIAIIUOISTW,

10 BUO0IMm, SB SBIPI SIUIPNIS SSTWSIP UBYY JYIRY

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq

‘spidnd aae a19y3

Se S[9pow Jo Iaquinu dwes ayy st 3onpord
pus a3 eyl f12ads os j0u 1K ‘saouaiaffip
jonpraipur juviodu ysimsusip o1 ysnoua
nyromod die yeyy Surpuvisiopun juapnis

fo sjopour dojaaap 03 pasu 2y} sI9s I0yINE
9Y,], "9210] Jo 3da0U0d UMO 119Y} JO SUWLId}

ur euswouayd uowwod FurqrIdsap uaym

asn sqidnd jey) sy10MIWERIY JUIIIJIP IYSID
$9qLI08IP 9 *s2158Yyd xopoyrio worf 42[fip £ay1
o1y Ul SKDa2 2ULOS 2QLLISIP 0] PUD SYLONIUDLS
uowutos Jo 2110319dal B Yarm sI0jBINPI

9oua1ds apraoid 03 sydwane (£861) SHEA

unjuIyl S ULIPIIYD 03Ul SIYSIsul
[ngasn pue }oInb yim s1oyoedy sosdyd
apiaoad pue £112045 [0 syLomawuvf 20110UL27]D

S, u24pnyo 2quiasap 03 sydwane (g86 1) SIBAN



MARIN ET AL.

N.

670

“ejep 9y Jo Kypijea

10 A31]1qe1d1 9y} SuLIdpISU0d 10} papiaoid
s1 A891813S ON “IUIU0I 21WIPDIV Y] SL APNIS
Y1 [0 Y10020wvAf [DI1]2402Y] Y[, "YIOMIWILI]
1en3daouod Y3 10} udALS a1e saSeiusdrad
ON 'Pap1aoid aie SI9IMSUE }031100Ul

puE 1091100 JO sa3LIUAIIDJ "pIajudsard
uonenyis [ed1sAyd ay3 10j $227da4 Sn02U0L42
uowutos 150wt 2y1 Jo suondirosap Suraq 1sax

Y3 ‘pa3ddIap sem ¥L0mawvif [pnidasuod suo KU

"JU23ISISU0D AI9M K9} 2INS 9q 0} sHUIWUTIsse
3[NI YIM paydayod a[qnop aiam suoneue[dxa
9SaY T, "SWAI 47 Y3 pardjdwod pey K3y 1aje
aupadord 119yy jo uoneurdxs ue 3LIM 0}
pajonnsul a1om s303fqng ‘pasn 3uraq ani Ay
U0 IpeW SBM YI9YD Iayjoue ‘K[[eul,] ‘pamO[[e
9I9M 20UaNbas [BIPT Y} WOIJ SUOIIRIAIP
9213 AJUO '3°1 ‘SWAI $7 AU} JO [T URY SSI|
JOU U0 JUdWAIFE JO PIISISU0D saduanbas [eapt

9y3 pue sasuodsal s103[qns UIIMIAQ YojeW

‘punoisyoeq

Jooyds ysiy isurese a[ni renonied

e Suisn sjuapnis jo a5eIuadiad e se umoys
aIe s)[NsaL oy pue (9,¢9) sasuodsat oy fo spary7
-002] 150UV L0f PIUNOIID PaQLLISIP SI]NL 221
21,[, "A[IUSIAJJIP PIILAI} Ik UOOW JO SIILIS
JULIdJIp oY3 a1aym ‘renonaed L19a Y3 03
‘AJUo sseW JO SISkq Y} UO IPLW Ik SUOISIOIP
[e 219Yym ‘[eqO[S WOy d8ukl SUOHBUIqUOD
9[qISSOJ 'S2INJBAJ JUAIAJJIP Y3 Jo doueriroduwr
9y} N0k SUOISIOIP JO UOHBUIqUIOD
aenonied B WoIJ SINSII (NI [eNPIAIPUL

uy $21y240421y 0jul Ind 2q uvI $1405210

Y3 yeyy os ‘suorpsanb 1521 2y 01 sa1jda4

Jo 2ouanbas uaeis v suwjdxa (1032102) ani yoesy

‘weaderp

B U0 $32210J Sunuasardal smolie meip o}

10 (suonrenyis winLiqiinba oness [v) suonens
1earsAyd juaiajip Inoqe uoneur[dxd

ue ap1aord 0) payse a1om SHUIPNIS Y

v *$1224s0 2211d29404 Swrdfipour ‘pasod a1am
1ySnos Sulaq 3u’u0d Y} UO suovgsanb uado puv
722417 "pasn sem suoneniis [eorsAyd juasaidar
03 sSurmelp yim aareuuonsanb iaded

pue [1ouad y sotsAyd Suidpnis jo sieak Yy
pue yiinoj ‘paryy 112y jo yutod-prur oy e
JI9M oYM ‘S[OOYDS AI1BPU0DIS dAIsuaya1dwod

om3 woiy sprdnd arom syuedronied ay g,

WA} I9MSUR

03 pasn 24npa204d ay1 uwjdxa o0y pasmnbau
SBA\ JUIPNIS Y} PUR JUIIUOD Y} PIUIIOUOD
A30011p suonsanb ay 1, *991y3 swes oy sLem[e
aIom s1omsue a[qissod oY) dIYM SUIL 2210YI

21dunue 7 JO paISISUOD SYSB) JO $19S 0M) YT,

"UOTIRII[IOOR

JuBISUOd Yim Suraowr 10 £3100[9A JULISUOD
YIm SUIAOW ISAI JB [UOLIOW JO SAILIS IIIYY
9Y3 JO AUO UI 3q P[NOJ WIAISAS Y ], "IUIIIJIIP
10 [enba 919M SISSBW AU} 12INJLIJ ISITJ ) 10]
sanIIqIssod 0M) 219M 3191 ], 'PAIIPISUOD dIaM
wAISAS Y3 JO UOIIOW JO )BIS Y} puk sYd0[q
93 JO SISSBW Y} PUB JDBJINS [LIUOZLIOY

B UO $Y00[q oM} '9'T ‘uonemyis J[qissod
3sardwts ay3 paajoaur 1aded uonsanb ay,

‘syuapn)s [ooyds ySiy g1 arom syuedionied ay T,

'SNOIORUI) A[9WAIIXD
d1e suondaduodsIW § UIPIYD By} 3s233ns
031 20UdPIAD ST 219Y ], "Budwoudyd [edrsdyd
Jo suondoeouodstw pue -a1d sanmiur uodn

paseq d1e p[OY UdIP[IYD JBY} SMIIA 93 JO AUBIAI

‘3ysney A[snoraard usaq aaey
£a1) oYM WOIJ puk P[I0M JBY} UI s90UILIadXd
UMO 119U} WO PIALIAP ST JBY) P[IOM 2}

JO ma1a e A103eioqe] sotsAyd ayy 03 Suuq spidng

(1861

ufeyzs1aqAy pue spep\ §'9) s1oyine 12Yyio
£q S2TPNIS 03 IPBW 1B SIOUIIIIY "YIOMIWRIY
[BO112109Y} SB PIsN SI JUIJUOD JITWIPLIL YT,
‘(uonenmys [edrsAyd tenonted ue 03 payul)
yromoaweay [en3doduod e pue (safejuadiad

£q) A72219npur padnoas ae sarjdas ay g,

‘puUNojJ sem yojew e

[13un saouanbas [eapt Ayl Jo [e yarm paredwod
uay) a1am sasuodsar s30afqns ay3 pue
sa189)e1)s Y} [[B 10J dUOp sem SIY ], donpoid
pInom sa1393e11s 3Ry} sIomsue 7 Jo aduanbas
[BOPI 9} SUIWLIIIP 03 WIT OB 03 31
Surfjdde pue (ssew 1938313 9 JO siseq Y3 Uo
SUoISIAp B Sunjew ‘§'9) A393ens tenonied
9y3 Suiyel Aq auop sem siyJ, ‘saouanbas
asuodsal [Bapl, 91vI9UIS 03 A593LIIS 3091100
U3} Yirm Suo[e pasn 219m SISA[BUE YSel A} AqQ
PaeaAal $91393e13s 3091100Ul Ay ], "(swjqoid)
syse3 ayy 03 parjdde aq ued jeyy (30a.1100Ul

10 3091100) $I1393L1IS Y} dUIWLINAP (11)

pue sad4) wayqoad ay3 Aj13uapr (1) 103 sisA[eue
jse3 & saanbai pue (2auonpap-jpanayrod iy )
suonoIpard urelIsd Iyew 03 Ioyine

93 s9[qeud anbruydal JUIWSSISSE I[N § I9[FA1G

‘uonruyep
Aue Buipraoid noym Su011daouod s uaapjiys
puv yiomawuv.if (pnidasuos ‘suordauorsiu
puv -a24d ‘2a1;njur swid) 9yl Isn LAy J,
Juawdo[aaap [en3daouod s uaIp[yo
ourYUD JYSTW JeyY} s9189)eIlS SUIYOLI) YiIm
pauIa0uo0od a1k £y} ‘UONIppE U] "UOBINIISUL
pue f3unjew jo nsal e se doe[d aye) ySrw
Jey) ylomawery [en3doouod 119y} Ul safueyd
Kue pue wniaqinba puv $22.0f n0qo UAPIYI

J0 su017d201093.4d 2211n3ur 2y UT PIYSIIAIUL IR

s1oyIne Y], "93BIS LIS AU} Ul winuiqinba
pue $2010J JINOQE PULISIIPUN UIP[IYD
jeym Ino puyy o3 3dwane (¢861) P 12 A119 ],

Jey3 op 03 anbuyaay

JUIULSSISSD 2INA | S 19]FI1G SISN pue su011daior

puv $a1821043s Surisixa sjuapnis &fupuapr oy

jueyrodwil ST 31 SYUIY) ToyIne Y|, " (m2v] piryl

S UOIRIN) 42410 YID2 UO $S940f Su114ax2 $792(Q0

oy Surajoaur suorgpnyis fo suovzypn1daduos
S1uapnis $91e3NsaAUL ($861) ASUORIA

JUWIDIL] VIV

JUIPNIS 2y1 uLoLf UOUDULLOJUL
Sumiv1qo ur pasn anbuyoay ‘¢

PRUIEYETEY!
PUD $2UNPaI0LJ 7

s40f Suryooy sioynp
oY1 240 YN "]

panuuoI—yzg dqe],

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq



671

THE METHODOLOGY USED TO DESCRIBE STUDENTS CONCEPTIONS

ponuLuo;)

‘pajuasard

aIe $31108918D A3 JO YoBd Ul s30a[qns

Jo sa8eiusoiad oy ], "SI9MSUR 119U} 10 3UNOIIR
03 $242004ddv (S10B] PUR SUOIIOU UIMIAQ
SUOIIL[AI JO 39S JUIISISUOD & YIm sarjdar)
A1opuv)dxa pue (inoraeyaq s3199(qo ayp
9qLIdSIp yorym sarjdal) 2217¢119sap UaIMIAq
paysinsunsip A9y ‘uapyiyo jooyos Arewrid
aram syuedonaed ayy uaym Inq ‘sauayos
201pULID L0 K10]DUD]JXD ‘stieys ($861)

*]0 12 019138NY JO $91105918D Y3 PIsn sioyine
Ay} ‘syNpe pue sjUIPNIS KIISIIAIUN PUR [00YIS

A1epuodas jo dn spew sem ajdwes oyl usayp\

‘saoudIajul Aue (9a01dsip

03 10) WLITJUOD 0} PIMIIAINUI SEM [00YDS WS
Y31 W0y udIp[Iyod Jo sjdwes 1apim B yorym ul
‘opews sem Apnis 47271q10mpoadas a211v311UDND
e ‘A[RUI,] "PIYOIYD 219 SILIAS ISITJ

9Y3 JO SINSAT Y3 A[IyM ‘Ire Jo wajqoid ayy
pasod Aprdxa yorym ut suonsanb jo sotias
I19Y3aNJ B IIM pajuasaid syl 219m UIP[IYO
swes oy, ], "1eadde Ap3o1pdxa jou pip 11e jo
109339 93 I9YM PIIIDJUI IIM SIWAYDS INOJ
SIIMSUER ) JO SISA[BUE UB WOI,] "UdIP[IYD
9Y3 03 suonsanb jo sat1as Isi1y e pajuasard
sem asodind yorym 10j ‘3ySnos arom

SIIMSUE JO IS [OYM I} FUOWE SITOUIISISUOD
9[qQISSO "S2ULIYISGNS IIIY) 10 OM}

03Ul papIAIpqNs Fuldq WAY} JO 1Y) ‘(1I9msue
1001100 A[[ed1sAyd ay3 seam auo) pariajul

Q] 03 S2uU2y9s INOJ PIMO[[e sIomsue [eordA T,

‘sSurpue| uoow

35113 9y3 jo sydei3ojoyd jo sat1as e ur pajordop
S1U2A9 93 Jo uoneldididjur/uondriosap

Y1 ysnoiyy smata spdnd ayy jo uonerojdxa

ue AQ pOMO[[0] dI9M\ S0291249JUL [DIWL]D I T,

‘(pa1mbar a1om Tomsue oYy Jo uoyvarfiysnl
puv suo1321paad d19ym suonenis [edrsiyd
noqe suogsanb :w@ov (5861) '1v 12 0191330y
WO} UdSOYDd dI19M 7897 J1aouad-puv-1a4od

ay3 ur suonsany) ‘(p[o sieak gy-g) UdIp[yd
jooyds Arewiid jo (0] = u) ojdwes [jews

B UO $M312.42]Ul [DIWUI]I OS[e PUR 1527 dWIES )
pawiogiad £33 UORIPPE U] “JUIWNIISUL dWIES
ay3 3uisn pooyinpe 03 dn S[2Ad] IUIIJJIP

03 UOIILSNISIAUL Y} PIPUaIXd A3yy ‘Uay ],
*£31AR18 INOQE WOOISSB]D Y} Ul UOISSNOSIP

® Jnoqe Suliq 03 I9PI0 Ul JUOP Sem SIYJ,

* A31ae18 Jo 9010j, JO uorpqraasap/uouifop e
ap1aoid 03 payse OS[e 2I19M UIIP[IYO ‘UOBIPpPE
U] "[00Yds AILJUSWA[D UL UI $3SSe]d apelsd yijiy

oM UT 7527 J120uad-puv-42dvd v pasn sioyine ayJ,

Suo1apaLd

2yvw 01 10 suoruurfop 103 sprdnd payse awos
pue ‘201042 412y uwjdxa 03 paanbal arom
spidnd a1aym ‘2220y2 27dunue Swios ‘suorgsanb
uado axom WIY) JO dWOG U0 VNS 102158y d
2y fo uoyvisuowap 102139044 v Furnogjof Lv.io
Qwos ‘sSurmvap Y1, (1597 juad-puv-1adovd)
w0 U2731402 UL WY} JO IWOS (SWLIOJ JUIIJJIP
ul pajuasaid a19m suonsany) ‘sajdwes

9y} 03 3INS 19)39q 03 pajenuLIoydl Ing (1861)
ufeyzs1aqdz pue suep| 10 (1861) YA

pue auoisuns) ‘(6L61) youudtp Aq Aysnoraaxd
Ppado]oAdp $1593 AU} WOI] UISOYD 1M
suonysanb swog *(98e jo siwdk ¢1-71) sprdnd
[ooyos a[pprw uered] 21am IV (0t = N ‘('N
8) 8 =

‘22 = 'N) posn a1om sojdwes 991y,

“yL0mauvLf

UPWO]NRIN [PINIL0Y] D UL PIQLLISIP SDO2
a3pajozouy s 192(qns 2y J, *A[9ANIONPUI SIaMSUR
ay3 paurejdxa pue paqridsap £ay3 ‘you pip
uaIp[Iyd [ooyds Arewrid Ay} JoO SIaMSUB Y}
uayMm INg ‘(JuawIvaLl 2211INpap-103112Y1044A1y)
sowaYds A1ojeue[dxad 9y} Jo swos

31J P[NOM SIIMSUE JO Iaquinu a3.Ie] & Jey)
1ySnoys sem 31 asnedaq ‘utod Juniels e se

pasn sem (6861 7¥ 12 01183ny) 19ded s 0191850y

JUITUOI QUUMIPVID Y] S YL0022UDL[

0217240217 2y [, *9WAYDS dwies Y1 Aq pauredxa
9q pP[nod yorym sjoej SuIuIadU0d suonsanb
JUDISJJIP JO I9qUINU B SUISN PIMIIAINUI SBEM
PIYD yoery (9) ‘ASojowaisido asussuowiod
JO 9SIDIIXI UB MO[[O] 0} SIIYDIBISAT

9Y3 10J Pasau Y ], (q ‘PIIaPISUOD sem
Juawdo[aAaP [BI1103STY oY T, (B 1Y II8IsSAI Ay} UL
pamor[oj a1am sdays 991y, ], "paresnsaaul aq 03
a1e Yo1yMm suone[al pue euswouayd ‘sydeouod
d1qissod ay3 uo s1sayiodAy e saajoaul 31

sours yoroxdde aeonpap-1paray10dy e st siy J,

‘fSunwwod

S1j1Iualds oYy Aq pardaode spPpow 10

$9LI09Y3 93 W01} 19JJ1p Avw A9Y3 ySnoys uaad
‘pIoM 39U} JO 9SUIS PLOIQ B UL DIJIIUIIDS, 218
yorym sdiysuone[al Jo syIomiau 10 saWayos
03Ul pazIues1o s1 ‘pa1y udAl3 e ul 2duadwod
o13109ds Inoyim uosiad Aue 10 ‘pryd

e Aq pasn ruswouayd pue s31oej Jo 95pajmouy

9y3 ey uondwnsse 9y} UO paseq SI Y21easal Ay |,

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq

‘I1e} 9913 Sunoaidiajur

103 souo a[qissod A[Uo Iy} s SIWIYIS
019183y 9y} Surzijerauas jo Aqiqissod
9Y3 Inoqe uonsanb syl }29Yd 031 ‘d10ja19)
‘pue (U0 ISUISUOWIWOD, IATIRUIAE

ue 10 A109Y} UBIUOIMIN] JHIIUIIIS) K109}
Wos 03 SUIPIOddE JOB] I[qBAIISCO Uk INOqe
suonoIpard SpewW UdIPJIYD [[B JI UTRIIdISE
03 pajuem A9y, J, "(ua1piyd jooyds Arewrid
pue pooyinpe) s[aA3] a8k JUIIIIP 03 ([[B
9013 Sunardidgyul 10J SAWAYDS) uoneLSIISIAUL
(861 1P 12 019133NY) s,019135NYy

Burpuaixa pasodoad (8861) 72 12 0N

‘[[eJ 9213 Jo uouswouayd
9y 03 A31aL18 pue Ire IYSoMm ‘SIUIWI[D Iy}
Y31 SUndAUU0D 25Paja20Uy FSUISUOWMULOI [O

$2UIYIS YIIM PIUIIDUOD 31k (GG ) 7P 12 012133N Yy



MARIN ET AL.

N.

672

'SIYDIRIAIY YSI[qLISd JoU Op
K9Y,, "29ua42102 40 LIUdISISU0I 10f FU1y00] ‘DIVP
Jo 1aquunu 15210245 211 21024 07 1dWIID SL0YIND
2y [, *(suonenyis [edrsAyd juaiajjip 03 parjdde
Apuaysisuod sardar jo sdnoid) syomawv.if
1on1daou03 10 (410301pBIIUOD WIS Avwr A9y}
ysnoyije o180 Surd1opun ue Jursaqo sarjdar)
$214052109 [pN1daou0d Sjuapnis ‘(s1dmsue
JU9)SISUOD A[LIBSSIIAU 10U YInoyj[e Ie[iwis
Jo sdnouiB) sfarj2q  spuapnys pajuasardar Ly

19y39ym 03 Su1p10dooe padnois a1om s1dmsuUR dY ],

'SBIPT AYI[-UBI[)03ISIIY Jo a1m3ord a31sodwod
© 9A13 03 paIdwWod uaaq ALY SMIIA SIUIPNIG
"19730 YOrd Y31 M JUIISISUOD JI8 SIUIWIRIS 9}
Jey) I9UURW B UI JUIPNIS O8I £q SIUIWIILIS

10J JUNODJE UBD JBY} SJII[a]/SBIPT JONIISUOD
03 19Y2183s31 9y} Aq apew a1e sydwany ‘2040f

Jo @212 uv1]2101514 7 21 f0 $199d5v qUILI[[1p
01 op 07 43fa4 Kay1 0uUls 21SN]IXNI Appongnu
70u 24v pue 91do) dwes Y} Jo s303dse JUIIIJIP

03 19391 $21.1052109 9y a19ym Apnis saneirenb y

*)daa psa1f ay1
uvYy] 29U2L21Y0 [DULITUL 12]1D2LT JUISIL] ‘SLOYIND
ay1 01 Sup1022v ‘Yorym Kjdas pouif sjuapnis ayl
o pasvq s1 Kpnys ay[, “svapl 412y1 [0 pi0IaL ay]
(101 10 ) ULAL[U02 0] KADUCWNS D Y1102 STUIPNTS 21T

Sunyuasard £q Aq p21duav s1 uovpyve VIVP
J0 22459p w1422 7 *saSejuadiad se paruasaad
jou are sa[fpowr ay, [, ‘(suoneue[dxs pue
SuUO1LIOIAXI  SIUIPNIS) SIIMSUR SIUIPNIS Y}
Jo siIsA[eue UB WO sIOYINE 9y} Aq PIasnpap

s[jopow snoasuejuods 9y} 219M $I1105938D Y],

Anpyvae Juaguos Supnpas

40f (ZL6]) DI42ILLD S, ]2Q5] PISN SLOYIND Y],
‘sIomsue Iy}

ure[dXa 03 PaYSe OS[E 919M PIMIIAINUI ISOY, ],
SQULIIUOS PITUDYD 24202 SIQDLAD /| “IDI0] YO
Jwreu 03 pue uonsanb ur s309(qo ay3 uo Sunoe
$92.10J 3} JO YOBI MOYS 0) SMOLIE ISN 0) PaYsk
pue woalsAs 9y Jo Surmelp e yarm pajuasaid
d19m spidnd 10 sjuapnis oy ‘WAl A1949 10,
‘ma12427ul uv Aq paruvduiodIIv Ysvl UL B

SB 10 ¥SD] UI]]1A02 € SB PIIIISTUTWPE SEM 389} 9Y ],

1891 UaNLIM 2} paza[dwod pey oyl uaym
PAMIIAIIIUL AI9M WOYM JO G¢ ‘UOONISUL JO
S[9A9] JudId Ip Y ‘spidnd [ooyos ysiy pue

$)UIPNIS AJISIIATUN € JO paisisuod djdwes ay ],

(0861 2u10qsO

‘0861 ‘66T HAQ[ID puL dUIOS() dIIYMIS]D
Pasn 9s0y3 03 IB[IWIS 2I9M SUOLIENIIS

0M} U} puB PasN 1M Suorsanb 19241
‘SpIed [ENpIAIpUL UO (sSurmelp aul]) swelselp
JO w103 9y} uo Y003 Judwnsul sy [, (0861
‘6L61) 32q[I5) puUL dUI0qs() JO SIdUBISUL
-IN0qB-MIIATIIIUL AU O} IR[IWIIS $A2202427UL PUD
suonsanb 12dvd puv j1ouad JO 2aInixiw B pasn
Ioyine ay ], ‘eauImn ) maN endeg ur jooyos
K1epU0D3S 10TUdS 10 [oOydQ YSIF [pUOBEN ®
ut (po s1eak g1 10 £ 1) sauapnys so1sAyd apers

Yag] udsoyd Ajwopuel 9z a1om syuedionieg

parfipou

2420 (s192dsv 2a11das4ad ‘Aj11917du ‘puv)
$2]1qv14D /| *suolsi[od s[dinw pue aydwis

JO 199339 Y3 JO Su0uwUD|4xd puv suo3apaid
9¥yew 0) SHUIPNIS Ayl paiinbal suonenits
1earsAyd Inoqe smare4ajur pue (sSurmerp
YIm) suogsanb 122.41p puv uajiid 4] (L3sI9A1UN)
o[ned oeg) (sdnoid yioq o3 uowrwod

Bu1dq 67 YIm Puodas Y} Ul (G pue YdIeasal
Y3 jo ied 3sI1J AY) UI 9G) SIUIPNIS AeNpRIL)

$018AyJ Aq paimnsuod sem ajdwes ay,J,

JPsH

JU2)UOD DTWIPLIE AY) SI JXIIUOD [BI1}2I09Y)
9Y,], "$IX3U0D paje[dl L[9SO[d ING JUIIJIP

ul spuapnIs [enplaipur £q pasn aie 2310

Jo s1dadou0d yorym yim ‘Aue j1 “Couaysisuod ayp
Sunyvsysaaur Jo soueyrodwil 9y} SWAIS YoIYMm
wouy ‘pasn Aiunbur jo (003 9y3 uo 1udpuadap
9q ued ApN3s B JO S9W0IN0 1Y) (986T) 19ALI(]
pue y3nol) Y 9918e A9y, ], WAy} UO 3qnop
mo1y) 03 se jroddns 10J JOO[ 03 Yonuw 0s jou

sI0yine 19430 JO SUOINLI}U0D Y3} 19PISU0D A3y ],

"19pPaI 10 19Ud3SI| B 03 d[quedwod

A[[O150] 91B SIUIWAILIS S IUIPMIS B JO [
Jey) pawnsse s3] "SUIYOLI) WOOISSL[O JO 908]
Y3 ur £310vUd) 119y} PUE IDUIIIYOD [BUIUI
a1ay) ‘osn peardsapim 119y} 309[J21 1By} SNIBIS
P2302dsal & USAIS 918 SMAIA INI[-URI[II0ISLIY
Siuapnis ‘Apnis ay3 Inoysnoay,y, ‘Fuazuod
UIPDID Y] ST YL0RIUWDL[ [DILI2L0IY] Y]
y3Snoyae sa1pmys 19y30 £q IpLW SUOHNLIIUOD
9} JUNOOIE 0JUI SAYe) }] L2JIVADYI dALIINPIP
-1p2170y104 Y U427 B UO SINEB) YOILISAl

Y3 4X9)u0d KIOISIF] 9OUSIDG B SISN 1 dDUIG

($861 oW OIN) Bunyulyl jo sopows
9AIJRUIdI[E [BIAJI URD SUIPULISIIPUN 1193 10]
$1030kJ 10 SUOLIIPUOD dpN[oul Yorym swajqoid

S[dwIs UIR}I9] ‘I9AIMOF] 31991100 31k SINSAI
Y31 Y3noyife ‘pasn WSI[PULIO] [BIIIBWA I
Ay Yam aqrredwod jou a1k ey}

Sunuiyl jo sAem ysew Apuanbaij (suorsijod
9SBD SIY) UT) UOIBNIIS B HIM PIIUOIJUOD
sjuapnis a3 Aq UIAIS suonN[OS [BWLIO]

Y3 JBY) IOPISU0D KAV ], "¥40022UDLf [DI1]2402Y]
SO Ju23109 21uapvIv Yy Juisn pue Ajaeizonpur

Sjapout snoauvjuods 3dNPIp sioyine ay I,

*§f2172q X10721pDLIUOI

Apuaavddo iy ur 9150) Surkapun uv fo
20uap122 40f 300] 07 puE IYSNOY) JO 31103938
1Ay Ajuapt 01 ydwaie sioyine Ay

‘sJa1[aq 119y} UI JUd)sIsSu0dUl 3aq 03 1eadde oym
SIUAPNIS ISOYY 10,] "SYIOMIWERIJ IAIJRUIIN[R
A1dde £]3u93SI1SUOD OYM ISOY) pue sme|
UBIUOIMAN] 3091100 9y} Ajdde Ajjuaisisuod
oym Isoyl "'l ‘uorout uy s122(qo puv 3sai

10 $192(q0 1o Sugov $29.40f Y1 MOV $[21]2q L19Y]
U JuaISISU0I JIe OYM SHUIPNIS Jo dFeIuddIad

Y3 es1Isaaul (1661) Ays1or) pue pjosaul]

'so1s4yd JO SMIIA XOPOYIIO dY} WoJ
s£eM JWOS Ul 19JJIP SMIIA IS} JBY) SWIIJJe
Ioyine ay ], ‘eauImn ) maN ended ur syusapms

A£q p1aYy 23103 jo 3dadouo0d ay3 Surajoaur
suonenIIs ul smata adL1-uera1oISLIy

swos syrodal 9y 9By3 Op O], "SIUdPMIS Ul
poaisisiad aaeY YOIYM $/0172q 2y1]-uv1]210ISLLE
uowuwtos Jo 9110319dal1 B Y SISIRUONIBONDI
90ud10s 9p1A0Id PUB WOOISSL[O JDUIIDS

Y3 03 wayl Y Sutrq A9yl jeyy euswouayd
[BINIBU INOqR $02012 231]-UD1]210ISIU

(S7uapnis 9}oad 03 swie ((661) vya0g

‘S[opows se passaidxa a1e seapt

snoauejuods Iy, ], "SUOISI[[0D FUIA[OAUL ISLD
sTy) ut ‘uonenyis [eo1sAyd B yim pajuoIjuod
uayMm SIudpNIS Y} Jo seapl snoauejuods

10 suondipaid ay) wody 103eINsIAul

Y3 Aq poazieal suonjeiardigul [8qol3 Ay

9q pInom yorym ‘spapout snoauvjuods punoj £y,

‘ssaooad sy

Ul paAIdsuU0d a1k yorym sannuenb [eorsAyd
Y3 pue sUOISI[[0d Jo uoudwouayd Iyl Inoqe
SIUIPNIS deNnpeis) SIASAYJ JO Suwyuryy fo sdva

a1 moys o031 pasodoid (66 1) BOORJ pUB TUR[[IA

JUaUIVIL] DIV

JUaPNIS Y7 woLf uUoIVULLO[Ul
Sunwyqo ur pasn anbwyaa g, ¢

PRIEYETEY!
PUD S2UNPIIOLT 7

s40f Zu1400] sioyinp
oY1 240 YN ]

panuuor—yzg dqe],

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq



673

THE METHODOLOGY USED TO DESCRIBE STUDENTS CONCEPTIONS

ponuuo;)

JUIIU0I QUMIPYID Y] 0] dIUdLIf24 Kq paIONIDRI
240 DIDP Y [, "PIILII} 918 UOOW dY} PUE [3ILD
uo $399(qo JO [[eJ 9YI YOIym Ul SABM JUIIIJIP
Y1 £q pauIWLIaAP ST SYIOMIWERI] UIIMII]
uonel Auy ‘sdnoid a5e 1UdIdJJIp 10] UMOYS
JIB SYIOMIWERIIqNS pUB SYIOMIWEIJ JUIIIIIP
9y} ‘sa110393LD Y3 UT SATYIIRIDIY Fulyewt
IO A\ “(seSeIuadiad se) syL0m2WDL[gNS

pue $y.L0022wp.f 0yul paryIsse[d dlom sarjdal Iy J,

‘Ajda1-ou pue smara

urIuOIMAN -21d ‘s8900ns :(sa5eriuddiad se)
$91108938D 2AISN]IX A[[eInw Arejuswa(dwod
991y} ul pajuasaid a1k YOIrISAI Y} JO SINSAT
[BI9UAS Y ‘I9A0IOIN *f22]2q 2a17INjUL dwes
9Y3) WOS PUB SMATA URTUOIMIN-d.1d J03[ja1
031 WIS [ "41059)8D 9UO UBY) d10W 03 SUo[aq
Aew A]da1 dUO pue 9AISN[OXd AJ[ENINW J0U 218

SIIMSUR UIALS Y3 JO SA1105938D 10 SU017¢aou0dsi\f

'SIYDIRIAIY YSI[qPISd
jou pip pue sarjdai jo sdnois usamiaq
sdiysuoneyai a[qissod 10J j0O[ 10U pIp sioyIne
9y,I, ‘paiedwod a19m UOONIISUL 193Je pur
910J9q s19MSUE 1091100 Jo safejuadiad oy,
"Y40022WDLf [DIL]2L02Y] Y] SD JUIIUOI IUIPDID
ay1 3007 sa17da4 ay1 fo woILNIDAF I MSUER

Jo 2d&3 uaAIS By 03 PI] YoIYM uo011daouossiu
e Ae] £1089380 YorD pulydq ‘SUOnEBNIIS

303[qo Suraow 03 puk SUOLILNIIS 3SAT

031 3UIp1000E $91105918D SULIDMSUE UIIMID]
PRILIIUAIAJJIP SIOYINE 33 puk sa110593ed

ur paoe[d a19m suonsanb oy 03 s1omsue Iy I,

(€861) 'Ip 12 0191330y

£q 9[o13.18 UR WO UIYE) AIoM suonsanb awog
"UOTIRIIPISUOD OJUT UYL} AI9M SMITAIIIUL
Teuosiad ay3 AJuo ‘uaipqiyd [ooyds Arewrrd
JO 9SD 9Y) U] "PISN 1M $02212427Ul [DUOSLI]
pue (paSuvys svoz 3x23102 Y] I9YM SUOLILNIIS
1eorsAyd juaiajjip 03 Sunepdl u01121pad

B 9yeW 10 U0upuUv|dxa ue ‘uorpurfop v

ayew 03 pasnbar a1om spidnd a1aym ‘suorzsanb
uado puv 122.41p y102) s3s21 jouad puv 4advg
's19Yord) Ayistoatun-ard (g pue sIayoes)
Arewtid g1 ‘syuapnis [ooyods A3isioatun-ard
111 ‘SIUIPNIS [00YDS AIBPUOIIS QG ‘Siuapmys

jooyos Arewtid ¢¢ papnpur ajdwes ayJ,

‘uonyvuv]dxa ue

opraoxd pue (s9010J 3u9sa1dal 03) SMOLIE MBID
03 PIYSE AI9M SIUIPNIS AIDYM ‘pPalajsiuiwuipe
sem su01sanb 122.41p Yum suoneMIS

1eatsAyd Inoqe 1597 J1ouad puv 1advd uado uy

(61) Sururea J, 1oyoes J, A8o[ouyda J,

B Ul $194oed) 901a19sa1d pue (£7) 3udswredag
Apnig o1wapeoe-a1J AIISIIAIU( B JO S)UIPNIS
‘(peI3-71 3O 9¢ ‘OpeIS-y3[[ Jo (09 OpLI3-yiQ]
JO ¢¢) s1uapnIs [00Yds YS1Y [BUOONIISUL

-3sod pue-a1d papnjour ojdwes yo1easai ay,

'SISBD YI0q Ul Pasn aIam suogsanb 19241
Juwutod uajam e Sunyew jo Ayrunyroddo
Y3 pey A3Y3 YdIyYM Ul 2410uU013sInb

201042 2]dpnue S1dwits B UIAIS 219M SIUIPNIS
pue pasuvys svaz jpuiof ay1 pauiviqo synsas
ayy fo 1y w1 ‘Appuanbasqng ‘(syuswnsie
umo 119Yy3 2418 03 Ayrunyroddo ayp udald

Os[e 219M sIUIPNIS Y3 ySnoyije) asuodsar
9y} 10] UOSEAI B palnbal 1913 puodas ay) pue
‘osuodsar 3uajuod e paiinbai uonsanb e jo 191
3S11] 9Y3 yoIyMm Jo ‘(8861 ISnsea],) 1521 2910y2
a1dugnu 1213-0021 fo 24«1 v sv® d41PUUOSIND
J1ouad puv 1adod 2y ‘A[Tentuy ‘s[a8 919m [BI0}
oY1 Jo 76 "OAVH WOl [6 pue weans OMA
Y} WOIJ 219M (G WOYM JO [OOYdSs AIBPU0IIS

yoin(J B Ul s3uapnis ()61 Jo paisisuod ajdwes ay |,

yLomauvLf

[D1]24021] SD $2QLIS JUIIUOI JNUDP DIV

21y,J, "98pajmouy dtwapeoe jo uoneiodioour
93 Jo 20uaNbasuod B se UonEN[EAd

119y} pUB SYIOMIWERI] JUIIJJIP ‘SAIPNIS
I9Y10 Ul PAUOIIUIW SBIPT SWOS JO JUIIUOD Y}
JO SISA[eUe 22279npul PYIRIAP 2I0W B INO A1IED
stoyine ay 1, ‘1oded siy3 ur pajrodar Apnis
93 10J 90UDIAJAI B SB PIAIIS (886 'V 12 990N
‘G861 "IV 12 01IIBZNY ) SWOY Jo AysIdAlUN)

93 1e pado[aadp ainpadord uonesnusaaul Ay J,

"A[PAIdINPUL IYSNOS 240 SUO0LIJ2IU0ISIAT
‘Suruoseal 3991100 jo jooid sfemje

JOU 21k SIOMSUER 3091100 ‘DIOWLIAYLIN,] "dINjeu
Inoqe sassod A[ensn sjuapnis (JeuononIisul
-a1d) aareu, yorym suo13dasuorard

Suoam 9y} Jo Aurw 9)BIID SN punole

Pl1oM 9y} ul swajisAs pajedrjdwod aiowr

‘[91 JO INOIARYIQ [PNIOE AU} PUB SWIISAS
pazi[eapt a[dwis 10J SOTUBYDIIW [BOISSE[D

Jo sordounid [ewio] usamiaq satouedaidsip

SNOTAQO Y3 3By} UIBJUIBW SIOYINE Ay,

(7861 ‘1P 12 19usog) d8ueyd

1en3dadouo0d Jo ua1Ind 9y} ul padeld Ajwiilg
(9861 weyp(O pue 12a11(]) suondadouod
SIUdPMIS JO BULINIONIISAI PUB UOTIRIIUIST
93 saAjoAul Suluied], :Suruied] pue Sulyoes

03 yoroidde 3stanonnsuod e sydope 1oyine ay J,

UM
s1e s1aded uonsanb ay3 usym junodde ojul
uaYye) AIe 9S9Y) pue (suone)didiajulsiu dwos
03 PBI] UOIOW puk 3210] JO BaIL 33[qNs Yy ul
suo13dadu0dSIW [BIIUISSD AY}) 2I10J, UO SBIPI
9AIINIUI SIUIPNIS JNOge sa1pn3s snotaard
SWOS JO SUOHINGLIIUOD Y} UOHIBIIPISUOD

ojul sayel 11 ySnoyije ‘Apnis aegonpur Ajediseq y

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq

‘sjooyods Aysroatun-aid pue A1epuodds
‘Arewnid Ul SI9YOLD) pUB SIUIPNIS URIIXIAT
£q pajuasaxd [[ej 991] FUIUIIDUOD §YL0M2UDLS

JUDIdJJIP Y3 IsARUR (£66]) [P 12 0SOUARY

*(s9suas a1y Jo saouaLIadxa UO paseq)
sfa112q 22ingur pue (uaa1d sarjdal ayy woay
UMBIP) SU027¢2210951U UIIMID] YSINSUNSIP

£9Y,], "pa31sa3 2q 1S3q UBD 31 MOY pue
ss9001d SIY} JO $5920NS Ay} 10§ dduejrodur

JO 9q IYSITW SI030BJ YIIYM ‘SOTWERUAD [BOISSB]D
JO $9)BIDIP UTRW I} APNIS SIUPMIS UIYM
doe[d saye) jeys a8ueyd [en3deduod jo ssadoxd
9Y3 ST 9]qeIS PUB SUINUIS MOY }IIYD 03 pajuem
os[e £ay,], 'sseo01d [euOnONIISUI AU} 19}k
9AIAINS JYSIW UOLIOW JO SUIpUDISLIpuUnsiu
1on1daouod a1 Jeys sisayjodAy

213 1593 03 PAIUEM (7661) 186 PUE IIED

{9SIN0D 24} JO §3093F5 Suruled] ayy pue
yoroadde 3s1a130n135U00 2y} jo uoneaidde
93 spie8al se ‘s[II8 pue sK0q usamlaq

pue ‘sjusapnis yeam pue JYSLIq UsIMIaq
SI[NSII UT SIOUDIJJIP Y3 31k JBYA\ UOIIOW Ul
$109[q0 U0 $32.10J puk 3531 Je $399[qO U0 $3010]
03 paeSal YIIM ISIN0D Y3 JO $309JJ9 Furuiea|
o13109ds ay3 a1e jey A\ :suonsanb Juimorjoj
s 1omsue 03 sydwane Apnis ay], ‘yoroidde
JeY) WOIJ JIJPUIQ SIUIPNIS YIIym AJ1puapt

03 sydwayie pue 92103 uo suo1dasuossuu
Suronpaa ur yoroidde Suiyoesy Is1A13ONIISUOD

9Y3 JO SSAUIAIDIIJID Y3 sajen(ead (766 1) Sy,



MARIN ET AL.

N.

674

YL0MAUD L[ [DI1]2L021] SD JUITUOI JUIPDID
2y1 Suisn pajpnpaa 240 VIV(] “PIYSI[qrISI
dIe SITYDIRIDIY ON] "SYSB) 9} 03 sasuodsal
9Y3) WO PAIJIIUIPT SB UOJOW PUE $3D10]
Jo uonezi[enydaduod SIUIPNIS JO SIINIBIJ
JO IaquInu B Pajdafjel yorym ‘suo1daruod

4014d  Sjuapnis 9Y) 319M PaqLIdSIP $ILI0FaILI Y T,

Y A0022WD L[ [DIL]2L02Y] SO JUIIUOI JUUIPDID Y]
Suwyvy £q parpnpea a4202 PIVP Y1 ‘0s UIAF 9Tk
YIM seapl s, ua1piyd jo juswdolaaap ajqissod
a3 1noqe [esodoxd e ayew 03 9[qissod 31 dpewr
sy J, ‘sSurdnoas ayy ur paavaddo saryoav.iary
w1422 1ey) os sdnois a8e ul os[e pue (68671)
u10q3() Aq poisassns uorout Jo &uoayq asuas

UOWUO? | Y} SUISN IPBW 219M S$I11018938d Y ],

“suovuv)dxa

2025 40 29y ‘Su01791pa4d dew ‘90103

Jo Sutueaw 119y} 9A13 03 pasinbax axom spidng
'SO9pPIA 10 sSulmeIp ‘suoneniis [edrsAyd

B3I 03 PRl 219M SUOIISANY) "SIoMSUR

MBIP 10 9)1IM 0} ‘parmbai araym ‘pue
uonsanb yoea 03 asuodsar umo 19y/s1y 213
03 PaYsk SeM ‘I9A9MOY ‘JUIPNIS [BNPIATIPUL
yorjF "UOISSNISIp A5LINOOUD 0} S410d Ul
PIINPUO0I 24202 S0221242]UL Y ], MITAINUI 10]

Pa309[9s 219M G-()] PISe s1uIpMIS 9¢ JO [BI0)

*(ournisv}d)

sa1poq ajqpuitofop fo 1ySiaz [0 u01IDRAISUOI

2y ‘st IvY1 ‘YSD] UPITVIF D pacjocul

suy [, “u01391paid 10 uoyvUY]gxs ue e

03 pazmbair a19m spidnd pue suonensuowap

s pajuasard a19m syse) Ayl yorym Surinp
Inoy Jey € IN0qe 10j paozaradajul sem pIiyd yorsy

‘(ySney £[Jewrio] usaq J0U PEY UIP[IYD

989y T, 'S[418 ()7 pue sAoq ()g) waesniaf

ut [ooyds ysS1y 1otunf & pue [00yds A1ejUdWI[d

ue ‘usireSIopury b woly (¢ pue 4 jo sase ayy

u29M3I9q) UdIP[IYD (0t pastidwood apdwes ay g,

JUITUOI QUUMIPVID Y] S YL0022UDL[
1p21240911 7Y ], “($861 WOWIIIIN ‘S861
SNBA\ PUB 2UOISUNL)) AI09Y) UBIUOIMI N

W0y I9JJIP YOIYM UOIOW pue 3010 JO
s109dse 1noqe suonndadouod 1o1id sarY spUIpPNIS
Jey3 paziusodal wed 3oafoxd ay g, (1661 1P
72 19831 T, ‘§86 ] UO[UBDG pUE 19AL1(]) 393f01g
(S1DD) 2ouardg url a3uey)) [enidaouo))

ays ur aseyd d1IsoUSeIp [B1IIUI UL SB P2IONPUOD
sem Apnis maralajul siy |, ‘dj2aonpul

uondaouod SIudpMIS Y3 AqLIdSIP Kay T,

Y 40022WDLf [DI1I2L02Y] Y] PIULLOS JUITU0D
21mIPYIV 21, J, "SIDI0J JIWSULI) 0) WNIPIW

© JO paau oy} pue 2010] Suissaid e se 3ySom
‘ssouys1] pue ssauraeay ‘y1oddns o1om
K109 SIY) WoIj Uudye) suonou ayJ, (S861)
ur0q3() Aq pa3Isasins uonow jo K109y}
9SUIS UOWIWIOD, 3 JO SSAUNJISN Y} UTLIIIISE

03 pasn st 24npa204d 2a119npap-pangayrody |

‘Juspuadap

-98e a1e suondaouod 1orid 9saYy3 Yorym

03 JUIX3 Y3 210[dXd PUB UOHIOW [BIIIIA
pue [ejuoziioy jo syoadse ynoqe G- pase
sIuapNIS Jo SUIUOSEAT Y} Ul Su0daouod 1otd

uowuto? Kj13uapt 03 ydwone ($661) ‘72 12 19831m ],

‘1[eJ 9213 Jo ssadoad ayy

Ul y3aea Y} JO 3[01 Y} INOJE SBIPI S UIP[IYD
AJ119A (G SBAPI S UAIP[IYD JO ADUIISISUOD

93 3893 (} ‘SAIpoq I[qeWIojop JO IYSTOM

30 suondadouod s uaIP[IYd Jo Iuswdo[aAdp
9y} 9)e[a110d (¢ ‘suonoipaid 112Y3 paouanjjur
SBIPI 959U} MOY 2UIWLIAIAP (7 ‘S[9Ad] 25
SNOLIBA JB ‘SBIPI UOWWOD S UIP[IYd AJ1puapl
(1 :03 sea UOLIUIUL I1AY ], ‘[[b] 931] pur
JYS1oM INOqR SVIPL S, UIAP]IYI INOQE SIIUIIJUL
195u013s MmeIp 03 9[qe 2q 03 sa3e Jo a5uel
19pLO.Iq B WOIJ UIP[IYD SPN[IUT 0} SIYIILISII

snoisaid puedxa 03 pajuem (4661) [0 12 ieg

JUaUIVIL] DIV

JUaPNIS Y7 WoLf UOLIVULLOfU1
Sumiv1qo ur pasn anbwyoay ‘¢

PRIEYETEY!
PUD S2UNPaIoLJ 7

s40f Suryooy stoyinp
oY1 240 YN ]

panuuor—yzg dqe],

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq



675

THE METHODOLOGY USED TO DESCRIBE STUDENTS CONCEPTIONS

‘Apuaisisuod Jurdjdax
SIUAPNIS JO I9qUINU Y} JO S[AAI] [RUONBINDD
9} 10J UDAIZ Al SFLIUIIIJ "PIYSI[RISI 1B
SIIYDIBIAIY ON "SUOISI[[0D JO 30adse JUIIIP
B S109]J21 MEB[ YOBF] ‘PAUIJOP A1k PISN SME[ AU}
yorym wody ‘sa140ay1 1017dur ssodord o3 pasn

dIe 9S9Y) pue $17¢ad4 JUdL2Y 09 U0 pw] st SISVYJULFT

30U 10 YI0MIWEI] AN RUIII[E UB PIUWLIO]

sjuapnis jo 1aisno renonted e £q pasn
SBIPI JO $319s Y3 JO sIUNU0d so1sAyd a3 JuXd
JeYM 03 9IS 0} PUB 2IUILIY0D [VILTO] L0f §I2YI 0F

A[9s0[0 210w parpnys sem suraljed syl jo yoey

‘surayed

BULIDMSUR TR[IWIS [HIM SIIISN[O 0IUI SIUIPMIS
dnois 03 19pi1o ur ‘pautsofiad svaz sisAjpup
4215M)2 D “Su42710q FULL202SUD UL SALIUIISISU0D
Apngs aaypanf o, ‘seare woaqoid Inojy

9y Sunuasaidai s1030e] In0j ojul padnois aq
PINoo £3Y3 19y19YyM 33s 03 I19pIO Ul IPLW SeM

3593 23 Jo suonsanb g ayj jo sisi[eue 1030e] Y

JUIIU0D INUIPDID
2y 07 FuIp1029v PaIONIPRI 24V DIDP Y[, "SLIPI
199.1100-9)RIPAWLIIUI-IATIINIUL (SIUIPTIS

Jo surayed Surromsue ay3 ut uoissarSord

v 9q 03 sieadde axay], "(ua7u09 S1wapvIV Y]
wof aouvisip 2y uo pasvq £1das fo S,ES%EB@
SBOPI 9JLIPIWLIAIUI PUR IATIINIUL 19MSUR
3091100 Y3 SAPISIQ PaAsN 219 BIPI 3031100Ul

Jo sad£) urewr om) seate woaqoid oy (B Ul

pauwydxa jou s1 £]390x2

Yoryoz Jnqg parfipout 24202 SIX27U07) "parnbal

Q1M SUOPUV]IX2 dIdYM SU01ISIND 122.1p

pue 2910Y2 27dunue s 7597 Juad puv tadod
JI9M 31893 dantulep pue Areurwipaid syl yrog

'SIUAPMIS PO SIBIK Q[ -] 03 UIAIS

Sm212423U1 VI, Q] JO suBdW Kq parpnis

I9UINJ SeM 3893 SIY ], 'SI9YOLd} Q7 O3 UIAIF

os[e sem 3893 9y ], ‘(1894 pig) 9sinood saisAyd

9jenpeisIdopun ue Jo J7 puk AISIWAYD JO 18K

IST oY) woaj / ‘(Plo sIeak ] PuB ¢ U9M1aq)
SIUAPNIS 4 03 UIALS SeM 7597 27.u1fap Y],

'PIsN os[e 219M SU0ISSNISIP ¢nois pue

smareaa1ur o4 ‘sprdnd plo s1edak £1-9] £310)

Jo sdnoid 991y} 03 UIALS sem 1597 Aavurujoad v

Su01191paad pue suoypuv]dxa 10y pue
su01sanb 122.41p payse a19m K3Y) pue sjUIpPMIS
03 pajuasard a1om SFUIMBIDP Ul SUOTIENIIS
[BO1SAYJ "UISOYD I9MSUR Y} 10] 3UNOIIL

01 suousanb uado puv swajr 2310y jdinue

JO paisIsuod 1593 Ay ], "(uaA1S a1am sajdwexa
ou) §1x27109 Juaaaffip ur paov)d Lquo ‘sowy
anof nd svm wajqord awvs ayy Yy fo yova
u1 ‘svav WajqoLd Jud[f1p 4n0f JO PIISISUOD
Yorym pasn sem 7597 jpouad puv 4advd y
'SILIIUNOD 19130 Ul $ISINODI IDUAIDS AJISIATUN
-auxd w1y s3uapnis €8 pue ‘0s ‘0s ‘6T

pue ‘(90Ua19Jal & sk A[UIBW Pasn) SPUBLIIYIdIN
9Y,J, WoaJ (9 WLIO,] 03 | WLI0,]) SIUIpNIs
Jooyos A1epuodas 9gg aie sajdwies 19130

YT, "PaILaId ST (YISV,) PPAIAdaI uonINIsUI
90UAIOS JO JUNOWE Y} FUuNEIIpUI d[qRLIEA

V "9 PUB G ‘4 ‘¢ ‘T ‘] SWIO,] WOIY SIUDPTIS €]
JO $ISISUOD (I[O13IB B3I Ul PISSNISIP AJurewr

QuO Y3 ST YoIym) amqequily wolj sjdwes ay,J,

JUIIUO0I JNUMIPVID Y] ST YL0RIUD.L [DI]2L0IY]
27 1LY} SURIW SOTWRUAD [BIISSB[O I
suostiedwo)) *($86] UOIXB[D) ADUIISISUOD

JO 92180p UILIIAD B YNM S2LL02Yy] 1191]qul

ojut padnoi3 aq ued su011daruodr snoauvinods
(SJU2pNIS IRy} I9PISUOD SIoyINe Ay J,

'389) [eury ay3 SUIUSISIP UM JUNOIILO JUl
udye} 9q 03 sIsaYpodAy Jo sa11ds ' Funeioqe[d
103 eiep o9yl sapraoid Apnis Areurwipaad

© 9OUIS JUIUIDIA] d21INPIP-1VIIYI04AY |

JU2U0D S1Y] WoLf 2oUDISIP 41Y] £q parfissv]r
24D SDIPL JUIPNIS 2IUIS ‘PISN ST JUIJUO0I IUMIPDID
2y ‘yL00mauD.Lf [DI112402Y] SE/ "SUOLIINPIP
TeonayiodAy swos ayew A9y ‘pajsajiurw

ST YIOMIWEIJ B MOY JO SOISLINORIBYD Y}
JUIJaP SI0YINE 3Y) 22UO0 YINnoyi[e ‘2aanpul s
SYIOMIWRI] PUB SLIPI 10] YOIB3S 9T, "(IUIIXD
JWOS 03 3SLI] IB) PIIIPIO pUB IUIIIYOD
Aqreo130] 2q 03 1eadde yorym 3dsouod swes ay3
pue 9uo SUIUIIOUOD SBIPI JUIPNIS JO 39S B SBY
juapnis renonied B jey) UBIW 0} POOISIAPUN
9q UBD YL00Z2UDL], WID) Y], '9010]

Jo 30adse pue 3xa3u0d ‘uonemis wajqoid
1enonred duo 0) SI9JAI1 BIPI JUIPNIS YOBD
©1d2ou0d e Jo SulpueisIapun sIUIPNIS B Jo
S3un, se Apnis SIy) Ul Ud2IS Ik SLIP] ‘[BIINIU

SI0W SI YOIYM ,Dapl Juapnis, Wial ay) asn Ly,

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq

*$21.L02Y]
72217duaz 119Y) WLI0J 03 3s1Adp KeW $303fqns 2y}
smp] arqissod a3 Sunesnussaur ‘suondaduod
9593} JO $3001 3 10J YoIeas pue aandrIdsap
Y3 ueyy 1dY1Ing o3 03 ydwaiye sroyne Ay J,
'SOTWRUAP [edIsse[o jo suoneue[dxa [eI01j30
Y3 YA SIOUDIIJJIP PUB SITILIB[IWIIS 10] OO[
pue Sa1poq 0M} UIMIIQ suonorIdul ulejdxa

s309[qns moy ask[eue (S661) JP 12 0IdUBIUOIN

'9010j jJo Sulpueisiapun
JUIPNIS JO I9IORIBYD ¥Y40022UDAf

Y3 Apnis 03 Wik (4661) PUBpUOIAl pue 1adiny]



MARIN ET AL.

N.

676

0d+0v
¥d+ 0V
0d+ 1V
0d+ 1V

0d+ 1V

0d+0v

dpew SAIpN3s Yyons ou -
sarpdal uonBWLITJUOD *
uononpoadar -
sjopowt °
19380
sdnoid
uoamiaq uostiedwod -
SOWII) [RIOAJS UIAILS 159 °
(ipatpnas sarpdar
93} JO 90UdIIYO0D dY3 ST ‘g
jususnipe ou ()
(A&31pI[RA 01 SUTPIOOIR)
9¥el 9[qnop ¢
(s1omsue
01 3UIpI0d0R)
9¥e3 9[qnop ¢
syse1 snotaaxd |
:8urtuny-1sa J, 'y

oot O O

— AN

v
1d+72v
(44
(44

(44

eV

OURIdS JO A103S1Y
9y} SuLmp seapt ‘g
sfepowt
[PIUSW puUB SI[NI "
:spiepuels
Juisn eiep SunLII] ‘g
7y woiy durdnois ‘¢
1y woay durdnoisd ‘g
sarpdax oy
JO sonLIB[IWIS
01 3urpiodoe
Furdnoas -
1UoNdRIISqR
BIBP JO [9A7] 'Y

¥1d 1a (4%9) v
ecd 1a 1D eV
[%Ct 1a (4%9) 1d
[%Ct 1a (48] 14
[%Ct 1a (4%9) eV
[%Ct 1a (4%9) 454

suonorpaid ‘¢
suoneue[dxs ‘g

uonsanb
FO21Ip °]
:uonsanb jo adA, D
UONBLIBA OU () sired ur ‘g
ode 'y [enpratput “p
JUBAQ[QLIT *¢ IMAIAIUT g
JuRAd[RI ‘7 uoneue[dxa
[eUOnIBNIIS “| YIM PIso[d °¢
118931 a3 uoneue[dxa
Ul SUOIJBLIBA ‘5]  OU YIIm Paso[d ‘¢
[ea1 g uddo '
SSUIMBIp UT '] [rouad
:suonenitg "I pue 1aded 'y

19 1v
eld v
¥O 14 1V
¥O 14 1V

¥O 14 1V

19 1v

anunuod

BIBP 9BN[RAD

sonbruyoay asn -

BIBp WLIJUOD *

103 pasn

dIe sYIoM 110 ‘D
S[opowW pue sa[nI ‘¢

suondsdouod

[eoLI03ISIy "¢
JU9UOD DTWIPLIR |

IomaweI g
UoneuIquIod ‘¢
aAnonpap--diy ‘¢
sAnonpur |

:90uanbag vy

— AN on <+

LV (S861) "Iv 12 L1191, "9
€TV ($861) ASUOIRIA[ °§
8V (£861) sMep ‘¥
8V (T861) sHep ¢

8V (1861) ufleizsioq
-147 pue spep 7

EV—(8Y)IV
(6L61) youuorp |

OURIdS JO A103S1Y
o1 unnp
paidadoe seapr -
syIomoure.lj
10 saWaYyos *
suondsadouoo -
SBIPI UOWWOD *
SILI0dY] *
Soleq -
so13ajeas -
s[opout
smef -
SB Uons sanLiengal

10} Suryoresg 'y

[e)}

— ANt 1N O~

DIvP Y]
0 2ou2.42109
oY1 uo satpnys

pup Sumny-1saJ g

DIVP SULID]aL 40
10 Surdnoss
10 D142JIL])

sjuapnys wosf
uoyvULLOfur 49Y1DS 07
pasn sanbwuyaa ] ‘¢

SIUILD o1
puv
$24MParoLT T

s40f Suryoop
sL0yIno 217
40 YN ]

SOIpPNJS 9Y) JO UONEBZLIOSIIED dOPNEeWIYOS ¢ d[qe],

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq



677

THE METHODOLOGY USED TO DESCRIBE STUDENTS CONCEPTIONS

d+ev

Sed+0v
0d + 0V
0d + 0V
0d+ 1V

0d + 0V
Id+cv

d+ev
0d+ 1V

9d + 0V

9d+ 1V

Sd+cv

(44

(44

v

1d ¢v

(44

(44
(44

v
¢d v

(44
v
(44
v

(44

€102 RN ¥T TT:0T e [AisiAun asnoyrea] Ag pspeojumoq

195!

Y14

Y14

Yeld

4!

Y14
0d

c1d

[4C!

Y14

%C!

1a

1a

c1a

[46!

1a

1a
1a

1a
1a

1a

1a

1a
1a

(458

€C1dD

€C1dD

1440)

€Cc1dD

(458
1D

(458
€Cc1dD

€Cc1dD
1449)
1440)
€Cc1dD
€Cc1dD
€Cc1dD

1d ¢v

eIV
cd

14
1d 1V IN
19 'IN

v
eV

14 1v
14 1v

14
19 1V:FIN
IV:CA
IV A
EIVIIN
VAL

1d €V

1d €V

14 1V

¥¢O €19 ¢V

1D 194 IV

14 1V
14 1v

€D 19 €V
¢O C1d €V

14 1v

¥C10 19 €V

¥¢O 719 €V

SV (S661) v 12
O.Huc.mucoz

8V

(+661) 2ue[puoAl
pue 1odinyg

LV (+661)

v 79 19831M T,
9V (£661)

‘v 12 1eg

8V (£661)

IV 719 0SOUAdY
¥V + LV (T661)
Ieq pue I[I[[eD)
LV (T661) shy.L,
(8V) +v (1661)
AYs100) pue pjo3auryg

v (0661)

BOORJ pUB TUB[[IA °

8V (8861)

‘D 79 0N

8V (S861)

v 79 019133NY *

81

L1
91
ST
1

€1
!

11
6V (0661) By20g



Downloaded by [Dahousie University] at 10:11 14 May 2013

678

E.

N. MARIN ET AL.

Variations in the test: 1. situational. The problem situations are changed,
while the concept in question remains the same; 2. relevant. Different
questions are posed for the same situation by varying factors that are rele-
vant for the result (effect); 3. irrelevant. For the same situation, different
questions are posed by varying factors that are irrelevant for the result; 4.
age. The same questionnaire is presented to subjects of different ages; 0. no
variation.

Data treatment

In the last column of table 2 we describe the way in which the data are treated,
both at the descriptive (analysing the procedures used to group them or to estab-
lish relationships between groups) and interpretative level.

The schema for acquiring data in a homogeneous way could be:

Is any attempt made to group the replies which show some regularity? If so,
what do the percentages refer to? What, if any, statistical treatment is
applied?

Are the groups or categories related among themselves? Are they related
hierarchically? If so, what criterion is used?

Is some procedure used to study the quality, validity and/or reliability of
the data? If so, which?

Other details of interest.

The most significant data have been highlighted, in italics those which are
common to various authors and define some sort of regularity, and underlined
those which are particular or diverge from the norm. This column (column 4) of
table 2 has been divided into two columns in table 3 (columns 4 and 5) as follows:

(1) Criteria for grouping or relating data. The following categories have been
considered:

A.

B.

Level of data abstraction.

A.1 Grouping according to similarities of the replies: students’ concep-
tions are obtained by grouping their replies according to criteria of
similarity and difference.

A.2 Grouping from Al: from Al, new groupings are made with a greater
level of generality by comparing the types of reply obtained for a
situation according to different criteria of variation, such as: (i)
changes of situations with the same underlying content (variations
in context); (i) modifications of the variables which change the
described situations (relevant variations); and (iii) variation of factors
which do not alter the situation (irrelevant variations).

A.3 Grouping from A2: from A2, the authors make greater abstractions
and look for ways of reasoning, schemes, laws, explicative models, etc.
underlying the A2 groupings.

Filtering data using standards.

B.1 Rules and mental models.

B.2 Ideas corresponding to those defended by researchers during the
history of science.
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(2). Test-tuning and studies on the coherence of the data:

A.

B.

Test-tuning.

A.1 Previous tasks: the questions and results of other authors are taken
into consideration.

A.2 Double-take (according to answers): this is a technique whereby the
data obtained from the questionnaire are used to discriminate
between the questions that provide significant information from
those that do not. These last questions are eliminated or remodelled
before the test is presented again.

A.3 Double-take (according to validity): in this case statistical modules are
used to analyse the degree of validity of the questions so that some
may be eliminated or remodelled.

A.0 No adjustment.

Is the coherence of the replies studied?

B.1 The test is given several times: each time it is improved and made
more precise.

B.2 Comparision between groups: the results given by several groups
which have taken the test are compared to ascertain any coherence.

B.3 Cluster: cluster analysis to ascertain the coherence of the data.

B.4 Models: models from the history of science or from modern-day
science are used to analyse the degree to correspondence of the data
with these models.

B.5 Reproduction: the same test is given to other subjects to see if the
answers are reproduced.

B.6 Confirmation of the replies: the students are interviewed individually
to see if their replies are confirmed.

B.0 No such studies are made.

Both categorical groups have the same objective: to ascertain the degree of
validity and reliability of the data obtained. In the first case, because the questions
are adjusted to the students’ supposed knowledge and in the second case in an
attempt to evaluate the data obtained in the test.

Data analysis

The relations between the data of the columns of table 3 mean that an analysis of
each column is inadvisable, therefore we decided to make a more overall analysis.

Investigations arve mainly carried out inductively and descriptively. The data
contained in columns 1 and 2 of table 3 are mainly used for this analysis. Most
authors are clearly seeking a certain degree of regularity in the students’ replies,
which leads them to find:

Schemes (alternative or spontaneous), such as coherent ideas concerning the
world constructed from the students’ own experience, which would permit
predictions, explanations and other consistent or coherent manifestations
when confronted with changing tasks (Watts and Zylbersztajn 1981; Watts
1982, 1983; Ruggiero et al. 1985; Noce et al. 1988; Finegold and Gorsky
1991; Reynoso et al. 1993; Kuiper and Mondlane 1994).

Laws, models, strategies, beliefs, implicit theories, etc. that govern the
students’ reasoning and that underlie the students’ answers and are as
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important as their conceptions or spontaneous ideas (Viennot 1979;
Maloney 1984; Villani and Pacca 1990; Finegold and Gorsky 1991;
Montanero et al. 1995).

e Wrong answers or misinterpretations that appear with a significant fre-
quency. The ‘distance’ of the replies from the correct answers is empha-
sized and the most frequent errors are categorized (Terry et al. 1985; Thijs
1992), as are the replies which would represent prenewtonian thinking
(Boeha 1990; Galili and Bar 1992). Another common thread in the four
mentioned studies, besides their search for erroneous conceptions, is that
they look for constructivist strategies of teaching to overcome such cogni-
tive shortfalls.

Such a preoccupation in looking for ‘schemes’, ‘laws’, ‘models’, etc. might
suggest that constructs belonging to some cognitive model concerning the indivi-
dual’s mental organization are being referred to, although the explicit or implicit
absence of such models leads us to discard such an interpretation.

The terms ‘schemes’, ‘laws’, ‘models’, etc. when used to draw up the tests or to
evaluate the replies, reflect the need to find a certain regularity in the students’
replies rather than an unobservable element in the subject’s cognition. In this
sense, the ‘schemes’ in these studies are more ‘visible’ and ‘tangible’ than those
referred to in cognitive theories of learning (e.g. Pascual-L.eone 1979; Rumelhart
and Ortony 1982; Case 1983; Pozo 1989).

It seems that the signifier rather than the true meaning of the terms was taken
from the theoretical framework referring to ‘schema’, ‘model’, ‘strategy’, etc. (pre-
sumably cognitive theories), and that, according to bibliographical references,
Driver and Easley (1978) were mainly responsible for this transfer (see also
Solomon 1994). Thus, there seems to be a tendency in most of the studies con-
sulted to describe the students’ knowledge in an inductive manner, except in those
cases where the use of certain initial suppositions point to certain expectations. For
example:

o The ‘technique of rule assessment’ makes it possible to contrast ideal stra-
tegies with those really used by students, so that each rule would explain a
given sequence of replies to the questions contained in the test (Maloney
1984).

® In an attempt to prove the usefulness of ‘Ogborn’s common sense theory’ in
explaining why things fall, using notions taken from this theory such as
support, heaviness and lightness, weight as a pressing, force and the need
of a medium to transmit forces, certain suppositions are made at the outset
which orientate the investigation (Bar et al. 1994).

® Supposedly Aristotelian viewpoints held by students create certain expecta-
tions (Boeha 1990).

® In most cases, the hypotheses are established from the concepts, phenom-
ena and relationships regarding the content being investigated (Ruggerio et
al. 1985; Noce et al. 1988). Without being so explicit, other authors also
create expectations of what must be looked for, but they are always led by
the teaching content which is the object of the research.

As the academic knowledge is different from the student’s knowledge, the expec-
tations arising from the academic content are not as good as those inferred from a
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student’s cognition model. Without such expectations the studies are predomi-
nantly inductive and, as regards data treatment and evaluation, are merely descrip-
tive and cannot explain or relate the replies of students (Piaget and Garcia 1973,
Bunge 1981; Moreno et al. 1993), except in very few cases.

Decision-making is influenced by the content about which conceptions are
being sought. This group of analyses is based on data from columns 3 and 4 of
table 3 and, to a lesser extent, of table 2.

During a study to determine students’ conceptions certain decisions must be
taken, and these are best illustrated in the design of the test and the treatment of
the data thus obtained. An author’s underlying criteria can normally be glimpsed
in the decisions she/he takes as regards: (i) a certain type of question, problem
situation or strategy followed in collecting data; (ii) the way in which data are
grouped and the related and the categories to which replies are assigned.

a) As regards the test questions and techniques used to obtain information from the
student

The most usual way of obtaining such information is a written exam on physical
situations presented in drawings. This may consist of an open-ended or multiple
choice question, in which an explanation is usually demanded for the why a par-
ticular answer has been chosen. Individual interviews or in pairs, in which the
situations are presented in the form of drawings or photographs (Watts 1982, 1983;
Noce et al. 1988; Boeha 1990; Villani and Pacca 1990; Finegold and Gorsky 1991;
Reynoso et al. 1993; Montanero et al. 1995) or using real objects (Bar et al. 1994;
Twigger et al. 1994) are less frequent. Half of the studies use a mixture of these
techniques.

Most studies share a common characteristic, which consists of asking a high
percentage of questions in which the signifier of the concepts or laws that are the
object of the research are directly referred to. This involves using expessions and
situations suggested by or taken directly from the ‘academic’ context. For example,
is there any resulting force on the trolley? Is the resultant force constant or increas-
ing? Which is exercising the greater force, the block or the water? What forces act
on the moon? etc. Some questions ask for definitions of such terms (Ruggiero et al.
1985; Noce et al. 1988; Reynoso et al. 1993; Twigger et al. 1994).

Predictions are sometimes asked for (Viennot 1979; Ruggiero et al. 1985; Noce
et al. 1988; Villani and Pacca 1990; Reynoso et al. 1993; Bar et al. 1994; Twigger et
al. 1994; Kuiper and Mondlane 1994) and, sometimes, such predictions must be
confirmed by experience (Twigger et al. 1994).

It is clear that the questions and situations making up the test are principally
taken from the academic world in which the authors move. However, perhaps we
should ask ourselves if a more suitable context exists than the strictly academic, a
question we shall attempt to answer in the next section.

b) The procedure used to group and relate the students’ replies

Judging by the data contained in the fourth column, no study loses sight of the
academic content when grouping students’ replies. For this reason, the groupings
present a certain dichotomy (correct/incorrect), within which the following cate-
gories may be found:
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® most frequent errors (Viennot 1979; Watts 1982, 1983; Maloney 1984,
Terry et al. 1985; Villani and Pacca 1990; Thijs 1992; Twigger et al. 1994);

e consistent or coherent (Finegold and Gorsky 1991; Kuiper and Mondlane

1994; Montanero et al. 1995);

prenewtonian (Boeha 1990; Galili and Bar 1992);

incorrect in multiple choice test (Watts and Zylbersztajn 1981);

most frequent in a longitudinal study (Bar et al. 1994); or

correct or nearly correct (Ruggerio et al. 1985; Noce et al. 1988; Reynoso et

al. 1993).

Usually, the categorization process finishes when the replies have been grouped
and, perhaps, expressed as a percentage. However, some studies attempt to relate
groups (or categories) of replies either amongst themselves or to aspects external to
the test. For example:

e analogies are established between the types of reply and prenewtonian
science (Boeha 1990; Galili and Bar 1992);

® a certain hierarchy between groups is created. This may be based on the
logical or semantic structure of the concepts being sought (Viennot 1979;
Maloney 1984; Ruggiero et al. 1985; Noce et al. 1988), the degree of
complexity of the replies (Noce et al. 1988; Bar et al. 1994) or the ‘distance’
of the replies from the academically acceptable answers (Kuiper and
Mondlane 1994).

In other words, ‘the academic content’ is again the criterion used to establish
such relations. However, perhaps this is not the only option available for grouping
the replies or for establishing relations between the groups.

Among such alternatives which, furthermore, would complement the criteria
based on the academic content under examination, one might include general
cognitive limitations, difficulties in assimilating new information or the transform-
ing capacity of schemes, all of which comes under general tendencies in students’
cognition (Marin 1995). As long as there are no arguments to the contrary, there is
no reason to opt for one or other of the two poles, the content and the students’
cognition.

c) The validity and veliability of the information obtained from the student is not
usually analysed

In this analysis, we have mainly used the data from column 5 of table 3 and, to a
lesser extent, from columns 3 and 4 of the same table.

In column 5 we now analyse the preoccupation of authors to evaluate the
validity and reliability of the information gathered. Other columns also illustrate
such a preoccupation. For example:

o Category/group A of column 4 shows whether all the data are treated in the
same way during grouping or whether only those which fulfil the prerequi-
site regularity criteria are used.

o Category/group E of column 3 illustrates some of the methods used by
authors to collect data in order to ascertain the existence of any regularity
in the replies.
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From the above data we can state:

e T'wo thirds of the studies do not analyse the reliability and validity of the
data.

o A third of the studies that make such an analysis do so only partially.
Ruggiero et al. (1985), for example, make quantitative studies in which
the test is applied to a bigger group; Villani and Pacca (1990) attempt to
weigh up the reproducibility of the replies in subjects of the same group;
Finegold and Gorsky (1991) compare groups of answers in different
samples; Kuiper and Mondlane (1994) consider the coherence of the results
by cluster analysis and, finally, Montanero et al. (1995) make comparisons
between groups to emphasize the replies showing a certain coherence.

® A regards the use of changed situations or variation in relevant and irrele-
vant factors, the first strategy is the most widely used and a third use the
second. Only two studies (Maloney 1984; Montanero et al. 1995) were
observed to use irrelevant factors. If these three strategies are not involved
simultaneously in a task, it is very difficult to weigh up the three require-
ments of regularity for a reply to be seen as reflecting some scheme of
knowledge: repetition, generalization and differentiation (Piaget 1980;
Marin 1995).

® The most recent studies (since 1992) use samples of different ages, although
this technique is not accompanied by what would seem to be a necessary
complement, the use of hierarchies of categories to reflect the cognitive
development of the specific knowledge that is being analysed. Only Bar et
al. (1994) provide this hierarchy, while Reynoso et al. (1993) do so to a
certain extent (schemes and subschemes). Valid techniques for internal
evaluation cannot be applied if this hierarchical order is not established.

When attempting to identify and interpret data of such a complex phenom-
enology as students’ knowledge, a minimum of measures must be taken, without
which it is not possible to ascertain the source students’ replies or separate the
fundamental from the incidental.

Most relevant characteristics of the methodology used to
describe student knowledge

The most relevant methodological characteristics of the studies on conceptions
follow.

First, the replies of the students in response to the situations and questions
presented are more or less implicitly catalogued and interpreted by taking the
academic content as reference. This is the most general characteristic and one
which conditions the rest.

Second, in most cases conceptions are sought inductively (no models are used to
explain their presence or their possible relation with other constructs of the stu-
dent’s cognitive structure). These characteristics are closely linked with the above
since the absence of models to explain how the student organizes, develops and
realizes his/her mental acitivity, means that the researcher does not normally have
any expectations or hypothesis as to what might be found or how the information is
best extracted from the student.
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Third, it is not common practice to analyse the validity and reliability of the
information obtained from the students. In the search for and intepretation of a
phenomenology so complex as cognitive development, certain measures should
be taken simultaneously and systematically. These include the need to:

e Differentiate the replies which reflect some scheme of knowledge from
those that are ‘automatic’ or simply inventions, in response to the type of
question posed by the researcher or the student’s lack of interest.

® Analyse the coherence of the data categorized, treating such data as a matrix
of cases (subjects interviewed) and variables (categories), making correla-
tion studies, grouping cases according to the similarity of replies, corre-
spondence analyses, etc. All this would make it possible to verify whether
the orders established in the categorization were more or less correct with
respect to the general order of the data (internal validation).

o Make studies involving samples of different ages, making it possible to
discriminate groups of data which are best adapted to a given stage of
cognitive evolution from others which present anomalies with respect to
the evolution (Marin 1995; Benarroch 1998).

e Compare the results concerning a given unknown aspect with others related
with the student and which are better known such as: the cognitive level,
field dependence-independence, replies to a test of proven reliability, etc.

Fourth, the information taken from ‘what a student knows’ is very restricted.
From the bibliographical data, we cannot evaluate the quality and quantity of
the information obtained from the students if only inductive procedures are
used. However, when the three previous conclusions are taken into account,
together with external factors linked to the types of knowledge which a student
may contain in his/her cognitive baggage, we observe that:

o At the declarative knowledge level, only those ideas directly related with the
content are taken into account. However, there are two cases in which it is
not usual to detect student conceptions:

— Ideas which are not linked to the content in an adult scientific logical
sense, are linked for the student to such an extent that they can be used to
understand or assimilate the content (Piaget 1977). Put another way, the
academic content refers to objects, situations, phenomenologies, which
make it possible to prepare certain situations and questions which can be
answered adequately if one possesses this content. The student possesses
a knowledge in this respect which permits him to infer different replies or
ones far from ‘correct’ ones.

— Ideas which are still in a developmental stage ‘far’ from the content to
be taught (Piaget and Garcia 1973), that is, at the moment the test is
taken, the student possesses ideas which are little developed, intuitive
or preoperative. These are sufficient for him/her to reply to the questions
although after a certain (perhaps quite long) time during which such ideas
would develop and be enriched, they would have permitted a correct
answer or, at least, a more appropriate one. As the student’s knowledge
of the situations described evolve, he/she may be able to provide answers
which are more correct or, at least, more analogous, while at the cognitive
level at which his/her ideas are found they are only capable of providing



Downloaded by [Dahousie University] at 10:11 14 May 2013

THE METHODOLOGY USED TO DESCRIBE STUDENTS CONCEPTIONS 685

answers ‘far from the academic content’.
The fact that in both cases the students’ ideas are different from the
academic does not mean they are less important since they can be used
to understand or assimilate the teacher’s explanation of a given content.
Ideas that are unlinked to the content in an adult scientific logical sense
may be linked for the student (Piaget 1977). This type of idea is very
difficult to detect if only the academic content is taken as reference in the
search for information.
® The students’ procedural capacity (to classify empirical data, infer induc-
tively, reason proportionally, to control variables, formulate hypotheses,
etc.) and motor skills (the ability to construct educational material or
experimental set-ups) are almost completely absent from these studies
despite the fact that such capacities are determining factors in student per-
formance in science (e.g. Shayer and Adey 1984; Niaz 1991; Lawson 1993).

Methodological suggestions

If the object of the research is only to understand the scholastic knowledge that
students have gained from previous years’ science classes, the methodological
characteristics observed in the studies we have analysed would have a certain
validity since they are perfectly suitable for comparing and contrasting this knowl-
edge with a standard (in this case the academic content itself). In such a case, a
questionnaire could closely resemble the tests that are frequently used to evaluate a
student’s progress at the end of an academic year.

The problem is that students spontaneously develop many conceptions
through interaction with the social, cultural and physical environment. In such a
situation, the academic content is not the most suitable reference for assessing this
knowledge and the methodologies described above are inadequate. Characteristics
of these methodologies are:

(1) There are more suitable contexts than the academic which may help
avoid skewing observed in the obtaining and interpretation of data
about student knowledge.

(2) No attempt is made to weigh up information to avoid such skewing.

(3) The information obtained from the students is only a small part of that
which could be considered useful for teaching purposes.

Deficiency (1) is a problem that has much to do with the professional training
of the investigator. ‘Normal’ scientific training is not necessarily well-suited to
understanding students’ conceptions since we are dealing with a cognitive problem
which a cognitive theoretical context is best suited to describing and interpreting.

Research into conceptions would be better served by a combination of two
interpretative frameworks:

o 'The teaching content and, by extension, the scientific knowledge which acts
as a base to this content, which would serve, for example, to structure the
research content.

® A theoretical context taken from the field of cognitive psychology, which
has tackled the development and organization of knowledge in children and
adolescents with some degree of success. This framework could help, for
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example, design the most suitable way of making the student interact with
physical situations presented in the interview in order to obtain the most
reliable information possible. It would also help decide the method best
suited to describing the student’s spontaneous schemes avoiding to the
greatest extent possible any skewing and distortion.

A good cognitive model would help avoid the inductive/descriptive studies
which are so common in the publications consulted and enable the design of
hypothetical-deductive strategies to identify, describe, intepret and relate the
data obtained.

Suggestions for overcoming deficiency (2) are based on the idea that the replies
given by students do not always reflect their knowledge either because they are
‘tainted’ to a greater or lesser degree by the ‘investigator’s knowledge’ or because
they are given randomly, invented or constructed ‘in situ’. If such is the case we
must put into pratice methodological mechanisms which diminish to the greatest
extent possible skewing and distortion. This can be done by using a cognitive
model which permits the researcher to get close to the student’s cognition. The
use of a good individual interview dynamic (following Piaget), which avoids aca-
demically ‘marked’ questions, is a prerequisite.

Such mechanisms will also separate the relevant from the non-relevant infor-
mation. This is a complex area since it will be necessary to combine qualitative and
quantitative strategies before and after data collection. Before, protocols must be
designed to bring into play as much as possible the students’ schemes of knowledge
by using, for example, the above mentioned variation strategies (see the paragraph
on the criteria for grouping or relating data, above). After, the data must be sub-
mitted to a statistical treatment which evaluates their coherence.

As for deficiency (3), which deals with the restricted information collected
from the student, the findings of research into students’ conceptions will be
very different if: (i) we do without a model and simply attempt to ascertain what
a student knows on a given academic content; (i1) the model can be assimilated into
a conceptual framework (for example, Ausubel 1982); or (iii) the model contem-
plates the existence of an important procedural component associated to declara-
tive knowledge or that there is a strong component of implicit knowledge (for
example, see Karmiloff-Smith 1994; Vosniadou 1999).

From our review of papers published on student conceptions, deficiency (1) is
the most common but if we take into account deficiency (3) and the fact that a large
part of students’ knowledge will have been generated spontaneously in their daily
environment, much more than that found in the studies should be expected of the
students, for example: (i) previous ideas unrelated with the academic, (ii) sensori-
meter or graphic manifestations of implicit knowledge; or (iii) a knowledge of
procedures (see the paragraph on the most relevant characteristics of the method-
ology used to describe student knowledge). T'o uncover this new kind of informa-
tion, the type of questionnaire seen in the publications examined will have to be re-
designed in order to obtain more and better information of didactic interest (for
example, see Marin 1995). However, this exceeds the limitations of the present
article.

We should not finish this list of suggestions without referring to perhaps the
most important for the science class: any questionnaire must be given to a wide age
range in order to avoid the static image of conceptions that is normally given in the
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articles analysed, and another type of dynamic must be sought which describes the
different levels of knowledge through which students pass in accordance with their
age.

Final thoughts

A simple comparison of the papers published on conceptions in ACM and the
experiments of Piaget in the 1950, 1960 and 1970s (see Marin and Benarroch 1994)
leads one to question the supposed progress which the former is supposed to
represent for science teaching (see Gilbert and Swift 1985). It also shows the
need to look for a more suitable theoretical context than is normally the case in
such studies.

For several years now there seems to have been a change taking place as
regards thinking into student conceptions. There is a certain tendency, by no
means accepted by the whole science teaching community, to raise critical ques-
tions about the subject of conceptions:

o A change from an interest in alternative conceptions, previous ideas, etc. as
regularities in student replies towards constructs as mental models, implicit
schemes and theories to explain conceptions (Vosniadou 1994; Pozo and
Gomez Crespo 1998; Marin 1999; Oliva 1999).

® A questioning of the basic methods used (Gutiérrez and Ogborn 1992;
Vosniadou and Brewer 1992; Benarroch 1998).

® A significant increase in studies involving samples of different ages (e.g.
Galili and Bar 1992; Reynoso et al. 1993; Bar et al. 1994; Kuiper and
Mondlane 1994; Twigger et al. 1994; Montanero et al. 1995).

® A determination to look for a theoretical basis beyond the pragmatism and
inductivism that characterized the first investigations into the field (Chi
1992; Lawson 1994; Vosniadou 1994; Glynn and Duit 1995; Pozo and
Goémez Crespo 1998; Vosniadou and Ionnaides 1998; Marin et al. 2000).
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