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Abstract

The review of two of the most relevant research topics in the field of science education:
conceptual change and alternative conceptions, shows a series of methodological and
theoretical weaknesses which concord with the ones indicated by expert-led seminars.
The weaknesses suggest that there are other less rational commitments which explairP
the heavy production of writings in the field. Our research examines these pheno NResearch

and concludes by giving suggestions for progress. We also present a proposal which . N .
may contribute tggverc%miggthe deficier?ciegs identified. P prop * We shall have to establish priorities for SE research, according to rel-

evance for solving real problems and contribution to the construction of
a more coherent body of knowledge. The area, which is in rapid growth,
should consider more the topic of quality. With that end in mind, re-
Resumen searchers will have to maintain a spirit of critical review.

Revisién de dos de las lineas de investigacion mas relevantes en el ambito de laFew lines of research are progressive and many are planned just for
didactica de las ciencias: cambio conceptual y concepciones alternativas, muestraunathe short term. Lots of hurried and low-quality production exists,
serie de debilidades metodolégicas y tedricas que son las mismas que se sefialan ewhich are more of an application than a production of knowledge.
seminarios de expertos. Las debilidades sugieren que existen otros compromisosThe methodological instability is high in qualitative as much as it is
menos racionales que explican la fuerte produccion de trabajos en el ambito. Nuestra in quantitative focuses. The research still does not have a real
investigacion examina estos fendmenos y finaliza dando sugerencias para el progresoimpact on educational practice. The area researchers do not ac-
También presentamos una propuesta que pueda contribuir a la superacion de las cept critiques well, nor do they do them themselves. There is a lack
deficiencias identificadas. of a tradition for critique in SE research.

Palabras clavecambio conceptual, concepciones alternativas, lineas de investigaci
en ensefianza de las ciencias.

sented, are not articulated either with empirical data or with the
analysis of such data. Theoretical references are imported, some-
times in a non-critical manner, that is to say, without reconstruction
r adjustments made for suitability in the SE field.

Key words:conceptual change, alternative conceptions, research topics (lines of
research) in science teaching.

?;".1 The SE community

* The community should be organized in multidisciplinary research

INTRODUCTION networks, national as well as international, with the goal of improving

the relevance, the quality and the visibility of the research. These

networks should work at increasing communication among profes-
sors and researchers by means of additional means, and not simply
publications.

*  CacHapuz, et al (2004). These authors are the organizers of the The community shows significant weaknesses, given that few
International Seminar on the Present State of Research in Sciencegroups and societies exist. The journals do not have clear criteria or
Education, which was carried out on the"ldd 16' of October, objectives in peer review. There are few strong programs for
2004 at theUniversidad de AveirdPortugal), where important  training. Instead, a light incorporation of researchers from other
experts from all over the world participated, among whom it is areas exists, and these do not have sufficient training in SE field.

In some recent forums and expert-led seminars, the current situation
of science education (SE) as a field of knowledge has been evaluated. We
focus our interest on two reports that have been published:

worthy of mentioning, among others, in alphabetical ordessch, Furthermore, there is a lack of visibility because of the influence of

R.; GL-Perez, D.; IzQuierpo, M.; Jnkins, E. W.; MatTHEWS, M. R.; other areas of research and those organizations responsible for

OsBORNE J.; $QUERA, M. C.; WhITE, R., etc. educational politics. Finally, little dialogue and interaction is apparent
«  MoreIra (2005). This work brings together the conclusions and among SE communities.

recommendations of experts who met in thEncuentros An interesting exercise is to compare some of the coinciding observa-

Iberoamericanos sobre Investigacion en Educacion Basicgons which were stated in the expert forums on the state of the art of SE

[lberoamerican Meetings on Basic Education Research] (Burgogith some academic reports published in the last 2 decades. The purpose

Spain), in 2002 and 2004. The main senior research in this semig@rhis article is to contribute some additional elements to those set forth

was Avtonio Moreira as Well as a group of Iberoamerican researcherg the expert forums. Ours are intended to help readers to understand the
The writing styles of the seminar reports are quite different. While in ~ magnitude of the present academic difficulties in SE research.

the Aveiro report suggestions and directions for improving weaknesses
are given, the Burgos report has a more explicit and direct style, exposing rN(I):ELLJJESI\l#IC;L ARNEQEXEQEH II_'I\IN E-Iév}/l\(l) Sé) F THE MOST

the multiple weaknesses in the SE field. Yet, in spite of the difference in

styles, both reports present notable coinciding observations on three The literature reveals a significant group of reviews related with two
important aspects of SE field. We will enumerate below, first, the opinion  of the most influential research focuses in the SE field, namely: concep-
of the Aveiro seminar and, secondly, that of Burgos, on each topic. tual change (CC) and alternative conceptions (AC). Both research lines

contain a sample of empirical works which make use of quantitative and

1. The bady of knowledge qualitative methodologies and both represent a quarter of the publica-

* As of now a theory or cohesive consensual framework in the fielgbns in the field of SE (Tsar & Wen, 2005).
of Science Education does not exist, and it seems to be quite im-In terms of the samples of articles employed, this study carries out a
probable that it would come to be formulated soon. However, itgartial analysis of other reviews, 6 done by the authors and 1 by Guzzern
important to move towards the search for a global accord, for whigtyuzzerm, et al. 1993). Directly and indirectly, eliminating repetition, a
science educators shall have to develop a specific and cohergfthple of more than 200 papers has been analyzed. The studies, from
body of knowledge. each of the two areas of research, are:

« The majority of research lacks a coherent and consistent theoreti- Reviews on CC: Gzzerm, et al (1993); 7o, Orero and Swiosg
cal framework. That is, theoretical references, when they are pre- (2005) and Mrin (1999). These writings bring together international
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research production from the 80s and 90s. They focus on experimental Jménez-Gomez, 2001). The typical situation is that the quotes used for
group research reports and the composition of the SE international giving bases to the research mean little or nothing for the latter devel-
community. They deal with topics related to the theoretical and opment of the project (questionnaire design, the classification of data,

methodological focuses of the CC research area.

* Reviews on AC: MriN and MENez-Gomez (1992); IMENEZ-GOMEZ,
Sorano and MariN (1997); MariN, Sorano and dMEnez-Gomez (2001);
MariN, JMENEZ-GOMEZ and BEnarrocH (2004). These projects were
carried out in the last 15 years and review more than 100 works on
AC, on distinctly scientific issues.

3.

THE MOST RELEVANT CONCLUSIONS OBTAINED IN
THE RESEARCH CITED ON CC

The three review research papers on CC coincide in highlighting the
following four critical points:

4.

the interpretation of the outcomes, etc.).

To analyze the validity or the viability of the information obtained
by students is not common. Only the third part of the sample ana-
lyzed uses techniques for partially analyzing the degree of validity
and viability of the data (MRin, SoLano and IMenez-Gomez, 2001).

The controls for analyzing the quality of the data should be consis-
tent in all empirical research which presents itself as having a
degree of scientific character.

The information (taken from the student) related to the content
which is the object of the teaching is biased and limited.

The majority of the projects are developed without a theoretical
framework and they demonstrate a deficient coordination among
supporting documents and the empirical phase of the research. The
data which support the reviews confirm that this is true: 68% of the
works which lack a theoretical model to give a basis for the CC
research; 80% of the works on AC do not use appropriate theoreti-
cal contexts. Academic content is the main reference for seeking

center of research, even in the CC papers which explicitly declare

A good number of works demonstrate methodological weakness,
which is why a greater sense of critique and responsibility should
be demanded of researchers. The CC manuscripts demonstrate
mediocre methodological quality in 70% of the quantitative research

1. The majority of the writings lacks a model or reference theory 8OINTS OF AGREEMENT FROM THE REVIEWS AND
give a basis to the research. In the identification of the main found@EFLECTIONS ON THE STATE OF SE
tions which guide CC research, it is found that 2/3 of the works do The notable agreements among the reviews of both lines of research
not follow any theoretical model. Furthermore, it is proven that gnq the corresponding agreement of reviews with the ones obtained in the
similar fraction declare that they follow a model or a theory whilgypert seminars of viiro and Bireos should not be ignored éGraruz,
making no real commitment is found in the decision making of thg; 3 2004; Mbreira, 2005).
different phases of the researcto{§ Orero and 3nJosg 2005). ' .
. o . . . Three general agreements are shown below, followed by others which
2. There is excessive individual production which is both atomizeg, incomplete. In the first three, the affirmations of the seminars are
and fragmentedThe bibliometrical study of cross references shOW§hown, accompanied by the agreements in the review of the research:
that the connections among writings is very weak, in fact, it is ng_tI
common for authors to quote previous studies which have dealt
with the same topic (o, Orero and 3nJosg 2005). With that, in
the majority of publications, evidence has not been found to show
that authors depend on the results and conclusions of previous re-
search (also see d#teira, 2005). These data are even more signifi-
cant if one keeps in mind that a good part of the sample was taken
out of the most influential journals of the SE field. . . ; ; : X
. . . and interpreting data. A lack of commitment exists with a firm
3. There are also decisions in what we could call “excessive
quotations”. In effect, it is common to see that a quotation does not nat they follow such a firm center (34%).
proceed with the logical commitment with the quoted work. Writer
tend to quote prestigious works and authors more, in order to “g%t
on board” or to align themselves with a research framework rather
than to make a real contribution to the fieldugbH, 1994).
4. Ananalysis of thimternal validityfor quantitative writings ancredibility

for qualitative works, shows that only 30.7% of the quantitative works
and 39.4% of the qualitative ones possess good methodological
standards (Sro, Orero and 3nsosg 2005). This outcome is similar

to the one obtained byu@zeTT, et al (1993), where only 25% of the 3.
quantitative works presented a high methodological quality. In that
regard, dniuk (1999) suggests that the European research in chemical
education does not have quality standards, wieients (2000) calls
upon the SE community of researchers to review the procedures for
quality control.

THE MOST RELEVANT CONCLUSIONS OBTAINED BY
THE RESEARCH PROJECTS QUOTED ON AC

The AC line of research is the one which more publications have listed in the
past 2 decades (MARN, Sorano and JiMenez-Gomez, 2001). Many papers have
been published with a very similar structure: First, delimiting the conceptions of
the student on the content of science which is the object of the teaching, and,
secondly, from the information, proposing some pedagogical implications. This
way of proceeding is called “the movement of alternative conceptions”, by
authors who are involved (GiLBert and Swirr, 1985). Although afterwards the
name passed through various changes (MariN, SoLano and JiMENEZ-GOMEZ, 1999),
it seems to us that the original name is the one which best sums up its essence.

What follows is an orderly synthesis of the main AC research conclu-
sions:

1.

1. The academic content which attempts to know the conceptions of
the student is the main reference point for seeking and interpreting
data. This is the main characteristic which determines, in a gret
measure, the rest of the critical commentaries. However, other
theoretical contexts (taken, for example, from psychology) are not
used (Mwrin, 2003b).

A significant division exists between real supporting documen
and the bibliographical supporting documents cited. In the analy

writings and in close to 60% of the quantitative research writings. In
AC articles, there are 67% which do not analyze the validity and
reliability of the information obtained by students.

In the SE field, there is a manifest lack of dialogue among experts,
with production being hurried, pointed and poorly coordinated with

works on the same topic. In conclusion, while significant gaps be-
tween the supporting AC research texts and the ones cited in bibli-
ographies are perceived, in the bibliometrical CC analysis, it be-
comes evident that an excessively individualized, atomized and
fragmented production exists.

There are other agreements, but not as general as the ones which were
previously expounded. For example:

In the Bircos seminar, as well as in the reviews previously carried
out, the use of a deficient psychological vision of the learner is
critiqued. It is perceived that the learning proposal which is sus-
tained from CC is very limited, even impossible from a psychologi-
cal perspective, and that the information which is taken from the
student on the content to be taught is biased and limited in AC.

In the Bircos seminar and in the review on AC, accusations were
raised that the research lines only demonstrate progression and that
the majority of the research papers consist of application. They are
not production of knowledge. On this particular point, the experts
who met in the Aeiro seminar suggested that more contributions
towards the creation of an SE theoretical framework of knowledge
should be made.

In the A/eiro and Burgos seminars, it is affirmed that notable defi-
ciencies exist in the formation of SE experts. This is also perceived
in the review of the two lines of research which establishes that the
theoretical commitment of the works evaluated is low.

GGESTIONS AND PROGRESS DIRECTIONS

of bibliographical quotes, articles whose supporting documents for- The directions of progress should be focused on rectifying the weak-
mulated expectations which, in one way or another, modulated thesses found, thereby taking advantage of the elements which are

course after the research were scarce, at 10%i{iM SoLano and

JOURNAL OF SCIENCE EDUCATION - N° 1, Vol.

already established in the SE field. These directions align themselves
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with the ones outlined in thevAiro and Bircos seminars (GcHapuz, et - It would provide an answer to the lack of identity, or, asrMRA
al., 2004; Moreira, 2005), but they contain details, taken from the re- (2005) says, the “lack of visibility” of the SE field.
views of the lines of research (which have been the object of this

article), which clarify matters even more: ACKNOWLEDGEMENT

* An intentional search for a theoretical framework for the SE field ;(zg? authors would like to express their gratitude to Professor THOMAS

[TARoLD FINKEN, M.Div., for his assistance in both translating and editing
Hﬂe present manuscript.

necessary. The current theoretical elements which are the m
utilized in the SE field: constructivism and the history and philos
phy of science (HPS), cannot be the only candidates for fulfillin
the role of a theoretical framework, for the following reasons: BIBLIOGRAPHY

- With reference to constructivism, it has a high degree of COQIACHAPUZ, A.F., Lores B., RaixAo, F., Raia, J. F. & GierrA, C. Proceedings of the Inter-

sensus, but in its present condition, it cannot play the role of the " pational Seminar on “The state of the art in Science Education ResearahtiEs
theoretical center due to the fact that it is developed in a wide array oeyoper. Universidad of Aveiro, Portugal, 2004. Retrieved on May 3, 2008 from http:/
of levels. The most agreed upon of these levels is the theoretical /www.lapeq.fe.usp.br/textos/Proceedings%20international %20Seminar.pdf

center calledtrivial constructivism(Von GLAserRsFELD, 1991; o A . .
MaTTHEWS, 1994; MAriN, SoLano and dENEz-GomEz, 1999), whose Dusc;;;.lAg.g I‘Eidltorlal Policy Statement and IntroductiBnience Educatio@8(3), 203-

theoretical commitment does not go beyond the affirmation that , L
knowledge is not received passively, but it is actively constructedt: D._(;Ql_Je hemos de saber y saber hacer los profesores de ciEnsei$@nza de las
by the subject who knows. Ciencias9 (1), 69-77,1991.

. GiLeerT, J. K. & SwiFt, D. J. Towards a Lakatosian analysis of the Piagetian and alternative
- In the case of the HPS, even supposing that a consensus were conceptions research progra@sience Educatig69 (5), 681-696, 1985.

reached, it does not offer a strong enough theoretical context rTIERREZ,R Lainvestigacion en didactica de las ciencias: elementos para su comprension
iving an adequate response to the wide array of problems in : : :
g g q P y b Bordén 39(268), 339-362, 1987.

field such as the cognitive phenomenology associated with the ] o
learner. GuzzetT, B.; S\YDER, T.; GLass, G. & Gamas, W. Promoting conceptual change in sci-
o _ence: A comparative meta-analysis of instructional interventions from reading edu-
* Improve communication among SE experts. Work must be done in  cation and science educatifteading Research Quarter8g, 116-159, 1993.
two of the d'reCt"on_S where Weakness.es have been noteq. ~ Javwk, R. The state of the artin research in chemistry education. In M., Bandiera, etal. (eds.)
- Intracommunication. Currently, the interchange of contributions  Research in Science Education in Eurdgetherlands: Kluwe Academic Publishers,
of experts is mainly done through journal articles or with projects 49-56,1999.
presented at meetings or conferences. This system of interchangus, E. Research in Science Education: Time for a Health Clgtokifes in Science
is extremely slow. More than fomenting critique, debate and  gqycation(35), 1-26, 2000.
li:eamlng’ it .Stecrives 'tn.Stead to defen.d tperso.nal EioflélotnglMENEZ-GOMEZ, E.; SLano, I. & Marin, N. Evolucién de la progresion de la delimitacion
urthermore, It doesiot imprové communication, given that data de las “ideas” de alumno sobre fuerZasefianza de las Ciencia$ (3), 309-328,
show that little is being read. Methods which are more interactive

. . 3 . 1997.
such as a seminars or workshops carried out in a conference orJln e e A& Marin. N. The coh ¢ tions: a stud
a university interchange context WOU|d be helpful IMENEZ-(GOMEZ, E.; BEENARROCH A. ARIN, N. € conerence of conceptions: a stuay

o ) ) ) concerning the particulate nature of matteurnal of Research in Science Education
- Intercommunication. The SE field urgently requires the scien- 43(g), 577-598, 2006.

““9 formation of fu_ture SE experts (GIErrez, ;987; GL, 19_9]:; Marin, N. Delimitando el campo de aplicacion del cambio concefiingefianza de las
CanaL, 1995). In view of the absence of a firm center, it is N0 ciencias17(1), 79-92, 1999.

surprise that training tends to be divergent. Marin, N. Conocimientos que interaccionan en la ensefianza de las ciensésanza de
* Foment the spirit of friendly critique in the SE field. Although they las Ciencias21(1), 65-78, 2003b.

are not common, some critical articles have appeared which cOfiarin, N. & Jwenez-Gomez E. Problemas metodoldgicos en el tratamiento de las
tain serious proposals or which refute certain SE field content. concepciones de los alumnos en el contexto de la filosofia e historia de la ciencia.
What is the reaction or the attitude of the community in view of  gnsefianza de las Ciencid® (3), 335-339, 1992.

such a refutation? In the two research lines analyzed, the typigal .
response is to ignore critiques or to reject themw¢on, 1994; Ensefianza de las Ciencidd (3), 479-492, 1999

DuscriL, 1994). MaRiN, N.; SoLano, |. & JMENEz-GoMmEez, E. Characteristics of the methodology used to

The authors argue that the key to fomenting communication and describe students’ conceptiotrgternational Journal of Science Educatj@3(7),
critical activity in SE is in the existence of a theoretical framework or  663-690, 2001.
center. Deciding upon one would have numerous positive effects: Marin, N.; duenez-Gowmez, E. & Benarrock A. How to identify replies that accurately
- It would avoid turning publications in directions which, in the passing reflect students’ knowledge? A methodological propdatérnational Journal of

of time, demonstrate their weaknesses. Such deviance would be Science Educatiq6(4), 425-445, 2004.

avoided, in part, if some of the knowledge available in other similanartiews, M. R. Vino viejo en botellas nuevas: un problema con la epistemologia

fields is considered ifdENEz-GomEZ, BENaRROCH and MhriN, 2006). constructivistaEnsefianza de las Ciencjd® (1), 79-88, 1994.

- It would give an answer to a weakness in the SE field: the unequerera M. A. Una vision toulminiana respecto a la disciplina investigacion basica en
training of those who make up the SE field. Currently, a specific educacion en ciencias: el rol del foro institucio@i#ncia & Educacém1(2), 181-
plan for training does not exist. The initial university training of the 192, 2005.
majority of SE researchers is basically in particular science suBeLomon, J. The rise and fall of constructivisBtudies in Science Educati@3, 1-19,
jects (Duschi, 1994). Consequently, the demands of the profes- 1994.
sional context obligate one to obtain additional training as an expeghro, C., Orero, J. & Swiost V. Areview of conceptual change research in science edu-
generally using the material published in the field of SE. The cur- cationJournal of Science Educatigi(1), 5-8, 2005.
rent divergence in this material and the absence of a commeg, c g we, M. L. Research and trends in science education from 1998 to 2002: a

theoretical center explain the unequal development of experts Who - ;ontent analysis of publication in selected jourriaternational Journal of Science
are orientated by the research group in which they are registered. gqcation27(1), 3-14, 2005.

, N.; SoLano, |. & JmEnez-Gomez, E. Tirando del hilo de la madeja constructivista.

- It would permit an answer to the questions surrounding the disparen GLasersreLp E. Constructivism in Education. In A. Lewy (ed.). The International
sion of criteria for establishing the contents of disciplines which  Encyclopedia of Curriculum. Oxford: Pergamon Press, 1991.
properly belong to SE.
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