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Abstract Questions Let's start with a brief biography: why did you choose to
This comprehensive interview provides glimpses of Pref @ life from her early ~ Study chemistry, to become a teacher, and to work in science education.
interests in science to her professional work with prospective chemistry teachers. In thé was born in New York on Long Island in 1936, moved to St. Louis in
interview, GseL considers the qualities of a good teacher, gives suggestions abckfi41, to Washington, DC in 1950, Chicago in 1951, and Buffalo, NY in
textbooks and analyzes their influence in the change of chemistry teaching. She 5#26. My father worked for the US government. Each move was consid-
discusses the development of misconceptions and, derived from her many studi@f@ an educational experience for my brother, and me and led to very tight
this subject, the difficulties encountered by students in problem solving. As a leadidglily bonds. In 1957, | received BA degree from Rosary College (Do-
scholar in students’ understanding of the particle nature of matter, she gives advicd8tican University) with a major in chemistry. In 1969, | earned an MS
how to present this topic at all levels of instruction, recommends the manipulationdgigree through NSF summer institutes at Purdue University. | returned to
a physical representation of the atoms, and suggests the adoption of collaboraffkrdue as a full time doctoral student in chemistry education one year later,
learning methods with students discussing in small groups. and completed the Ph.D. in 1974. ,
Key words conceptual understanding, misconceptions, problem solving, particle na- My Ir.]tere.St n SCIence.began when | was about ten. We ha.d no science
ture of matter. mstruction in the Catholic elementary school but | was fascinated with
nature. Many of my playtime activities were science related. These ranged
from making observations on which insects could swim by placing them
Resumen on a large rock in a small fish pond in our backyard, to collecting insects
with my brother for our live-insect-zoo to which we invited our neighbor-
pRd friends, to looking at onion skin and hair through a microscope given
destacados de la quimica. En la entrevista, BeeGeonsidera las calidades de un 0 me_for Christmas. | enjo_yed be'ong".‘g to a junior garden dUb.m sevent_h
maestro bueno, da sugerencias sobre los libros de texto y analiza su influencia er‘f%g e'ghth grades and being a Brownie and a G.Irl SQOUt' My first experi-
ce with chemistry was coating copper pennies with mercury using a

cambios de la ensefianza de la quimica. Discute también el desarrollo de conceFB 's chemist t1h that it h | t health effect!
erréneos y, con base en muchos estudios de este asunto, las dificultades encont [gNd S chemistry Set. ope that It has no long term health efiect
N high school | took biology, physics, and chemistry in that order. |

por los estudiantes en la resolucién de problemas. Ella da consejos sobre la natural 74

particular de la materia de cbmo presentar este tema en todos los niveles de instruc | ﬁ,d _pthyskl)cs but dllqj'go’tt I'k% b'OtIOgdy .tbecausetr?f thﬁ ImeTO”Z“Zt,',OInt’ Oll;
recomienda las manipulaciones de una representacion fisica de los atomos, EmiStry because | didnt understand 1t —= even thougn 1 got an ‘A. 1 100

consejos en la aplicacién de métodos de aprendizaje colaborativos con los estudiaff .'Stry in (E:Or|1|69¢ tbecause IthaS th||r(1k|ng abO.Ut belcl:omlng %?OCth Ol’da't
que discuten en grupos pequefios. veterinarian. emistry seemed to0 make sense In coliege, an enjoyed |

s i » because there wasn’t much memorization. Instead, there was problem
Palabras clavecomprension conceptual, conceptos erréneos, resolucion de problemgéMng at which | was quite good. After college | decided to join a reli-

Esta entrevista proporciona los detalles de la vida de la profesor@dy GaseL,
sobre sus intereses tempranos en la ciencia y su trabajo profesional con los mae

naturaleza particular de la materia. gious community that staffed over 100 elementary schools, 14 high schools,
and two colleges in the US. Hence during my early formation years | took
INTRODUCTION some education courses and did my practice teaching before assuming the

Professor of Science Education at Indiana University, author of numegie of a full time high school chemistry teacher in Madison, Wisconsin in
ous papers on science education, and internationally known for her studiggg. in 1970, I returned to Purdue to pursue the doctorate. Even though
on problem solving and the particulate nature of matter. BeeGhas | |oved teaching high school chemistry, | thought that | could make a

received seven research awards from the National Association for Rgeater contribution to society by working with prospective chemistry
Se.arch In SCIen(:Je Teathng |_nclud|ng two JRST awards for the mOSt %Chersy than by [eaching at the h|gh school level.

nificant manuscript published in the Journal in 1977 and 1979 (the first for - . .

her dissertation article with her major professor, UolBy Herron, and ~ YoU had Prof. Hrron as supervisor: what did you learn from him?

the second withakn Staver, for the research report based on his disserta- DUDLEY HErRRON became a member of the Purdue faculty while | was
tion as his dissertation director. Professomt has been awarded re- Studying for the master's degree and | was fortunate to have him as an
search and teaching grants from various agencies totaling over $2,000,d@giructor in the one education course in the Purdue masters degree pro-
She has been a member of the editorial boards for several science eo%@énv the “Methods of Teaching High School Chemistry.” It wastEx

tion journals, and a reviewer of science education research manuscriptsigf actually suggested that | consider getting a doctorate in science educa-
the Journal of Research in Science Teaching, School Science and M3f)- | was very impressed by his enthusiasm for teaching, his deep reli-
ematics, and the International Journal of Science Education. She is 9’@“5 convictions, and his openness for me to pursue the doctorate in
author of several books and chapters, and was the editor biatighook ~ Whatever institution | thought best. (He actually supplied me with a list of
of Research on Science Teaching and LearifBgse, 1994). In addi- Other institutions that had good programs.) After examining the doctoral
tion, she served almost two programs in several institutions | selected Purdue because of its flexibility,

years as a Director of Teacher and the financial support that was offered.

Preparation at the National ~ During my first year | actually worked in the biology department super-

Science Foundation (1987- vising a large biology course (300+ students for future elementary teach-

1988), has served as presiden ers). Then during the second yeawolxv offered me an assistantship to

of the National Association teach chemistry teaching methods and to supervise chemistry student teach-

for Research in Science ers while he developed a general science methods course. | also became the

Teaching, the School Science Associate Director of the Chemistry Institute that year. It was during this

and Mathematics Associa- year that | really got to know udLey and knew that | had made the right

tion, and the Hoosier Asso- deC|s!on to study with him (@EL, 1999). .

ciation of Science Teachers, Philosophically we agreed in so many areas. Our common interest was

Inc. In 1999, she was awarded in making high school chemistry conceptually understandable for stu-

the National Science Teach- dents. During my third year at Purdueycey went to Malaysia for the

ers Association Carleton entire year, and | took over his teaching du_tles at Purdue. When he returned

Award for Exemplary Service during my fourth year | taught and supervised Chem 100 for the Chemis-

in Science Education. try Department. The course was taken by 100 engineering students who
needed to take a refresher chemistry course before enrolling in the regular
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one. During this year | completed my dissertation, a year long study of tmere completely. Errors that sometimes occur in texts that students read
effect of self-pacing vs. deadlines, and partners vs. working alone on #red believe are misconceptions that are avoidable, but nevertheless do
rate of learning of science in 12 schools with 1200 seventh grade childaetur.
participating. There is nothing the matter with having misconceptions. Everyone has
One of the things that | always admired aboubiRy was how rapidly some. Learning is the process of making ones conceptions more scientific,
it appeared that he could get his ideas on paper. He would sit at his tyjpet is, more in agreement with those of others and with what we believe
writer for hours and produce great papers! | remember in the midst of thisality is.
he always had time to help me, and was a wonderful mentor. So the .f{:‘ Ui have done extensive research on stoichiometiBunce, et al.,
great influence in my life as a science educator (beyond the many posi 1; Geel, 1983; GeeL, et al., 1983; Geel, et al., 1984)Why do
experiences that | had as a high school chemistry teacher for eleven yeél X ' ! ' " ' ' " Why
was DupLey Herron As | reflect on this now, | am not certain of exactly™ ¢
what | learned from him—except to get a lot of work done in a short pericgge
g

ents go wrong in problem solving?
his is another big area, and books have been written on it! My own
w is that if students have a good conceptual understanding, they can
Ive the problems. Another view is that students obtain a conceptual
understanding by solving the problems. | believe both statements are true.
What qualities are important in a teacher and how much is enthusiasrhis fall | gave my students some problems that involved making different
important in teaching? quantities of brownies when given various quantities of ingredients such
Teachers need to have an in-depth knowledge of the content they aseeggs and oil. About 92% got the items correct. | also gave them prob-
teaching and need to be able to relate the content to everyday life. Anlgms involving moles and masses of less familiar materials, generally
depth knowledge implies that they have the appropriate pedagogic conterfierred to as chemicals. The percentage getting the item correct was about
knowledge, that is, they are able to explain particular concepts in seve3a%. The major difference in the problems was not the mathematics be-
effective ways. In addition, they need to know effective teaching strategesuse the same skills were required. It was the lack of familiarity with the
that make learners active in conceptually understanding the content. Entimaterials and the units. | think that what happens in chemistry is that there
siasm is very important. Sometimes it is the enthusiasm of a beginniage too many unfamiliar materials and units in chemistry problems. For
teacher that helps compensate for his/her lack of pedagogic content kn@eine students even mass and volume are new. They also contain unfamil-
edge that develops over time while the teacher begins to understand gunits such as grams, liters, and moles. What results is that students are
dents’ misconceptions. Other personal qualities that are important are hiaustrated by so many new terms, etc. that they memorize how to set up the
ing a sense of humor, showing interest in and compassion for studept@blem and get an answer without thinking about what they are doing.
and being fair in all circumstances. This is promoted by the blind use of the factor-label method (dimensional
Do you have a rese fo an “eal texbook” analyss wihers fo inking s fquired. Just aod STP In 8 mass mass
No, | don't have a recipe, but | wish | did A&, 1983). So much :%’ like a gas law problem because this is what they associate with STP.

of time! It was as if we were sharing ideas all the time, and | knew | ha
mentor who was very supportive of me as a person and colleague.

depends on what use will be made of the textbook and this depends :
Whgt happens in the chemistry classroom. From my experience inpwork dents need to analyze problems carefully and be able to explain each
with college students who are prospective elementary teachers (all of Wh(J%.‘ p, tell what information is superfluous and what additional information

have taken high school chemistry), and also from examining answers ee . .
scores on tests that students take at the end of their high school chemEt ome concepts also need to be taught before students take chemistry in

: " - : : hool, and also in much more detail than is common in the US today.
course in Indiana, it appears that students know very little chemistry that-ls SChoo,
relevant to life. There appears to be little conceptual understanding is would reduce the number of new concepts students would need to

X ; : h / : : rn at the high school level. For example, in many elementary science and
simple topics such as burning, melting, decomposing, and dissolving. ltég;thematics textbooks in the US, volume is taught as part of the metric
[

difficult to see how most students’ high school chemistry course wou stem. After it is taught, however. its formal use is abandoned, and quan-

motivate them to appreciate science or motivate them take additional chelt ;
istry courses. | believe that the textbooks should show how matter and s are frequently referred to as size and amount. Why not use words

changes at the macroscopic level, is related to matter and its changes ajfa S diameter, circumference, length, volume, mass, etc. consistently in
particle level, and how this is represented symbolically. This would proslaicte ?:. Vﬁguﬁ W?rds like ?rt?]ount a(r;d dS'ZE? bP?rhaps b%tge _t|me| studenas
ably necessitate the moving of atomic structure to a position from t do tlg scldotc)), Eo?t]e 0 b? nee ? voca L;]ary_V\tlou € In place, an
beginning of most textbooks to a position further back. It would also megH'@€N'ts Would be betler problem SOVers in chemistry.

that less algorithmic methods of problem solving (such as the factor-latb#dw will instructional technology change our business—will teachers
method) would be replaced by more conceptual ones (multiplication ahd replaced by technology?

division). The difficulty in writing a text is that a person who has a deep | have no basis to make a prediction. | think that there will always be a
understanding of the structure of chemistry writes the text and hence thesed for teachers. Not everyone is motivated to study chemistry and | am
structure informs the order of the content. Instead, the textbook authorcertain if technology will supply the motivation or be able to analyze
must get into the mind of the naive learner who does not know the structstadent’s needs and prescribe appropriate instruction. In a way it is like
and figure out how to best help him/her acquire it. This means starting witiedicine. Will computers take the place of doctors? For some functions,
something familiar and leading to the abstract structure as an explanatyes; for others, no.

of the familiar. | believe that best high school textbook presently availah| : : ; ;
in the US for all chemistry students (regardless of whether they will ma?g)%h)sllgvghe process of transferring the ideas fron research to teaching

in science or nof) is the"%dition of ChemCom(2002) now published by Changing chemistry teaching to include research findings has been

W.H. Freeman and Company. It attempts to do this. very slow (GieL, 1999). There are two external factors that | see influenc-
Why do students develop misconceptions, and what is wrong with havag science teaching more than research. These are: (1) increased emphasis
ing some misconceptions? on testing, and (2) commercial control of textbooks.

There are several sources of misconceptions. A true misconception ig1) In the US, individual states and school districts have interpreted the
probably one that is derived from a person’s encounter with natuegl(G National Science Education Standards (NSES) as minimum. Many well-
1989). For example, as | sit at my desk writing this, | place my hand onreaning scientists and officiatsf state government agencidgnk that
piece of paper and on the metal doorknob. | reach the conclusion that thieimum is insufficient for their State so they have added additional stan-
temperature of the paper is higher than the temperature of the metal becaasds. This enlarges the content base in most States that in turn becomes
the metal is a better conductor of heat than paper (so heat flows from impossible to achieve for many students. Hence students resort to memo-
hand more quickly to the metal than to the paper causing the sensation tization rather than understanding.
the metal is colder). Other misconceptions are learned because sometimg®) Textbooks are a commercial commaodity by which the book industry
a person makes inappropriate generalizations. For example, in elementaakes a profit. Probably 95% of the book companies are unwilling to take
school children learn that water freezes at 0°C. Some children think thatacesk to publish a book based on research recommendations. The driving
is always at this temperature even on a day that is much colder or if plat@de of the content of textbooks is the market survey completed by current
in a freezer. Others think (or memorize) that everything freezes at zehigh school teachers who will be the purchasers of the new textbook.
They just have not examined the freezing point of other materials or stiRliblishers use the results to determine the structure of the book and other
ied the topic in enough depth. This has implications for teaching concefgstures. Teachers frequently model their instruction on what they have
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used in the past, or have studied themselves at the college level, and hstiténclude the teaching of chemistry at the particle and symbolic levels.
few changes take place in the elementary and secondary textbooks. However, the latest edition of FOSS (2003), one of the best hands-on
There have been two instances where | have seen some researcipproaches to teaching chemistry in grades 1-6 in the US, introduces
which | was involved make a difference in textbooks, but only becausedrticles very briefly and as an optional explanation in grade six. This is in
personally worked with an author, or was an author myself. The first wascordance with ouNational Science Education Standar(l995) that
the increased use of the particle nature of matter used throughout a tegies not include the particle nature of matter in elementary science instruc-
book rather than being confined to one chapter on kinetic molecular thedign. | am in complete agreement with the philosophy in our National
| had initiated a study with @&r ScHraDER On his students’ understanding Standards. Why spend an excessive amount of time trying to teach elemen-
of the particle nature of matter using particle pictures representing all typasy-aged children explanations using particles, and their symbolic repre-
of changes. Results were presented at a NARST meeting in the mid &@ntations, when they have had such a limited exposure to the phenomena
As a result of this, when 1 Gr was asked to be an author of tHeath  for which particles are used as explanations. Instead, use the time for
Chemistrytextbook (1987) with J. GbLey Herron and others, it included studying chemistry at the macroscopic level so that when particles and
particle pictures throughout the text. In a like manner, when | became a sgmbols are introduced later, they will be more fully and readily under-
author of the Prentice-Hall'sChemistry, The Study of MattéDorin, et stood!
al., 1992) it included particle pictures in all chapters. Apparently (accord- For all other levels beyond middle school, chemistry should first be
ing to the late MrioriE GARDNER), | coined the expression “Pictures in theintroduced at the macroscopic level in a laboratory, or hands—on environ-
Mind” and the inclusion of these pictures in high school and college textient. Then particles can be used as an explanation of what has been seen
books has now become common practice. In addition, in 1979, | did a N8# the macroscopic level. | highly recommend that students actually ma-
supported study on using a variety of methods with high school studentpulate a physical representation of the atoms. Several years ago, teachers
to solve chemistry problems £€kL, et al, 1983). Many of the ideas that were successful using magnets of different diameters representing atoms
shaped the writing of the problem solving sections of the aforementionadanged as molecules on metallic surfaces to represent chemical reactions,
Chemistry, The Study of Mattézxtbook were drawn from this study asequations and physical changes\g&, 1992). | currently recommend the
well as the contents dBolving Chemistry Problem@983) by GeeL  approach taken by M WaLTers (1993) in teaching chemistry at the
published by Standex (now Prentice-Hall). introductory college level, as well as at the middle school and high school

. : : Is. Mark represents atoms and molecules using Play-Doh. The advan-
You have done extensive studies on the particle nature of matter. Wh ve : o ; . .
is the best way to present it to students of different ages? de of the Play-Doh is that it is flexible and requires students to consider

In the past fifteen years or so | have become increasingly interested’{f1P b .
students’ understanding of the particle nature of matter. This is especizél in crystals, as well as whether the material is a heterogeneous mixture,

true since the publication of theational Science Education Standards ution, substance, and also whether it is a solid, liquid or gas. Combining
(1995) in the US. My interest was actually sparked by a lecture that | he §1 use of these three dimensional atoms and molecules with comprter
: imulations that provide particle movement and collisions should deepen

by Aex JorNsToNE at an American Chemical Society meeting in 199 Hn.Jdents’ understanding of the particle nature of matter at the high school

perties of atoms such as their diameter, molecular mass, and the pack-

O ) A ’
Yg)gﬁ E%Qg:ﬁast?udd;h%;? g)t %ﬁﬂcgg(r)rg)s’ t;yt tlﬁz(i:ahrllgguvr\llﬁllsergirt]yt?rfdi?:gtgzoj‘ d college levels. Using these models to show how atoms and molecules
that the symbolic area is more difficult to understand than either the pim intermediate compounds when they successfully collide at the proper

le and with sufficient energy, should help students understand chemi-

ticulate or macroscopic levels. It seems to me that if students cannot tr X X .
. ; . cal and physical changes, and be useful in representing atoms and mol-
late chemical symbols, such as those that appear in balanced equatlon% tﬁ%s in writing balanced chemical equations.

1

Lhrg :jeori)rrlzsiesn?g%nor(i);ir?éoglsm?)g(ljs %ﬂfgrj(lae(sqJittgen?:;tr;ic#gll?égsle%{ﬁz’ iﬁltleﬁ n working with the models, stydents wiII_ p_rofit more using collabora-_
' Ve learning where they freely discuss their ideas with other students in

ing part of chemistry is not in the memorization of symbols and balanci R o
equations. It is in providing explanations of phenomena (the macroscoplRal groups. The phenomena that they represent should begin with famil

level) that is sensed in our three dimensional world! The particulate natff everyday occurrences for which particles give a ready explanation

; . . "Such as burning, decomposition, melting, dissolving and other simple
8; vaﬁ;te{;npgor\]/ga\t/es the explanationsag@i, 1993). It answers the question chemical and physical changes and occurrences. For example, many of my

There are various opinions on the appropriate age to introduce child{/€9€ students (prospective elementary teachers all of whom have taken

to the particle nature of matter. The research shows that children even a g@urse in high school chemistry as a prerequisite to admission at Indiana

ages of 10 to 12 view matter as continuous and do not think of it in ter Iversity) do not know the difference between the humidity in the air and

of particles (Buver, et al, 1994). Unfortunately, some elementary science rirss“)mslplg\?// R}n{g'g%j dce);{as’sttjl#%}:ergct);\:]giﬁlngoﬁpg\l)ézreg:@cer}e?nll’isltr: con.
textbooks still include particle pictures and symbolic representations gres P 9 yday Tistry CC
early as grade three. The video ser@mience in Focus: Shedding Light on pts increased significantly when they used PlayDoh in an interactive

Science(1999), endorsed by the Association for the Education of Teach parning environment. Unless chemistry is meaningful and related to ex-
shows the use of particles as an appropriate exercise for children at a E:]ng Jobservations in the real world, few students will find the pleasure
emistry that those of us involved in teaching it or who have majored

Lhzsxethrllrodt gé‘?ggn;ﬁ?%%lnf\rlglsééﬂ:?leizbtﬁirg ;22"f'Zt'rﬁgfstﬁgispi)ﬁicﬂt?ﬁalﬁﬁ@'; have found! Hence few will choose a career that is chemistry-related!
’ summary, | want to thankiderato CarpeLLINi for encouraging me to

is no need to introduce children to “particles” at this early age. One mi . . . .
argue by analogy that things can be broken down into little pieces, and Sict on the questions that he asked. Sometimes one wonders if the things

these little particles can be sensed when one smells a perfume or not S4ghthey have done in a lifetime have made any difference whatsoever. |

- > . . p S not thought about some of these topics for a very long time. My
when something dissolves. This explanation on an informal basis is fifig, o+ research is still on student's understanding of chemistry. | have

i ies?
but at what age do children understand analogies ﬁently found that more students appear to understand chemistry better on

The evidence that convinced me that children do not understand m . . 5
about the particle nature of matter stems from an informal conversation tt%_parrt:cle Ievell thz_i|r|1 on the macrosccl)qp:c(_: ?.]d symbolic |$V|e|S. Next year,
I had many years ago (in the 80s) witheG BerkHeIMER from Michigan o N the past, | will use my research findings to see if | can improve
State University. Gen was the author of a well-known science bookCNEMISUY instruction in my own classes. | will be emphasizing what is
X ceurring on the particle level with certain macroscopic chemical and physi-

textbook series for a major publisher. The textbook had pictures of p : . ; ;
ticles in the early grades and probably also balanced chemical equation %%nggﬁf tibnffeore using symbolic representations as is commonly done at

did many other textbook series at that timesNGwas awarded a sizeable
NSF grant to develop materials for a new science series using the parigig| |IOGRAPHY

nature of matter. After developing the materials, he field-tested them W, .cver G.D.: Avbersony CWi: Leg, O.: Bakesiee, T.D., Matter and Molecules
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nature of matter as related to chemical changes. These excellent materialSyent ysing problem categorizatialuurnal of Research in Science Teach®)
(BErkHEIMER, et al, 1988), are now available for teaching middle school 505521 1991
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La comprension de las propiedades fisicas de la materia: motivacion y cambio
conceptual

The understanding of physical properties of matter: motivation and conceptual
change
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Resumen caracteristicas de los sistemas materiales y de las transformaciones que

Para adquirir el conocimiento cientifico es preciso que se produzca, de una u oggtos pueden sufrir sin cambiar su esencia molecutngBocr 2000;

forma, algiin cambio conceptual. El cambio desde las teorias personales (basada WAr’i\‘:Iészci)ggl;uBéﬁ’ 1?&?553?2”5??238gegeﬂfécingté?ﬁgls'si?g;enos
representaciones macroscopicas que se atienen a la descripcion de hechos y fenc’)nqgﬂl)% yen p greg Yy

experimentales observables) a la teoria cientifica (basada en representacioﬁgﬂgi;g; sd(ée%lé%taeﬂt% ?1 dgfnturgcgggg’atlalgp(?enT;Znaoa?ig?ceggség?érrl{;ss la
microscépicas vinculadas a la comprensién de teorias quimicas abstractas) ni 5 que, p X

simple ni exclusivamente cognitivo. Al objeto de superar el modelo del “cam Atera es d'scontmu? ya que .eSta CO'T.‘F".JQSta por partlgulas (.mOIECU!aS’
conceptual frio”, INTRICH, Marxy BoyLe (1993) propusieron indagar las eventuales 210MOS, etc...) que estan en continuo movimiento. Tales partlcu]as_lnteracgqan
relaciones entre variables motivacionales y cognitivas. Este trabajo apor%e distintas maneras en cada uno de los estados (ga§eosq, liquido Y solldp)
corroboracién empirica que, en una muestra de 202 alumnos de ensefianza secund: i‘LQS que la materia puede aparecer, estados que, mas alla de las diferencias

obligatoria, la motivacién y la comprension cientifica de las propiedades fisicas ded %?;Vg?y!ggregtr?r:é|0:§tgggfaﬁ?£icl;i\ gbﬁgﬂec?;ngﬁggcégzzgu Isnglc?l?n daria e
materia guardan relacién mutua. 90, q

. o ) incluso durante la universitaria, muchos estudiantes siguen manteniendo
Palabras clavecreencias mothaClOnaleS, cambio COnCethal, naturaleza de la mateuﬁa representac|én intuitiva de la materia. Como ocurre en otros dominios
ensefianza secundaria, quimica. cientificos, la mayoria de los estudiantes no remplazan sus teorias personales
por la teoria cientifica que les han ensefiado; en lugar de representaciones
Abstract microscodpicas sobre el movimiento de las particulas, mantienen una
B o o representacion macroscépica sustentada en la apariencia inmediata de la
Acquiring scientific knowledge requires in some way some conceptual change. Hpalidad entendiendo la materia como continua, estatica y sin espacios
ever, the change from personal theories (based on macroscopic representations Whittjos entre las particulas. La causa de ello es que el aprendiz, enfrentado
deal with describing observable phenomena on a experimental basis) to the scienfifiesfyerzo cognitivo de organizar el conocimiento cientifico, suele preferir
theory (based on microscopic representations related to the understanding of abst{aghizar el conocimiento desarrollado con la finalidad de dar sentido a su
chemical theories) is neither simple nor exclusively cognitive. With the purposeé?{periencia diaria (@eTo y BLanco, 2000; Bzo, 1998).
overcoming the model of “cold conceptual changejRicr, Marxand BbvLe(1993) La investigacion sobre el cambio conceptual conforma una tradicion
proposed to analyze the possible relationships between motivation and cognitysh una antigiiedad de bastantes afios. Aborda una tematica que no es
variables. This research provides empirical information about the following SUbjecfS;fE‘Cisamente simple ni cabe reducirla a saber si tiene lugar o no la sustitucion
the assessment was done in a sample of 202 students from obligatory secondaryas teorias personales por las teorias cientificas. Puede suceder, en
education, and the conclusion was that the motivation and the acquisition of scientfi¢,chos casos, que coexistan representaciones macroscépicas y

knowledge are connected to each other. microscopicas, activandose unas u otras en funcion de las tareas, de los
Key words:motivational beliefs, conceptual change, nature of matter, secondagpntenidos o de determinadas variables contextuales. Puede ocurrir, incluso,
school, chemistry. que se aplique de forma confusa la teoria corpuscular de la materia o que se

mezclen interpretaciones microscépicas y descripciones macroscoépicas

atribuyendo a las primeras determinadas caracteristicas (color, textura,

INTRODUCCION estado fisico, dilatacion, etc.) que son propias de los sistemas materiales
Durante la etapa de la Educacién Secundaria Obligatoria, uno de TBACroscopicos (o, Govez y Sanz, 1999). . »

aspectos fundamentales de la ensefianza de la quimica es el estudio de a linea de investigacion, en definitiva, permanece abierta, con teméticas
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