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Abstract conocimiento existente para interpretar lo que oyen, y si pueden construir
Dr. RicHarp WHITE , Faculty of Education, Monash University, gives somé&ignificados diferentes entre ellos y lo que el docente intenta, como docentes,
suggestions on the conditions that help teachers to do their work effectivéfy. d€be tomar este hecho con seriedad. Hay que cheque_ff\r estas
White discusses the meaning of laboratory work and the links between f@Strucciones, y si es necesario actuar para corregirlasraVtambien
laboratory and learning, and the importance of episodes in learning scfiScute la preparacion y el apoyo a los docentes de quimica de secund’arl_a,
ence. Learning science must not be restricted to learning facts, formulae #giProblemas enfrentados por los investigadores en ensefianza de la quimica
substituting numbers in them: laboratory work is an essential and vital paftSu resolucion, la importancia del contenido pedagogico del conocimiento
for the understanding of science. He also discusses the meaningﬁh?? p,apel de I_os textos en Ia|p§truc0|on. Fln_almente, comparte su perspectiva
constructivism for a science teacher, and the value of the pedagogical c8g-COMO mejorar la educacion: para realizar esto, la figura del docente
tent knowledge. If we believe that students can use their existing knowlettfga un papel fundamental.

to interpret what they now hear, and that they might be constructing differdlabras clave constructivismo, estrategias de ensefianza, memoria
meanings from each other and from what the teacher intended, we as teaghisddica, concepciones alternas, metacognicion.

ers have to take this fact seriously. We have to check what those constructions

are, and we have to act if necessary to amend theme \&lso discusses the INTRODUCTION

preparation and inservice support of pre-college chemistry teachers, prob-RicHARD WHiTE taught General Science, Physics, and Chemistry in
lems faced by researchers in chemical education, and some of his opiniBi! Schools in Victoria, Australia, for ten years. He also had a year
about teaching problem solving, the importance of pedagogical cont ching at a teachers’ college, a year teaching in New Zealand, and two

S ; A ears visiting schools to help the introduction of the PSSC physics
knowledge, and the proper role of textbooks in instruction. Finnally }{eourse in Australia. His experience as a teacher and with the curriculum

shares his view on how to rise standards in education: it all comes baclqé(a to appointment as the chairman of the board of examiners respon-

the central figure of teachers. sible for the external examination in year 12 Physics for the state of
Key words constructivism, teaching strategies, episodic memory, alternatiZdctoria. His interest in improving learning led him to research, com-
conceptions, metacognition. pleting his PhD on the learning of physics, supervised bye®
FensHam, in 1971. He then became a lecturer in Monash University’s
Resumen Faculty of Education, and in 1981 its Professor of Educational Psy-

El Dr. Rcrarp WHITE , de la Facultad de Educacion de la Universidad dechology, then Dean of Education in 1994. 7He left the Faculty of Educa-
Monash, hace sugerencias sobre algunas condiciones que pueden ayud#®' in 2000 to found Monash University’s office in London. He re-

los docentes a realizar su trabajo efectivamenters\iscute el significado tire'\(: att tf}eh‘?”d Oszr?m' d the learning of Sci R h
del trabajo en el laboratorio y los vinculos entre laboratorio y aprendizaj ost of his V\f/olr as cr?_ncernﬁ_ Ied %arnlng 0 (sjmen(;]e. research on
la importancia de los episodios en el aprendizaje de la ciencia cnes notion of jearning hierarchies led him to ponder what it means to
y N S e - ' thderstand, and how to improve it. This drew his attention to episodic
aprendizaje de la ciencia no se debe restringir a aprendizaje de heChﬁﬁamory, in which he did research that included a twenty year long study of
féormulas y sustitucion de los nimeros: el trabajo de laboratorio es una pames own memory for events. He was one of the early investigators of
esencial y vital para la comprension de la ciencia. El, también discute glternative conceptions, and the first president of the AERA special interest
significado del constructivismo y la importancia del contenido pedagégiguoup Cognitive Structure and Conceptual Change. He has also written on
del conocimiento. Si se cree que los estudiantes pueden utilizar ganeral aspects of education, including the organization of schools for

REVISTA DE EDUCACION EN CIENCIAS 51



better learning. Interest in metacognition involved him in the beginning &, theJournal of Research in Science Teach{iig-ite, 1974 b), and the

the Project for Enhancing Effective Learning. Australian Journal of Educatio(WHiTe, 1973 b). | am disappointed when
RicHarp WHITE ‘s publications includd.earning Science(with Dick | see people who have spent so much thought and effort on a thesis walk

GunsTong) Probing Understanding(with Susan Swan) The Thinking away from it when finished without turning it into published articles.

Books (edited with Bter FensHam and Dck Gunstong) The Content of Although | taught science in school and much of my academic writing

Science the chapters on science in the third and fourth editions of the about learning of science, | was never a Professor of Science Education.

Handbook of Research on Teachirepd numerous articles in researchin my first university appointment | taught research methods and statistics.

journals of science education, general education, and psychology. My chair at Monash University was in educational psychology, while the

chair in science education was occupied first bye®Fenstam and later

Dick GunsToNeE This was fortunate, because iatER and Dck, and

ers including Paul Gardner and Jeff Northfield, | had colleagues who

1. Why did you choose to become a teacher?

No one in my family had ever been to a university. My grandfatheR
g%fegsr%o;lf;'pNa'(?rt%ri;Tdkgovv\(lhgﬁ%?]%h\t&&yg:éh%regndgrhhS,g?sri?yyQUOJ e ready to discuss and share ideas about the teaching and learning of
other than my teachers. So teachers were my only professional role m ence. Without them | should not have been able to produce much.
els. | was aware, of course, that you could study to become a lawyer ot. AVhat does it mean to be a constructivist teacher? (Mde, 1988 a)
doctor, but neither profession attracted me. | liked physical science. A “constructivist teacher” is aware that learning is complex, and in-
thought of engineering, but then there was the matter of cost. My parewmtdves interactions between what students are told, what they know, and
were not desperately poor, but were not well off. The State offerethat they want to know. So the teacher checks beliefs before and after each
studentships that covered university fees and paid a living allowance topic, with a range of subtle measures — more than simple tests, which is
the condition that you taught in a government school for three years aftery Dick GunsTone and | wrote our boolProbing UnderstandingWHite
qualifying, so | thought that | would use that to support me through univeret al, 1992), to empower teachers with those measures. Constructivist
sity, would teach the three years, then decide whether | liked teachitegchers talkvith, not at, their students. There is not, of cour§ae one
enough to continue. | thought that | would like teaching, since | likediay to teach, constructively or otherwise. There are many ways, varying
people and was interested in knowledge, both of which teaching seemediity the personality of the teacher and the personalities and needs of the
fit. So I did a science degree and a diploma of education, and taught. students and with the context in which they are placed. | can, though,

; ; proffer one touchstone. A participant at a conference asked me for a single
2. What was the best time you had teaching? gcommendation to give to beginning teachers. | thought for a moment,

The best of my ten years of school teaching were the five | spent w said, “Tell them: Listen, listen to your students. You will then know
the same students, one group from grade 8 through to 12, another f - . ' . ' W
grade 7 to 11. My getting to know these students so well, and their getti t to do.” There is more to teaching than that, but listening is a necessary

to know me, led to a productive, mutually supportive, and relaxed partn
ship that | recalled many years later when | was involved in projects gn
metacognition. The students and | were metacognitive then, long bef
the term had been invented.

dition for constructivist teaching.

Unfortunately, conditions in many schools do not make it easy to teach
a constructivist. Constructivist teachers need to have a good under-
nding of what their students already know and believe. At the beginning
of each school year the school usually puts them with students they have
3. What caused you to move from teaching to a university post? not worked with before, which acts against them having that understand-

I left schoolteaching for a negative reason and for a positive one. Ting. The best teaching | did was when | taught the same students for five
negative one was that in the 1960s Australian schools were hit with a flopghrs in succession; and the worst when | spent a year in another country
of enrolments, brought on by the baby boom that followed World War lhnd was supposed to educate 320 students in ten classes, when | found it
by immigration, and by increased community interest in education. Thepossible to find out what they knew.
population doubled in a decade, and the secondary school enrolments we . »

i v fastr Teaohrs Towever wers fom  depression perod b 12 10U i STUOLe o OB SSS00ET
time, and were scarce. The government of the day let class sizes soar on. There are good lessons and bad, better lessons and worse. Within
teaching loads rise, so that it became difficult to teach as well as one wo d lessons, there is a huge variation. The structure of a successful lesson

wish. The government also began to employ as teachers people who :
unqualified in any subject, untrained in pedagogy, and inexperienced o ends on the natures of the teacher and the students, the extent of their

dealing with children. The first-ever strikes of teachers began. Morale el " acquaintance, how energetic they feel at the moment, the topic, and
At thegbeginning of 1967 I found myself, in a high school gf 800 studeni%any other variables. This is one of the reasons why teaching is so chal-

the sole teacher who had a science degree, the one teacher of science Way'9: so demanding, and so rewarding as well as punishing an occupa-
had any training as a teacher, and the only one who had ever taught be

; : : ; %"here have been attempts from time to time to promote templates for
Egé:ns t?)l(jlo?frf]grcgt&); g]?r'l%idtgra% experienced professional COIIeaguegtjcces_sful lessons, such as the five steps that Herbart described in the
I managed to get seconded to the board responsible for school curri&g‘{xly nineteenth century of preparation, presentation, association, generali-

in the State of Victoria, where | had the task of helping teachers with tha on: and application. There is good sense in such templates, but they

then new PSSC physics course. | enjoyed this work; with the opportu iust not be taken as rigid systems. Teaching is too complex to be codified;

: ; - ; ; as to remain fluid. That is not to say that it is unstructured. It must be
gfgréh?g;n%%\éesrﬂgrttﬂevrﬁt. mg;‘g tsrfg Opoc!iitit\)}ét Irte\évsc?nn%vrelreg(\)/liﬂg tt%at\)ceh Pnned and purposeful, and there can be principles that guide decisions on
came into effect: | was still keen to help students to learn better, so | becdifyit actions the teacher might make. | made a small start on setting out
a student again, doing a PhD on the learning of science. Of all the theorigJa'e Principles in a chapter in the book edited byrODick, and Rrry,
around at the time, ®®erT Gacre's notion of learning hierarchies seemed 2 >"9 the quality of learning: Principles from long-term action research
most relevant to the question of why some students learned readily ﬁ:”ﬁ* 1992) One of my principles is that though teaching method and
others not. | immersed myself in his writings. ning style must match for effective learning of content, in order for new
Looking back on my PhD thesis now, it appears a dated and mayﬁ tegies of learning to develop teaching method and learing style must
over-precise piece of research, yet still has some value. Although you' i 2lways match. An experienced teacher can develop a comfortable rela-
not hear much about learning hierarchies now, curriculum designers d ship with a class, so that lessons go smoothly and the students learn

teachers could return to them with advantage. When | finished my PhD/Jfnout strain. 'I'the}t_;sﬂ?oocti, (s)uttoccasaonal mtrodulctlon of a new form of
1971, there were no more than a handful of people who had completed @%on IS essential It the students are o grow as learners.

at an Australian university, and few Australian educationists who we6e Can you describe anecdotes that depict the effectiveness of your teach-
active researchers publishing in international journals. In my secondmémg strategies?

to the curriculum board | had an office in the Physics department at Monash think you need to ask my students about this! What | recall as particu-
University, and | had learned from the physicists that academics had tolaidy effective was the program | implemented with grades 7 and 8, in the
research and to publish their results. Publish! Publish! was their cry. Séir$t of the five years that | spent with the same students. The school had
mined my thesis for articles, and sent them off to the most prestigiotagen in its first students the year before, so that although it was to grow to
journals that | knew. My first article was in Psychometrikau(i&/ et al., cover grades 7 to 12, in this year it had only grades 7 and 8. | taught science
1973), the second in tiReview of Educational Resear(WHite, 1973 a), to all four classes in grade 7 and all five in grade 8. | could see that repeat
and others in thémerican Educational Research Jourr{sVHite, 1974 lessons could become boring for me, and that this boredom would com-

52 JOURNAL OF SCIENCE EDUCATION



municate to the children. So instead of standing at the front to condéat episode is a memory of an event that you have taken part in or wit-
lessons, | set up many small experiments around the room. Over ttessed. (GGNE, et al., 1978) Some episodes stand out as highly unusual
several weeks on each topic, the students had to move from experimerdrtd memorable, while others become generalised through repetition. Spe-
experiment, and write an account of what they did and saw happen. éific or generalised, they are vital to understanding. Jdgo& put it this
example is on expansion: there was an empty can, a large nail, a hammay; ‘Once one has watched the Brownian movement one’s apprehension
a Bunsen burner, and a pair of tongs. The students had to use the nailadrtie nature of heat will never be the same again. It is not that one can be
hammer to put a hole in the base of the can, then heat the nail and seesiid to have learned anything in an objective scientific way but rather that
would still fit the hole. Then they had to cool the nail and try it again. Thesne has come to terms with the kinetic theory of heat at a subjective level.
they had to heat the hole to see whether that let the nalil fit through. Thigs the difference between having a sunset described and seeing one.’
arrangement worked very well. The students were motivated and bufgproon, 1976).

and learned not only some science but also how to write description ; . : . ;
was busy, too, moving from student to student, asking and answeri 'lcgr?eﬁoﬁ]gefhce”ggggmg mteer;eosrt)l/ngfasrggduemli:gal experiences that easily

questions, but far from bored. In a whole term | wrote hardly a word on t In my first year as an undergraduate, in a chemistry lecture the profes-

blackboard, and did hardly any whole-class teaching. P L :
When those same students were in grades 11 and 12, | taught tgfﬁv'gmted carbon monoxide in a huge gas jar. The gas burned slowly

. . . wnwards, with a blue paraboloid flame, and the jar began to emit a pure
physics and chemistry. At the end of both years there were highly comp@lfiqical tone which rose in pitch as the flame descended. | have kept this

tive on State-wide examinations. | am not an advocate of judging the: P - - S :
success of a teacher or a school by examination results, but | was plea ='?xnde alive in my mind for over fifty years; it is an integral part of my

that these people who had spent so much of their secondary schooling wit erstanding of the transformation of energy.

me did outstandingly well in those tests, as well, | think, as enjoyin f examples from my own teaching, the catapult experiment is one.
learning science aly ' ' ! 10YBnother is the one | described earlier about heating the nail and the hole in

the can. One that | would not do now, but which had a strong effect on
7. Is making sense different from knowledge? students concerned density. | staggered into a grade 9 class with a large
I have written a lot about knowledge, and about understanding. Yalock, which was actually polystyrene foam though | had painted it a
cannot separate the two. Making sensiasdifferent from knowledge, it metallic grey. | pretended to be having trouble carrying it, then feigned a
is an aspect of it. Suppose that you teach a parrot to say “My namérig and dropped it in the lap of a student in the front row. | think that this
Bosgo.” It might even respond appropriately when you ask it “What's yougot over the notion of density quite well, though at the risk of giving a
name?” But does it really know its name? Does it know what a hame ®stdent a heart attack. (e, 1988, p. 45).
Knowledge only becomes knowledge when it begins to make sense. MakAnpbrew Mackenzie (MAckenzig, et al, 1982) devised exciting or in-
ing sense is a process of linking the new information with experiences ariguing experiences for an excursion on the geography of coastlines, such
other existing knowledge. This process is the heart of constructivisas walking across mud flats where the students got stuck and had to be
Constructivism is not different radically from much other thinking aboupulled out, and chewing leaves to emphasise that the soil increased in
teaching and learning. It merely emphasizes that teachers have to tsé@ity as you got closer to the sea. The episodes that the students formed
seriously the fact that students use their existing knowledge to interpested as anchors for information, so that months later they were able to
what they now hear, and that they might be constructing different meaeeall facts about coastlines far better than other students who had been on
ings from each other and from what the teacher intended. So taenore traditional style of excursion.
constructivist teacher will check what those constructions are, and will actin an important longitudinal study,uSrav HeLLben has found students
if necessary to amend them. repeatedly recalling the same episode, over ten years, to explain phenom-
A range of depictions is possible for any complex or subtle concept. Aha (HLLpeN, in press). Theorists and researchers might do well to pay
an extreme, democracy for example can be represented as mob rulemase attention to the role of episodes in learning of science.

indeed some political commentators did in the mid-nineteenth century). ' What observations do you have upon the quality of the preparation

it is with constructivism. Some have criticized it as placing equal value oy : s
all notions that students might form about a phenomenon or topic, but t §€:a'1?1 S;)r;g: ?ezlé%?r?(;t gé pt)gzzﬁts’)teachers. Are they born good teachers

is so extreme a depiction it distorts the meaning of constructivism. P " ;
o . ; , - > By being “born a good teacher,” people mean someone who picks up
Constructivism does not mean ‘anything goes', that one explanation 'Sg%basic skills more readily than others. Of course, no-one is really a good

good as another. It does mean that people construct meaning for what her at birth. It is curious. but bein ; .
PEOPTE . , g good at teaching early on is not
see or are told, and that that meaning is influenced by what they alre essarily a good thing. My Swiss friendypheas Dick, told me that

believe and are interested in. It is hardly possible to challenge that. because he did not have many difficulties when he was training to be a

8. Rarely experiments are true problems. Could you assess the proper teacher, he did not appreciate that there were subtle skills and techniques to
role of the laboratory in physics? What are the links between the labora- 1€am. He felt that if he had had to work at his teaching, he would have been
tory and learning? better at it after a few years. | am sure that good teaching can be learned,;

; : p : hether it can be taught is another matter. Certainly some arrangements
Although you may well be correct in saying that school expenmer_lté‘v some programs are more effective than others in helping willing people
are rarely true problems, this does not have to be the case. It is p_ossml% ecome good teachers. To expound on this requires a book, not a short
devise practical work that involves a real problem(i# 1980) Mike wer in an interview. | will say here, though, that a major problem that
Watts did this, asking students to improve the acoustics in their school if anv proarams of pre-service training anpear to have solved is the
and to find ways of keeping food hot between the school kitchen and { Y prog P 9 app

. . Integration of subject matter knowledge and didactics. In many, | think
svfﬁgtrzn?héatgﬁz'w(g?s’ ﬁg?zll()ny\:\?: égig?ezﬂgggslfnt%)gﬁsrge \;ﬁ?gﬁt?'i Tost, institutions; teachers acquire subject matter from a different group of

vented, requires students to find out how much work is done in stretchi rofessors than they do for didactics. Science faculties and Education

N . T Ities do not work together closely enough. Fitting into four years or so
a catapult, then finding out the kinetic energy of the projectile it throws, a u h il
explaiﬁing Where theg missing energy ha%ygone. 2 Iijttle dangerous, the science and all the pedagogy that a beginning teacher ought to know

P : o : ifficult, and maybe impossible. So one thing that | should like to see in
exciting. And practical work should have an exciting edge. There is noff;". e L : - -
ing mc?re dreaey than an exercise to confirm an es?ablighed principle spbrograms IS internship, in which for the first few years of teaching each

; inner has the support of an in-school mentor. The mentors have to be
z;sré:r?gﬁgrvatlon of momentum, where the students know the answer od, though, and need training themselves in the art of mentoring. And

. . : ; . there should be frequent opportunities for teachers to refresh and extend
Laboratory work is essential for understanding of science. Ghane l_Egir subject matter knowledge. If we want good teachers, we have to take

told me that he once took a course titled ‘Gentleman’s Physics’ — phys ; : : : o ;
without any lab work. | asked him what Ladies Physics might have be re seriously both their pre-service and their continuing education.
but he said that in his undergrad days ladies did not study physics! Ayt. What great ideas of science do our students need to learn? What is
way, what the laboratory does is give meaning to what would otherwise the proper role of problem solving in education?

sterile information or mathematical gymnastics. As it is, too much of phys- The great idea is that science is the noblest of the humanities. It is
ics teaching is taken up with substitution in formulae and learning of factmumanity’s attempt to make sense of the natural world that we experience.
Do not misinterpret this! | am not against learning facts or use of formuldé,is our picture of the world. Men and women made it, and continue to
but against concentration on them to the exclusion of other vital partsvedrk at it. From time to time we have to revise it, for it is not a final
science such as laboratory work. What you gain from the lab are episogesduct, and never will be. Science is alive, not a dead language.
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Problem solving is one way of promoting this idea. They have to be realcommunity of teachers and scholars in other countries.
problems, however. Science IS problem solving, so a program that deesit provides teachers with a forum for discussing and disseminating their
not emphasise problem solving is not about science, no matter what topiceaching. Typically, teachers in the past have not been active at publicising
it includes. their ideas or work; the PEEL publications have encouraged them to
Certain topics illustrate well the human side of science. Evolution, atomicwrite, and have inspired others.
physics, energy, electromagnetic radiation, molecules and chemical reaeit gives teachers professional connections that enable them to escape the
tions, genetics and DNA are examples. It is a pity if curricula do not find isolation of their classrooms.
space for the history of their development. — it provides teachers with means for enlivening and diversifying their

; ; : ; ; . teaching, so that their work is full of interest. Experimentation relieves
12. What is the future of science education? How important is pedagogi- ! ; i ; ; '
cal content knowledge? them from routine, and introduces a rejuvenating element of risk to the

| have no certainty on what the future holds for science education. If Idally round.

had been asked in 1970 what it would be like in 2000, | should have beerPEEL is the most satisfying event that | have been associated with. My

right in predicting that what went on in the mass of classrooms woulgrt in it is small, but | feel that it justifies my whole professional life. As

remain much the same, but | should not have been able to foresee the Sﬂgfﬁseuilrt gtfulzj erg{asn)r/] gsgclgzrrsn gg%ﬁdfggggdfgmlgwggtlgatrrgilrrswork, and many

in research that | list in 13. below. What | should like to see, as against wh
I think will happen, is for many more longitudinal studies, many mor&6. What are the major shifts in research style that have occurred over
comparisons of practices and outcomes in different countries (I do rtbe past thirty years?
mean more of the large scale international comparisons such as TIMSS] set out the changes in research style in my chapter on science teaching
but more of the subtle and far more interesting sorts of study suatEias Sin the fourth edition of thédandbook of Research on Teachif\yHiTe,
SioBerG has been doing). But will these shifts in research have any mark&@01). To summarize them here:
effect on what happens in classrooms? A pessimistic or cynical view is t(&t An increase in descriptions, as against experiments (the work on alter-
they will not, but | live in hope and have a more positive belief. Why? native conceptions is the most prominent example). Thirty years ago
Because the new styles of research are much more relevant to the complgwou would not find in research journals any accounts of what happened
life of classrooms than were the old psychological experiments carried outn a classroom, no transcripts of interchanges between teacher and learn-
in artificial settings, and because many more teachers are active in researcers. Nearly all articles compared the success with regard to performance
The division between researchers and teachers is being broken. | take heam a test of one form of teaching with another, and in most cases the
from projects such as the Project for Enhancing Effective Learning andteaching programs were brief and artificial.
Cognitive Acceleration through Science Education. (b) A decline in use of inferential statistics. In the experiments of 30 years
Pedagogical content knowledge (PCK) is a powerful idea. It is not soago you often compared one group’s scores with another’s, and wanted
easy, though, for teachers or researchers to apply it in practice. | should likeo know whether the difference between them was real or could have
to see two things: one, a compendium of topics that lists many examples dbeen a result of random variations in sampling. So you applied statistical
PCK, the other a theory of content that enables you to classify topics in dests such as analysis of variance, chi-square, t-test, and so forth, to see
way that guides their teaching. | made a start on the second of these in i&the difference was ‘statistically significant.” There was nothing wrong

chapter in The Content of Science, the book that®FensHAm, Dick with this, and | should like to see more use of inferential statistics
GunsTone and | edited in 1994. | guess | should have developed thatnowadays, rather than less. But one of our shortcomings 30 years ago
chapter further. was that we gave much more attention to statistical significance than we

did to educational significance. Sure, the difference between the two
groups was more than was likely to have happened by chance, but did it
atter? You could often get statistical significance by having a large
nough sample, even though the actual difference between groups was

13. What can be done to change conceptions?

That's what many people are working at. Identifying students’ beliefs is
a first step. Devising demonstrations to challenge them is another. Bu
more is involved, including getting students committed to accepting the mall
outcome of the demonstration. As teachers, we change students’ conzﬁg- :

f - o . An increase in the diversity in measurements, with pencil and paper
tions all the time. But it is a long process, not often something that happ ests being replaced or supp)llemented by interviews clg\ssroom obpseF;va-

in \all\?hli;]t'sstavr\]/trbng with having some misconceptions? It depends whetherfions. field notes, etc. You will have to look hard to find any accounts of
; " . . interviews in early research. In hindsight, this is rather strange. We
they lead you into actions that cause harm to you or others. Here is eated the subjects of our research as if they had no thoughts of their

dangerous, if widely held misconception: “Skin colour is related to intelli- . . .
gence.” This has led to viciously damaging actions. Failure to understan avt\;r(;} ;gfy ;"rﬁ:ﬁ‘,ﬁg?rﬁ tgewégfe?jn?g‘r’egnté’ t%“[]gygiﬂ%?rs'r J;‘g%r"]":ﬁ(yﬁf
the principle of conservation of energy has made people vulnerable t ored bu%/ not to initiate a conversation or free to make comments
frauds peddling perpetual motion machines — we had a politician in Austras » -’ . ; ; . ’

lia who believed that you could use water as a fuel in motor vehicles. Al @) An increase in attention to content as a variable of great importance. In

; . : ost experiments of the 1970s, and later, content is a vehicle, not a
\l/JvSorT(? Yse tﬁgnm?r](rﬂlesiigﬁlegl?en:d Bgtié?c? %r?;?titﬁ ragteigr? use our view of th ariable. As far as the experiment was concerned, any content was as

good as another. Piaget’s visit to the United States in the 1960s stimu-

14. Is it possible to train in metacognition? lated awareness of the subtleties of content, and was a precursor of
Of course. (WMiTe , et al, 1994) That is what the Project for Enhancing interest in alternative conceptions.

Effective Learning is aboutah MitcHeLL was successful in promoting

metacognition in his classroom teaching, amd MacponALD was suc-

cessful in out-of-classroom tutoring. Even without knowing the wor

metacognition, outstanding teachers have been training their student

17. You discuss the need for a theory of content. Could you sketch some
gaits of this theory?

iIg:ﬁnt_enctj_fi_rs not homoginﬁous. Dfifferent for(ns_dof c_f(;ngent need to be
P : ; aught in different ways. A theory of content will identify dimensions on
nm;;a:jcogmtlon for centuries. If they hadn't, the world would have sta hich content varies, and so give a lead to how any particular topic might

' be approached. Of course other constraints come into it: time available,

15. The Project for Enhancing Effective Learning (PEEL) started almost  class size, resources, examination system, abilities and motivations of the
twenty years ago. How do you evaluate this experience? learners, teacher’s relations with the learners, and teacher’s repertoire of

PEEL is a remarkable phenomenon. Here we have thousands of tegbcedures, but the nature of the content does mattdhénContent of
ers from hundreds of schools helping each other to do their work betterStlience(Write , 1994) | listed several relevant dimensions: openness to
has had almost no support or recognition from government, yet it hesmmon experience, abstraction, complexity, presence of alternative mod-
flourished for nineteen years and looks like it will continue indefinitelyels, presence of common words, mix of types of knowledge, demonstrable
Few educational movements last as long. | attribute its success to thesgus arbitrary, social acceptance, extent of linkages, and emotive power.
characteristics: This led me to predictions, such as

— it is owned by the teachers who implement it, not by university academ- “discussion of students’ beliefs will be advantageous for topics that
ICs. are open to experience and concrete, and harmful for topics that are
— university academics support the teachers, with suggestions for new closed to experience and abstract.”

methods, with administrative resources, and with access to a widefiore predictions of this form would provide a useful guide to teaching.
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18. In your career you had administrative responsibilities. How hard is it this in two articles, Research, and the end of schools as we know them
to reconcile ideal educational practice with the ‘limitations’ of financial (WHITE, 1984), and Questionable assumptions underlying secondary
and administrative restrictions? education (Wite, 1988 b), but you took no notice. If you want students

In every aspect of life we work within limitations. The trick is to not let to learn well, then they have to know their teachers, and their teachers
the limitations become an excuse for sub-standard work. Rather, you try thvave to know them. | know what | am talking about, from my own
find ways to evade the limitations. Sometimes it is surprising how muchexperience — at one time | taught the same students for five years in
you can achieve with limited resources. PEEL, for instance, started with nassuccession, and it was the most rewarding time | had in teaching, both
money; the school administration did help with time-tabling, but nothing for me and for my students.
more. At the end of its first year | found a thousand dollars to buy the
teachers out of school for a day, so that they could write their accounts ofl know that most of these recommendations cost money. But you are
their experience in trying to get their students to be metacognitive. We gaturing huge sums into schooling now. For 5% more, you would get
great value out of that thousand dollars. In my own case, | did some of 0% increase in return. Isn't that a good deal? And if you cannot find the
most effective teaching in a school that had limited facilities. It has to Imeoney to change the whole system at once, why not do it for one or two
admitted, though, that financial and administrative restrictions can handehools and see what results? You will be astonished.
cap teaching. See my response to 18. below. Maybe one day a politician will ask me about this.

I had not sought senior administrative responsibility in the university
being happy as a research and teaching professor, but felt obliged to AEKNOWLEDGMENTS o
come the Dean of Education at Monash when we needed someone thOUld like to thank RHarRD J. SiaveLson of the Stanford UanerSlty,
defend the Faculty’s interests. | was 58 years old at the time. If | had takgignford, CA, for the advice and suggestions he gave me for improving
it on when younger, | think it would have inhibited my research. As it wale questions for this interview and the assistance during the interview.
| kept up a program of academic writing, by scheduling all meetings ov IBLIOGRAPHY
which | had control to begin no earlier than 11 am, so that | could write f . i .
a couple of hours two or three days each week. AGNE, R.M.; WHiTe, R.T., Memory Structures and Learning Outcomes,

8 - - : Review of Educational Researc#8 (2), 187-222, 1978, p. 194-196.

On a broader scene, financial restrictions do weaken practice. At Monaéh, JE. The N Soi st Vaterialend  ed
in the pre-service program for teachers we used to have tutorial groups>6fiPo™ ok eh ew science ot strong Matenalznd ed.,
15 to 18 in size; government support of universities in Australia has he- Harmondsworth, ldK. Pengu;)n, 1376' onaitudinal studi |
come less and less generous, so the tutorials are now close to 30 stugi'ﬂstEN’ G., A research program based on longitudinal studies, to explore

each. The program has to be less effective, and less satisfactory to theStUdents’ developing science understandings and responses to sci-
ence,Research in Science Educatjan press.

students, as a result. Mackenzig, A.A.; WHiTe , R.T., Fieldwork in geography and long term
19. What are the greatest ideas that have been made available to science  memory structuresAmerican Education Research Journab, 623-
teachers by educational research? 632, 1982.

I'll restrict myself to a handful. The notion of alternative conceptions ig/arts, M., Constructivism, Re-constructivism and Task-oriented Prob-
a fundamental contribution of research to teaching. Whatever people might lem-Solving, in EnsHam, P.J.; GnsTong, R.F.; WaiTE , R.T. (eds.),
think now, before researchers began to uncover alternative conceptions in The Content of Science: A constructivistic approach to its teaching
the 1970s, teachers were not aware of their existence. | recall going with and learning The Falmer Press, London,1994, p. 39-58.
Aubrey CHAMPAGNE to @ school near Monash University to try out some ofvuite, R.T.; GARke, R.M., A test of inclusion which allows for errors of
her probes of understanding of mechanics, and the astonishment of the measurementPsychometrika38, 77-86, 1973.
teachers at what the probes revealed about their students’ beliefs. WHiTe, R.T., Research into learning hierarchiBgview of Educational

Research on alternative conceptions made prominent the notion that Research 43, 361-375, 1973 a.
learners construct their own meanings from what they see, hear, and expere, R.T., A limit to the application of learning hierarchidgystralian
rience, which is fundamental to good teaching. Journal of Education, 17153-156, 1973 b.

Research on discovery learning, though often not well designed, hagite, R.T., The validation of a learning hierarciiymerican Educational
much influence on the teaching of science from the 1950s onwards. It is, Research Journalll, 121-136, 1974 a.
perhaps, the forerunner of the work on metacognition, which is a powerfyhite, R.T., A model for validation of learning hierarchiggurnal of
idea for teachers. Research in Science Teachjntfl, 1-3, 1974 b.

Although there may be some way to go before it has full effect, investivuite, R.T., Comment on the laboratory-investigative approach to science
gations of different treatments of boys and girls in classrooms and the instruction,Journal of Research in Science Teachidd [4], 359-
associated idea of gender equity are important. 360, 1980.

20. Is it possible to raise standards in education? If a politician asks you W”'Tl.E' R.T, Relse?rcrc\i, and the end of schools as we know thastra-
for advice, what will be your recommendations? lan Journal of Education2s, .3'1|6' klgslzll' ford. o |
Of course we could raise standards. It all comes back to teachers, ¥fffTe: R.T.,Learning ScienceUK: Blackwell, Oxford, p. ix, 1988 a.
what it is possible for them to do. Conditions must be such that teach&fgTe: R-T., Questionable assumptions underlying secondary school class-
can do their work effectively. So | should recommend the following tg '°0ms.Australian Journal of Educatign32, 311-330, 1988 b.
politicians: HITE, R.; GunsTONE, R., Probing UnderstandingThe Falmer Press,
— pay teachers more. Business leaders are fond of saying, when talking, of London,1992. . o
their own remuneration, if you pay peanuts you get monkeys. WHYHITE: R.T., Raising the quality of learning: Principles from long-term
shouldn't this apply to teachers? Pay is related to self-worth. Pay teach- actéon resea((l;T, in @?.F'KH' Dex, A., &hPAT.RY' J-L. (eds.) Effective
ers more, so that they feel valued and feel obliged to do outstanding ggcgesl%%”zs'pestgagsmg e New Synthesis. Jossey-Bass, San Fran-
work. ' P IEEIO . . .
— introduce sabbatical leave for teachers. Let them experience life beydMd'TE » R.T.; MrcheLL, 1.J., Metacognition and the quality of learning,
the classroom. Studies in Science Educatio23, 21-37, 1994.
— keep class sizes small. This is absolutely essential. WHiTe , R.T., Dimension of Content, inekstam, P.J.; GnsToNE, R.F.;
— fund frequent in-service training. WHiTE , R.T. (eds.),The Content of Science: a constructivistic ap-

— forget about mass testing, that you like so much at present. It distorts Proach to its teaching and leaminghe Falmer Press, London, 1994,

education, and acts against the outcome of good learning that you vaw%. pp. 255-262.
kY

— build schools that provide surroundings that are as attractive to work Wi » R-T., The revolution in research on science teaching, incakbson
as large business Eentres. g (ed.) Handbook of Research on Teachingh ed., Macmillan, New

— stop the fragmentation of education, in which students in elementary YOrk. 2001, pp. 457-471.

school have a different teacher each year, and students in secondary . .
schools can have as many as ten different teachers a week. | wrote a%%;ﬁelved. 3.02.2005 / Approved: 9.09.2005
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