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Abstract expectations of their teachers. In the UK we have had a national curriculum
This paper will exemplify data from both formal and informal research that demofer schools only since 1988 (details of current specifications for all sub-
strate the range of alternative understandings in very basic science. The author hagé@is and levels are readily available on the Internet.) and Biack

own alternative understandings. This raises issues of the certainty and constancfl&95) published a perceptive account of the process of implementation.
‘right answers’. The author is convinced (almost certain) that uncertainty is allore recently standards for initial teacher training have been published
essential and currently undervalued dimension in Science Education. Accepting un¢BfEE, 1998) which includethter alia a twelve page list of science skills
tainties inherent in authoritative statements and the various interpretations by s@nd concepts that must be understood by all intending primary school
dents and teachers demands a continuing critical re-examination of meaning. Itésichersbeforethey are allowed to qualify. Most of these students have
argued that an appropriate level of uncertainty facilitates students’ engagementstudied no formal science since they passed their own 16+ examinations.
learning and brings ‘learning science’ much closer to real practice of ‘doing scienceA science pass at this level is an entry requirement for initial teacher
There remains an important question of balance and how we gain both acceptancetiathing courses. As an agenda for learning the DfEE — Department for
valuation of wondering, questioning and doubting by all concerned with the learnirgglucation and Employment (now DfES - Department for Education and
and teaching of science. Beyond the classroom it is now clear that science itself anBlidls) list is useful, but as a tandards the items were absurd. The list was
applied to the real world of complex systems such as the environment, the atmospparéicularly problematic for those of us engaged in teacher education, who
or the brain is inherently uncertain. Surely science education must reflect some of thig still learning and wish to explore the meanings and significance of
uncertainty if there is to be a chance that the general public can be sensibly engageany of the items on the list. The latest set of professional standards
in the serious scientific and technological debate and decisions that face mankind2002) no longer contains this list ‘merely’ requiring that “newly qualified

forthcoming decades. teachers beonfident and authoritativén the subjects they teach...”.

Key wordsscience education, wondering, uncertainty There has always been an expectation that teachers should ‘*know their
subjects’ and in no way should this paper be interpreted as lessening this

Resumen imperative. However, it is not possible that anyone should ‘know it all’ and

Este trabajo muestra los datos de una investigacion formal e informal sobre el rad@othe ‘presentation referred to ¢@win, 2001b) four sources of uncer-
de comprensiones alternativas en la ciencia basica. EIl autor tiene sus propiadnty in even the most carefully prepared lessons are identified:
comprensiones alternativas. Esto levanta problemas de la certeza y constancid d&he authority from which the material was originally learned or the texts
“respuestas correctas”. El autor se convence (casi cierto) que esa incertidumbre ed€ferred to may have become outdated or been in error.

esencial y que actualmente casi no se tiene en cuenta en la educacion en ciencias. lpe may be so sure that we are right that no need is perceived to make
incertidumbres inherentes en las declaraciones autoritarias y las varias interpretacionesgny further checks. (Withoutonsiderableconfidence in our knowl-

por los estudiantes y los maestros requieren una constante reexaminacion critica d@ddge it would never be possible to teach, write books or actually do
significado. Parece que un nivel apropiado de incertidumbre facilita el compromiso degcience at all).

los estudiantes de aprender y acercar este aprendizaje de la ciencia a la practica real . .
de ‘hacer la ciencia’. También existe una pregunta importante de equilibrio y c()rﬁoWe may be making the unwarranted assumption that the words we use
ganamos aceptacion, valoracion de las maravillas de la ciencia, cuestionando yhave the same meanings for our students.

dudando sobre todo lo relacionado con el aprendizaje y la ensefianza de la cienciay\/e may not have anticipated questions that as@ consequencef
Mas alla del aula esta claro, que la ciencia y sus aplicaciones en el mundo real daeaching. For example, new personal insights or questions from even
sistemas complejos como el ambiente, la atmésfera o el cerebro, es inherentementgore insightful students may be an outcome of the teaching. In these
incierto. Ciertamente la educacion en ciencias debe reflejar alguna de estascases, learning by the teacmeust followthe teaching.

incertidumbres para que el publico en general tenga la oportunidad de acercarse al . . . . .
debate cientifico y tecnolégico serio y a las decisiones que debe enfrentar la human'idaq1 t.h'SI pape: th%Sje ideas will be taken further and the following will be
en las décadas venideras. entatively explored:

Palabras clave educacion en ciencias, maravillas de la ciencia, incertidumbre. & A tt}’p‘)lOgy of uncertainties that can be exemplified within science edu-

cation.
INTRODUCTION b A variety of science education contexts in which uncertainty seems

This paper has developed from a presentation given earlier that relate@urrently to be less acceptable. )
to teachers’ continuing learning of chemistry and the implications for s '€ possible values of uncertainty in science and education.
ence teaching (Goowin, 2001b). In the presentation a number of in-  The paper will conclude with suggestions of consequences for science
stances of teachers’ learning were explored. These were taken froreaching.
personal perspective and from evidence collected during more formal re-
search. One of my conclusions was that, as a consequence of fallibildy,A TYPOLOGY OF UNCERTAINTIES:
incompleteness or misunderstandimgy knowledge transmitted from an  (Note: The estimation of limits of possible error and uncertainty is an
authority to a learner is inevitably uncertain to some extent. It is therefdreportant aspect of doing quantitative science. This, however, is not a
necessary for both learners and teachers to continually and critically apgjor focus in this paper).
praise their own understandings and, where possikeigotiatemeanings
together. 1. The meaning and understanding of words (and other signs and
‘Learning through teaching’ is an experience common to all who have symbols).
ever tried to teach. (I should say ‘almost all’ since there is uncertainty hereThe meanings carried by words are constructed by individual users and
too. Indeed, two chemistry teachers who returned a questionnaire to imevitably vary with the experience and level and sophistication of the
answered ‘Not applicable’ to a question asking them to exemplify thaisers. Some words (e.g. work, power, chemical change.) have very par-
learning as teachers!) Mostly, science teachers are only too ready in intigular meanings in a scientific context. However, just because words are
mal discussion to attest to the fact that their understanding of science basefully defined doesot mean that people, even scientists always use
developed considerably during the processes of preparing to teach anthefm appropriately. The words ‘atom’ and ‘molecule’ for example are used
teaching. differently (and correctly?) by scientists depending on whether they are
All this seems relatively unproblematic, and perhaps even trivial, untiléonsidering elements combining together or ‘simply’ discussing states of
is placed within a context of governmental, public and (sometimes) studematter in terms of the kinetic theory. For most students and the general
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public an atom is something very small but, for many, it is also somethibg Error and inconsistency

dangerously explosive and to be avoided at all costs! Scientists and science teachers are human and, especially when caught
In a recent paper (@bwin, 2002) the author had the temerity to sug-off guard, do not always use even the most basic scientific concepts and

gest that itmight be harmful for future learning if teachers were too surgocabulary with complete consistency. What science teacher, however

that it is wrong to say that salt melts when it dissolves in water. Clearly okeen s/he is on a proper distinction between mass and weight often asks

reviewer of the manuscript was very upset: pupils to hang weights (rather than masses) on a spring, and will rarely
“One of the obstacles to science learning at any level is that students arrive saturated@sure his/her own weight in Newton’s. Also, Newton’s laws tell us that
with misinformation and sloppy reasoning skills; the challenge of science educatns force is required to keep an object moving with constant speed in a
is to develop patterns of careful thinking. Not only do | NOT believe that carefstraight line. How many of us really think in these terms when walking or
terminology at the elementary school will ‘constitute a barrier to subsequent chenrigting a bicycle?
try learning’, but | consider it the obligation of teachers to impart to their students v:

: : 1 ) » al}d Classroom uncertainties.
science unsllied by the fuzziness’ of everyday speech’” Even if we assume a well-ordered situation with motivated students so

_ Some violent disagreements from some chemists to an earlier suggggt deliberate disruption or sabotage can be discounted uncertainties would
tion that fizzing drinks are, in fachoiling solutions (@oowi, 2001a) jnclude the following:

have also been received. A narrow majority of correspondents seems;tQ ack of clarity of teacher instructions

agree with me that fizzing drinks are boiling, but the debate is far from . . )
being closed. b. Misunderstanding or lack of concentration from students

2. The interpretation of models and the distinction from reality c. Measurement errors

This is a common issue for teachers and learners of science — the reajjity,ack of skill
identity and nature of an electron, for example all cause problems. Elec- -
trons are often drawn on diagrams, labelled, described as ‘belonging&oMathematical incompetence
one atom or another or behaving as waves or particles. Most scientist$oo much or too little ‘cognitive demand’
seem to believe in electrons occupying ‘orbitals’ within atoms and mol-
ecules. However, how close our individual models are to each other, olg0 cONTEXTS IN WHICH UNCERTAINTY SEEMS
‘reality’, is a matter for continuing philosophical debate. (The*eoften ’ UNACCEPTABLE:
used to designate sodium or chlorine electrons when showing the forma- '
tion of sodium chlorideseemto imply that the electrons are different in1. In teachers’ knowledge _ _ o
sodium and chlorine atoms! Perhaps the latter are green?). This is frequently the interpretation of ‘national standards’ or guidelines
e for school inspectors. Teachers feel under pressure to ‘get it right’ and to be
3. Classifications e . . able to answer all their students’ questions.

In science teaching the classification of things or processes into Specilicrpere is no argument that good teachers know their subjects and can
categories is often useful. The allocation of ‘everything’ to a particulgfes| confidently with subject skills and knowledge at a level appropriate
category is, however often over stressed and students are left 100king ([ o5t of their students. However, it is also important that they can
a ‘right’ answer when the categorization is not clear and unlikely to R&ntend effectively with and value other plausible alternative conceptions
useful. An example would include the distinction between chemical anghy are sincerely held by their students. It may be that on occasions stu-
physical changes. There would probably be no argument that the acipliic' perceptions will challenge or even change the teacher’s own concep-
between sodium and water is properly classified as a chemical changg,s (it and when this happens, and the student is aware of it — it can be

But, what about the dilution of concentrated sulfuric acid with water or thetaniastic boost to the students’ own self esteem and the teacher does not
solution of common salt in water. The author wontilv argue that the aaq 1o ‘lose face’.)

former is definitely a chemical change and that the latt@sablyis too. It ] o . o .
really depends on whether hydrated sodium and chloride ions are congd-In testing and examinations - especially objective testing
ered to bechemicallydistinct from anhydrous ones. (However, in the early Here it seems that ‘right answers rule’. o
stages of chemistry learning, when covalent acids and ionic salts are in thdhe major dangers seem to be when it is assumed or implied that:

future both these changes might more ‘correctly'/'usefully’ be designated Testing covers everything that is worthwhile about performance in the

as physicaP) o _ . subject. (i.e. the test is totally valid)
| thought that the classification of many substances into solid, liquid

and gas states was unproblematic until another chemist in correspondehcEhat the test can be marked with total reliability (and reproducibility).

about salt ‘melting’ in water made the comment to me that: Can we really be assured that 55% is ‘better’ than 54%% Test results
“When salt dissolves in water it forms a solution, but thedseis not enter the liquid usually contain sufficient uncertainty that it would be unsafe to differen-
Staté. tiate between candidates on the basis of these scores.
Subsequent discussion elicited the belief that the salt was now in theThis can be particularly problematic when really significant decisions
‘ionic state’. rest on the result of a particular test.

I A A focus on the importance of test scores may lead some students to
4. Application of rules, laws and generalizations ttempt to learn ‘right answers’ rather than develop a meaningful grasp of

These cIe_?rIy link tol understandings of vt\:ords an(rj]_(ijlass;flcatlonsl. Hc; g subject. The situation is doubly dangerous to educational ‘standards’ if
ever, a specific example was my surprise that two thirds of a sample o teacher also isnly concerned to maximize the students’ test scores.

science graduates believed that the temperature of a liquid does not ch YA ; :
when the liquid is allowed to evaporatec@wi, 2001b; 2003). It ap- g may occur, for example, if it is felt that career progression, profes

pears that many of them have learned and applied uncritically the rule L&ggﬁlrﬁ?r?géngnoggéﬁ Sr‘:]:ggghsr e guallty Is 0 be judged mainly on student
‘the temperature and state of a substance do not change at the same tifrie’. '

(The state is changing therefore the temperature must remain the sar®e.)Subject ‘experts’

The rule is ‘true’ for changes at the melting or boiling points of pure Some such ‘experts’ may try to insist that everyone maintains the same

substances, but in general it is false. ‘standards’ that they are usually able to employ themselves. Their disdain
In the context of this paper mention, at least, must be made of thoe the sloppy thinking of others and their lack of forgiveness even for
Heisenberg Uncertainty Principle! students trying their hardest can be dispiriting. (They are themselves se-

5. Inappropriate Explanations verely ‘at risk’ should they be ‘caught out’ making a careless error.)

On occasion an explanation for a particular phenomenon may be %oPoliticians and Journalists

obviously plausible’ that it must be correct. A case in point is the explana- Unfortunately, politicians need simple straightforward answers and
tion as to why the shaking of a can of Coke immediately before openipglicies that can be uttered through a series of slogans and sound bites.
has such a major — explosive - effect when the ring is pulled. Clearly tB@mplexity and uncertainty get in the way of short term and large-scale
energy imparted by shaking causes a temperature rise, which causest@ns. When the actions turn out to be wrong it is someone else’s fault.
pressure rise (carbon dioxide is less soluble in hot water)? In ‘fact’ t@milarly, journalists need a simple message and often build in certainty
change in pressure due to shaking must be miniscak@® and $LiNnGer,  into their headlines by omitting the limitations of research - and the reser-
1988, Gopwin, 2001a) and the explanation ‘must be’ in terms of th&ations of the researcher. In any case if it is not ‘world shattering’ or linked
kinetic effect of distributing small bubbles throughout the liquid. to a celebrity - it's not news.
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C. VALUING UNCERTAINTY: science teachers and scientists have laid immense value on certainty. It now
It is fairly recently that the author has begun to see too much certaintysesems clear that to be effective and useful in the ‘real life’ worlds of

a ‘bad thing'. However, it seems that there are many others accept and eeehnology, conservation, environment and other global concerns science

celebrate uncertainty. Some examples will hopefully illuminate this poirind education in science need to embracapgmopriateamount of uncer-

from a number of different perspectives: tainty. A possible strategy is indicated in Matthews’ (2002) review:

« ‘It is actually healthier to be slightly unsure about meaning - and thus ‘Peat suggests that we might adopt one of Nature’s preferred strate-
aware of our uncertainty - than it is to take it for grante(M/ons, gies, and encourage diversity in both thought and action wherever pos-
2001) sible. A strategy that has served Nature well enough for a few billion years

.« s . . ould seem as good as any’.
dlofﬁg,: %rﬁz??gstl)tgllftg;?egro&ljaturig ttgeb\éawglg;rt:;ffs E[jr?énptgstseizﬁir:ytho%yam course, this was aimed at science rather than science education, but

new potential for human beings. If you know you are not sure you hagea time when we are focusing on ‘subject standards’ it may be that we

. O : ve underemphasized the flexibility, variety and wonder required to en-
a chance to improve the situation. | want to demand this freedom gge students (and teachers) in learning science. In reality the human

future generations. p. 2&Fevnman (1963) - published 1998.) » ; ; . :
] ~ condition on our small planet is terribly complex and ultimately uncertain.

+ “People say to me, ‘Well, how can you teach your children what is right The relatively predictable and easily examinable (although, not neces-
or wrong if you don’t know?’ Because I'm pretty sure of what is righsarily ‘common sense’ or easily understood) basic science that forms much
and wrong. I'm not absolutely sure; some experiences may change ofithe school curriculum is important, but the contexts in which it is really
mind. But | know what | would expect to teach them. But, of courseapplied are essentially complex and uncertain. Links to this uncertainty
child won't learn what you teach him. p. 6fFeynmann, ibid). must be made especially when in real life; ethical, moral, economic, reli-

« “Most peoples’ encounter with science in primary school, seconda jous and cultural dimensions enter the equation. Just because something
school and even in universities, is through courses that teach stuff tiaknOWn or can be done does not mean thgtiouldbe done or, even if it
scientists (think they*) thoroughly know. So most peoples’ encountsydesirable, that it has priority over other desirable actions. Even in the less
with science is as a set of things we (think we*) really understanfON{entious aspects of basic scieszene uncertaintgives room for
whereas, of course the really interesting problems tend often to ari provement. It legitimizes each student’s intellectual engagement with

when we are beyond the frontier and we don't understand. All the are@$/her own ideas and those being promoted by the teacher. It requires
of dispute and excitement and worry are in the relatively small, b em to seek out, to examine and to evaluate evidence — and to question

disproportionately important areas where we do not really understarf@'thority. It promotes debate with peers and teachers. Overall it gives
things yet. For that, the intuition shaped by what you do in school {g&Ming precedence ovemowing.Less certainty would, almost certainly,
inappropriate”. pp. 28-29.(Evans, 2000). (Sir Robert May was the would be more educational for all engaged in the learning and teaching of

Government Chief Scientific adviser). science.
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Too much uncertainty would clearly reflect adversely on perceptions of
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