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The English and Ffench summarie§ -
of this Background Study have been
prepared separately. The summaries.
represent the views of the authors and-
not necessarily those of the Science
Council. " " -
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This document is‘a summarﬂ?ﬁe three-volume Background
Study of the Scienge Councof Canada; Science Education in .
Canadian Schools. The individual vqumes of fhe complete
study are as follows: . o - <

I /ntfoduct/on.and Curr'r'cu/uni Analyses
by Graham W.F. Orpwood and Jean-Pascal Souque

il " Statistical Database for Canadian Science Education
by Graham W F. Orpwoc\d}( and Isme Alam

RN

-l Case Studies of Science eaching
- eds m by John Olson and Thomas Russell”

a study on Canadian science educatiori conducted by Council

-between 1980 and 1983. This research provided a database for

a natronwrde series of conferences which were held to discuss -

" the'questions raised by the study, and to explore future direc-

tions for science education in.Canada. The research is now

. being rn_ade availableto a more g’enerel audience, in the form _‘
- of the Background Study, to encourage continuing deliberation

about the issues by science educators and gthers concerned

* with the quality of Canadian science cation:
Conclusions and recommended polrcy initiatives based on*

the Background Study are contained in a separate Science
GCouncil Report entitled: Science for Every Student: Educating
Canadians for Tomorrow:s World. Copies*of Repert 36, of its .-
summary, and of the Background Study can ‘be ordered usung :

the form at the back of“thrs booklet.-

¥ -

Together these volu.mes constrtute the research portion of '
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’ Q,f-"Science in their owp country."* Acgording to Symons,
~.science was being taught as
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Science Education at a Crossfoads f

In the late seventies, Canadian eI_éyhentary and secogdary

" schools were sharply criticized for the way in which science

was being taught. In the report of the Commission on Canadian
Studies' published in 1945, ProfessoriThomas'. Symons accused
schopls of teaching children “virtually nothing about the.irppaC't
: ?7body of knowlédge ahdtech-
niqué, without any mention of fits personal, social er natiohak
relevance. David Suzuki, a geneticist and well-known broad-

" caster, claimed that schools were perpetuating the separation

of arts-and science as ‘‘two cultures,”” so that potential 'scien-
tists learned nothing.of their moral responsibility to society,
while members of even the educated public remained-#ignorant

- of the engrmous impact of science and technology on their

lives. In Ecole + Science = Echec (Schoéol + Science =.

T

Failure), Jacques Désautels. charged that Quebec schools were -

not developing Scientific attitudes agpong students and that they
were decreasing rather than increasing interest in science,

promoting élifidm and, in shorf miseducating those they should -

be educating. L

. If the critics were right, the consequence for Canadians -
would bé serious. A public that did not understand science or
its impact on society would be at the mercy of technological
change, not in control of it. ) '
. In the bpring of 1980, the Science Council of Canada
‘began a major study of science and education in Canada. By
examining the past and present objectives and met ds of
Canadian science education, Council hoped to stimulate active
déliberation on the issues among as many as possible of those
who have a stake in the scieqce education enteYprise. The aim
of these deliperations was to explore future directions for
science eduﬁ\i(\)n in Canada. ’

s

*T H.B. Symons, To.Know Ourselves, Report of the Commission on

. Canadian Studies. Association of Universiti’es and Colleges of Canada,

Ottawa. 1975, Volume 1, p. 162.
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_ Too often dectstons abouf currrculum c ange have b en
" made ‘exclusively by educators Thesf,a people often follow
hrghly rational, linear process in assessrng needs and develop- .
|ng instructional strategies to meet them. But |nd|V|duaI children
and socety in generaI have-a bewllderlng vartety of what gan
be caﬂed ‘needs,” and the process of ‘maklng curriculum .«
plves the resolution,of conflicting needs, which implies a %
tmcal decrsnon This. process/ must be deliberated over, jpd in
.a dermocratic society all who /have a stake in the dutcomefhave -
the nght to p‘artlcrpate ins h deliberations. Those. fesportsible . -
Y for decisions must weigh' confhctrng advice to ensure that future
directions are not determrned by’ the Ioudest shout or’ the mpst
-devious polltrcal manoeuvre '_ -
For this reason, the /deliberations were deslgned to rnclude 2

"rndnvrduals both inside and outsrde the system: students,

- teachers, university professors school board members and

. employees of the min istries Gf education on the one h nd, and’
parehts, scientists, |ndustrtahsts government officials and
~'members of the generaI ‘public on the other.

~

What are thé"Problems"?

l o
To pinpoint the. problems facrng Canadnan scrence educatlon
specialists from’ différent fields were asked to provide their per-
spective on science teaching in Canada today Council pub-
lished their views as a ser|es of dlscusslon _papers to stimulate
debate. ‘
in A Canadian Confext for Science Educaf/on James Page

' argues that science educatnon in' Canada Jacks Canadian con-

°

‘ tent. Page, a specialist in, Canadlan studies, maintains that if
schools are to produce Canadian citizens aware of their cultural
heritage, an understandtng of science as part of the culturat
fabric of Canada is necessary

In Sczence in Socral Issues: Impllcat/ons for Teach/ng Glen
-Aikenhead ponnts out, thaLsctence IS now taught as if it were
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all- and-setf-sufficie'ntl Aikenhead, himself experienced. in both

science-teaching and curriculum research and development,

believes that an educated person‘should be capable of taking
‘part in and’ understandrng social and political decisions. An
understandrng of science is but one among many ways of
knowrng he says.

At present, only the skills of the scientist are taught,”
charges Donald George, a professional engineer and unrversnty
teacher In An Engineer’s View of Science Education, he

sUQgests that . schooIs'shouId produce people capable of solvrng y

practical, problems. v
What is Scientific Th/nk/ng7 asksi‘
e;(penpnced teacher and teacher edu
teactiing pragtice fails to produce ind
understand properly the basis of their knowledge.- ,
‘Marcel Risi, former commercial director of the Centre de ..
recherche industrielle- du -Québec (CRIQ), thinks that science is.

tor believes that current

) taught only as a body of knowlege. In.Macroscole: A Holistic

Approach to Science Teaching, he criticizes schools for not -

" developing educated people with a ‘‘sceptical, dtvergent ques-
“tioning apd |mag|nat|ve approach. towards the solutron of .
problems. ’ e .

Describing how educators can combine all these diverse
objectives in‘the science curriculum is.the task undertaken by
Douglas Roberts. A professional educator and,member of
Council's committee pn science and education, Roberts outlines
his pEoposals for a mprehensive and balanced curriculum-in
Scientific Literacy: Tov. Wa/ancw Setting Goa/s for SW/
. Science Programs.

Still another problem was ra&id at a workshop conducted
by the study committee: science teaching in Canadian schools
_is not taking sufficient account of the different n¢eds of boys
and girls. That this is so is clear from the fact tHgt girls tend
to drop science courses much earlier than do’boys.

-+ -
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T7h\e\views expressed in the discussion papers and in the
workshop appeared to confirm the earlier criticisms of Symons,
- Suzuki and Désautels. On further examination, these Criticisms
were seen to be concerned not so much with the content of
“science teachrng as with. the ways in which students are taught
"and the purposes for, which they learn science. For this reason,
the research phase of the study focussed on the offrcral objec-
tives and strategies f'or science teaching. ,

Four major research projects were undertaken Together :
> © they provrded a view of the teaching of science, both. at the
L level of rhetoric (what is said about science education) and at

the level of practrce (what actuall ly takes place). The pro;ects
‘involved:
* an analysis of science currrculum gurdelmes rssued by
ministries of education’in the provmces and territories of
/ Canada; -
* a descriptive analysis of 34 science textbooks in use in .
- Canadian schools;
‘ '/ & a survey of science teachers and their views about
" teaching science, involving nearly 7000 teachers in
1227 schools across the country;
'« case studies of actual scénce teaching practrce in 8
/  Canadian schools.
The results .of this research, and the questions it raised,
are summarrzed in- the following pages.
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' and, to-a certain extent, teaching strategies to: be |mplemente

- A decision made by a teacher about what or how to teach is .
simpJy the last in a chain® of decisions, many of. which-have
been made outside the school to cover broad categones of
situations. Whether they are made at the ministry, school dis-
trict or school level, these decisions cofmbine to form a context »

. which ‘sets limits within which individual teachers do thelr

peélflc planning for the day or week.
The first of the decisions in this ‘chain are. made by minis-
tries of educatisg, Working (typncally) Wlth committees of - -

science educators, ministry officials draw up gundelmes covering |

each subject ar course at each level Qf schooling. Teachers
and other.insiders have ample opporﬁmty to take part in the
process, but parents, mdustrlahsts <pusiness people and those
outside educational circles are’rarely involved. This system pro-
duces a tendency to conservatism because the range of value
positions represented is rarely wide. The gmdeémes specify
which subjects must be offered, how much titne should be
spent on each subject, the requirements for graduatlon ang
.on For*each science subject, they also specufy aims, conte

'schools.
In all provinces, a basic core of smence is taught throuigh
* .elementary and secondary schools. In the early years*science
is mtegrated with other. subjects but it°gradually becomes
separated during the middle yea: Separate courseg in physics,

*For purposes of the study. the “‘early years’ " were defineg fas including
grades one through sux {(or seven, in two provinces). Similarly, the.’ ‘middle
years encompass grades seven to nine {(or teM, in two provmces) and
* the “'senior years,’ grades ten {(or eleven) to thirteen, 'Sefence’” was
taken to be those areas of the schoo\cumculum desugnated in eath prov-
inge and territory as scuence ' In practice, this meant that ‘mathematics
and social studies were excluded from the stiidy, while ph sical, biolog-
:f'?cal and earth sciences were included, a: was a large gréy area of
subjects such as computer studies, agriculture and technology that are
designated Sifferenaly in differ=nt provinces.
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chemistry and biology-emerge
:provinces. -
Throughout Canada stgdents .in the early years{ scho}al-
ing have no'choice: sciencq is a réquired part of the curricu- |
lura. The samie is true, in ost places, for the middle years. By
the senior years, students may-select from a variety of science -
courses, and different provinogs require students tp take.differ-
~* ent numbers of them in order YQ graduate. in 9 of the 12 juris-
~ dictions, only one science course\beyond the end of gracdgz is
~ required. Two are required in Maniyoba, while in Prince Edward
Islan and Nova Scotia .none are required.*These are minimal  «
des, bupAnd]vidual dnstrlcts or

.. .. - schools can set hlgher reguire AR .
o Between thenf, thm gmdehnes issued by minis-
’ ¥ tries of education in Cantada-effer éight answers’to the ques-

.. tion, "Why téach science?":. ,
. » To teach students the basic concepts in sciegce ina way 1
_ \ that will enable them to understand and manlpu/ate scientific
_information.* This aim emphasnzes the value of knowing scientif-
- ic facts rather than how they were developed or might be
- -applied. It is frequently recommended for those who teach in-
. -the early years of sc’:'hoolmg by those who teach at higher
. ‘ levels and is a major goal of science education in every
: B »provmce and territory at every level. - ‘ ! .
_ To develop skill in using the methods-and tools of science.™ .
In recent years, teachlr‘lg students to observe classify, meas-
ure, -draw inferences and make hypotheses has become an. .
) increasingly popular reason for teaching science- This objective -
. : ~is also common to most provinces at all three levels.
. To promote an understanding of the relationship between
% science and society. This objectiviis relatively news It reflects

the senipr. years in all

-a degr® of popular scepticism about the social and economic

¢ .
. ’, . ' : : \
*This and subsequent statements of objectives are examples taken from
actua) curriculym guidelines.

)




« potential ofc<science, and a greater'a,wareness in-recent years

. ©f its limitations. -t requires teacheks to deal with problematic

N \'ﬂcal issues such ag energy use, genetic engineering and
industrial. waste It is more popular in theé m|ddle years than in ~
the early. or s years. :

To teach stidents abott the nature of science and its
value as a way of learning and commun/cat/ng about- the self,
the environment and the universe.4Here, the goal is to explain
how science worksBs a discipline. This objective.-makes consig-
erable use of the history of science and is included in
secondary school guidelines in most provinces .-

" Jo help students develop as autonomous and creative indi-
vidvals who live in a scientific and technological society.
According to this objective, schools teach science. i order to
promote students’ personal growth, both intellecfual and moral.
This objective is.found in curriculum guidelines for the lower
grades in all provinces (it disappears from the guidelines for the.
senior grades), but no directions are given to teachers for -
achlevmg it.

- -

To develop in. ‘students attijudes charactenst/c of scientists ke

~(infellectual honesty, openmindedness, desire for accurate
knowledge) and appropriate attitudes towards science in genegal
(enthusiasm, appreciatibn, excitement). This is a popular aim for °
science teaching in the early years.

To expose students to a representat/ve sample of the tech—
nological applications of science. There has recently been
renewed interest in this &m which, after a period.of popularity .

. in the forties and fifties, was displaced by the objective relating

to the nature of science. -

To Prepare students to take advantage of career opportuni- _
ties in technology, industry. commerce-and business. Adopted in |
many provinces, this aim is hotly depated by those who believe

/Lhat schools are not for job training. = .
’ . Overall,_ghere is considerable consensus among m\mstry
guidelines as.to the aims of science education in the early

years o\f schoolmg where the emphaSts iS On process.- sknlls and
. \ ‘ . . K . 7
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attitude development. {n the_mitdié years, a distinct shift occurs
_towards learning science cOhitent for its.own sake: Process

.. skills are still emphasized, but smence-and-socpty aims *become
- more popular. Guidelines for biology, chemistry and physms

- suggest there is less ¢bnsensus about aims at the Senior level,
-though a movement away from aims of persondl growth and

. development of attitudes, in favour of learning about the natuce
. and applications of science, can be noted-

e It would appear that the five issues raided-in Council's dis-

‘cussion papers are not stressed in policy documeMs. The”
guidelines’ contain only very occasional references to the need
-for a Canadian context. (Thete are exceptions to this: programs
“in the Northwest Territgries to help students understand science
as it applies to their own unique environment, artd agricultural

programs in Prince Edward Island, are two examples.) The
relationship of science to other curriculum subjects is almost(
never discussed.in the guidelines, and although many middle-
years guidelines speak of the need to teach about the inter-’
action of science, technology and sosiety, schools appeaf‘to
have largely ignored this topic. The gu1dellﬂés make no mention

- of the processes of engineering reféTred to by Donald George, /4

although there are occasional references to technology and the

products of applied science. There is no reference at any level, ~

to the separate needs of boys and girls.

When it comes to suggesting how science should be -
taught, ministry guidelines are strangely mute. Teaching strat-
egies for the early and middle years are limited, for_the most
part, to injunctions that science programs should be ‘‘activity

- based" or should use ‘‘the”inquiry approach." There is also I|ttIe

- in the way of. prescription for the senior years.

' Mostly, ministries influence .how Teachers tedch by apprV-
ing textbooks. The degree of control Qver the use of specific
textbooks varies from province to province. British Columbia, for
example, preseribes mandatory use of a very limited range of *
textbooks at each- level, whereas Ontario and Québec have
traditi®nally authorized wide selections of beoks from which %
'schools have the right to choose.
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. . A Con
Issues for Delibe ation ;’ | . S
o How many different objectives can .a :t)rogram reattstlcally be N '

expected to attain?tAce all aims of edual value? 1¥"not, what

- - prioTities should be \estabtished among them? (Not one gurde
o line document sets out an order of priority among_the drv,eJrse

. aims) oo

 How can teachers teach the content of scrence as well % S _' : h
attend to some of the other Ob]ECtIVES'7 ) ’ LR

* o N
. .

. .Grven that gutdelmes rarely estabIPsh a hrerarchy of process -
skills to be:faught, is there a danger that only Iowest Iaf/el o ‘7_- e
skills will be attended e o e

v ,How can teachers rntegrate the subJect matter of science - O o
-with that. of socral siudles mathematrcs and the techanaI e,

e R
~ « How can’ teach‘ers rmpar‘t attrtudes characterrsttc of scjentists;’ N
..+ v and good ‘attitudes towards scrence in generat wtthout open-\ -

. 'ing, themselves to accusatrons that they are mdobtnnatmg 7_' _ R
'students*) o , T

. A . s . e

. uWhat methods coutd teachers use to pace their tessons o )
: more within.a Canadran context, teach practical engtneermg B
- skills or take account of the separatgfieeds of boys and o '

'-_gtrls’7 " .
. e Witl exrstrng procedures ‘which Mupported by teachers
«oa DW science currlcuta with different objectives 10 be"devel- L
' ped or will new procedures and the partrcrpatron of different -t
- U'people in the ‘making of . polrcy decrsrons be needed if change e T
' .---"rstooccur’7 ‘ . A W
" ,‘(, ‘7‘ o st e .". ~ . . . T,

RN :. _ - . .
' \ ’ . : a.; ; ;
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TextbookS' What- Do They Teach”

UntrI recently, single textbooks comprised the entire science
programsbut the newﬁemphasrs on training in the scientific
method and the concern for individualizing instruction that
emerged during the 1960s prompted mrnrstrres to recommend
wider range of textbooks. Today, 174 screnge textbooks are offi-
cially approved across Canada, while surveys show that -

' "+ 250 diffgrent books are actually used in science classrooms

v

N

o

. usefuI aid.in the preparatron of science courses, . although earlyf’

(most ‘ynapproved textbooks are used as supplementary aids at

senior ‘levels). Of these, two-fifths were published before 1975,

and one-fifth more than 12 years ago.-These statistics are sig- "
" riificant because it is the newer books which tend to avoid

‘ stereotypes and introduce greater Canadran content and socral

perspectlve
Although mrnrstrres decide which textbooks can be, used

and school boards and schools have some say, the final choice -
» of a textoook.for use in the ¢clasSroom-rests with:the teacher.’

Across Canada, 6.of évery 10 early-years teachers use no

science textbooks in their classrooms. (There is considerable N

variation here, as this statenient applies to 90+per cent of
- Ontagio teachers, but to only 3 per cent o#{Newfoundland -
teachers:) By contrast, textbooks -are used 75 per cent of-
teachers in-the mrddle yéers and 90.per cent ef teachers in the
‘'senior years. Generally, teachers find textbooks to be the most

* ‘years teachers prefer to use libraries, museums science fairs
and other learning ressurces.

; ‘Teachers’ satisfaction with the textbooks they use-is gen--
erally quite high, partt’(rlarly in the case of physics, biology and
chemrstry textbooRs used in the senior years. Most teachers

give textbooks hrgt‘r marks for their use' of illustrations (particu-

larly in textbooks tor the early years), readability,” suqabrlrty for
" the intelléctual ‘maturity of students, and the degree to which

- textbooks objectrves and priorities agree with their own.  Low

marks are given for the use of Canadian examples and for
~accounts of the applicatiorisof_’science. Altheugh most books

<
]
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are judged to be suitable for fast learners, few, if any, are .
~ thought suitable for both fdst and slow learners. ‘
¢ How well do textbooks fulfil the’ aims laid down by minisjry . _
_guidelines? Broadly speaking, textbooks conforfn rather well to
_official objectives for science gtlucation, although statements of
. aims within textbooks are’ sometimes vague or incomplete, and ,
it is not always clear to whom they are’ addressed Considerably -/
more attention is given to scientific content and procedures : >
than to the social implications of science and technology, and - -
three of the eight obfectives endorsed by ministries — develops«
ment of science-relatdd attitudes, the study of applied science
" and technology, and encouragement towards careers, *— '
receive little emphasis* The issues raised by the authors of* _ .
Council’s dnscussron papers do not seem to be among the prior- ' -
ities of the textbook writers. The' point af view of the engineer is '
- almost entirely missing, and the special needs of girls’ are, not
" given a emphasrs aJlthough the crudest stereotypes have :
been eélithinated). . s,
" Ninety-five per cent of experiments suggested in the text- N £
books are highly structured. Students are seldom asked to for- .
mulate a question or-define ‘a problem. Laboratory manuals '
used in the senior grades generally ask students to verlfy laws
previously learned in class (the deductive approach) rather than
to generalize from information they themse|ves have collected
(the inductive approach).- - At all three levels, textbooks rarely ask
students to work together during laboratory sessions. Although
attention is given to aCQunrlng scientific skills, most. textbodks L
. confine themselves' to the development of fairly elementary
skills. ¢
- Of the -activities suggested by textbooks to help students
. apply what they have Iearned,,only one-ifth are invitations to
. direct action in the home or community; the rest areofa . E {

*The study did not analyze the scientific content of textbooks, but rather .
the context in whrch that content is presented. ‘

»
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< reerctlve nmature. A number of texts discuss the effects of
scnence and technology .on sogiety (there is rough parity %
between good and bad effects), but the majority of thege dis-™
CUSSIoNs otcur in the last chaptér and are dealt with perfunc-
torily. Statements concerning the effects of science and

- technology ,claim tbat they: .
T ~ ¢ result in progress which creates pollution, overpept
) o tion, ilinessjand distutbance to the énvironment;
Y . invent medicines and.technigues.for improving-nealth; .
s create chines or proceées to facilitate. work or
. increfase wellbeing; :
- e discover benefncnal new materials and new sources of -
energy;, °
s ‘waste energy and resources and create waste. disposal
problems;

+ induce people to conserve resources and energy arﬁ
" take-action against pollution’* -

» Moral problems (for example, the ethics of genetlc engineering
or'whale hunting) and political matters (waste disposal,. deforest-
ation, third-world development) receive scant attention.

, In terms of offering a Canadian perspective, science text- .
v ' books used in Canadian. schools teach almost nothing about Y

' " science and technology in Canada, or about its history and

impact on society. Some books contain population statistics for
the United States, .but none for Canada; list the ‘racial types in"
the US, but not in"Canada; mention Amgrican universities as -

. career goals, but ignore Canadian universities — the list is

endless. Where Canadian references do, occur, they usually.
< concern problems of ppllution and energy. ‘Mining is rarely
mentioned as an |mportant factor |n Canadian life, while the

¥ ’ - *Listed in erder of decreasing frequency of.appearance.

\
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northern charactewof Canada, its litestyle and form of govern-
" ment as these relate to science and techrology are virtually - -
ignored. The history of science and technplogy in Canada is: '
d inadequately, though references to famous , S
@n scnentlsts such as anford Flemnng and '

“about care possrbuhtles in scnence and technology in Canada.
‘The books wlth the least information on Canadaare those used

. in the early a senior years. Significantly, French transIat|ons
of Amerlcan warks contain more Canadian content.

Concerning the nature of science, most textbooks tell
~students that science represents both a product and a process.
~ ‘Half the textbooks used in the middle and senior years describe L
the scientific method as including the following steps: definition '
of the problem, observation, gathering of information, formula-
tion of hypothesns designing the experiment with controlled vari-
ables, verification and commiunication of results. There are :
implied suggestions in these accounts that not only is this how ,

- "scientists do, in fact, work, but that this is-how students should oo
work as well, .

’ - Though m|n|str|es and teachers assign ||tt|e |mportance to ¢
teaching -the history of science, few textbooks |gnore this topic
altogether. Historical accdunts range from simple lists of the .
names of scientists and the dates of their discoveries to - -
detailed case studies, though these fagts are seldom placed in
an historical or social context. Few authors explain the impor-
tance of learning the history of science, and those who do are

L not always clear or straightforward in their attempts.
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- lssues for‘De.liber'attori ' / ,

. . o
k - . N

? . « What is the d|strrbut|on of statements in’ textbooks concernLng

-~ ’ the- soctmt‘consequences of science and technology telling'

- students’> What efféct are these messages\havmg on -

( _ studerits’ developnng attltudes’? . N -

.

v can, IabOratorX jasks be deslgned to teach higher- Ievel
cess. skills? an, . .

Jectnve Should not st ents ‘and teachers be more aware
pf the messages concegtmg this subject found in textbooks’?

Is**’textbcak sctence” = that verslon of science which has
come star't“dardlzed even stereotyped, by repetition in

ﬂerat hsaof textbooks — an acceptable model? Do poli-

c?e‘ SUCh- as ,these in Québec, whic require authors t8 pre:

pare textbooks in-accordance with prescribed objectlves

L 48 i *-'A constitute- astep away from this standardization, or ‘are other

3 4 . -~ measures iessary? Is “‘the child as scientist” a proper
T del 'fors t\eaéhmg scientific thinking?

-
\)’,,\ e

'sev(extbgolgs remain one of the main iistruments by
-m‘lsgf ‘$cience curricula are reached, should not -
O .astbetter understanding of thelr impact on

e - . s
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- Teachers: Who Are They and What R;(
Do They Think?

. More than 98 000 people are teachmg science in Canadian
-elementary and secondary schools. Most are between 25 and
- 45 years of age, hold university’ degrees and have more than
10 years' teaching experience. Exceptions to the rule include
" Québec teachers who tend to be. older than the nopR, rand
. Newfoundland™and Alberta teachers .who tend to @%unger; A
small but definite shift is underway towards more male teachers
in the early years and more females in the senior years, where
" .males still outnumber’females eight-to-one. On average, male
teachers are slightly dider and significantly more expgrienced
than their female counterparts. Urban teachers are more
experienced than rural teachers.

Most science teachers are enthusiastic about teaching -
science. Those who are not. usually cite their lack of qualificas -
tions. Generally, the Ionger they have been teaching sc1ence '
the more safisfied teachers are with their work.

How do teachers feel about the” educational ObJECtlveS t
“out in ministry guidelines? Strong support is given by earl%years
teachers to those bbjectives that involve attitudes, process skills:
.and social skills. The leadning of scientific content is valued
more highly by those w@ less than 10 years’ experience than
by those with more. :

Even more importance is attached to these Objectl\/eu by
middlg-years teachers, who also vote strongly on behalf of
teaching science content, the relationship between sciences and
society, the practical applications of science, skill in reading -
and understanding scientific literature, and the~value of science’
for building and expressing students’ understanding of the
world. These objectives reflect the broader vanety of purposes
for which science is -taught in these years. Relatmg science to
the needs and*interests of both mer and women” and “learn-
ing about the practice of science, in Canada' are both valued"
more highly as educational objectnves by female than by male
teachers. These two objectives are also more popular among
urban teachers. * - ’

'
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Teadkers in the semor years, while supporting all offrcral
aims for science teachipg, find the same group of objectives
chosen by middle-years teachers to be the most important.
¢« Again, female teachers accord greater |mportance to objectives
dealing with the relevange: of science for men and women, and
the need for a Canadian context.
~  Teachers’ views of individual objectives dnffer somewhat
from those of ministry offncrals wh#”devise them. Although there
. + . is little disagreement about the importance of teaching content,
: cientific skills and appropriate attitudes fowards science, there
still qu stions about which skills should be taught at which
Ievels and fow the teachirig of content can be combined with
t \. the achievement of other aims. Further, most teachers feel that
arning the content of science s more important in the higher
grades than in the lower. “*‘Science and Society” objectives are
rated high by all teachers, but these same teachers assign little
importance to increasing students’ awareness of science as it
., is practised in Canada, On this point at -least, teacrrers guide- .
~ lines and textbooks seem to be in agreement. The critics aic
right: scien~r'is not taught in schools as part of the cultural
ldbr S ol Caiwue.in society. N .

ObJectlves that focus on teachingthe nature of scrence
receive little support from teachers, who feel that only the
brightest students can achieve them. Personal growth objectives

. are considesed important -at’ lower levels, less so at-higher
levels. Objectives implying that special attention be given to the
needs of girls in science education receive littie support, indicat-

" ing that teachers, as well as ministries, are generally unaware

c- of the low participation of women in the professional science
community. Both teachers and ministries show ambivalent atti--
tudes towards applied science and technology objectives: aims. .
concerned with the practical applications of science are rated o
high at all levels, but those dealing with the skills of engmeers .
and technologrsts are rated low. Teaching science as it relates
to the students’ conception of the world is regarded as impor-
tant by teachers at all levels, but preparing students for career -

17
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- *
opportunmes is seen as an, important part of science teachnng
only in the senior years.

In ggneral, teachers believe they are most successful in
aehieving those objectives they consider most important. There
are a few exceptions: teachers in the early years feel they give
insufficient attentiori to the separate™needs of boys and girls,
while teachers in the middle and senior years feel the “‘science

“and sogiety”” objectives receive inadequate treatment. Senior
teachers also question their success in developing reading skills

~and students’ ability to understand scientific literature. They are .
unsure about how well- they have reldted SC|ent|f|c explanations .

“to students’ conception of the world. These asgessments are <

_ ineyitably subjective. More reliable measureme%(s of teacher
effectiveness will have to wait until improved techniques are
developed for evaluating how well studentsyearn.

As ' 2lready been noted, teachers rely heavily on text-
Jook. \whicli they generally find to be of acceptable quality) for
planning their courses. They make surprigingly little use, how-
ever, of ministry gundehr\gs and- other materials not produced
specifically for teachers ¥Overall, teachers find that, the time
allocated for teaching science is sufficient, but_ some of them
(early-years teachers in particular) complain of madequate )
physical facilities and equipment, and poor support for their,

~ work from schools and school boards. Physical facilities are
considerably better in the senior years, where three out-of four,
teachers have g regular Iaboratory equped for expernments b}/
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" ™ . Issués for Deliberation , B
. ' 7 o ’ AN
+ Because of declining enrolment, many school systems have
stopped recruiting teachers; some have laid off their, youngest
staff members. This factor has contribufed to the increasing
ge and experience of the science- teachmg force. But given
that younger teachers are among the best qualified and more
) equally balanced between the sexes, what will be the effect
~ on science teaching if this trend continues?
‘. i  As a rulé, teachers are besoming belt~ educ ted, but:

half of all science trachers have not taken a universitY—
level course in mathématics or science in the last ten
years; o

Y |
- -more than half of all early-years teachers, and more than a
. third of middle-years teachers, have never taken math-
ematics or science at university level.

In view of these statistics, should the requirements for
teacher certification be changed? . .

, « Significant numbers of teachers, especially at the senior level,,
R have_had some experience in science outside the academic
world. Such experience is a valuable teaching resource. How
can ¥uch work experience be recognized and encouraged,
and how can it'best be used for the benefit of students?

How- can industry become involved in the science education
of our children, W|thout dlmlmshlng the integrity of teachers
and their responsnblllty towards students’?

o

o Generally, teachers assign low .priority fo the objectives out-
" lined by the authors of Council's discussion papers. Are the
teachers right, or are the critics? What priorities should be

established among the objectives for science education?
What relative importance should. be given to science at each
stage of a student's education? :

22 - n
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_How can other useful materials (s§ch as gevernme
tions) be made more accessible tqQ teachers? How T:r

I

¢
! *

Are existing resources adequate for objectives to bg met?
t vublica-

1 com-
puter technology serve as a\cumcalum regource ior

: teachers? How can e resouices varIabIe in secondary .

schools be used |, assist science“teachers™in the middle and
early years? - .

How can inservice teacher education be made more effec-
tive? Can elementary scfiool teachers be given more oppor-
tunities to benefit from such traifing? -

PEEN
’

Most teachers believe boys and girls to be equall)/able and
motivated to undertake scrence courses, but some teachers

think that boys in the early years, and. glrls in the senior

years, areemore highly -motivated. Does Science teaching
adequately capitalize on the interests and abilities of all

" studehts? How can science activities outside the school

(which students find interesting) be better related to what
students do inside the school? How can teachers ensure that
girlé, who drop out of science at a higher rate than boys, will
take an active interest in science?

. t
\
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: " Classrooms::How Is Science .
zActuaIIy Taught" .. ‘.

/ In practrce teachers.are concerned with maintaining their cred-

: "~ ibility, exerting the|r influence, gaining access to scarce
resourges, copmg with conflicts between outside expec’tatuons
and the reatities ‘of the classroom, coping with a lack of ‘skill to’
teach science ‘as innovators imagine it should be taught, feifill-
ing the expectations of authorities and resolving confhcts %

- between students’ intergsts and the demands of the subject. w»

In the early years of schoolrng, about 10 per cent of avail-;
able time is allotted .to science. To save time and arouse-
student 'interest, some, early-years teachers integrate science
with related fopics; others outside the ‘early years regard. such
integration with.some suspicion as a “softening” of scrence
experience. Curriculum policy documents encourage mtegratrOnv
of subjects, but-dc not say what science topics should’ be
taught.or how they should relate to scr(pe work that comes
Jater. This: leaves early years teachers ffee to follow student
interests, which may: Iead to"a little science or a great deal of
it, depending on the teachers own inclinations. *

For the most part; teachers in the early years tend to be
isolated within the Sth%ol by circumstance and by tradition.
Cooperation sgems to\be difficult to arrange and maintain. The
presence of a science éxpert appears not to be an effective

'way of drssemmatknb ideas about the teaching of science.
} o In the middle years, the emphasrs is on covering a consid-
erable body of materialpin the time available. “‘Covering the . |
- materidl” means that #he “correct’, explanation nqust be

. / e ”
included in student$’ notes: Teacliers stress the specialized
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“vocabulary of. science, access to which'is l'contrOIIed through
notes and activity sheets designed by teachers.
.., .Teachers in the middie yegrs complam that at this Ievel
~ students are ot easy to teach; class coptrol is‘a central con-

. aErn They speak ruefully aboa; the lack af student interest and
out how hard it is to engage ‘students |mellectually They
“vorry that students have become afraid of science because of

teacher attitudes in the early years. ’
© Middle- -years teachers emphasize routines, standards of
accuracy and thoroug‘hnes{i,\For them,*accuracy is at the heart
of what they believe to be a scientific appréach to problems. *
This emphasis on approved explanations and the nght answer |s :
at odds' with. the process of mquiry and the conceptual and ten-
~tative status of knowledge in“science. Yet, such~predictable
activities as note-taking, copying actmty sheets and Iab‘proce
dures are valuefl because’'the accumulated information provides
a base for work in the next grgde, ‘and because they control
and channel energies by keeping students'busy with routine, .
unambiguous work. Teachers appear reluctant to introduce into
~ their well-ordered and coherent system any activity that might
upset the smooth running of things. These teachers. seem to
make very restricted use of the'potential that science has for .
general education. -

Senior-years teachers view science as a precise me}wod
and as a system of-exact numbers, highly organized bodies of
information and specialized terminology. Their concern is to pro-

3 vide students with the notes and with the practice”in solving
problems that will result in, h|gh marks on examinations and ,
allow the studént to move throdgh high school to university.
Work in the lab is geared trdwards illustrafing, facts and theories

§
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presented in the classroom confirming what is discussed in
-class, obtarnrng precrse facts and gettmg the right.answers to
problems Activities are desrgged to develop in .students habits
of diligence, self-reliance and tidiness. Students are encouraged
to become systematlc%g objective. :
Alternative approachs, such as those emphasrzrng the
inquiry prooess or the relation of science 1o social issues or.
technology, are not seen as central actrvrtugs for the science

" clasgroom, but as a means of encouraging |nterest Similarly,

optional work, though interesting, is not-essential and uses up
time negdee-to cover the Iéss interesting ‘‘real’” work. Teachers
are aware of .the dilemmas inherent in their work, and many
are unhappy about the trade-offs they are constantly making. -

~ They recognizesthat an inquiry approach might help students to”

better understand what they are doing, but they reject such an
'appro'ach and the use of optional topics for several reasons:

“The daily routine does not aIIow,jor such reflection’; *'That
type of work doesn't sink in'"; "'It's difficult to evaluate”’;
.,“There's no academic value rn jooking at science- and-sg'ety
issues”’ Natureot—scrence topics take away. time from con-
tent'; “Such an approach isn't efficient.”

Perhaps the practice of these teachers in the ctassroom
_reflects their views on the nature of their work. Senior-years
teachers appear to believe that students find it difficult to infer
r‘elatronshrps and explore the implications of theories on their
own. They believe that students need to be encouraged to
learn, that they want grades as success tokens, need teachers
to borl down" the material for them, and enjoy seeing a defi-
nite end product to their work. In their Opinion, students are

- easily distracted, want push-button answers and cannot read or

do math. They are convinced that parents want teachers to

-
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eensure the. success of thelr stu nts and that unlversmes S
* students who have.Bgen well-prepared for. post—secbﬂdary ork C e
-« They.do not corfider «themselves competent to lead dlscussmns el T
K about subjectwe issues, . ¢ e e -
“Given- these’behefs would\optaénaﬁwork ‘and the inquiry. "’.
approach be vuayved by 'teachers as. ahy Iess pertpherat |f mone io *’ _ 4
ttme for“them were, in-fact, available? : G
i ‘On the'wholg; teachers are’ facgd with the task of teachmg ! f;f"-: T
L _rge nquers of children’ whose abilities and. .home’ *support « '_ RO
: *Vary con3|derably and of domg 50 not -always with. sgientific \ R
tramlng or, ample r'_ rces ‘in a.somety that lacks a clear c0n-_ R A

"~ sensus about,)what.‘ ohaols fare for. The demends placed on " S
- teachers ‘ar. Bnormo 3. Theypcounter this: ‘gituation By the way o '

'-they themsé{ves cons rue their. task.aha'the means mex useyto g =
- perform-it. Confrontedswith uricertdinties aboyt: subject matter e LD,
student: behawour and educational goals, teachers approach Lo T

“their work in waysthat will - make it less uncertalm thus accom-

modatlng to complex sntuatlons over wh|ch they have' no’ Tl
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, e v ~approaghes with a “rhetoric of options.’’ In practice, these

et « approdches are often abandoned under. pressure of time. i
e _“ “options are rot,exercised by teachers, "how appropriate is the ’
IR “core-plu&optrons approach to currrculum pclrcy maklng'? )

=~ e Of@é}documents acknoWIedge nontraditional toprcs and

e Teachers who concentrate on rhculcatlng good habrts in B
_students- set social priorities ahead of the development of *
. Intelleciaal skills, such -as the ability to think critically and
v exercnse good Judgement Doubtless, the socrahzatnon of
e students is important, but given the complex role of science
Lo in our'cultural and polntncaljnves ig-the, emphasts on socratrz-a,tlon
‘ - ’ a W|se prrorrty’7 . Lo i T
o _ e Teachers th|nk that for students and the|r parents, gettnng .
& 0 o high-grades is allimportant. Teachers blame this attitude for -
‘ S - heir failure to engage students’ interest in the subject. But -
R with grades as the|r objectlve how well do students-under-
S ., stand what they are doing in the sclence classroom? Not
"~ knowing' how knowiedge s ‘achieved in science, the social
. implications of’ the’ technology based on that-knowledge or
. the culturat mrlleu of:-gcience, aré not students in danger of
‘ seerng the isolated Iaws and facts. they learn as no more -
‘than pteces ina unfnnnsh@%tgsaw puzzle’,?
- £ 7How would teachlng mnovatnons aftect the persistent prob- ‘
Ceoot . lems of teachers, espeC|aIIy those who are not.science 'spe-
- ccialists? What would-it mean te teachers and students tor
o ‘ take a.mi adventurous view of the. subjec‘t’? What. teaching . . -
~  strategies®ould be- used with) nontraditional approaches to -
.- content? Hew would these methods be ]UStIfted to parents_
A and students? What would be the effect of such ctrategles on -
- " class ‘control, motivation,’ eyalu_atron ard grade progressrog

R




~ Conclusions: -Future Directions

Practical problems, such as those in science education, areggot
resolved simply by collectmg research data. As the readeJ
have noticed, research da{a raise as many questions as they i~
answer, The resolution of problems in science education comes
‘ about through a procesgs of deliberation in which the. (possiblyg
conflicting) values of. the participants are as S|gn|f|cant as-the _
" research findings.
n The research findings summarlzed here played an impor-
" tant role in the deliberative conferences that constituted the
final phase of the study. From those conferenoes flowed recom-
 mendations for change in science education pohcy and prac-
"~ tice, based on participants’ views of the problems confrontrng
'them These conférenﬁés and recommendations have prowded
grist for Council’'s own dehberatrons ‘and have contributed to the
developé\ent of its Report on this subject. However, while |
‘Council'can write a “final*’ report, the task of science education
. goes on. The questions raised by this research are too numer-
ous and too complex for all of thent to be resolved at this time.
They are mcluded herein the hope that deliberation will con-
~ tinue among all who are concerned for the scientific literacy of
.. Canadians.: L : o~
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