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Foreword ; )

Excellence in science and technology is essentlal for €anada’s Successful

* participation in the information age. Canada’s youth; therefore, must

have a science education of the highest possibie quahty This was
among the main conclusions of the Science Council’s recently published
report, Science. for Every Student: Educating Canadians for Tomorrow's World:
Science for Ever® Studentis the product of a comprehensive study of -

science education in Canadian schools begun by Council in 1980. The
research program, designed by Council’s Science £ducation Committee
in cooperation with every minjstry of education and science teachers’
association in Canada, was carried out in each province and territory by
s'o”m”e 15 'res’e;i'r'che'rs Ihterirri 'rese&rch réporis discussiori béoers ahd

tors scientists and engmeers and representatlves of busmess and labour
discussed future dlrectlons for science education. Results from the con-
ferences were then used to develop the conclusions and recommenda-

Caﬁadmn science education, and to provrde a factual basis for such dis-

cussion; the Science:€ouncil is now pubhshmg the results of the re-

search as a background studyl Science fducahon in Canadian Schools.
Background Study 52 concludes; 7not with its own recommendatlons,
but with questions for further deliberation: S

The background study lS m three volumes , coordinated bj{ the
Souque. ,Volume [ ]ntr,odu(hon and Curriculum Analyses, descrlbes the
philosophy and methodology of the study. Volume I also includes an
;ih';ily:;is of sciériCE iéiibooks used iri Céﬁédiah schools Voluriié Ii Sﬁi—
tronql survey of science 7teachers. Volume IIL, Case Stujres of Sgence
Tmrhi'ng h;is b"e'e'n 'p"r'ep;i'red by 'p”r'o’feéso'r§ j'o’h”n’ Ols'o"n' éﬁd Thorﬁés Rus-

their work to be observed the names of schools and individuals have

been changed throaghoat this volame:

\ A
C g e \ 15
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. As with 4ll background studies published by the Science Couricil,
this study represents the views of the autkiors and not necessarily those
of Counil. . -

v

James M. Gilmour .
Director of Research
Science Coungil of Canada
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and analysxs activities; Vicki Ratledge, Allen Gower and Rath Dnbbs of
the Federal Statistical Actlwt ecretariat Statistics Canada, have -

been especially helpful and encouragmg Jim Seidle and Michele Vlgder

of the Educatxon Science and Cuiture DJVISlon Statistics Canada; have

provnded us with key information; often at short natice: The question-

naire was developed with advice from Dr. Robert Kenzie (Department

e [ - e

of Measurement, Evaluation and Computer Appllcatlons at the Ontario
Institute for Studies in Education) and from teachers at the Ottawa
Board of Education; the Carleton Board of Educah%n and the region of
Québec City. The conduct of the survey depended in large ﬁaeasure on
the cooperation of many individuals at ministries of education, school

S boards and schools, and on the interest and enthusiasm of the Fespond-
ing teachers. To all of these we are grateful, but particularly to Dr. David
Bateson of the Learning Assessment Branch, British Columbia Mlmstry
of Education. Finally, our colleagues at the Science Council have been of
continuing support and help, especially Herman Yeh (computing), Jerry
Zenchuk (editorial), Leo Fahey (graphics), Nancy Weese and Lise Parks
(secretarial).

3




O

ERIC

Aruitoxt provided by Eic:

I. Survey Ob]ech es and -
Methodology .

. . i

v

Ob)ectlves of the Survey .
A study of science education would scarcely be complete wrthout seri--
ous consideration of the views of those most intimately involved in the
day-to- day business of science education, namely the teachers of
scierice at elementary and secondary levels. Thelr perspective is not the
only relevant view, of course (as other sections of this report show) but
n appreciation of that perspective wis crucial to the achievement of
two of th‘e overall aims of the study Both the documentation of the
present purposes of scierice educatron and the stimulation of deliffera-
tion concerning the futare required not only that teachers be consulted

and their views soaght; bat also that they become actively involved in

the discussion of issues that arose during the study

Thrs consultation process took several forms; but the most sys-
tematic and comprehensrve of them was the survey of science teachers,
undertaken as one component of the research program and described in

detail in this volume: Data from this survey can be combined with data

from other components of the research program (analysls of ministry

policies; analysrs of textbooks and case studies of science teachlng) to
provide a composite picture of science educationin Canada today and to

- inform the process of deliberating its future directions. -

The survey was designed to determine: . ¢

e science teachers’ beliefs concerning the relative importance of

various aims of science education;

science teachers’jperceptions of the effectlveness of thelr teach-

ing in enabling studernts to achieve the various aims of scierice

education;

s obstacles to the achievement of the various aims of scierice
education. ,

18 19
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Deslgn of the survey mvolved developlng an instrument (a ques-
tlonnalre) devising an appropriate sampling terhnique, planmng data
collection procedures and developing a strategy for processing and
unaly@ng the data. 7

- N
Instrument Development
Instrument development began in: early December 1980 with the con-
structlon of a questlonnalre ltem bank based on reCent surveys relatlng
dropped others were modlﬁed and stlll others were constructed to meet
_the information needs suggestea by oiir objectives and by the issiies
ralsed ln other parts of the study All potential items were then sorted
into topical areas of interest to the study:
general infarmation (age, sex, etc.)

. : )

e aims of science education ; 1

« . teachers’ backgrounds and e experlence (preservrce and mservrce)

e curriculum_ resources (ministry/department giiidelines, text-

books, etc.)

e physical facnlrtles and equlpment )

« institutional arrangements (time allocation, teachmg load, etc. )
+. e students’ abilities and interests

« community and professional support

From each topical group, partlcular items were selected and ar-
ranged in a sequence that would appear loglcal to the prospective re-
spondent. A preliminary version of the questionnaire was drafted, using
this process, by May 1981: .

Instrument Review and Pretest

A meeting was held with several expert consultants to assess the lnstru-
ment on the basis of its substance and technical adequacy. As a result of
tliis meeting, the questionnaire was reyised as both objectives and items
Wé'ré 'réfi'né'd a"n"d 'cla'rifie'd Réi’zisi'o”n's in the questionnaire i'n'v'o'lv'e'd -~

that appeared to be obsolete were dropped entrrely and others were ad-
ded as required. In early June 1981, the revised version was circalated to

a wrder selection of reviewers, mcludlng ministry’ of education science
officials and study committee members:
ln the June- July perlod both English and French versjons of the

questionnaire were field tested: The English version was tested by 22

elementary and secondary school science teachers employe by the Ot-

tawa and Carleton Boards of Education. The French ion was field

tested by six elementar& and secondary school science teachers in the

Québec City area. In both instances teachers were asked to fill out the

questionnaire and complete an evaluation form in which they reported
the time taken to answer the questions, identified various problems and

N
-
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commented on the qﬁestlonnaire generally and on SP??',HE,"?,TS The
French field test wis followed by a discussion with teachers about the
qaestlonnalre

Gn the basns of the pr,etest analysns and comments by the vanous

tory letter on the inside cover of the questionnaire, and each section was
further explained in a preamble. The questionnaire was designed to be
self-administered. Respondents were directed_to circle the appropriate
answers on a separate response sheet {lso included in Appendix A). In

. this way, 162 separate pieces of information were collected.

The questionnaires and accompanying materials were prmted and

organized in packages, which were mailed out in October 1981.

x .

-

The sample design and selection 'p'r'o"cedixres were developed in collabo-
ration with survey experts at Statistics Canada. Three important aspects
of the sample design were:
1. target population (sampled populatlon)
2. frame (list of all members of the populatiori)”
3 samplmg procedurg (anit sampled sample size and sample se-
lectionn methods):

.

The survey was designed for “teachers of science in Canadian schools.”
The definitions below, which are based on the terms of reference of the :

overall study, identify this population more precrsely
1. ”Science” in the context of the survey is taken to cover those
areas of the school curnculum deﬁned by mlmstnes of educa-

blologlcal and earth sciences but excludes mathematlcs, com-

puter sciehce, social sciences, economics and vocational or trade

subjects, While this definition may appear to bé very vague, op-

ei'étiéﬁéilly it iseless so because professional educators have,

w1thm any given jurisdiction, a clear serise of what is and is not
’science.’ ] ) . ]

2. "Teachers m thié tontext refers to all Who téi.ight §tiénté as

other sub]ects, and science specnallsts
3. "Canadian_schools” refers to publicly supported elem&ntary
and secondary schools under the jurisdiction of provincial and

-

20 , ‘ 21
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territorial governiments. Excliided are private schools and feder-
- ally administered schools {such as Indian schébls).
4. For the purpose of thls sarvey, teachers were dwsded mto three

7

groups accordmg to the grade level at Wthh they ta'ught These'

spond to the dlvmons of scrence CUl’i’lCﬂlUm pohcnes in eaeh

-

Table l l - Drstnbuhon of Grades by Provmce‘

Province/Territory h~ Early Years_ Mlddle_iears_Semor Years
Newfoundland K6 ‘ 29 i0-iis
Prince Edward Island ’ -6 7-9 10-12
Nova Scotia . - K-6 729 . 1o-12
“New Brunswick - i-6 7-9 . 10-12
Québec - K- "7-9 10-11
Ontario K-6 . 7-10 11-13
Mamtoba ) ) K-G 7-9 ) iO—lZ
Saskatchewan K-6 ’ 7-9 ' 10-12
Alberta ) .K 6 ‘ 7-9 ié-ii
British Columbia K7 : 8-10 - 1i-i2
Northwest Territories K-6 4 799 5 1012
Yﬁk()ii Territory | K-7 : B—IU o 11-12

4 At the time of data collection, Newfoundland had not yet implemented its
grade 12 program

Frame ) e
Having defined the population; we were concerned next to find a sam-

pling frame from which teachers of science could be drawn. Such & com-,

plete listing of teachers is not available, and we therefore sampled
schools for which complete lists’were available. The school lists were
obtained fr'o"m' ihe Edijtéhbh Dii)iéléii 6f Sieiifsiibs Caﬁaaa eiiid frérii fhe

to be complete and to mclude very fow extra schools (pnvate schools,

for example). >
Table 1.2 shiows the number of schools and science teachers in each

provmce The ﬁgures for schools have been obtamed dlrectly from our »

the responses: (See Appendix B for calculations.)

22 21
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Table 12 - Schﬁo'l iiid Sciéﬁce Téicher Populitu)ns b;u!mmncf—

B - o P o Nurhher of
Province Number of Schools Science Teachers
Newfoundland e 5 432
Prmce Edward Island - 67 465

Nova Seotia : 599 = 1167

New Brunswick 465 2 766
Québet ‘ Z 340 17 840
Ontario 4530 .. 34074
Manitoba © 715 " 4389
Saskatchewan , , S : 4 682
Alberta ' ' 1301 8 527
British Columbia 1821 "is 504
Northwest Territories 70 434
Yukoen Territory . 24 : 144
Canada 13 644 98 404

Sainipling Procedure

The following procedure was used to select as representatlve a sample of
science teachers as possrble

1.

The country -was stratified by region! and by provirnice (or
territory).

Wlthm each reglon science teacher sample srzes were cal-
mor) on the basrs of estimated populahOn sizes for each level,2
the desired degree of reglonal data rehablllty,3 the antlcipated
response rate,* design effects® and considerations of cost.® (See

Appendlx B )

province or terrltory wlthm that region while ad)ustrng provln-

cial nga’rri'p'le sizes to ensure the desired provincial data
reliability.”
The lists of schools were stratified as follows: (i) by province

and terrltory, (n) by school level (elementary/secondary)”

(m) by type of school location (urban/rurai) 9 Usmg this figure;

the number of science teachers was estimated for every school

ina glven province: 10 :

Schiools were selected systemahcally from the list until the ap-

propriate number of science teachers for each sample (as cal-

culated in steps 2 and 3) was obtained.

All teachers of science in selected schools were potential re-

spondents to the survey.

. 22 . 2
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I R T N I T J A,

?h’é sampling procedure a'é's'c'rib'éa above wa"sj’Z'séa in the case of all
Branch of the MlnlStjy of Educatlon conducted the sample se]ect;on (ac-
tbi'ding fd 6Lii' ébetiﬁtaiiéné 6f éainﬁle §iié§ by ieaéﬁiﬁg leva While en-
quon and qughwegt Temtones, and at the secondary school level ,ln
Prince Edwa'r'd lélah a téﬁéﬁ& 6f §Ch661§ Waé bbﬁdﬁbiéd b@céiﬁé fhe

Table 13 — School andd Scnence Teacher Samplesr by Provmce

: , o . . Number of
Province : . Niimber of Schools  Science Teachers
Newfoundland ~ _ : ' 135 ’ 725
Prifice EdWard Island U : t 31 T 186
Nova Scotia ) 79 504
NQW éi’ﬁi’iEWii;k 66 J 4ié
Québec 128 774
6n&a’rio 146 88;
Manitoba : 70 iis

" Saskatchewan 118 522
Alberta 153 799
British Columbia . 210 . 1 056
Northwest Territories 70 434
Yukon Territory ) 24 144
Canada B ’ 1227 2%363 )

~

Data Collcchon :

Packages of questlonnalres and related matenals were mailed to princi-
pals of selected schools in October 1981. Each package contained a letter
from an official of the provincial ministry of éki’ij'caii'dii, a letter from the
Science Council of Cana’da "a control form, an instruction sheet, a
postagc pa|d postcard and envelope and several questlonnalres u\ un-

teachers and pnncnpals to partucnpate The letter addressed to the school
pnnc:pal described the sarvey and the prlnapal srolein it; stressmg that
parhcnpatmg schools and teachers would not be identified: The instruc-

tion sheet outlined the role of the prmcnpal int greater detail: Principals

were requested: to return the postcard in order to acknowledge receipt

24 _' - 2§
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N 4 ) ' oo -
of the materials and to inforff us if additional questioninaires were re-
quired to forWérd questionnairés in unsealEéd éhve'l'o'p'é's to téachers

teachers, to record the number of questlonnalres dlstrlbuted and re-
turned on the control form; and to enclose and return the control form
and sealed teacher envelopes in the larger postage pald, envelope pro—

31 October

A week after marllng, we began to receive responses from schools
As each package arrived, the date; it was received, the school code and
the data on the chrrol form were keypunched on,:o a computer ﬁle and

October; the school response rate wag roughly 331 per cent thls ﬁgure al-

most doubled by mid- November. On 26 November, a thank-you/

remlnder postcard was mailed out to all sample schools in order to

increase respornse rates fa}tlmr Thls procedure had little impact, and we

decided in ]anuaryﬁto conduct a follow«p by phone Approximately
350 schools across the country were phoned, boosting response rates a

' Table 1.4 shows the final number of respondrng schools and teach-

ers in each province. These 1 responses represent-an overall response rate

for the natronal sample of ‘72 per cent (schools) and 61 per cent (teach-

age teacher response rate wnthm respondlng schools (approximgffly 85

"

Table 14 - Number of Schools and Scienc Teache%; Responding in Each

Province o o
I'rovince Number of Schools Science Teachers
Newfoundland 7 s 84 - 301 )
Prince Edward Island . 22 117
Nova Scotia 63 564
New Brunswick 54 © 310
Québec . . ‘ " 69 " 320
Ontario : 105 567
Manitoba 54 . © 263
S-’tfsl(;ilfliéwm'i ; 3 - '8; ) 356
Alberta , S 1\ S 455
British C olumbu . : " 182 79&’
Northwest Territories  #° . 44 i 206
Yukon Territory : 10 . 4
Cinada : ' 879 (72%) ' 4206 (61%)

1

24 : 25



per cent as estimated from control form data) by the overall school re-
sponsc rate (72 per cent).

) ‘Response rates of various subgroups in the populatlon were exam-
ined ip order to determine whether or not there is variation among these
subgroups. For example, we analyzed résponse rates for each province
by school level {elementary/secondary) and type of school location {ur-
ban/rura). Had we tound: ‘different response rates for the various sub-
groups, it would have suggested that certain segments of the populatlon
were either over or underrepresented in the sample. However, we found
f'(;'Wrdifft"ri(:"ri'Ct'S' in response rates in either case, indicating that the sam-
ple is fairly 'répi;és’é'rit;iti(ré in these respects.

Data Processing and Ana\lysm :

Upon receipt, each response form was given a two- dlglt ldentlfymg
code {in addition to the four-digit school code already on the school
package) so ih.ii. each iéébbhdihg iEdthEk Wbijld héi'ré a i.i'n'idife identifier

-Editing and Coding ]

Respornse sheets; cohsnstmg mainly of. seif-coded answers, were in-

';pcctcd for various problems and then edited manually. For instance; it

was mccssary to rcsolve multlple responses to ltems for whlch only one

ing mfurm.mon Onc question, whlch conccrned the textbook uscd by

students, was coded from asprecoded list of textbooks devcloped from a
list of provincially approved texts. .
Edited and coded reSponse forms were then ready to be keycd to

.l}.,n(_‘tl( tdpt‘ Kcypunchmg errors were checked (by a proccss called

mm.ned

Researchers used a computer to scan the data for illegitimate codes
that might have been created by keypunching errors. Next, they identi-
hod logical inconsistencies and improbabilities (for cxample a teacher
says he is not currently teaching scieate and then} in a subsequent ques-
tion; says he teaches biology). To resolve these probléms, researchers
scanned the nrlgm.\l response forms. This entire process allowed re-
searchers to acquire high quality data by minimizing errors other than

sampling errors.

ERIC
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Wexghhng . k .
The probability that anyglven teacher would be selected was not uni-
form JCToss the country To ensure hlgh quallty samples we sampled a

proylnces, we also sampled a_greater proporhOn of secorndary, school
teachers than elementary school teacherssTo counteract this imbalance
and to adjust for nonrespofse, every tea"jtl’er’s responses were weighted
to ensure th’at;th'e res’ulti'n”g 'riati'o”rial éétim"ates Wbuld r'eﬂe'ct the true bal:

descnbed in Appendlx B.

- N
Sempimg Error and Data Relxabxl:ty
Sampling errof is the error resulting from studylng a portlon rather than -
all members of a populatlon lt is the dlfference between the populatron v

value; and depends on the size of both p'o"pulatnon ahd sample the vana—' v
bility of the particalar characteristic in the population;.the design’ of the*

sample and the method of estrmatron Generally speakmg, as. the sample

size increases the sampling error decreases The samplmg error is. ﬁSGally

expressed as the standard error of an estimate: Detarls of the method

" used to estimate standard errors can:be fouhd in, Appendlx B..

Our samplmg procedure as outlined in the previous sectlon at-

tempted to minimize errors due:to sam‘plmg by selectmg the most feasi-

ble and efficient design, taking into account the extent of sampling

errors antrcrpated in the data. The,se errors have been calculated for esti-

mates on the basis of actual data. . -~ . - ;

Table 1.5 presents (as a general guide) the range of standard errors
for national estimates by teachmg level. In general; errors appear to be
qunte small Thls lmplles a fairly r narrow conﬁdence lnterval and there-

) ' Semor
Range of Errors . ool aos ,001- 530 0.02-2:43
a h),ur(.sshown are percentages. : 5”‘ S
Overview of the Rveport .

province are available in s(parate provmcral supplements to the report:

In ;,('neral thls report is restricted- to national data: Estimates for each

In subt.equcnt chaptcrs, we report the estimates by teachlng level (early,

mrddlo and senior y(-ars) For most chapters a wntten text summarlzmg
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text for the convenience of the reader. The text of each chapter is di-
vided into various topical sections in which data.about a particular sub-
ject is discussed. Tables follow a similar pattern; a comment is usually
provided to summarize the data in each table.

The ma]or tabulatmg vanables used For dété iii tliis ieﬁoit eiie
ence. We have reported all estlmates as percentages of science teachers
responding to various choices for particular questionnaire items.

Poﬁﬁlétioﬁ siie ’(5; estiﬁétea Eoﬁi iieitei) eiiid iiiiiiiliei of iesooﬁ-
mates are based on the number of respondents to the survey as e_afwhole,
and the number of teachers responding to each question is therefore not
.reported in the data tables in subsequent chapters. Figures do not ex-
actly add up to 100 pér cent for such tables, as the proportion of teachers
not responding, or respondmg improperly, to individual questions is not
sreported. Howevet, in tables where twd variables are cross-tabulated,
numbers of respondents are shown, and figures for such tables do add
up to approximately 100 per cent.

+

Table l 6 - Populahon Size and Number of Respondents by Teaching Level‘

Early Mlddle Semor . Total
Populgtmn 78 699 12132 7 573 98 404
Sample (Respondents) 1703 1346 1157 4206 .

Chapter Il presents the demographlc charactenstms of science

teachers such as age, sex and le ength of teachlng experience: Chapter 11

also presents data relatmg to the professmnal and agademic background

of teachers — degrees, namber of courses in mat

matics; science and

educatlon, and time elapsed since a course was taken in those sub]ects

Data concerning employment in science-related jobs is described in this

chapter as well: Finally, data relating to teachers’ attitudes towards

science teaching and teacher education is pi‘esented

Chapter III lS concerned with teachers’ views about the aims of

science teaching and with their achlevement or nonachievement of

those aims.
Chapter IV describes the mstructlonal contexts of science teach-

ing — obstacles to the achievement of aims, textbooks and other cur-
rléuluni fesources used types of mservnce expenences and their value to

‘ tional and social contexts of science teachmg’.ﬁ Physncal context refrs

to the availability and quality of physical facilities and equipment. “In-
stitutional context’ refers to the time éllottEH for teaching science, class

size and teaching load. The "'social context” includes the attltudes of
peers, principals, parents and séhool trustees to science teachmg and

» - .27
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teachers. The involvement of industry in science edtscation is also exam-
ined here. i i o i i ,
- Chapter VI contains commeénts about information in previous
chapters. It focusses particularly on questions raised by the data.
Finally, the report contains two appendices. Appendix A provides a
copy of the instrument and response sheet, and Appendix B contains
technical information concerning estimation procedires, standard errors
and the reliability of data. -

28 29
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II. Science Teachers

One of the most lmportant parts of the database for those dehberatmg

over curriculum change is that which describes the teachers of science —

who they are, the type of background they bring to their work; their

attitudes towards teachmg, and so on: Sinice the respondents to this sur-

vey questnonnalre were all teachers; all the data reported here can con-

tribute to this information: However; some questions were particularly

intended to elicit iriformation about the respondents themselves, and

Tables I1.1 to 11:17 summarize these results. The’information given here

,,,,,,,,,,,,,, .

is of three kinds:

« Demographic information (sex; age; length of teachmg experi-
ence) (Tables I1.1-11.6)

o Educational background (including employment other than

teaching) (Tables 11.7-11.13)

o Attitudes towards teaching and teacher education (Tables
11.14-11.17)
With each table of data is a coiiirrieii"’ which hlghllghts the mforma— .
tion contained in the table. In addition, some general observations about
the results of each section are given below. :

Deiiiographlc lnformatmn .
THhe restilts of the survey show that scienice is taught by a teachmg force

that (above the early-years level) is predominantly male; is largely in the

26 to 45 age range, and is relatively experienced (10 years or more) in

teachmg
The early years are dominated by female teachers in a ratio of 3:1.

Buta commparison of the ages or years of expenence > of early-years teach-

ers by sex (Tables 1:3 and I1.5) shows that a change is_taking place.-

Specrﬁcally, 47:2 per cent of female early-years.teachers have 14

years of experience or more; compared with 34.7 per cent of male early

-years teachers: Thlrti/-one percent of female teachers have less thar 10

o - 29

«
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years of experience compared ith 38.3 per cent of male teachers. These
ﬁgures suggest that, at this level; a small but definite shift in the balance
between sexes is taklng place: A correspondmg trend in the other dlrec-

tion can be detected at the senior-years level: There, only 10 per cent of

male teachers have fewer than five years of experience, compared with

28.1 per cent of female teachers: These figures suggest that the current

balance of males to females (8:1) may be changing; albeit slowly. As

noted in the comment on Table II:1; there is considerable provrncral

variation in these particular figures.
A comparison of Tables II.2 and I1.4 shows that the ages and lengths
of teaching experience of teachers are related. However, Québec teach-

eré t'e"' to be older, on average, than those ln other proVrnces, especrally

35. By contrast, teabhers in Newfoundland and in Alberta are relatlvely

younger, espec1ally at the middle years, where 71.1 per cent (in New-
foundland) and 68.0 per cent {in Alberta) are 35 or younger. Male teach-
ers, in general, are sllghtly older and significantly more experienced than
female teachers. Teathers in urban areas also appear to be relatively
more experienced than those in rural areas.

Table ll 1 - Sex of Teachers'

Sex Eari? ' Mlddle Senior
Male 221 69.4 88.0
Female ) 77.1 30.2 11.9

3 Figures shown are percentages
Comment:
These resultg wnllprobably surpnse no one, but it should be noted that

provincial data vary significantly. For example, at the early-years level, 10 per
cent of Québec teachers are male, compared with 35 per cent of Manitoba

teachers .

— . _

Age (srearS) Efi} "~ < Middle  Senior
Under 26 87 7.6 36

26-35 424 48.7 © 349
36-45 326 3z1 10.9

46-55 115 86 - 15.7

Over 55 38 . 25 46
Average Age : 36 35 39

a anures shovenhare percentages - ;

Comment:

Teachers at the senior-years level are older than those at the early-years level;

those at the middle-years level are the youngest of all.

30 -

31
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Figure II.1 — Ages of Teachers 7 S

,,,,,,,,,,,, B eariy years
- Middle years

LEERTRY

- Senior years

faae

Percentage of Teachers:

‘e ;;;;;aﬂﬁ;'
46-55 56+
' 7 Age
Table IL.3 - Ages of Teachers by Sexa™
Early ~ Middle  Senior

Age M F M F M F
Under 26 33 10.3 37 1656 34 116
26-35 . 51.6 . 40.2 53.5 38.1 33.2 415
36-45 08 © 34 22 S22 433 268
46-55 50 12.3 7.8 103 153 165
Over 55 51 35 2.6 25 46 33
N) : @18 (1272) (1066) ' (275) (1018)  (139)
a Figures shown are peréehiééeé ) > : ' :

Comment: -

Male teachers are somewhat older than female teachers
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- Comment: _

More than,hai{ of the science teachers have more than 10 years’ experience:
Teachers at the senior-years level are EﬁiﬁéWhﬁ'i more experienced.

Fi{;iﬁ; I1:2 - Eength of Teaching Experience S ;

> h—
2 o

g - Middle years ~ =m W
§ 40 eccece e eseesseesscssessssstssesse sesees
2 - Senior years

© teeieeieresctsacesssessessscssscdencscnssnsssnsenrannsennes
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Table ll 5- Lenglh of Teaching Experience by Sex'

. Early Middle _ Semor -
Experience M F M F M. F
1-5 years 211 17.7 17.6 35.9 100 281
. 6-9 yeats 17.2 13:3 23.4 17.4 144 T )
C10°13 years© 268 216 168 © 179 ° 244 132
. + 14 yean, or more 34.7 47.2 42.1 28.6 511 408
@) (1272) (1063 (z74) (1 017) (138) -

w.'—; :

At the.middle- and semorxyears levels, male teachers are more experienced than

female teachers. At the early years level, female teachers are shghtly more

expénenced. B T R - e
' . . ’ :E, * : , -

Table I1:6 - l;eiigth of Teaehmg Experience by Srhool l:oc:mon- “T “‘A‘T
o : Balty -~ ¥ Middle T Semior
l E'x’penenée : i:jl:ban * Rural Urban Rural - Urban Rural -

1-5 years : ’ S 18.91_.:"." 10,9 ) 256 - 9.2 129

6-0 years 1359 17.8 249 130 160

10-13 years - . 206 182 160 225 . 237

14 years or more  46.0 523 . 33 2 155.2, 167

™) O (ade) (1oz)  (@50)., " {s17) _(351) _ (606)

#* Figures shown are gercemages No data-are included for«Bntlsh Columbia

_because the urban/rural indicator was uhavallable for that provmce

Cdﬁiﬁiéﬁi: - :
Teachers in urban areas are somewhat more expenenced than those m rural
areas. : . . ) )
N i oot :
. Rﬁ
. : S
P -
] N &

O | .
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Educationial Backgrourid \
Tables I1.7 to 11.13 show ev1dence of an mcreasmgly highly quallﬁed
teachmg force (the vast majority of science teachers have university de-
grees); but, on the other hand, over half the teachers (at all levels) have
riot taken a university-level course m mathematrcs or science for over 10

years; if at all

The trend towards higher academic quallﬁcatlons for teachers dur-

ing the past 20 years is demonstrated graphlcally in Table 11.9: At the

early-years level, 57.8 per cent of teachers with 14 or more years of ex-

perlence have umversnty degrees, this proportlon increases to 82.8 per
cent for teachers with 1 to 5 years of expenence (i.e.; the younger teach-"
-ers). However, when teachers’ education'h specific suBJects is examined: -

? . (Tables 11.10, I1.11 and I1.12); the trend becomes less clearly defin®.
t Over one-third of all middle-years teachers have taken no university-
¢ levEI riiatheriiatité 6rléti6hte4 over one- half of: all ’e’a’ﬂ'y years teachers

taken no science at umi/ersny level Even at the semor-years level

where 83.3 per cent of teachers have studied university mathematics
and 94.5 per cent have studied university science, it is frequently a long.
time since those courses were taken For two thlrds of semor yearS'

10 years smce they last took a umversnty science course. However, asig-
mﬁcant number of teachers at all levels appears to have been in touch

with the university imghe last five years.Over 60 per cent of e’"ly -years
teachers have taken an education course; one-quaarter of these courses
have been taken at the graduate level:

But teachets learn about scienice in more ways than by takmg uni-

: " versity courses. One of these ways is through employment in areas

other than scnence teachmg Researchers asked about what scnence-

the academlc world. Such experlenee gould be important 1f afteacher ;s
called upon to demonstrate the relationship between scientific knowl-
edge and the practical business of research,.development or agriculture.

ERIC
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'Percenta‘ge of Teachers .

;T
Table 11.7 - TESEHEE’ Level. of Education®
Level of Edntahon o . Early Middle Séﬁié;
TL.\Lhcr s collegead—l;ioma 33.2 103 41
Bachelor’s degree 58.0 70.9 69.1
l’ostgraduate degree 7.4 180 .. 260

2 Figures shown are percentages
Comiment:
At the middle- and senior-years levels, about 9 out of 10 teachers have a

university degree; at the early-years level, two out of three teachers have a
university degrée.

.

Table I1.8 = Teachers Level of Educahon by Sexs

Early Middle " Senior
Level of Education M F M F M E_
Teacher's college N
diplomia 7.9 413 7.0 19.8 4.2 3.7
Bachelor's degree  70.3 "55.0 737 64.6 8.9 74:0
Postgraduate degree 21.6 35 19.1 15.4 26.8 - 22.1
(N) o 7)) (oes)  (@75) (o . (139
2 Figures shown are percentages.
Comment: -

At the carly and middle-years levels, male teachers tend to be better educated

than fcmale teachers; but there is no difference at the senior-years level.

L]
¥

Figure 1.3 - Teachers’ Level of Education by Sex

E M S E M S E M S
Teacher's College Bachelor's Posigraduate
Diploma Degree : Diploma




. Table 119 - Teachers’ Level of Education by Length of Teathing Experiences
Level of Education 1-5 years 6-9 years 10-13 years 14+ years -

Early Years
-Teacher’s dllege diploma 19.1 25.3 358 42.0
“Bachelor’s degree 75.7 64.9 571 497
-Postgraduate degree 51 9.6 6.9 8.1
5IN) , (435) (286) (336) (618)

Middle Years
-Teicher’s college diploma . = 2.0 96 a3 20.1.
-Bachelor’s degree “ 814 826 815 531
-Postgraduate degree 16.5 7.7 140 26.7
-y . (290) (296) (293) - (460)
Senior Years ]

. “Teacher's college diploma 1.1 11 6.2 48
-Bachelor’s degree 86.9 78.5 59.8 67.1
“Postgraduate degree " 118 202 33.9 279
-(N) ~_ . _asyp (189) (258) (549)

. + Figures shown are percentages.
Comment:_ o . . e
Less experienced (i.e., younger) teachers tend to have more education than more

experienced teachers.
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Table 11:10 - Teachers' Level of Education ’
Mathe: _Pure
maticsr Science o

Level of Education o

Eafly Years

-No university study 552 72.7 859 205 v
-Undergraduate level 3956 230 85 © 681
-Postgraduate level 1.5 04 0.3 7.6 ;.
Middle Years ) . ¢ N -
“No university study 304 358 65.1 10.0 ;
-Undergraduate level - 54.5 59.6 288 71.2 .
“Postgraduate level 17 36 35 i%.j
Senior Years :
-No university stidy 137 45 516 5.3
-Undergraduate level ~ 79.4 780 287 724 %,
-Postgiadiiate level 39 16:5 36 200 -
i Figures shown are percentages. - I
Commernts: S ] . . S . .

1. More than half the early-years teachers have no university-level mathematics.

2. -Nearly three-quarters of the early-years teachers have ne university-level
science. ' : : S

3. One-third of the teachers at the middle-years level have had no university- ; -
level mathematics or science. ’ ' i 3
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T:ble 1I:11 - Teachers’ Level of Education in Speciﬁc Subiects by Sexs"

N

4

.A Early Middle Senior

Level of Education M F M F M 4 F
Mathematics 5; : -
-No umversny study 45.8 60.7 328 63:0 12:4 24
-Undergraduate level 496 384 64.9 358 83.4 73.2
-Postgraduate level 4.4 0.7 21 1.0 10 26
-(N) \ (405) (1 216) (1 041) (267)  ®9s5)  (134)
Pure Science : -
-No aniversity stady 597+ 805 1273 564 44 5.1
-Undergraduate level 395, 191 683 414 793 772
-Postgraduate level 06’ . 0¥ 43 . 21 161 175
-(N) . (407) (1218) (1 0S1) . (270) (1 008) {139)

4 Figures shown are percemages
Comments

4
«

[

1. Female teachers tend to be less qualified than maie teachers in mathematics

and science;

2. There is an 80 per cent chance that a female teacf\er at the early-years level
has not had any science since high school and a 60 per cent chance that she -

has not ‘had any maghematlcs since high school:

39
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Table I1.12 - Time Since Last Postsecondary Course in Specific Subjectss

Time Since

Last Course

Early Years

“Never taken

-More than 10 years
-6-10 years

-1-5 years
-Carrently enrolled
Middle Years
-Never takern

“Mote than 10 years
-6-10 yeass

-1-5 years
-Currently enrolled
Senior Years
-Never taken

-Moie thai 10 years
-6-10 years

-1-5 years

-Currently enrolled

Mitkie-
matics
322
267
18.1

126
23
245
169
1.7

» Figures shown are percentages.

Comiment:

Most_teachers have not taken a col

in the last 10 years.

.

40

_Pire
Science

5.9
26.0
141
11.2

0.0

229
281
284
18.2
1.5

44
340
317
27.3

1.6

Applied

Science

57.2
18.4
113
91,
07 -

121
18.2
23.3
13.3

1.3

6.8
234
14.8
10.8

_ Education_
6.6
14.7
1611
46.2
146

5.3
154
20.2
446 7
13.6 -

4.5
243
28.1
338

lege course in a subject other than education



Table 1113 - Ty s of Science Relaled Employmenl Experiénced by Teachei's'
pes o

) Typc of Emplo rhcnli‘ E.lrly Mlddle Senior .
< None R 772 443 - 73,
Work in a science library 1.1 i5° 21
Routine work in a iéﬁiih’g or C - L -
analysis laboratory SERE- SR 137 240
Research or development on _ . L .
methods; producls or processes 2:7 101 16.0.
Basic research in physnc.ll medlc.ll o o o
biological or earth scnences - 138 13.2 19.5
Work in f.lrmmg, mimng or ﬁsiiiiig 1435 26.0 2611
ther’ ustn.ﬂ work mcludmg - o o
. englncerma’ . K 14.2 14.4 20 3

4 Flgures shown are percenl.lges

~ columns do not, !herefore, total 100 per cent.

b Respondents were requested to in ,lcale all categones that- .lpphed The

»

N

Figure 11.4 - Types of Scnence-Relaled Employmenl Expenenced by Teachers

Percenlage of Teachers
q p 80

None

Wik in Science
Library

Wark in. Testing
Analysis Lab
R&D .on Me!hods.
Products,

Basnc Research
n Pure/Applied
Sciences

Facmlnq Mining

F:sh:ng
Other
[ . Industnal.
: Work

U

R oy yeors
N Miaais years
R Senior years” "
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Attitudes Towards Teaching and Teacher Educahon

Teachers assessments of their education; both in science and as teach-

ers; were sought Table 11.14 presents the results of this inquiry. In gen-

eral; it appears that teachers’ degree of satisfaction with their education

in science is roughly proporhonal to the amount of it they have had. The

least satisfied were the early-years teachers and the most satisfied, the
senior-years teachers.

Teachers’ attitudes to their worR were also sought with a queshon

that asked if they would prefer to avoid teaching science altogether.
Predictably, the senior-years teachers answered strongly in the nega-

-tive, but an encouraging number of early-years teachers (63 per cent)

did éléo Ii ébbééié ihé{ étiéiité iééthéié ét éill léVélé éié éh’th’i.is’ia's'ti'c

most often c:ted an madequate background as the ma]or reason; for ex-
ample, of early-years teachers giving this as a reason, 83 per cent had
had no university science courses.

Table IL. 14 - Teachers Assessments of Theu Education®

Teacher Education

Assessment Co Eiilyﬁ_ B dedlé o Sémf)r, o
" Science Education - S
-Very unsahsfaciory 17:4 7:4 © 16
-Fairly unsahsfactory 292 25.7 7.3
-Faitly satisfactory : 430 454 453
-Very satisfactory 86 211 45.1

Very unsatisfactory . 13.1 9.1 83
-Fairly unsatisfactory 235 219 222
~Fairly satisfactory 384 50:3 454
-Very satisfactory 231 7.9 233

2 Figures shown are percentages

Comments: o

1. Senior-years teachers are more satisfied with their educationin science than

middle- or early-years teachers. Teachers® satisfaction with teacher training is -

abput equal to their satisfaction with the education in science they received.

: Analysls by level of education shows that teachers who took more science at

Uifiiversity are more satisfied with the quzlity of their edocation in science

than are those who took no upxyersxty science.

.3. Teachers who took more courses in education are not more satisfied with their
© teacher training than are those who took fewer education courses. ]
¢ .
o
41 ;
42

a

Vi



O

ERIC

Aruitoxt provided by Eic:

;Q‘ié I.15 - Teachers’ Requnscs to the Qgg’sgqnw”’lj’ you had a chonce

would you avoid teaching science . altogether?’"

B

Response Eatly - . . Middle enior
Yes ' ’ o 186 5.5 is
No 631 772 . 875
Undecided . 9.7 9.6 32
s Figures shown are percent ages:

Comment:

The majority of science teachers want to teach scnence, however, at the early-
. yeags level, more than lin4 does not; or is. undeud .

2 80 .......................
(%]
=
©
8 ia
A -1 B PR R PP
‘B
o _
] QD cececercceeceeanen
c
%]
o
& -
@ 20 -
A o~
O JRE——
Yes
B cary years
’ - Middle years
Bl senior years
'

Undecided
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would you avoid teaching scnence altogether"" by Sexs

,Early ‘Middle Senlor
Response M F M F M F
Yes 145 719 76 . 146 s8 3B
No . . 768 66.7 848 ' 695 - 908 928
Undecided 8% 112 75 15.8 3.3 3z
{N) (384) (1171) (1 015) (257) (961) (133)
a Figures sﬁowgare perceniaées, 7 S 7 - S

Comment:

At _the eariy ‘md mxddle years levels nearly onie-third of female teachers would

Table ll 17 - Reasons for Avoidmg Sclence Teachlng‘

Reason(s) . o ] Early. .- Middle :éenior -
Lick of Resources  ° - a7 a4 258
lnadequate Batkground 546 : 54.8 29.7
Dislike of Science - 20.7 27.0 0.0
Working Conditions ] 231 434 59.5
Student Attitudes ' .3 17.0 394
Other 16.5 217 334
N~ G asy (53

a Flgures shown are percentages. The figures are based only on those

respondents who indicated that they would prefer to favoid teachmg science. ln

columns do not therefore total 100 per cenb

Comments:

1: lnadeqrxﬁte background is the reason most often cited by teachiers for fiot
.wanting to teach science. N

21 'Of those early-years teachers citing inadequate background as a reason for
avoiding science teaching; 83 per cert had not studied pure science at
aniversity.

?;r'.h
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III. Objectives of Science

Teaching

The f0cus of the study (see volumel, chapter I) is on the aims znd ob]ec—
tives of science educatiomsin Canzdlzn schools: All of the components of
the research program were desi to clarify the educational objectives
Ctice of science teaching. Specifically, the

érs was designed to discover: (1) which objec-

survey of science teach

tives teachers consider to be important for the tevel at which they teach;

: and (2) which objectives _teachers think they are most successful in

achieving through their present teaching. This information comple-

ments the information obtained about the aims and objectives man-
dated by ministries of education (volume I, chapter V) and about the
educational objectives contained in science textbook¥ {volume I, chapter
VII). It also sheds light, implicitly, on teachers”views of the criticisms of
science education expressed in the discdssion papers and workshop pro-
ceedings, where alternative aims for science education are proposed by
the authors._ -

~ These three sources — mlmstry pollcy documents, textbooks and
Council’s dlscussmn papers — provided a basis for constructing a list of
educational objectives to which teachers were asked to respond: The fi-
nal instrument (see Appe ix A) contalned 14 Ob]ectlves representing
all elght categories of air

1or themes of the drscussmn papers (the need for a Canadian context, th

asked to indlcate their assessments of the lmportance of each obj
for the level at which they themselves taught. The results therefore cor-
respond to early-years teachers’ 6pirii6rié béhéerhihg eérly yeéré 6bieé-

tives; middle- years teachers
objectives and so on.

.
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portance” of little im"portance” ”farrly 1mportant or ’ very rmpor-

tant.”” Rather tha;n present a large mass of data corresponding to all of

these responses; we have developed for each level, a rank ordenng of

objectives based on the sum.of those respondmg”farrly important”’ and

'mportant ’ Consequently, resalts expressed in this way are less a

measure of -the importance of each ob)ectlve (as assessed by teachers)

and more a measure of the degree of consensus among téachers that an

objective is rrripdrtant For discassion purposes, however; these two

measures can be regarded as identical: The resualts are analyzed in two

ways. First, the assessments are examined by teaching level early, mid-

dle and senior years — to show which b‘BJectlves are rated as most impor-

tant for each level. Second; the various assessments of each ob]ectlve are

discussed in order to facilitate comparisons with the amalysis of ministry

policiés and with the claims made by the authors of the discussion pa-

pcrs The chapter concludes wrth the results of teachers assessments of

ob]ectrves

Importance of Objectives: Analysis by Teaching Level SR

Early Years

Table 1.1 shows how early years teachers assess the lmportance of
educatronal ob]ectlves Examination of these data reveals three distinct
clusters wnth cleardiscontinuities at 80 per cent and 50 per cent. The first

cluster contains three ob]ectlves about whose lmportance there appears

to be avery hlgh d%ree of consensus. These oblectrves are those involv-
ing attltudes proce$s skitls and social skills: The second cluster com-

prises six pb]ectwes aboat whrch there is a moderate consensus that

they are important: The remaining five ob)ectlves are those abouat which

there is least consensus (below 50 per cent) regarding their importance:

In order to probe this notion of consensus somEWhat further; we

analyzed the assessments of objectives by province; by sex; by length of

teachlrig experience and by school location. In all of these analyses, a

signifigant degree of consensus was found; but with certain interesting -

differences. The differences in the data presented in Table II.1 are:

1. At the early-years level, s:gmﬁcantly more male teachers (76 5
per cent) than female teachers (59.6 per cent) rated the ""science
content” objective as fairly or very important. Also, the objec-
tive “understanding the way that scientific knowledge is
developed”” was rated as fairly or very important by 62.0 per
cent of male teachers; only 34.1 per cent of female teachers gave
-it_a similar rating. - -

2. There is a striking dlfference in the value attached to ’science
content’” as an objective by teachers having different amounts

oo 45
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’of teachlng expenence At the early years level 59 g‘per cent of

“science content” as a féirly or véry

> - T

71.7 per cent of those with less than )

- . rated it:

years expenence SO

. 3. No significant dxfferences were detected between teachers in
. urban and rufal schools: .
Table I 1 - lmportance of Ob]ecth Early Yearst
RankB Objective Assessment -
1 Developmg attitudes appropriate to L
scientific endeavour . 94.3
2. Developing skills and processes of . Sy
! investigation _ 92.8
3 Developing social skills . v 922
4. Relating scxenhﬁc explanation to the ‘
student’s conception of the world 77.8
5. Developing the skills of reading and ;7 _
understandlng science- related matenals 770.9
6. Understandmg the prachcal applications of
C science 704
. - »
. Understanding scientific fact" conicepts
. and laws 636
' , 8. Understanding the relevance of science to
* the needs and interests of both men and .
v worren . 62.5
- 9. Understanding the role and significance of .
3 science in modern society , 596
10. Understanding. the. way. that scientific o
knowledge is developed §0.7
11. Qeyelpplng an awareness of the practice .
of science m Canada 6
12. Relanng science to career opportunities . 252
13. Understandmg the history an;l phllosophy Sl
of science - 193
14; Understandmg the natiige ; an.d process of o
htechnologlcal or engmeenng achvny 17.9

a Flgures shown are percentages

b Objectives are ranked accordmg to the percentage
to be fairly or. very Jmporfant
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Percenlage of teachers ralung oblechves as |mponanl

‘

Science-related -
anﬂudes

Smemmc skills,
proceﬂses

Social skilis

Students’ world
view

Sctence related
< reading skils

Practical_applica-
tions of scignce

Science content

Relevance fo men
and women _
-

Science apd -
society

Nature of science

Pracllce ol

science in Canada

Career ()i)OOfllirililéé—
9

History phidosaphy

of science _

Endineenng tech-
nology processes

_ Early years - "-
Hl Mradle years K . -
B scnor vears ' .

dedie Ymrs : ' 7o

At the middle-years level; many more ob]ectrves are regarded by teach—

ers as rmportant Again, using the 80 per cent and 50 per cent dlvrdmg’

lines, the 14 ob]ectlves can be grouped into three clusters. But in this

case the proportlons of objectives in each cJuster are quite different, as

the results in Table III 2 show. In the ﬁrst group, there are gght ob]ec—

’.. -~
,v‘4 - N7

8 oL 4 oW -

.
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group (80 per cent to-50 per cent) contains four objectives; and the third
group (below 50 per cent) contains only two. The sequence of objectives

in the overall list (with a }ew exceptions) approxxmates the order of ob-

jectives estabhshed
ferent is the incre sed 17portance attached to every ob]e%hve

¢

ea

y-years teachers, but what is particularly dif-

Table 1.2 - lmportance of ObiechmJ&ﬁddlz Yearse

Rinkb Objective Assessment
1. Developing attitudes ;55;6535&& to
scientific endeavour 96.0
2. Developlng skx_lls and processes of .
investigation . D 934
3 Developing social skills 92.9
4. Understandlng the role and slgmﬁcanee. of .
science in modern society . 58;4‘;
- - . _ . 25
5. Understanding the practical applications of o
4 science ] 87.8
6. Understanding scientific facts; concepts .
and laws 86.6
7. Relatlng scientific explfanghdnwtpithe kd L
student’s conception of the world Ly 863
8. ‘Developing the skills of reading and - A
understanding science-related materials S 842
9, qugrstgndr ng the relevance of §c1ence to '
the needs and 1nterests of both men and J
women e . 68.6
10. .. Understianidgn& the way that scnentlﬁc o
Rnowledge is developed 66.1 ]
11 Relanng science to career opportunltles 56.1
12. Developm&an awareness of the practnce* : .
of science in Canada ) s 51.4
13. 1 Understanc&ng the naturE and process of .
technolog:cal or engineering actnvnty 40:8
14, Understa lng the hlstor)’ and phllosophy L -
_ of science a - 40.7
a Figures shown are percentages AT

b &]CCHV&S are ranked according to the percentage: of teachers asséssmg them
—to be fairly or very important. :
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The objectives in the first cluster incliude the three identified by

most early-years teachers as important - attitudes, process skills and so-
cial skills — but to them are added five more: science and society; practi-

cal applications of science; science content; relating scienice to” the

~ student’s world~view; and the skills of reading ‘and understanding

science materials. This broader array of objectives in the first cluster re-
flects the broader variety of purposes for which science is taught at the

middle years. The analysis of ministry guideliries reveals a similar effect.
It is interesting to note, moreover, that despite the large array of objec-
senisus (over 80 per cent of the teach-

tives; there is a high degree of cor

ers) concerning the importance of as many as eight objectives.

 The shift in importance of specific objectives is discussed in the sec-
ond part of the analysis. Further analysis of the middle-years consensus

by sex, length of teaching experience and school location yields several
—ggsults of note: _ - . )

" {. " There afe two objectives which tend to.be rated as important

_more often by female teachers than by male teachers. The ob-

-jective, “to impart an understanding of the relevance of science

both m ’ (which im-

'to the needs and interests of both men and women’
plies that these “needs and inter.
that any differenicés should be taken into account) was assessed

as fairly or very important by 78.7 per cent of female teachers
: but by only 64:3°per cent of male teachers. Also, the objective,
“to develop an awareness of the practice of science in Canada”
was regarded as important by 67.9 per cent of female teachers
but by only 44.3 per cent of male teachers. Concerning other

objectives, there was less than a 10 per cent difference between
~ the sexes: e 7 o
2. Analysis of these results on the basis of the length of respond-

. " ents’ teaching experience shows a numiber of objectives about

whose importance more experienced teachers have opinions *

which differ from those of teachérs with less experience:. Again,

using a spread of more than 10 per cent as the basis for selec-
tion; significantly more teachers with over 10 years’ experience

rated the following objectives ﬁrimportaﬁt than did teachers
with less than 10 years’ experience:

. understanding scieritific facts, concepts and laws;

. relating Science to career opportunities;

. underStanding the nature and process of technological or
engineering activity;, _

relating scierice to the student’s conception of the world;
understanding the way that scientific knowledge is
developad. _.

OF course, because this group of teachers Yated no objectives

" Jower than did teachers with less experience, it could be argued -

" that these resulfs indicate a different degree of discrimination -

BTy
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on the part of less- expenenced teachers. However the dxffer— ;

ences exist. They are presented here for discussion purposes:

At the middle years, twdlobjectives show a spread greater than :

10 per cent when the results are analyzed on the basis of the lo-

cation of the respondents school. Urban teacfiers tend to favour
the following two objectives more than do rural teachers:

e understanding the relevance of science to the peeds and in-

terests of both men and women (urban = 71.8 per cent; ru-

ral - 61.8 per cent)

» developing an awareness of the prachce of science in
Canada (urban -'55:5 per cent: rural — 44.5 per cent).

Table lll 3 - lmportamnf Objechvear Senior Yearsa

Rankb
1.

10.

11
12
13,

14.

3

Ob,ecnve __ Assessment
Understandmg scientific facts, concepts L
-and laws T 961
Developmg skills and processes of - )
investigation 96.1
Developmg attl}udes appropriate to N
scientific endeavour - 95.7
Understandlng the practical appllcatlons of L
sclence ’ 92.2
Developing the skills of reading and _ o
understandmg‘ science-related materials - _ '89.2
Understandlng ‘the role and significance of - o
science in modern society . 879
Relating scientific explanation to the T
stadent 5 conception of the world 86.9
Developmg socnal skills . 86:1

t .
Understandmg the way that scnentlﬁc : o .
knowledge is developed S 78.0
Relatmg science to career opportunities & 77.3
Understanding t the _relevance of science to
the needs and interests of both men and . B
women : 72.8
Understandmg the narturre and process of L
technologncal or engmeenng activity / 589
Developmg an awareness of the practlce s o
of scienice in Canada 58.6
Understandmg the history and phllosophy o
of science — 54.6

a Fxgures shown are percentages
b Objectives are ranked according to the percentage of teac}iers assessmg them

_to be faitly or very important.

i
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Senior Years . L Pt i
*Table 111.3 shows the results of the senior-years teachers’ assessments of

the importance of objectives. If the two points of division {80 per cent
and 50 per cent) are retained; all 14 objectives now fall into the top two
clusters. The consensus appears to be that all the objectives are fairly or
very important: The’consensus is strongest (over 80 per cent) in regard
to eight particalar objectives; the same set of eight; in fact, that were in
the highest cluster at the middle-years level. '

1. When these results are analyzed on the basis of the sex of the
respondents; female teachers dgain appear to favour two objec-

tives more than do male teachers:” L )

« understanding the relevance of scierice to the needs and in-
terests of men and women (M - 71.6 per cent; F - 82:3 per
cent). . .

« developing an awareness of the practice of science in

Canada (M - 56.8 per cent; F - 72:0 per cent)

. 2. When analyzed on the basis of length of respondents’ teaching

expegrience, only orne objective shows a difference greater than
1ofpercent: oo
s developing an awareness of the practice of science- in

Canada (1 to 5 years’ experience — 67.0 per cent; over 14

- years’ experience — 56.7 per teqt) o o
3. No significant differences could be detected between responses
of teachers in urban and rural schools.

In general, there appears to be a aniformly high degree of consensus
among senior-years teachers that all the objectives — but particularly.the
eight ifi the first cluster — are important: Of course, as was noted earlier,
this result can mean two things: On the one hand, teachers may, at the
seriiot years, be striving to reach a very broad array of objectives. On the
other hand, senior-years teachers may not be as discriminating as are,
for example, early-years teachers concerning what are, in fact, their

. most important objectives. Consequently, senior-years teachers rate all
the objectives as important. In either case, the question is raised as to .
how many objectives can realistically be pursued. This same question
arises. from the analysis 6f ministry of education policy docaments
(volume I, chapter V). Likewise the trend {noted in volume I, chapter V)
towards more objectives as one progresses from early- through middle-
to senior-years levels is evident here also. This is hardly surprising in

view of the fact that the guidelines documents are usually drafted by
committees of teachers (see volume 1, chapter IVJ.
Importance of Objectives: Analysis.by Objective

In order to facilitate comparison with the-analyses of aims contained in

ministry guidelines, the same categories of aims used in that section of
the report are used as the basis for the present discussion. Table 1I1.4

compares the 14 objectives used in the survey questionnaire to the eight

352 . L i 51 | ,
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- categories of educational objectives listed by minisfries of education (as

defined in general terms in volume I, chapter V). The groupings found in
Table Il.4 may be open to question; they are used here merely as a
‘means of organizing the disclission. No revision of the original set of

categories is implied or intended. The results of the teachers’ assess- -

ments can, however, be compared with the aimg_end;sr’s@d by ministries.
N K . . . -

Table 14 - Categories of Aims and Objectives
.1 Category of Aims Survey Objective(s)  _ e
Sciénce Content Understanding scientffic facts, concepts and

. laws - )
Scientific Skills/Processes . Developing skills and processes of
. investigation '
Science and Society . Understanding the role and significance of

science in modern society

v ' ) i science in Canada
Nature of Science Understanding the way. that scientific

o~ . knowledge is developed \ -

A ot Understanding the history and philosophy of

"y " . science

Developing an awareness of the practice of

Personal Growth Developing social skills  —-

i Developing the skills of reading and
understanding science-related materials
Understanding the relevance of science to the
needs and interests of both men and womien
Relating scientific explanation to the student’s
coniception of the world

Science-Related Attitudes Developing attitudes appropriate to scientific
endeavour

Applied Science/Technology Understanding the practical applications of

science _
Understanding the nature and process of
technological or engineering activity

Cageer Opportiinities “Relating science to career opportunities

»

science content is of central importance as an educa-

tional objective at the senior-years level, both in the guideliries. and in

teachers’ assessbients. At the middle-yeafs level, it is one of the three
‘aims found in every guideline; and it is endorsed by 86.6 per cerit of
teachers as being of ‘major importance. As was mentioned earlier, all

< . . ooy o vves ahd
early-years guidelines specify ““learning of content” as an aim;, but they
-also point out that this is not the central aim of the program: Teachers

~ clearly share this view; only 63.6 per cent of early-years teachers as-

sessed this objective as fairly or very important. Overall, this objective

: C e : - 53
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is evrdently not controversral although the questlon concemmg the
desirable balance between- teaching content and achievinig other aims
remains unresolved.

,Screnhﬁc Skills7 Processes N . .
The development of scientific skrlls is endorsed as an ob]ectrve by all ’
ministry documents at early- and middle-years levels (gs well as by

most documents at the senior-years level) and by teachels & all three )
levels. Aims of this type are uncontrover51al ‘although qugstions about -
which skills should be taught at which levels continue to be asked:

Science and SOtrety ]

One of these objectives — understandmg the role and sngnrﬁcance of
scrence in modern society — is regarded as very important at both
middle-years (88.4 per cent) and senior-years (879 per cent) levels:
However, the other —developing an awarerigss Df the practice of science
in Canada = is rateg uniformly low at all three levels; rankmg 11714 at
the early-years level, 12713 at the mrddle-years level; and 13/14 at the
senior-years level, These ratings parallel those made immplicitly in minis-

try guidelines. There appears to be an mcreasrﬁg dwareness among
science educators (especrally at the mrddle years) of the need to teach

students about the rélationship between science and: socrety, but thereis

no great concern that this relatlonshrp be discussed with reference to

Canadran society in partlcular The concerné of Thomas Symons and

James Page, that sciencé'is not portra);ed as part of the cultural. fabric of

Canadian socrety, would appear to be well fgunded. The analysis of
textbooks (see volume I; chapter VID tends to confirm this observation.

Te e

”

Nature of Sm’nrr 7 l;,;,-

" These ob)ectrves were amongst those regarded as very rmportant dunng

" ‘the carriculum reform movement of" ‘the 1960s. However, teachers

_found that only the brightest students could achieve them. The rela-j"; ‘

trv}ely low ratings § grven to them in this survey. attest to their declining

pqpularity. At the senior years, where most ‘guidelines still contain ob-

]ectivés of thrs type, teachers r?nked them 9/14 and 14/14 At other lev-

'gurdelmes and by teachers

c

Personal Growth
As explained earlier; this category of objectives is rather broad and drf—

fuse: It involves the development of characteristics or qualrtres ~suchas _

creativity; a sense of. fesponsibility; cooperation — whose relevance or "

application g goes beyond the Held of scrence, being more closely related

C ’ 'A §

s 5§_ ‘
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to the broader goals of education: As Table ﬂl 4 shows, this category in-

cludes four rather diverse objectives that do not readrly fit elsewhere. At

the early level, the development of social skills and reading Skllls is (pre-

dlctably) important to both ministries of education and to teachers.

Thgse objectives become progressively less important at hlgher levels:

(Aithough the reading and understandlng of science-related materlals is

stressed by senior-years teachers; we assume hat their emphasis is less

on basic reading skills and more on the need for understanding science-

related materials.) The objective implying possible differences among
girls and boys in relation to science education has already been dis-

cussed in connection with the analysis of responses on the basis of sex:
Its relatively low ranking at all levels perhaps reflects a relatlvely low
level of awareniess among teachers about the need to encourage glrls to
study scienice. Its total absence from ministry guidelines; as noted ear-
lier, tends to cdnﬁrm tjus hypothesis. Flnally, the_objective, "'to relate
scnentlﬁc explanatron to the student’s conception of the world,” touches
on students’ readiness to accept science as a way of understanding the
world: 1mpllclt in the ob)ectlve is the basrs for déaling with controversial |

moral.or rellglous issues such as creation and evolution. Teachers.at the -

early-years level rank this ob)ectrve high»{d/ll) at the other levels also

there is agreement (86 3 per cent at middle years and 86.9 per cent at se-

nior years) conceming its importance.

1

Scierice-Related Attitudes C ‘- :
This objective is uniformly important in both guldehnes and teacher as-

sessments at all three levels.

Applied Science/ Technology

Objectives in this category are of two types those havrng to do wrth

teaching about the practical appllcatlons of scienice (the ptoducts of en~

grn?&lng and technology) and those havrng to do. with- teaching the

"’process skills”’ of the engineer or technologlst The former type of ob-

jective is highly rated at all levels; especrally at the semornyears level

the latter is rated low at all levels (14/14 at early years; 13714 at mxddle

years and 12/14 at senior years). As was evident from the analysls of

guidelines, ministries of education appear amblvalent concemmg these. -

objectives. Teachers’ assessments of the |mportance of these objectlves

also indicate a certain ambwalence concerning the inipbrtance of teach-
ing aboiit technology in "'science” education. NS

Career Qpporfunmes

Predlctably, this ob]ectlve is rated h)ghly only by senror -years teachers,

77.3 per cent of whom consrder it to be important ~ nota very high pro-

portion; given the current recession. R




’

' Eﬂ‘echveness of Teaching An:lysls by Teaching Level

In this question, teachers were preserited with the same list of objeétlves

as before and asked, “"How effective do you feel that your teaching is at

enabling students to achneve each of the following objectives?”’ Teach-

ers were asked to respond using a four-point scale; rarigmg from “very
meffechve” thrOugh ‘very effecfive:;”” They were also given the option

of mdicatmg that they had not attempted a given objective. In Tables

111.5; 111:6 and IIL.7, the total number of teachers responding 3 {fairly ef-

fective) and 4 (very effective) to each ob)ect:ve is reported as a percent=

age of;the total number of respondents. The sequence of objectives used
in Tables .1; ‘lils\z.and I11.3; respectively, is retained.

Early Yéars >
In general, teachers feel that those ob]echves they consxder to be the

most important are also those that their teaching is most effective in

achieving. The only oblectlve in the first tw?lusters (ob)ectlves 1to 9)

_that the majority of teachers considered themselves to have been unsuc-

cessful in achieving is the one involving the needs and lnterestx:.}f both

men and women. Most of the ob)ecuves in_the third cluster haye not

been attempted by a significant proportion of teachers. \/

Middle Years
At the middle-years level teachers’ assessments of effechveness are;
again;, very similar to their assessments ‘of importance. The most, notable

exceptlon concerns the ’'science and socnety” bblectlve 88 4 per cent of

conslder thelr teachmg to be effective in achlevmg lt By contrast; the

objective “understanding scientific facts, concepts and laws” is rated
highly on the effectiveness. scale:

¢
Sen ror Yea rs

tiveness can be seen at the senijor-years level also Agam the ”scnence
and soc:ety” objective is thought to be important by a hxgh proportlon
of science teachers (87.9 per cent), but considered to be effectively

achieved by a significantly smaller proportion (69 3 per Ceht) The same

lS true for the ob)echve ”develo;ﬁng the skllls Of réadlng and under-

ing effectlveness ~67.6 per . cent) and for the Ob)ecuve ‘relating scnentlﬁc

explanation to the student’s conception of the world” (importance -

86.9 per cent; teachihg effectiveness — 71: 2 per cent). These assessments

“ underscore our concern for the number of objectives which a science

program can realistically be expected to attain.
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assessment of the effectlveness of thexr own teachmg As more sophls-
ticated systeinis of learning assessiient are introduced by several prova

.inces, it may be possible to “"assess”’ the teachers assessments. For the
present; these assessments are reported here as they were recorded.

There are many reasons why objectives considered by teachers to

be important are nevertheless difficult to achieve in practice. The r§-

maining chapters in this part of the report eprOre some of the obstacl 3

that may keep teachers from attaining edttcatmnal ob]ecnves.r

Table LS - Elfecliveness of Teaching Early Years

Ob]echve‘ . . Assessmentt )
1 Developmg aih}udes appropnate to o o
scientific endeavour 90.7
2. Developing skills and processes of
investigation 90.2
3. Developing social skills ' 92.4
4. Relating scientific explanation to the L
student’s conception of the world t663
5. Developing the skills of reading and ‘ o
understandmg science-related matenals ' 879
6. 'Understandmg the practical applications of .
science 66.3
7 Understanding scuennﬁc facts, éénéepts .
and laws N 64.6
8 Understanding the relevance of science to .
the needs and interests of both men and N -
women 450
9. Underfstgﬁn@ng the role and significance of .
science in modern socnety . 49.5
10’ Understandmgthe way- that scientific ) - -
. . knowledge is developed 314
11.  Developing an awareness of the prachce ' .
of science in Canada -~ 19.6
12, Relahng science to career opportunities i86
13 Understanding the history and phrlosophy o -
of science’ _ . 16.6
14.  Understanding the mm,rg,a,nd process of . o
technologxcal or englneenng achvnty o 141

a The order of ob;echves is the game as in Table [IL.1. o

b Percentage of teachers assessing their teaching as falrly or very effechve in

achieving their ob]echves . T T e —

-



Obiécti\'/'c‘ e Assessmentb

1. Dgyg]oplrm at tudes approprmte to . -

scientific endeavour . 86.0

2. que!ﬁpihg skills and processes of % :

investigation 8.7

3. Developmg social skills 64.9

4. Understandmg the role and sngmﬁcance of L

science in modern society 64.9

s: Un’dérgtan'dmg the pi’é(‘rifi appiicaiiom of -

science ) 79.0

6. Understanding scientific facts, cohcepts L

and laws | 87.9

7. Rcl.mng scientific explanahon to the -
) student’s conception of the world 76.8 °
. 8 Developing the skills of reading and _ o
' - understanding science-related materials ) 71.0
9. Understanding the relevancé of science to

. the needs and interests of both men and L

. women 515

10. Uﬁdéiéidﬁdiﬁgiﬁé way that scientific o

- knowledge is developed 52.2

11. Relating science to career opportumhes 38.8
12. Developmg an awareness of the practice o ;

of science in Canada 28.2

13, Understanding | the nature and process of

' technological or engineeripg activity ’ 26.5 =
14 Understandnhg thé hnstory and phxl hy o ’
of science o — 35.8
-y
s The order of ob]echves is the same as in Table IIl.2. .
b Percentage of teachers assessing their teaching as faxrly or very effective in i
achieving their objectives. .
] » :
. N
;
- - 1
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) Table 111.7 - Effectiveness of Teaching: Senior-Years B
. Objectives Assessmentb
1. Understanding scientific facts, concepts L
and laws . 96.1
2." Developing skills and processes of o
investigation 89.3
i 3. Developing attitudes appropriaté o ’ ,
scientific endeavour 83.7
4. Understanding the practical applications of
- _science & 79.7
5. Developing the skills of reading and _ L
understanding science-related materials 67.6
6. Understanding the role and sigaaance of .
. science in modern society 69.3.
7. Relating scientific explanation to the L
. student’s conception of the world 712
’ 8. Developing social skills : 77.5
. 9. Understanding the way that scientific R
_ *  knowledge is developed , 66.3
-
10.  Relating science to career opportunities ’ 47.7
- 11, Understanding the relevance of science to
the needs and interests of both men and
women X 46.2
12.  Understanding the nature and process of .
technological or engineering activity 392 7
13.  Developing an awareness of the practice o )
of science in Canada 27.9
14 Hﬁdersiah&ihg the iiig_iory and piiiiosobiiy -
of science . - - 46.0

» The order of objectives is the same as in Table 111.3. R
b Percentage of. teachers assessing their teaching as fairly or very effective in.
achieving their objectives.
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The achievement of objectives for science education depends in large
measure on the importance accorded those objectives by teachers. But
other factor§ are also involved, including the availability (to both
teacher and students) of appropriate curriculum resources (textbooks,
software, magazines, etc.), the adequiacy of the teacher’s background for
the spec:ﬁc pedagoglcal tasks required, the interests and abilities of the
: students, the physical facilities and equiprment prov:ded the institu-
tional arrangements (such as teachmg schedule and elass sxze) and the
degree of professional (e.g:, school pnncrpal) and commumty (eg, par-

ental) 7support for science teachmg Any one of these factors can make

the achlevement of any objectives; however desirable in principle; im-

possible in practice. Given thig fact; well established by educational re- .

search; one may wonder how any objectives can be met successfully. But
some are; schools do result in students’ leaf'ﬁiﬁg However, it is naive to
expect real change in the combination or balance of objectives of science

education while ignoring factors such as those listed above. Likewise, it

is necessary for a study such as the present one to determine as much in= -

formation as possible about those contextual factors if it is to inform a
deliberative process that may contemplate changes in the dxi'ectnon of
science education.

Information concerning six such Factors was collected in the : survey
of science teachers. Three of these are discussed in this chapter:

o Curriculum resources (Tables IV:2 to IV.6);
Teacher’s background and experience (especnally inservice edu-
catlon) (Tables IV.7 to lV 10)
. Students ablhtles and mterests (Tables IV 11 to IV 15)

’ti6nal interaction w1th hlS or her students

60 :
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be sure that these six factors were all; in the opimon of teachers relevant
to the problem of achxevmg ob]ectlves Table iva reports teachers’ re-
sponses to this question; it shows that all six factors are, to different de-

grees at different levels; lmportant to teachers: At the early and middle-

years levels; physmal facrlmes and institutional factors are of concern to

most teachers: At the semior years, students’ abilities and interests are

cited most often as being important:. However, further investigation of

each of these six areas is clearly warranted: ,
-

Table IV.1 - Obstacles to the Achrevement of Obiechves

Percentage of teachers assessmg various
. areas as containing fairly or very . __
important obstacles to the achievement bf

Al

. v their objectives
Areas Containing Potenhal o L .
Obstacles . - . - — — Early Middle Senior
Curriculum resources - . 58.5 : 618 57.4
Teacher’s back round and - S L L ,
experience : 62.8 500 118 =
Students’ abilities and interests * _ 67.2 744 77.0 :
Physical facilities and equipment . 753 732 611
Institutional arrangements (e.g., T o o
class s:ze) .. 781 77.3 © 746
Commumty and professlonal .
support 470 50.9 46.1

-

Comment: -

To soiiie exteiit all areas contain obstacles to the achieverient of objectives: Of
most importance to teachers are institutional arrangefnents; of least concern is
community and professlonal support.

Curriculum Resources
Five questions on the survey focussed on curriculum resources and car-
riculum development The results of these inquiries areyeported in Ta-
bles IV:2 to IV.6:

Teachers use cumculum resources to plan their lessons. Table IV.2
shows the degree to Wthh teachers value various resources for thxs pur-

student use and others — are a major resource for three out of four teach-

ers. School libraries are noted by over 80 per cent of early years teachers

"as bemg important. Surprisingly perhaps, the ministry guidelines

61
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themselves although they. fo the pohcy baSlS for the science cur-

nculum are not uﬁed‘ ’sda pnm resource For planmng by a large pro-—

of materials not prod < ed specrﬁcally for educators Scrence énagazmes,
journals and nehgsletters are cited as important resources By 72.4 per
cent of senior-years teachers, but responderits probably lnterpreted this
category of resofirces as including science education magazmes and jouir-
nals as well as scientific Reriodicals.

A series of questions focussed on the textbooks used by students

At the senior- . and mlddle years levels, a large number of respondents,
reported that thelr students use textbooks (Table 1V.3) and that, in gen-
eral, these texts are satrsfactdry (Table IV.2). These assessments were
based ona number of specrfic cntena and referred to texts rlamed by re-

spondents
Two final, questmns in thls section concern the processes used for

developmg cumcula Tab}es IVsand IV.6 suggest that teachers beheve

that development work IS best done either- by ministries of education or

by comr'uttees of teacherp at school-board level Thls dlstnbutlon of re-

=boards have formal responsrbrhty for the implementation of mlmstry

policies. However; 6nly a few teachers think that the selection of text- -
books:is a task
most teacher,s rep

it that they have not had an opport'umty to partici-

@
c.

. Only teachiers’ general assessments of textbooks are reported in this volume Be—

. tailed assessrnents are reported in -volume 1.
? ; , ;

Re
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“Table IV2 ¢ ﬁééﬁf@ir@ig for Flanmng

lnslruclroh

Cda

. A e T et s mm L NI T men e e ek
L e o . ' Percenlage of leachers assessmg Various
cw NEL i B resources as fairly or very importarit in
' - - c the planning of therr instruction {with
P ot - = ranking)
Resources , Barly Middle Senior
N Ministry policy statements '501 (8) - 58 1 »(8) 48.0 (7)
- ’ Sup?lementary material from the [
ministry of education 48.0 (9) 433 (9) 3100 (11)
. Provmcrally‘approved texlbook& 31.6 (4) 734 (3) ;fgso (2)
‘ Other science textbooks 56.7 (6) 748 (1) 815 (1)
; Cornrnercrally pubhshed cumculum o el
: materials " . 65.4 (3) - 504 [8)- 504 (6)
] Cumculum mténal§ developed- e R - B
<. focally ¢, A 67 8 (2)1 60.5 (5) 50.7 (5)
.. Materials from teachers’ assocratlon 40.7 (11) 31.3 (11) 37.0 (9)
P - Materials from the school llbrary ‘8235 (1) 745 (2) 628 (4)
W Publications from govemmenl o I o
departments 33.4 (12) 29.8 (12) 26.9 (12) 7
- " Science magazmes, |oumals, o o
newsletters 832 (7). - 691 (4) 724 (3)
lndustnally sponsored free materials.  42.6 {10) 404 (10) 324 (10)
TV or radio programs or tapes ;; ' :' (5) — 581 (7) 440 (8)
Computer software - 9.8 (13) "11.6 (13) ii.i (13)
Comment::_ :
TextbookKs, both provmcrally approved and others, are lmportant - especially . a(
senior and middle years. School libraries provide important resources, especrally
v at lhe early years. : -
'ejl . N . .- o . "v.‘zkf}‘
, b
Table 1V:3 = Use of Tetbooks by Studeiits : R
Percentage of teachers qﬁoée students use a science textbook .
Ezrlv i f' __ Middle_ ,,4Sén§ér—L :
i 76 70.9 896
‘ Comment: .

At middle and sefiior levels the textbook continues to be of. great lmpor(ance
There is great variation among provmces in the early years {low:.7.1 per cent;
high: 95.0 per cent). j -

(? ’ o .
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Table IV.4 - Tenchers kssessmems of Textbooks' - r, 7 o
P 2 : - .

Percentage of teacber
most often used by students as fairly or

completely adequate with respect to
. - _ _ _ Narious criteria

Criteria s Early - Middle Senior

Appropriateness of the science -
content for the grade level yoii

teach : 5 844 . 788 83.3
The relationship of the text’s o o o
objectives with your own priorities 78.0 L 735 75.8
Readability for students * 72.7 . 751 ¢ 737
Mustrations; photographs ete . 85:2 . 7956 1 77:4
Sugge‘sted activities KRS 76.9 698 " 557 i
Canadlan examples 56.1 498 i 288

. Accounts of the apphcahons of 0 o - ’

. scrence . 65.3 56.7 : 45.0
Approprlaiénéss for slow srﬁdenrs 460 36;5 257

+ Appropriateness fﬁr Bﬁgh( stidents ‘' 785 - 724 79.5
References for further reading . 194 - 387 RE 46:3
Ovefall impression . 76. (] 751 749

) C (722) -(890) - (882)
2 These assessments were made of sspecrﬁc textbooks n ed’li’y the respondents.
This table provides a general-view of the degree of tedichers: gatisfaction with

the. textbooks theit students use,’see volume 1, chapter 6 for assessments of
individual textbooks. J
b This question was only red by those nammg a textbook in a prevrous
. question. In addition, there fylis a typographical error in the questionnaire. As
 a result, there was a larger

umber of nonrequndents than usual.

P <7 '
N o .
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Teble IVS Responslbnllhes lor €umculum Development' | ‘i; ‘ b

e

v et e —-

Oplmgns of teachers (at early, middle and senior levels) concerning which agencies ate the i eppropnate lo take responsxbzhty for vaelous
curticulu development tasks

A e i s e e oo e

Deﬁmng - | Selecting ‘je, l’repanﬁg
ovenallaims  texthooks ¢ courses of study
Agency . E oM BOF M _jL:\e_ E : M 5
| Mlmstry of educallon . 381 AR 85 n 8.3 145?%/ 1 106 188
ctoldrrd ofic AR T I T B TR ll TRRTENT
Comittee o eachers ot sche U S 1 S T
board level 30 3.0 38 311 5 42 F o0 199 {19
Famlesofschoos - w0 57 59 w3 L gg i PRI
Individual sch? 16 19 20 w4 By 1 ‘l CY ST I Y
Individual teachens 3 32 51 9 BS Uy g a1 193 ;
* Figures shown are percentages. ° ; D C ‘t‘l 4
Comment: 7 @“ P
Few teachers belneve that mmlstnemﬂeducanon shouldllelect textbooks, i W Wi,
J | ] R |
- ) ’ ! J, “;J /_}
‘ T .
' 4 - \" . ]
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Table lV6 Teachers l’arllclpatlon ".‘. Curriculum Developmen o e

Extent to which teachers at early middle- and senior-jears levels have pamcnpaled in cumculum
planmng and development achvnlles at various levels dunng the past few years :

e mrr Tt e e e m s e e o o e U S

e R L ot g e e g e =

No opportunity Occaslonally N Frequenlly

T !

;Levelofactwlty . B M 8§  F M g B M ) g

RV e R LT e L S L s Tl AT 4P s ] bt e T T s 1 s b0 g et iy, e T S

" School 80 #6292 4l 82 07 . M1 Mg
Sehoo board WS e W2 181 BT M6 15 60 83
Provincil iy B TR TR T BT B SN R TR T
Teachers asscition yloomr o omp o 88 17 13 13 W 3

O Wm0 6 75 8 w3

. —-_----.- -----__-- - “ -\

¥ Figwes shown dre percentages. !
Comment;
Most teachers do not participate in curriculum development activities beyond their own school

[

" :
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Teachers Backgrounds and ExpenenCes'T

! In chapter I, aspects of teachers backgrounds an experlences Qereﬁ‘s\

."

cussed: Here, the focus is on mser,vnce education, an area of partictlar

importance when cnrrlculum changes are planned. Tables IV. 7%0 IV 10,

rl e e

report on teachers’ assessments of the effectiveness of existin;
= programs, teachfrs ~willingness ta to partlcipate in inservice ivg kshops,
Tt t®achers’ assessments of the amount of inservice educagién £hey need,

[

, R

and teachers opinions concernmg ‘the value of v:

- experiences.
The ability of the science education system _to be reo

ntecl

towards new objectives depends in large measure on its abnlnty to pro-

vide useful and effective inservice training to a teaching force that; as

. v was noted in chapter 2, is mature and experlencefl ,YE',ES Table IV 7
- shows, teachers do not Feei that present inservice programs are vfery ef-

fective. Most teachers areffiipared to participate in ingervice workshops
(Table lV 8) and fe€l that the present quantity of inservice education is

about right (Table 1V.9), although different amounts are clearly needed
for teachers at different stages of their careers. Table IV.10 reports

teachers ‘opinions concerning the usefulness of specific inservice experi-
erces. lnteractlons wrth other sclence teachers rate hnghly at all levels

most useful. A large number of teachers, partlcularly at the ear[y years, :

= Lo

report havmg ‘had no expenence of many inservice training alternatives.

’ T . ~ For example; 71:1 per cent of early -Years teachers report. never having

attended. a conference.or meeting organized by i science teachers’ as-

sociatioh: 'l‘hls situation is perhaps the result of a traditional focus on ..

. secondary schools by such assocratlons and also of the need for early- .

Table IV7 - Eﬂfch'\?éi‘iéﬁﬁ of Inservice Educations

Teachers’ assessments of the inservice program prowded in t}iéi'r Ecliiiﬁl or
district e . . o
Assessinent N ) &Early Middlé : Semor

Nonexistent 347 290 . 387

v

R

o Comipletely or faitly ineffective 324 343 . . 0.385
Y : Fairly or very effective l 279 Jls ' 196

a Frgures shown are percentages ) )
Comment: . ;
At least two out of three teachers V their inservice education prografn non- -
existent or rneffectrve 8

-

O p -
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Table 1V:8 - Teachdrs’ P:mclp:uon in Inservice Education

Percen(agc of teachers mdlc.mng that:
. they would (probably or definitely)

participate in an inservice workshop in

e two specnﬁed circumstances

. .
Circumstances 17 . Bally Middle Semor
Dunnx school hours if release time LT~ S
was glven . 908 96:2 95.7

At a convenient time 0utsnde of

school hours . ) 63.9 779 77.8

Three out of four teachers are prepared to partncnpa(e in inservice worRshops in
or out of school hours : . s

LE

Table IV 9 - Teachers' Reqmrements for Inscrvnce Edugahon' . -

€rs”_ass: they requlre per

Teachers’ assessments of the amounts of inservice educ
year in order to maintain the quah(y of their scnence teac mg

Amount - - : " Early. - Jvhddle;i Seniior
None . ' - 46 7.3 9.8

3.5 hdurs -+ , 306 123 . 171

5-20 hours : 93 610 52.0

An iftensive refresher course 10.8 120 10.4 -

Il year away from the o - i
clas room : 24 7 7. 95

s Flgures shown are per cen Zgés.
Comment:

Present amounts of inservice educanon {5-20 hours per year for_most teachers)

[N RS G

~
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Table v, 10 Value of lnservice Education Expeﬂencés' ; ' _ “

Opinions of teachers (at early, mrddle ard senioe lévels) regardmg various iervice expenences in terms’
of the contribation to their wark ds sclencé teachers,

e e

. y ‘ .
Completely or - Fmrlyor. : No
Farly useles . L very useful o expgnence B
lserice Experience E M S | E M S ; M .S
ol meetgs wif e T
Science feachers 7518 4B 609 01 a8 My 6.5 7
. nfomal meetngs Wit umversnty‘_ . _—
science edacation persdiirel B9 17 16 - uy w3 ss 659 44 29
Informal meetigs withsintits 69 L0 103 90 35 W He @5 :
R ;",l'-', v ‘
, Workshops presented.by other e - T
teachers S3sLoomre ez om0 WSy s
Workshiops preseited by school o I o
; board ‘8.8 16 32 NVA 546 LS %5 - B4 03
- Workshops preseited by umverslty o '_ LD - , o
v-',:_,'scnenceeducauon personnel RO ARG VR S | X R () 45( U8
| Workshops presented'by it 55 - 67 84 83 9 B8 B0 5 s
Workshops pesated by miny B L
of education officials 53 157 191 189 28.7 4 N7 M1 182 i
University courses in science B2 1S 58 ._ 283 B 1 BT I X I |
Umversny courses in science o ’
education 5" 189 T I TR ';‘;._/' Y L 20
Visits to othes fe'a"chers"clés'stbbhis' U SR b
or other schools ' 3 56 12.7 333 86.1 60.0 RN/ Y S [T

Confeerces o etvgs araged ~—~ - o
bysincelederanddin 37950 3 nf s me om w s

-

Vists toindustry : 45 0 :13.1 25 B3 . %7 w65 368 | 2!89

memmwmwmwnwithﬁwmﬁ?aJwt;BihJﬁﬁfﬁi‘.ﬁfujﬂww_
5 .'anures shown are percentages. | R - oot e
A Comment, * o onl e
:'\IKC'Cher_s belef they Ieam most. from other teachers : BB‘FE o .,,j — . o
[ o i e ' . . .' .".‘_-‘ T we




O

ERIC

Aruitoxt provided by Eic:

\!«‘ :

d 2= e

3

Students Ablllhes and lnterests 4

lmplemented Currlculum effective. As we had agreed with ministries of

ediication at the outset that we wouald conduct no direct assessment of

students’ abilities or attntudes, it was necessary to rely on indirect evi-

dence namely, teachers’ assessments of these factors: Tables IV 11 to

iv:14 analyze resalts of these lnqumes and Table IV:15 reports teachers’

estimates of students’ extracurricular activitips related to science.

According to the vast ma]onty of teachers, students are both able
and well moﬁvated to undertake science courses. Girls and boys have
equal abrhty’ according to teachers, but their motivation varies some-
what: boys in the early years and girls in-the senior years appear to some
teachers to be more motivated. These perceptlons tend to be related to
the sex of the respondent thOugh not 1n a systematrc way (Table IV 14)
cording to teachers,_ visits to mu.seums appear to 7b,e a good way for
early- yedrs Students to lezirn ébout éeiente for iniddlé’yééré §tudént§_,

.

Table lV 11 - Studerﬂs Attltudes Tow:rd l:ezrmng Screncel o

Teachers’ perceptions. of the attxtudes of the ma)Orlty of thexr students.

. Student attitude : Early . Middle Semor~
"Ready to drop science . o1 08 01
lndlfferent ] ) 9.6 ifs.i‘, a ig.ii;,
F.nrly motlv.:ted : s 58 8% 751
nghly motivated 21.6 . 13.0 87
a anures shown dre percentaiges. ‘ , '
Comment:

Foiir out of five teachers find sta dg?s to be well motivated towards leammg

science. : [

Table IVJZ Students Backgrounds and Abilmes- o : E

Te.:chers. perceptions of their students’ backgrounds and abxhtnes to undertake
present sclence courses

S!udeht 5 background and abihty ‘ Eariy . Mlddle ' Séﬁlér o

Completely inadequate 20 47 20

Fairly in;idequ.:te T . 232 - 265 o191

.P.nrly adequate. s Bs21 609 . \ 709
Complctely adequ.:te ) 86 5.5 67

a Flgures shown are percentages. .

Comment: o o o

Two out of three teachers find %gr students able to undertake science courses.

° ~ z .
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Table lV{{i Alhiudes and Ablllhes of ﬁys and Girls* .

Teachers’ percephons of differences in attitudes and abnlmes (relanng to science

courses) betw

Teachers’ perceptions N Early ‘gMiddle Senior
Attitudes & .
_Girls more motivated than boys 31 12.2 216
"-No difference 83.6 70.4 68.1
-sayg more motivated than girls 11.3 141 8.1
& . '
ﬁ Abilities
B -Girls miore able thari boys 49 6.0 6.6
’ -No difference 872 85.6 824:
B “abl 42 2.9 7.3
e anures shown are percentages f
* Comment: - -
1. Mostﬁgeaﬁchers see no dlfference in. a(ntude or abiliyy between boys and girls.
2) Where there is a perceived difference in attitude; tgachers ?u m that bﬁys are
g v mpfe motivated at the early years, while girls are more motivated at the.
hch senior years.
oy Table 1V: 14 - Attitades znd Abilities of Boys and Girls by Sex of
& Respondenta B
R \Male and female teachers percepnons of attitudes and abnhhes of g1rls and boys
Early Middle N Seiiiof
Tcachers percepnons M - F M F M F
. ) Amtudes : N o ‘
-Girls more o o o o o
metivated than boys 4.1 2.9 12.1 13.7 22.5 14.1
-No differerice: 771 87:3. 75.8 659 664 803
-Boys more . o L LT
motivated 1hdn gﬁ 18.6 9.6 12.0 20.2 109 ¢’ 54
L0 [ -, ST e - i R —
SN w18y (1 zs8) (1 047) 7= (271) (996) ¢+ (135)
Ly . : Abilities }
. -Girls mone able o - . . - S
than boys 5.6 4.9 7.1 7:4.5 o 6.3 10.1
-No difference 84.6 92.2 89.4 ¥31 85.2 84.1
- ) ‘Boy:. more able L o ' L o .
7 ~ than glrls . 9.6 2.8 34 ... 22 8.4 5.7
' J(N) S (403) (1227) (1014) (264)1 . (980  (135)
* Figures shown are. percentages. . . . e

Comment:
The perception of atmudcs dnd abllmes m boys and girls tends to be influenced

by the, sex of thc rebpondent but not m a conslstent _pattern.
r

.« - .,

O
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Table lV 15 Shrdenls Selence Related Exlraeurﬂeular Achvrhes' ~ e
- | Early middle- and senior-years teachers eslrmqles of lhe pr0porhorr of&err st nls S
; R participating i various extracurricular activities. "~ S _ ‘
o | _ Veyfow About half  Verymany r'darr_riraw
Actii E M S E M-S E M S E M S
A science fair prorecl ; 44 56 M9 40 21 U 88\ N3 43 ¥4 9 W
M_embershrprnascrence related ___° o I
dub. o ms o oms wlu o120 oo B g m
Avitioa miseumorstene . v
centre during the past year B1OBT WS BT ULy U 103 N4 U8 W0
Regularly readascrence relaled e Je e
book or magazine ~ CO9 U509 @3 10 17 o 52 sy S0 A Bl 284
Regalaly watch a sence TV show - - L .
{or lsten to a radio show) SR 06 6 170 w3 62 96 157 103 W3 85 M1
Pirsie actively ascientific hobby 4312 815 81 78 55T .04 . 08_ .08 49 32 30

" Figures shown are percenlages
Comment

o A surpnelrjxly hrgh proporlrorﬂ early years leachers (abolrl one in three) do not know what lherr students’ mlerests are.

- o g
- _.,._.' “ . ke , . . l ' .
. ‘-_...',“"_.J ,.v“" U kﬁ ) . ;1
L, 7"." " f\ ' . '
:
rf !
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/
i
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.

three such factors: .
Physncal facnlltres (Tables V Lto V3) »

‘ & Institutional arrangements (Tables V4 to V8) _ .
3 Support for science teaching’ (Tables V. 9 to V.13 .
Physrcal Facrlmes R . o - \ h
- Effective science teachuy requlres épecral facnlmes and equrpment The

exact requirements will’vary, of course; depending on the course con-
_tent and the teaching level. To learn about the facrlltles and equipment
. presently available to teachers'and about_ teachers’ Vidws of thelr/
adequacy, several questions on this subjegt were included in the ques- " q-,
tionnaire. Tables V.1, V.2 and V.3 report he results of this inquiry,
These data:show that, not surp 1gly, most science in the early
years is taught in a regular classroom’/l'\‘at there is not usually enough
eqmpment for students to participate actlvely and that over 50 per cent
of the teac regard the situation as being poor or very poor. By con-
trast; thre&¥Wdt of four senior-years sciénce teachers have a regular

laboratory eqrnpped for experrmeﬁts by stadenfs, and the quality of -

both laboratory and egmprﬂw!‘ are regarded as good or excellent: The -

situation in the mrﬂdlg years is much more varied, although teachers’ as- -

oo ‘sessments of qua are almost as high as are those of senior-years
\ : tc.rchcrs - ;

¢
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“Table V.1 - Facilities for Science Teaching* C
777777 . - T e e S
Facility__: . Early
A labeNjory or specially designed o ’
sciénce room o 1.3
A classroom with occasional access . )

-+ to a laboratory C 7.4
A classroom with facilities for o : -

" demonstrations only - 11..”;i
A classroom with no special o
facilities for science * 78.9
+ Figures shown are percentages. -

. l T ;“ '
Figure V.1 - Facili (
i Percentage ot Teachers . I -
Lab ,o} %D;cvglw

* desgned scéncé !
room

‘. Classroom with . v
access to a Jﬁ
lap .
Clasgroom with

~ facips for "

N gem strations - .

5 Classroom with no SN '

special tachthes
for science

: : . .,
’ Early years N
- Middle years ¥y
. ) o -
- Senior years . y R
R : PR o .
o I B . L . .
S < — o~
- N
it . N
; : )
; ' .
. . —— R !
N \
. 1
! i R
»
L] - 77 - ~
: 73 .
. .
,
. . . .
1
) 0

74 . -
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Table V. 2 - Equlpment and Supplles fdr Science Teavch" g

ACUnE -
o Eatly glé
JAmple equipmient for student use 15.4 4
: iriexperisive; ou&&aied; or donated .
equipment for student use 16.9 22.9
Virtually no equipment for o .
demonstration purposes 299 100
s Adequate eqmpment for B - o
demonstration purposes - 41.5 49.0

qually no scxence eqmpment
s } at all~ | Dl -

Sufﬁuen Qnsumable matenals

Access to co mpu(mg facilities
_—Adeguate audm -visual equxpméiii

2 Figures sljawn are percentages

i6‘é:
58 6

b Respondents were requested to indicate all ¢ catego,n,es that appi)ed

consequently, the columns do “not total 100 per cent

o .

w

: Table V3 - Quzhty of anlmés ilid Eqmprhent'_", .

c,hers assessment - Early . ;\AladleV - o
182 103
"40.5 21.9 14.9
’ 37.1 54.1 58.8
Excellenit 23 27 722307

a Figures shown are percentages.

athree mlddle -years teachers

O
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Aruitoxt provided by Eic:

early-years science teachers feel that the quall}y of the fac)lmes and

equipment ayailable to them is inadequate. The same opinion is held by one in
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in the curriculum (Tibles V.4 to, V 8)
- Tables V.4 and V.5 shoW th% range of gxbjects taught n teachers:

For early-years teachers, science is only one'of a variety of subjects that

they teach, while senior-year teachers tend to specialize inscience sub-

jects. @V 5 shomthe proporhons of male and female teachers teach-

ing each of the science bjects. While, a greater proportion of female

teachers teach biology than, say, physics, it should be noted that the

overaﬂ 7:1 balance of male teach-ers to female teachers means that, in ab-

-solute terms; there are many more male than female biology teachers.

Table V.6 reports the number of different gradesand classes each

. teacher is respon51ble for. Early -years teachers tend to have one class at

one grade while senior- years teachers teach several different classes at /

several grade levels. Class gizes; according to the data in Table V.7, ary

fairly uniform at 20 to 30; and the time allocated to science appears to
adequate (Table V. 8) :

Table V.4 - Subjects Taught: ) All teacherss " \
Subjects Early Middle Senior |
Science only 0.7 326 . 65.7

Scxence and Maih}ﬁiiﬁbé : 24 : 14.8 219
fety : 95.2 518 169

a Flgures shown are percentages. —

* 4
Table Ss _ Subjects mg}{ﬁi) Semor-yem teachers compared by sex

‘) Major sub)ect s R Maléi _ Female . 70;5;“_ B
: T 25.5 39.5 . 274 B
ST 340 325
Physics / e - 2%0 o141 246
Emh Science W : 0.9 0.7 , 0.9 .
Other science § ts : i 5.3 - 2:9 5.0 ?
.Nonscience sub{f? - . ' 85 - B i - . 8 8 _
(N) (9&7;,,,:? (135) { . (1 122) )
a Flgu-res ;;h;‘;n areﬁi)é;c‘entages B ' v
_ . - Vo e ' s
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i . ' Table V.6 = Niiiiibi{df\l‘)lfrrent- Grades and Classes Taug t'” e

T T T T ey Middle Semor
_ Nuriber of Grades , :
-lonly S . eab 2577 8.8
2 e 232 30.3 326
<3 : Cal - 280 389 .
-More tharn 3 62 '15.0 19.1
Number of classes . S
15
) 19.0
783
Table V.7 ~ Class Sizes - S
Avs;;ge nl;mbér of students 1 - o o
per class Early Middle . Senior
20 or less . ' 164 ) 76 - 121
1-25 : 362 4, 239 . 233
. | 26-30 : 368 T399 " 472
. 31-35 ‘ 62 % 267 158
Over 35 , 14 o4 o6
Average size _7* . 25 T N Y
» a Flgures shown are percentages ) ] S CoL :

L
|

v

Adequacy_ofilmLAllncaed to Science at Thelr Level»

In relation toither subjects  In terms _oficourse content
Teachers’ "E M s CE - M S
Assessmernits o - o
3 Inadequate amount o g T o N
of time. - 178 . 196 19.0 31:2 320 . 1319
Jist enough time ss.a 489 523 586  6l2., 621"
. R - o
Very adequate __ _ -
> amount of time . ,,jMG—ZZL 70 5.0 15
a Flgures shown are percentages.’ ’ . Ll
- 1 P (;\' R

e B 3 ’ '72
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Supports for Science Teaclung

Science teachers are not always in the best posntlon to assess the degree
of suppedt for science educatlon that exists in other pdrts of the educa-
tional system. However, we sought their opinions on this matter and on
the existence of leadership in science education at school and school-

board levels. Tables V.9 and V.10 convey the results of these 1nqu1nes

£==

educatlon and mdustry Many teachers have never expenenced any in-

teraction between indugtry and schools {Table V.11). Few of those who

have thmk that mdustrz' s ob)ectwe is pnmanly to support schools (Ta-

ers beheye that there l$ a”role fo,r 1ndu§try to play "l sctence edpcathn

{Table V.13). It.is a challefige for deliberators to find what the role
~should be.

Table V.9 - Leadership and Coordination of Science at School and School-
Board Levels? .

School level ' . - School-board level

- P}‘Qgg@i&dﬂshnp E _) M S. E | M S

.

Specially designated - g 3
person 55 353 66.5 388 . 420 428 - = Y
A group of teachers 109 99 7:2 8.4 111 7.9

Administrators 9.2 130" - 47 5.5 8.6 — 69 . . ‘7_;_"1" ’

No particalar . - L . o N
léﬁdéféhfp 63.4 359 202 242 - . 233 1352

Don.tknow 87 51 - 07 205 140 6.1

,,,,,,,,,,,,,,,

There is great variation in the data for school board level when these data are
‘compared by provinee. R

R

78 <
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. Table V.10« Views ofthe ipotce of Scee

N

. ] L '
’ o
N 1,
- ' : '
, G o ) ' 1 -
ot H
’ ) . - )
7 + " ) [ A ,
e - T . M

Early-, middle- arid serior-jeais teactiers' assessiments of the views of various administiators’
and mefibers of the community towards science, relafve to the other subjects.in the school o
amalin o ‘* ‘
AT  Lessimportant ~ Equally important More important - Don't know_-
\J , ' E M S (E M S E M S5 E M S

i3

— L3

'} 85 225 07 127

- School pricipal 93 106 96 - BI 645 b2
School-board administrators B4 7RI 41 515 42

Er0/¢. R VAN S O VIS 'Y
1 BlOW 2
Tt © W0 W7 14 -¥6 M5 BE 2 07 15 w7 s g

Pt ; 4185 97 298 468 478

[

J

+ Figies shown are percentages, N ;. ; .

o , )
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TaEle V. 11 - Expitnence of lndﬁsknzljnuolvemem in Scxence Educahon' )
Teichiers! «expenencesb‘ - Ea,rly - Middle Senior
Provisions of curnculum matenals " 19.8 294 356
Financial supporf of activities such - R o o
as science fairs . 2.7 T 8.5 15.8
Visits to mdustry - 230 o 351 - 440
Visits by mdustnal personnel to . o . L o
school ) 7.1 117 21.1
' © Provisions of career inform ;flOii 6 Coo281 . < '3l
Other ¢ experiences . ) 8.2 . 118 9.0
No pamcular expenence 608 40.9 31 B
* Figures shown are percentages. I S
b Respondents were-requested to indicate all categories that ipphgd tha columns !
do gt therefore fofal 100 per cents . .
! S .. I B
LT ' _ R ‘
- — - —< .
Table V~12 _Benefits of Industrial Involvemgnt m SExence Educahon' :
Teachers‘ o%x :ons of mdustry s. conmbuhbnsjnsﬁéﬁéé teachmg
* niol mng ihe . - N
cohiributionsi, .. Early ;] Middie Senior
" Exclusively 'th P T
industry ’;', o 30 79 . 5.3
. Mostly in tﬁe l;\terests of industry I 167 ’ - 266 g 28.9
Equally helpful tq both mdustry . ) ‘ L ) ) o
and school % ® S 19n R . 31.7
Designed pnmanly to assist schoois - 7.2. ° 61
No oplmon 50.4 26.4
N

"Teachers responses o the qheshon, ‘Do you believe it is app"opnate for
mdustry to be mvolved in science educanon at all?”

'!".

Early Miiddle  Senior ¢
714 845 88.8
37 . 56 39
222 y 74 6.6 .
B iitedl . e _,__,,‘,_._~_{_nv
Four out of ﬁve ieaciiers support mdustry s mvolvemem m scnence educanon. . 2
oot vk b tshpshinhilitstnbatsiu e M ; /
i . . DI . f ) ,', "
: ' S ! o -
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Percentage of Teachers: "
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: &iry in Relation toﬁé
the Question, “Do you-believe’it is 4

nce Education (Teachers’
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Yes

rly years
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E
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"ﬁior years

Middje years -
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y to be involved in science educahon at aJi?

"No Opinion
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Raised by -.thg Data

. - a
oo : A

g < . i )
: )

. As did other parts of the research program;, the survey of science teach—

ers raised as many questions as it answered: These questions; together.

with the data produced by the research, stimulated and informed a se-
- ries of deliberative conferences held across Canada during 1982-1983.
Those who partncnpated in these conferenges raised a number ‘of issues
that were particularly important to mdnvndual provinces and territories,
but they also discusséd questiqns based on the national data included in .
“this.report. These questions, which are relevant-to all provinces and ter-

ritories, are listed it the | pages that follow. They are arranged to corre-

& :qund.wnth thp order of the preceding chapters. R
. - i a _ .
. ‘ , . ) . . Lt . °

. Science Teachefs - :

Trends In the Age of Science Teachyhs
“In many provmces, schools are expe,rlencmg the phenomenon of declin-
Aing’ enrolm s resultmg from the passage of the population “bulge”
| through its hool years. A direct result of this is that school systents.
have, in many places, not only 'stopped recruiting new_teachers, but
;have been forced to lay | off those already employed. Usually, the young-
Qg {or least senior) teaghers have been laid off. This is one redson for the - -
relitive abfence.of young teachers (Table I1.2) and for the relatlvely ex-
peneneed teachmg force noted in.Table I1.4. However, several distiirb-
ing consequences bf this trend should be noted. The younger teachers
+ are amdng the besQE]uallﬁed ('{able I 9) thege is also a more even bal— ’
ance between the sexes in t\l}ls group (Tabl\g ,,,,,,

~

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

’teéchet'léy'o'ff’s are continued; what will be the conse uences Yor the

teaching of sclence especially at the _elementary leve

\L )“77

b ?’
- ¥ .

Preservu'e Teacher fdumtum

Assumuig that it is tnappropnate to expect scit&\ce to be taught at any

" level tby a person who has not had any college-level courses in either

science dr mathematics; the data presented in Tables 11.10 and I1.11 are

cause for concern. The data show that more than half of all early-years

‘teachers; and more than a third of all middle- -years teachers, have never

taken mathematics or science at the university level. In view of these

statistics, what changes should be made in preservice teacher education

and certification requirements? Of course, in view of dechmng student
enrolment, any changes made will only affect the very small numtiber of

new teachers entering the pr6fessnon Ghanges in the backgroiinds of

those currently teaching science are a matter for inservice educatxon{see
below). -

“

Work Experience Outsidp of Teachmg

As Table 11.13 suggests; many science teacﬁers have had science- related

" jobs. If the present tr wards greater concern with the applications

of science; the relationship betWeen science and society and the use of

technology continues; these experierices could ‘prove invaliiable. How

can this type of exp\érfence be recbgmzed and encouraged for those who

are,’or plan to be, teachers of science? Also, how can teachers use this

experience as a pedagoglcal resource for stadents benefit?

-

*

Qo
c'

bjective s of Science féa’ciiih’g :

“ The Number, Varwty and Baian{e of Ob}echves

The analysis of provmclal science cuftriculum pohcles (volume I chap—

ter V) pfémpted the question; “How many different objectives can a _

science program realistically be expected to reach?” The question is™
equally apt here. As Tables IIL.1; 1l1.:2 and 1.3 show, teachers appear to

be as enthusiastic as ministries of eaucatlon in aiming at a long and var-

led list of ob)ectlves In volume I we suggeste& that to test whether real

txcal dlfference to the day by day teachuig of science WOuld lt mzke if

each objective were separately dropped?” Teachers; as well as minis-
tries, might do well to ask themselves such a question:

Changes in the Ob]e’rhves of Snem-e Tearhxng _ I

The survey made no direct mqulry into teachers’ readiness to accept

. change in the balance of objectives in their science progrars: HOwever

the fact that those ob;ectlves that were thought to be the most

. © . 82
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Se . '
rmportant are also those most frequently encountered in present%crex}ce BF

programs suggests a certain resistance to change on the part of meost

teachers: The authors of Council’s discussion papers have, explrcrtly or *

lmphcitiy, suggested alternative objectives, but these have received lit=

tle support fromscience teachers. This can mean several things. Perhaps A

teachers know best what is achievable in schools, and present programs -

are a reflection of their judgement. On<the other hand, thexritics may be
right; but the teaching profession has not yet been persuaded There is

little doubt that what teachers believe to be importarit | isa major mﬁu-

ence — perhaps the major influence -~ on what actually takes place in

classrooms. Clearly, djalogue and deliberation is called for between both

those inside and those otitside the education system on this most urgent

_of all questions: What should be the priority among ob]ectlves for

science education? .

4

Assessing the Effechvme s of Scientce Téachmg .
Drscussron of the effectlveness of teachlng wrth respect to r

inces (notably BC Alberta and Mamtoba) have lnstltuted assessment

rograms aimed at determining howaeffectively various objectives of
P 8 } 4 @e y 3 ]

science programs are bemﬁr ret. Desplte the controversy surroundmg

such assessment progrdms, they may help clanfy the debate about new

(and old) objectives by telling us what schools can do; and do; well or

sibility of introducing new ob]ectlves or, at least, the strategles required

- poorly. Having such information, educators corgd better assess the fea-

to do so. Until such data dre available, we must rely on teachers’ assess-.

ments of their own effectlveness At the same time, we should question

the reliability of such self-assessment: At issue; for provincial delibera-

tion, is the matter of extending; introducing and improving: systematlc

approaches to the evaluation of students’ learning.
Instructional Contexts of Stierice Teaching'

Factors Affecting the Eﬂ'tthvmess of Science Teachmg

If assessing the effectiveness of teaching is difficult, determlnlng wl'uch

factors most strongly influence effectiveness may be more difficult skll.

Sormie factors; such as class size, may affect the pleasantness of the work-

rngjtrniosphere srgmﬁcantly and thus lead a teacher to suppose that he

or she is being more effective, Factors ‘that may increase teachers’ enjoy-
ment of teaching may make little or no difference to the degree to which

students achieve objectives. This situation makes it difficult to know ;

which factors are rr\OSt crucial to teachers’. effectiveriess and students

84.: - | , 83




learning when a change in objectives.is contemplated. Lacking any fur-
ther evidence, we must assume that all of the six factors identified in Ta-
ble IV.1 are (more or less equally).important. Are there, howevergother

B ' factors that influence teaching effectiveness significantly, about which =
.o data are needed before the costs of afthange in educatronall objectives A

_can be estimated? 7 . Lo

Curriculum Resources ’ ' P

Are teachmg resources ~ partrcularly textbooks = SuFﬁcrently adequate '

to allow de51red objectWes to be met? Or, to put the matter in slightly
different terms: What new curriculum resources are required to, enable

teachers to achieve objectives that cannot be.met wrth_exustmg materi-
.aJs? How ‘can materials that contain- useful resources (suchr agigy ovem-

ment pubfrcatrons) be made more accessible to teachers? Hdw can .

computer techriology be developed to increase:curriculum resources for -

teachers? There is ample material to saﬁsfy all resource needs in exist-

ence. The problem is to make it available in the nght form ztghe nght

trme (and at-the right- pnce) How can these problems be solved? -

Processes of Curriculum *Eevelopment o %

Will existing procedures, which are supported by teachers; allow scrence,
curricula with differqpt objectives to be developed or will new proce-,
diires and the i:iérti'cy tion of drfferent people in the makmg of policy

decisions be needed if changeffs to occur? x

&l
®|

. Inservice Education o E )
\ . How cari inservice eﬁcatlon be made more effectrve §0 that teachers can
’ continue to. enjoy teaching science, and can maintain and de

abilities to 30 so? -Data presented in this report suggest tha

i P

edircation in its present form is riot very efféctive (Table I

B

‘many different groups responsrble for it? Do*"’ it haye too I

tive§? Does 1t lacY adequate resources? ¢ L . wgéw,' "~
- oo e

_ L RN .
a B o e <

Sfu}:ls In?eresfs and Abrlrhes ol T T .
;Does science teacbmg adequately caprtalgze on the mterests and abrhtles’
f

‘v
Pt

T

teachers do not 4
ulterest their stu’ ﬁ‘f@;iﬂow a

——————————————————————

- & 1'3? of all studénts? w what
,;f,clence related extra 'cular actrvrtre

: } 7 Ve u _
ﬁ ;\- l. Szgen[elji"eatggg for M and /(?rlzé_ . \ . ;-- ’ i ;

sgrence% M?t tbachers see no dxfferen%ttrtude or ablllty betweep -
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boys Ggtls (Tal:ié/lV ISFYet ﬁtls Cd’ttiiiii’e‘to dro’ e,
””” much higher rate than do’ boys What can be dbiie to change this

pattern? R @h , . . g j)r ‘

¢

Physical-Facilities and Eq iprient . ’ ‘
. What different Yaciliti€s are requiréd for the achievement of the various

ob)ectlves of scierice educatngj' Laboratories are clearly requlred 1? stu-

dents are to develop all the *llls of the experimental scientist. Smce

t@e objectives have been’ regarded as xmpori’ant there has been a car-

respondmg move to é\nsgl‘e that laboratory facilities were ‘available. But

are “‘science-and-society” ob]ectlves best achieved through laboratory

work? If not; whét type of Facnhty is requlrea? To put the matter another

aﬁﬁréﬁnate to the ob]ectlves of science educatlon in the 19805 and o
'1990s;, what might such a school'contain? - o ] o
; . : v -
Inshhdlonai Arrangements . - .
What relatlve importance should be ngen 0: sc1ence at_each stage of a
student s educatlon? . , o - :
, . - / T .
,Beadershnp in ﬁ‘zence Edurqhon Ce- e ik
ulred especnaliy in elementalry séxence? .

How can the resources (espedially, the humat resﬁopﬁrce@ (if seqon
scrence teaclvng be extended to: igést and-rtr'igroveascj_eﬁée edacation in . -
" the ngddle and early years? . e Y . T
Y. F L -
Vieis of 7Eé“1ﬁﬁﬁaﬂ'aﬁ’  Scierice i g R '
" Ase educators-arid pollgians sufﬁcnent‘iy convmted of the ﬁip’b’rt’aﬁce

of science insthe educgtigr, of students? If O[%how can thelr v;ewa be-,

changed? 2 - - . _ : s
= 4 o - : , w o e
“Industrial In volvegn?ent ;n Sczenre Education =~ w= ' T

How can mdustry beco y more involved;in science educatlon w1t}10 t
t : teachers ané tlpr/fgspomiblht# to’Wards\,

T s P
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1 Oclober 1981

V4d
.

o with the co perahon of the Council of Ministers of. Educauon the Science Council decided that a beuer :

MR understanding of ycience teaching, its problems and dxfﬁcuhncs. wasneeded before anyuseful recommenda-

. . tions for change cild be consndered( .

e .

L © ____To this end' he comments of leiChcrs of scigrice — your co}nmenls — are of vital importance. By

wding to t quesuonnmre. you will be provldmg s with infoNiation that will help us to answer three.

Estiont - i :

I. What are lhe aims and objecuves of science leachlng in Canada loday. as perceivéa by Jeachers"
2 Whal f)roblems are encounlercd by feachers when lhey (ry lo "achicve these objectives in pracuce"
i}

1. What' changes are requ"ed if science cducation is to continuc Lo meet the nﬂb of Canadians in lhe
- years to comc" <
‘ { S Your school hag been randomly sclcc(ed to parucnpale in-this study and all teachers who teach scnence

L - . (whelher fall or pari time) are belng asked |nd|V|dually to respond’lo the quefuonnaire

[ - «  _%__Science program’s ai)d administrative lermmology vary. greatly from oné province or territor
‘ ? another. Inevitably, therefore; some Guestions will 1i 6t s€&ni 16 be worded inan exact]y appropriate manner.
' We higpe, nevertheless; that you will respond as complelely as possnble Thank you in advance {or your

cooperauon .
. . gj,your r;spgnsgs will be lrealed in comple(e confiderice. Ou: reports Wlll (&
“7 7 “identify parliqpanng temohers or schools. When you have completed. the questionmaire, place the response .
' sheetin the enveld‘pe p(rovndcd seal it; and return it to the person who gave it loy6|}i~ within a wgek, if
. : possible. - A .
S Thank you Vagﬂ for _your_ parucnpallon 1f you woul ({Lke 1o have mofc_m[ormnuon about. Sclence
Couhc or the: -Science Education Study, you can obtainour pubhcal_l_'qns l’ree‘qfc_bjrge from the Coandil's: -

¢ C ns Omce IOO M;léglf; Sl;éel Ottawa.
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- S P T ’ : .
“ A Qiiestionnaire for Teachers f Science o o )

I .

lMPORTANT " We ask that you respond to each item in this qucsubnnaue by cin:hng lhe appraopriate number bn‘ Iﬁe .
separate response sheet prdwdcd }

4

L} " . : .
t .. B R S C ) . ]
1. Are y\ﬁnrcmly (cuchmg soime iélcncc" s ' s ) o 'f A
e “(Clrele one on the responsé sheet) -3 s * i;' d
! * N NN
: 2 , A : .
2 If your answeggy"No™, please do not prqcccd further. Kindly return this hucsllonnalrc to theindividual wh? gavc it
#' to you.j Than oufor your ccmpcrmmn ~ ) . 4
’ 1t your answe¥ is “Yes” plcasc go on fo (hc next question. | v o . % ; :
'3 . P SR .f B B N .
- g - Vs
. 2. For lhcpurgos,c of our study. we have dcﬁncd lh,rcc levels of(cac‘hmg Alwhxchlcvcl is most o[yourscncncc xcachmg ¢
. currentlylaking place? Please select only one Dfa b, orc.
? - - 7 T (G&rcle one)
a. ‘E rly Years (gradcs K-6 for all prov ccscxccp( K-7 L= s
- + in B. C,and the Yulnouf"l .
: : {&j&jic Years (gradesgh9 fos “all “proyinces except
P . : seconda 3in Qucbcc grad‘s 7-10-in 1
%' B N . Ontario. gnd 8-10 in B. C and f}\_c ,
A «+  Yuken)
,,,,,,, i A, ’
c. Senior Wears (grades 10-12.for all prévinces cxcci;ii
v : .)"IO 1T in Newfoundland. secondary 4-5
T . inQuebeg, grades 11-13in Ontario, and
- 11-12 14.B. C. and the Yukon) . \é
e " Note: Ahhough youmay lcach(or hiave taughg) at. morc(han otic of thosé levels; we would ask outo omplclelhc . .
Yoo st ol.this questionnairt as though \oVonll laq}ﬁ( at jhe Tevel you have marked B {J ¢ .

R R S

T
3."% What is your age?
. .- .

l‘Jngqr 26;,. Lt
26-35

ERIC
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a d year, [t new'to leachmg !hl§ year)
bl

. h 2 SSyears ... oLl

c 69yea §
d. 10-13 'b

.»_€ 14 yeats gy more

o

‘5 +=7-"» Il CURRICULUM & INSTRUCTIBN

L In e reLtioii] lhr qucsnons havetodo wuh lhe overall aims and objectives for a
(he deégice to which these aims can be successfully achigved through present science

/ > Ihcrc are mam reasons why ObJeC!IVCS considéred by teachers to be importat. are nevertheless dlffqult lo achlevc

‘in pr ctice. Questivns 6 and 7 contain a ligt of possibic objectives for science teaching. Question 6 asksgrou to rate thc

o F importance ol cach objective for rhe level jou teach. Quesiion 7 asks you io estimate the effectiv ss of your own'.

teaching with rcspect to each objectivé: Quésfion 8 thén explores some of the pdtentml obstacles toachieving ob)ccuves

. . - - .
' F3 . °. .
¢ .

LG

R nﬁpana@cearhw&e; o ) o : J .
A Please inditate yoar assessment of the importance of each of the following objectives for iR level which vou
iden e R Question 2. T S )

~ o e A% e . ¥ .Scale: 1 — No importance : “

r S . e 2 — Oflittle importance : -

ration, 5 , " > . 4,

] ping socnal |lls (8., coo :
oy communication. sehse of respé'ﬁsxbﬁny) ROPS AU | 2 T R r
' e )lelatmg science to career opponunmesu. SO S ) 2 -3,% 4 -
' d D}Véiépmzihe skills of readmg and . v oo B p’., B . R
“(mderstaﬂdmg scnencc-relatcd materials .20 ] 2 3 4 B
.Te“U erstandmgt Tnurgand | prlcess of ¢ o ¢ -
4 2 3 4
=Y - E . f lopmg atmu es appropna(e to ;.qxemll'c . R
, 8 s .2 3 a4 :
i . 2 3 B o
. ;7 .dUnderstandmxlhe pracucatapphcauons orscxem;e s . 2" 3 ; K .
3 i. Develgbing skills and processes of lnvesugauon X7 ’ \ . __
N\ e w7 leg..ob3erving, classifying: - o - . S
‘ AN L _v . cqndd/u,t:hg Xperiments), ....... 1o ] | I 2 3 4
' ‘ ) 1§. Underst, g_(hc relcvance of scnence tothc N X B o .~
~ "4 . and inter! s _of both men and women.. SORTRR PP > N 2. 3 ke o
N yelat g Scichtifiz cxplanauon to the student’s y : ) « B N
“}'\i Py " _:/. cona.-puon oftheworld ... ........ooovivinll, 3 4, -
* 1. .Unidef ndmg' 3 B
IS de oped | 3 4 . B
i, N
l 3 4 A
4
37 4
¥ _
) S
o s ‘91
P .
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(e - -
. ' PR
3. Achievement of objectives o
' How cifective do you fecl your teaching is at provndmg for students to lChIcVC cach oflhc fojmg ob}ccuvcs" If

you do not attempt an objccﬁvc circle 0. : -
scil: | YE'ry inelfective _
e ' 2 — Fairly incffective e -
’ eﬂccflvc ’ﬁ‘;{ih‘ .
k4 — ’ -

0 — Not luemplcd

o ((_‘nrrle one OW lme)

* Undcrstandmg scncnuﬁc facts concepls laws: ctc. 1 0
® De X
’go .. 1 3. 4 0
Riating scictice 1o carcer OppoRUMILIES ....... .. .o 2 3 3 .0 .
d. Deveioping the skills of reading and S - i - . - )
undcrslandmg sblcncc rchlcd materials .. ......... 1 2 3 4 0
3 ) .
) ical or enginiccring ncllvﬂy I 2 3 4 0
f: l)cyclopmg attitudes appropnmc to " i
erideavdur (€.g.; curiosity; creativity, 1 L2 ;3 0
g Understandingthe history and philosophy of science. 1 2 3 4 0
h. Understandingthe practical applications of science . .. i 2 © 3 3 0
i. Developing skills and processes of investigation .
(c 8. obscrvmg classnfymg . - ’ . _
Ceas . 1 ] k} 4 0
J- .
. 1 2 3 4
k. - ) ;
1 2 k} 4 0 -
L. Underslaﬁdmg the way that scientific knowlcdgc i . . . B B .
1§ dcvclopcd .................................. ! 2 3 4 . 0
m. Developing an awaieﬁcgs of the practice of science o ) «
- mCanada ... .l I 2 B 4 . N I .
A 1 P ad 0 -
% 8. A .
ixarcas wh|ch may contain obstaclcs 1o theachievement ofobjccuvcs Plcase rmqwmponandc of =
esenting obstacles (0 the achigvement of your objectives. ) N
_ %- Scalé: .| — No importance . ﬁ
_ o 2— Of,lllllc importance ,
N\ 3 — Fairly%mportant
: . . 4 — Vety important
. Lo _ - . (Circle
. Curggpi\gm rcsourccs (mclqug Mu)lslry/ 7 : 3
Depanmcnl gulaclmcs lcxlbooks cl_c ) e T 12 3
. ] e
2 3
2 3
2 3 <
-’ lnsmunonal arrangcmcms (c.g.. class nzc nmc : 7 - “ ’
allocahon) . 2. - 3
[ ¢ ot
2 _' I
- ‘,Tx
;; K
) e
- ]
b 92 . P
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. . p PARTS 111-VIIl

Y

]n (5: remamder ol’lhe quesuonnaue weare mtcrested tn explormg l'urther those six areas identified in Quesuon 8

which mﬂuencc in varions ways, the effectiveness of science teaching.

- s
i. “
. i PRI
' lll CURRICULUM RE OURCES
4 9. How useful have you found the followmg lypes of

material to be in vour planmng If I’or any reason, you do not h;we anjopinion; please circle 0.

- vet gcale | - No importance '
< - . 2 — Of little importance’

Ty i
0 'No opmlon

o , : L (Circle one on each line) . |
- @ Ministry: IDepartment policy-staiemments .. * 1 2- 3 -3
b. Provincially: Territorially approvfd texts R 2 3, 4. -
E c. Other science texts ; 1 "2 3. ::\
d. Supplementary majerial from ths Mnmslry/ P - : e - - B
Department of Educauon ..... i i 1 o2 . 4 . 0 i
. ¢. Curriculim matetial developcd in your school ? s o A B ' .
~ okschool board ............... T 1 V2 4 0 ] "
f. Commiercially publistied curicata - , i LI .
thari textbooks sach as kits of prinited materials €ic. I 2 q 0
'é. Publications from governmenl doparlmenls _,0 : , t _ . - R
(other than education) ............. see R 1 2 3 4 0
h. Malenals I’rom leachers associations . 27 3 ‘4 0
i PRI 4 0.
cog 2. .3 .4 L 00T
k;Terra 2 A S
L %2 L3 e T o
m. Computer soMbvare ... RS Mooa )
> ] A :
,,,L; o . N & .,
. 10.% Studenttextbooks . ; - ‘ : ‘.
—‘}» Y Pleaic identify the grade that you'feach science Vo most of‘En this year. - - - o R f.
L . e (C:rr/ponl) ‘one): - - . & I L o
3 b+ K 123 45 677 89 w0 1l 12% \ e
- 2 - ) _ o s
" (b) Do lhc § (udenlun lhls graa a scie lexlbook" - ‘< . [ - J .
‘{ts /é ....... l [ ,/ ;’!s§fe§992}9pan(3)qf(hl 7
No ... 7. \.2 Y. : Please go directly to Quesu % 12, 2 =
- (c) Whnch lextbouk lS used mosl ofleﬂ sludenls in this S N ,
grade? Provide as much ml’ormauyq; you can. If a ’ N - (.. ™
. seridk of books is, ysed, glve the series title only."  « = B . \ <7
a. Aulhor(s) A . _ . ) 4
b. T ,Vlde t,h,u,)niqmm,mn in thq n?pppriﬂe . '/
spgcc on the response shest) '
- ,
.
i 2
A
o ek
93
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-~ 3 . . . . .

. (Circle one.on each line):
Compleicy  Faifly ~ Faily  Compleiely ¥

inadequate  inadequate adequate  adequate ;
Rk 2 3 ‘ 4. ’
. T ) v s
1 2 3o . :4 .
1 2. 3 4 ; 7
R b2 3 4 *
) d 1 2 3 4
’ e Sumﬂcd ACHVITIES ©1 ol ini ... P 1 2 3 4 .
' Camadian examples .. .cp.oo oo 1 2 3 "4 -
g A;Eéﬁ;is nflhc éppilcnugns of science . . : 1 2 ; 3 !
h. Ag nts I 2 3, 4
1. Appropriatencss Inrr _brlghlr srudtnh Lo 1 2 3 - 4 ) /
J. R_éfé'réi'iééii for further reading ... .. .. 1 2 3 > 4., =
k. (’ivcraji lmprcssa);l ............................ . 1 2 -2 3 4
g o h ’ R e 7
. 0 4
' \
"% -
Vi % nhjccmcs (\b) sclcmng textbooks; and (clprcparmg detailed it h
. [ bcréﬁ 1- 6) do'vou consider to be most appropnalc 14 1ake responsibility for ch »
T z N - I Dcparlmcnl/Mmfsl’ :
R . ) - 2. Schaol board official .
i . A
R - o T , (Circle onie on each line) -
:i: Dcﬁmng ofcﬁll alms and ochclncs Ld S QL'Z‘Z", - 1 2 3 4 5 .6 P
. Sclcclmglexlbookc LoiiiiiLin e 1 3003 Tt LTI
¢ - e ' ! 2 L | 5 6 .
.

Lo X

lj ] o what extent ha\,

the followmg

A Ic\ dﬂnng(he p:m “few yéﬁfs" } LT . e . . u3r .
K N : - .
B '7 &
;Q /‘ Y.l A < Participafgd
R ] b - o pg_rlncnpalc - 0ccasnpnglly Yrequently: | ;
i . ) -3 . . i g
’2 ; - B T A :
Al - ‘.
2 0% . 3 ‘73 ’
.2 . 3
Y 4
274 )
r -
5 7T
oINS
&.
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s - "' o %"Z’, . v . ' - - N
L" ¢ . LTy o s o8 :
' 2 e ) v TLACHLR BACKGROUND & EXPERIFN(‘E ;'l
N , ‘; : - '
. 14. l’lc.nr |ndlcalc the hlg}wsl level. n[ cdiﬁuon you hnyc mmpTweﬁ ' '&
’ - » (g‘mle one only) v _ ' : .
a F nlary school . ' . - ’ 1
' b, ngh school . - 2 _
c. Communlly collcgc dmfnma (or cquwalcﬂ) R | , - -~ '
q Tcachcr s collcgc dlploma (or equnvtlcnl) 4 -5
: e .5 ) T ‘Z‘
- - -
f. .6 .
[ 7 .

(Clrrle rme on eac h lme)
- Bachelor's Masteér's; Docloral

- level + level
. 2 3
3. Mathematies @1 100l o2 3
b Pprc science (c '} physncs [ . o 2 3
¢. Applied science (e.g 8. cngmccnng medncmc) ..... ,5 N 2 3
5 | o . Y
ot d. Education™)............ IR SO ' 22 3
. —_—— : L 13 - .
_ N R M ' : - L s
\; 16 How long.has u bccn since you la;l look a post-,secondary coarse in each of lhe l‘ollowmg arcaa" N
- — ] . 1 - (Clrrle one on each rne) _
4 v Never  Maore than 6-10 135 Cur 'mly I 7
) H taken 10 years’ y;ai'sf B =)’{é§'rs' enrolled .
; “he 4 g 7\¢
o i Mathematics' .....;........ e oo L] . 4 say
P b. Pure science .. 4 -2
R ¢. Applied science ........... ! 1 ) -4 s
d. Education ........... e R SN ; — 4 ; 5

s e 75‘ B
gty Faiy o Yery
aciory §alisgaowsfgclory

4
2 T3 Wy
v

. .
,,,,,, 5,

N
5¢C |Enre lcacher regatd fo the follawing nrcas" C

L rJC]rrle am- on. each lme)
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lcm héi If )nu,huvc no gPpeérience in d pamcular agtivify. pl ase
h L U
- e ;',”‘ 1
.
r_ —
: o ~ y:&-

V', (a) duringschool hours if releasetime was gxxcn”
. . (Cln/? one)
X Definitely would not participate ... .. ]
‘< | b. Probably would not participate .%...... Ll
" ¢. Probably would participate -3
-4

ERIC
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d. Restarch or dcvglopn)enl work on methods,

Products. OF Processes .. .............oe.eo...

¢. Basic rcscarch in physlcal ‘medical. bmloglcal

- S e - r,,, [ ;,,:,, [ ——
a. lnformal mccungs wuh olhcr science lcachcrs

fducation personnel

c. Informal mcclmgs w h scncnusls Lo

d. Workshops pres

£ Workshops presented by university science
catioh personnel .. ...l )

ited by other teachers

e * Workshpps presented by school board ©.. ..

'g’ Workshops presented by scigntists .........

Workshops presented by Mmuslry Dcpar e

"
of Education officials D NN %(

nncrslly cgurscs m SCIchC Ca b

lcachcrs Assouanon

q. Dcfinitely would parficipate -

. C onfcfcnécs or mccungs arrangcd

n
fl

a

What science-related employment have you hiad other than ttaching? - -
(Circle all that apply)

(Clrclt one qp cach line) |

-

Completely Fairly ~ Faigy ~ Vey/  No |
Useless  Uscless Usefu Useful Experience
e 2 3 4 o
i 13 3 o -
.
i b2 3 i o V
- 2 3 4 o
f 2. 3 4 0
1 2 3 4 0
‘1 S
K 3 4 *
. . : e
1 2 .0 '
1 2 0
L 2 0.
Cles 2 0
1 0
R 0

-

»




U I
SRR
R N
e i
Ty
. ¢. Prob 'hI\ would participate . ...... e 3 )
_d Dthmld\ wolild participite TR 4T .- ’
L S L . -
P ear do you feel row require in prder 1o continuc doing a good job of teaching
(Circle one) « ™ . A
....... oot
b 1Shours{eg. o n workshop) A ’
< 5.20 hours {c.g.. several lull days ot workshops) .. 3 .. . )

d. An intensive rclruhcr course ...l PR .

¢ Atull \c.lr .nmv fram the

23. How cifective 1s the in-service program provided for science teachers in your school or district?

¢ : (Circle oné) A :
R i \'nnﬂ;‘nlcnl ¢ 1 ’ .
31a Q’
b o
.-lem: go dlrcc(l) (o Quesl . ’ X
Plé‘ixc j- dlrccll\ to Qucsuon 25 . .
. i ]
e Dislike of u[;ncc ............................
: - d w nrl\mE conditions .. ... R ;
" e. Sludtnl attitudes
t. Other (. 000000,
e S
El 28, Please indicate-the sl__!lcmsnl

< X P

a. In a laboratory or specigl

s . I.Ahnr.nor) o .
e ¢ ina L|d$\r00m uuh facilities for dcmomlrmmm 7 P 'w .
_ X ] o
4 - -
. » < .
Do e . - 97
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26. Which statements most closely apply 1o your situation regardin® equipnient and supplies for teaching science?
(Crrcle all that apply)

4. Vhere i ample equipment for student use (2. 0000 1
b 1Héte is inexpensive. donated; or outdated . - .
equiipiment 10§ Sfideit five 2 *
¢. There is virtually no equipment for student use .. 3
d 1h quatc equipment for )
demonstration purposes . ... .. 4
¢ There s virtually no science equipment atall ... S .
t I here are sufficient consumable materials
{chemigals. hological supplies,
graph paper. ctc.) 6
g THere is access to computing tialities ..., .. 7 S -
h  There is adequate audio-visual equipment ... .. .. 8

27, Overall, how do vou rate the quality of the facilities and equipment availablé o you {or teaching science?

{Circle one)

z;Vcryp()ur ................................... I

B POOr 2 ’
€GO . 3 -
aZEE'cllEiii.,...........Z...ZZ.’ZZZ.;;..;;ZZZZ;Z4

V]l STUDENTS' ABILITIES & INTERESTS

8. What is vour perception of vour studénts’ atfitudes toward lear

I'he majority of my students are:
(Circle one)

a. Readv to drop SCIERCE .. ovvvrineiaene .- N ‘

b Indifferent .......... .

4 i-’a’iiriy m’(mxalézi .......................... 3 .

d. Highly motivated .....oovvvnomieananaannns 4 .

29, Whatis vour pércepiion of your students’ backgrounds and abilities to undertake the science courses you teach this
P |
vear’

(Circle one) IR
a. Completely inadequate 1 ‘ .
b. Fairly inadequate ...% .
c. Fairly adequate .
a i‘(ampiclci)'adequalc ....................... a L.

{a) Alttitudes N !
(Circle one)
a. The girls are more motivated than the boys ..... (R
i

b | sce no difference in motivation . .

¢. The boys are more motivated than the girls

98 » ‘



i TR
. . el : g
4 3 3\03
() Abahty. T e
K ircle one) “a
3 Ihe pirls have greater ability than the boys ... ... i s N
b 1 see o ditferenceinablity ... ............ 2 T
¢. The bmx have greater lbllm th: \n the gnrlx il 1 -
3. Pleiise estimate how many of your students engage in cach of the following activities. : =
(Circle one on ('a:h line) - - ;’
_ Ldor™
Very few AboUl Ralf Vcry many - kﬁ
1 2 [ S -
I 2 3 4
i 2 3 4 .
c. A visit to a musg‘ym or science centre R :
~duming thepastyear ... ......... .. . L } 2 3 4
T R(gullrl\ reiad a science-related m.lg.umL or book 1 2 3 4
e Regularly wi atch a sclence- rcl.ncd TV show . - -
(orleunmamdmth\)...........::::j:::;:; | 2 k] - 4
I Pursue actively a scientific hnl;l:n ................ 1 - 2 '4 ‘ 4
Vil INSTITUTIONALL ARRAN(.FMFNTS
12 Subugh Llubhl
(1) Whaich statement most L|0\C|\ dcxcrlhex your le.uhmg suu.mun’
(Circle one)
a. Lteach only seicnce subjéets ...l ! .
b 2
¢ l iéii(‘ﬁ a
isofly one [oool Il TIIIIIITIIIloililiilla
(b) ihl\ year, most of my time is xpcnl in lc.lchlng
a - {Cire /c one)
a Physies ... e 1
B CRMIIEY T SR 2
e Biology ... e e 3
d. Farth sCience . .......ooo i LIl 4
3 e Other science subjeets ..o S -
f. Non-science subjects . .o i 6 ’
3. TL uhmg I.oad
‘i (a) Ho“’nja—mdlrfcrcm grades d(\ you tcach this year allogclhcr - !
) N (Circle one) @
A TORIS DLl ST | :
b 2
: ' L O 3 !
’ d. more thatt & e 4
\ . -

ERIC

Aruitoxt provided by Eic:



<
\‘ M
(b Hou m.ln\ different classes do \\‘(u teach this vear altogether? - :
(Circle ore) )
a. lonly ... ... L e i L3
to v !
b. 23 P B 2
¢ morethand ... ... P 3
(¢) What 1s the average number of students in your classes? . '\
(Circle mw}
a ‘omim.........;...;.;..;.;;;;:;:;:...:.; |
5 .

RXN lhls
(.n llnu .xdcqu.m 1 th umn nl nl umc allocated to science (based on your view of its importance relative to the
other subjects of the curnculum)?

(Circle one)

a. Inadequate ... 1 E
- - . *
b, About right ....0...ioiioiiiiiiiiiiiiiiioo 2 T
COOABEGUAIE « v oot e e e e s 3 - (
{b) How muchtimedoyou h;’n‘c:locovc:r.~;cic:ncccours¢;'.~;ii ! M
(Circle one) . .
b. 2
c. 3
_ b4
,

Vili COMMUNITY & PROFESSIONAL SUPPORT

A ‘ 7,
- & e e . . g e g s g - P Y .
35. With reference to the science program in Your school, which of the following best describes ihe form of 1éadership
which exases? o ’
{Circle one)

a. lhcrn is spncmll\ dcxngnuud dnpanmcm

[
bl LJdLI’\hIP and coordination are . -
h\ a working group of teachers in the schnol s 2 - -
[ rsh}p .md cnordmalu 1 are carried out ) AN
h\ the principal or vice- pnncnpal ....... PN 3 i -
d. Our school's science program has no . " N
particular form of leadership ............... .. 4 N
e Ddomt know ..olillllliiiiiiiiiiiiini 5 ’
v ) *
! A
- . s e e : .
100 .99 .
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36. With reterene cour district: hoard, which of the fallowing best ribes the form of
leadership that exists? - -
(Circle one) -
4 Thereas i speaally designated saiénce *
consultant; coordinitor; . .
OF supervisoi tor s¢ . I
b Leadership and coordination are carned out, . _
by 4 working group ot teacheysn the district 2 ~ .-
¢ Leadershup and coordination are carnied out .
by one ot the school distniet superintendents ... 3
4 Ihere i nb parbeilar form of leadership
i saience at the distniet | 4
¢ e oo § I
M .
37. . How impoitint do Lou think.viarions administrators
to thic other stibjects in the seboOo! enrniculum? -
- ' o 3
. ¢« .
1
important
- 2 3
@ Yoar school principit o0 00 - 2 kY K
b School board administrators oo oo o000 L [ 2 3 K]
' oo Parents L | 2 R 4
" - - i L - 3 ¥
d drustees oo oL T | 2 4
o -
CLainalls s we have thregquestions that locus on the role ofindustry an providing support for the work of science
teachers We are mostingpested in collecting teachers” views about this matter,
. .
I8 Whiii expericiices Rave voli Kad of the involvenient ot industry with school science teaching? «
« _(Circle all that appli) .
- .
@ Provimon ot curnculum materialy [
. X b Financial support ot Nl\llll‘\ such s science
Lairs U, R
¢ Visis toandusiry Doo0TL Tl Ill l e PR
i ) d Visits by industnia®personnel to school ., -, 4 :
¢ PProvision of carcerinformation o000 5
t Other experiences 6
B Y g NG particiilar eXperience 7 L
. '
39, In vour judgement. are the contributions made by industry to science te -
(Circle e
4 in thenterests ol the industry exclusivelh? (o0 !
b mostly 1in theanterests ol the industrsy? 2 ot
¢ equally helpfal to both industry and school? ... 3
d  designed primiiride to Assist schoois? T 00Tl 4 . .
¢ matters you have no opimon about? NN
k
a_
— 100 x
/ L j . 101
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40. Do vou behieve that it s appropriate for industry to be involved in science ediicition &t yI°

. . tCircle one)
R 1S S P ]
h N R 2
CONOOPIMION L i
- . :
>

MPLETING

i THIS QUESTIONNAIRE.

THANK YOU VERY MUCH FOR €O

1t vou have not ntake sure that your re ire recorded on ihe §
provided. then seal it in the envelope. and seturn it 1o the person who g
iselt 1o be returned -

o : *  ACKNOWLEDGEMENTS

The Science Councl of Canada achnowledges witht h hors of the ma nents congulied during the
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* SCIENCE COUNCIL OF CANADA ﬁ
~ SCIFNCE EDUCATION STUDY = =
PN A Questionnaire for TE;EhEi’i of Science 99 .
RESPONSE SHEET :
L _mark_vour response to_cach question by circling the appropriate number on this sheet, as clearly
as_possible. Most questions require only response only. However, a few, marked with an asterisk {*). may
have multiple responses. I
. . <o | _gFor Office Usé Orily
I GENERAL INFORMATION : ;/
i 12 B}
2 20
Vo | 2 1 4 S
- 4 12
s 123 4 5
Il CURRICULUM & INSTRUCTION .
6wt o234 i1 2 3 4 (13/20)
a1 3 w24 (14/21)
w3 mi 233 (15/22)
i1 2 1 4 ky 1 2 % 4 (16723)
fe1 | 4 , M2 34 {17/24)
Mmoo 4 ' ()1 2 1 4 (18/25)
w2 i m 2 314 (19/26)
S oom 2140 R W12 340 (i?/ié)
12340 ) M1 2340 (28/35)
@ 1,2 3 40 i 2340 (29/36)
@i an . w2330 {30737
€121 40 M1 o2 3 a0 = {31738}
N1 2340 (m 1 2 3 40 (32/39)
w2340 m1 23 340 ) (33/40)
@234 (413
123 a (42)
(el 23 4 N @é)’
z "f’ P21 ,(“?
. @13 4 {45}
’ 1234 . (46)
.
o 4
102
103

ERIC

Aruitoxt provided by Eic:



. . .
) )
s <
Il CURRICULUM RESOURCES : .
5 i 2 3 40 M2 340 {47754
TS T SR W1 140 ' (A8/55) <
w11t , Wit (49/56)
P Wt v 4o okl 2y a0 (50/57)
. A @2 Va0 o2 a a0 {51/58)
TR I T ‘ mio3o3 40 . (52759
' @ a0 ' (53)
N
1w K (60-61)
(hy 1 7(827)
"o a {63-64) v
;‘ ) n
. : 4
d .
ii iw I (65771)
~ 1 (66/72)
i 6773
tdr 1 . (6B/74)
jel 1 {69775}
i . (70)
1wt 2V 3 56 e _ (76)
I IR R T o ,
@1 2 %V 456 , 78y’ :
. . .
w2 o - % w
Sim o2 . 2 {80j
o2 p . I
5 (k23 . . - (82)
e 12 3 ) . (83)
. .
i% TEXCHER BACKGROUND & EXPERIENCE ' .
14 2y e s e (84)
1S o2 (85) e
(hi 123 . {867 /
[T 2 ¢ (87) i .
(12 ;, (88) ' - :
&7 .
i -

104 : i 03
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Samphng Computations -

The ust of probability sampling allows calculation both of unbi.sed es-
timates of population characteristics and of sampling errors associated
with those estimates. The purpose of this section is to review technical

aspects of the sample selection and wcu,htlng procedures. :

Smnph' gx’hrhnn - -

The prmcdurcc. used fOr samplc “selection are outlmcd in gencml termg -
in Lh.lptt‘l' I of thls rcport What follows is a more detailed account o

how s.xmplc sizes were calculated and an-illustration of their use in se-
lccnn;, a typlcﬂ sample: Sample sizes were calculated for each teaching
level (early, middle and senior years) according to our requiremients for
data reliability: The size of each required sample {n) is given by the fol-

lowing formula:

ng =: ‘“"a‘ ‘ , - (@)
\ _ .
4
. where - d = error acceptable in eshmates .
p = proportlon of teachers having a given characteristlc

q =1-p
Since p was: unknown, it was taken to be 0.5, giving pé a maxxmum

value and ensuring a large enough sample size. Also, ‘(zs noted in chap-
tet I notes 3 and 7) d was taken to be0.05 at the regional level iﬁa 0.1 at
the provincml level, both at a_95 per cent conﬁdence level: -

If n; thus cdlculated was ‘found to be greater thqu‘ie per cent of ;

the populatlon (N); a revised sample size (n ) was determined. using the
following finite population correction factor:

RN N R

»

n’ = n, (or n') = expected 5;&;%;56;15(3 rate (0.8) (3)

where n” is the sam$ size used for the next stage of the samplmg
4

- process. ; Vs
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It was decided to sample elememary schools (deﬁned for thrs pur-

pose as those schools comprising kmdergerten to grade &) on the basis of
the required numbers of early- years teachers and to sample secondary

schools (defined for this purpose as those comprising grades 7 to 13) on

the basis of the total number pf teachers required for both nriddle and

v ) _. senior years. (See chapter I, note 8 for a fuller version of this deﬁmtlon

" of “elementary” and “secondary.”) :
For every provmce and territory; a llst of schools was available

Wthh showed the range of grades taught and the number of teachers

employed. On the basis of these lists, all schools were classified as either
elementary or secondary. In the case of elemenfary schools; all teachers\

~ _were regarded as potential respondents, whilé in the'case of secondary

‘ Ischools approximately one-fifth of the teachers were so considered:
The folbwmg general example rllustrates the procedure that was used
to select a sample.

Suppose that; in a given province, the calculatron dé‘scrrbed above

showed that a sample of x early-years scierice teichers was required.

) Using the average number of teachers per school in that province, it was

estimated that y elementary schodls would be required in order to ob-

tain a sample of x science teachers: Followmg a random start, every zth

school on the list was selected (where z is the total niimber of elemen-

- tary schools in the province divided by y)v Fln:illy the total numiber of

teachers in the selected sample of y schools was checked to ensure that it

was greater than or equal to x. If thrs was fdund not to be the tase, the

obtamed

We])hﬁ'rig )

As explamed in chapter I, a system of drsproportlonate samplmg such as
N that'used here requires a corresponding system of weighting of each

teacher’s responses in order. that final estimates reflect the balance of the

" original populatlen The werghts assigned to the responses of teachers in

e e _._E

. this survey were determined on the basis of the probabilities of the

teachers’ being selected: The probabrhty of selectmg a given teacher is

the product of the probablhty of the teacher’s school being selected and

' the probablllty of selectmg a science teacher within that school. In the

present survey; since all science Eezrehers wrthm selected schools were.
requested to respond; this latter probabxhty was mtended to be 1. The \

2

weight assigned to the reéponses of a given teacher is; then, the recipro-

i

cal of the probabilify of his or her being selected:

. Additional weight was given to take into account nonresp97n§e by
both teacher and s«

ol. The final weight used for a partlcular set of re-
sponses thiis consisted of the product of three components:

e the inverse of the probabllrty of the school being selected:
. the inverse of the school response rate;

r

A |  1os S 09
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s+ the inverse of the teacher Tesponse rate (within responding
SthOOlS)
Weights are thus dcpcndent on the province and type of school {ele-

mcntary/secondary) but independent of the teaching level {early/

‘middle/senior years) within a given school. The formula for calculating

weights for teachers at elementary schools is as follows:

, wi = %x 7 (@)
where w; = weight assrgned to teachers from elementary
N ) schools &
M, = total number of elementary schools in the province
m, = number of elementary schools responding to
) survey®
n’, = number of teachers at elementary schools given a
B questlonnalre
i, = number of teache'rs at elementary schools respond-

ing to survey”
For secondary schools a corresponding forrnula is ased:

Calculation of Estimates - -

To th|s pomt all calculatlons have bcen based on the two levels of

téaching levels - early, middle and senior years — by which the other

parts of the study are structured. In responding to the survey, tespond- -

‘ents classified thcmselves into these three categories, and when these

data were analyzed, it was found that early- and middle-years teachers

were located in both elementary and secondary schools while senior-

years teachers caime exclusively from secondary schools. This factor re-

guired that spcclal calcalations be andertaken to prepare balanced
estimates for the three teaching levels. First, however; it was necessary

to estimate the populations of teachers at each school level in each prov-

ince. The formalae for calculation of weights can be used for this
purpose idlso: As an illustration; the formula for the population of early-

years teachers at elemcntary schools in a given province is as follows:

N, - w,n, ) (5)

[

* Indicates information collected from the control forms completed by principals

o~ 109
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where N, = number of early-years teachers at elementary
.schools
w, = weight assigned to teachers from elementary
’ schools
i, = number of early years teachers at elementary

schools responding to survey

A corresponding formula may be used for estimating the number of
early-years teachers at secondary schools (N ). and the total number
of early-yedrs teachers in the province {N;) is then the sum of N; and
N;. Similar calculations may be made for the populations of teachers at
the middle- and Senior-years levels

_Estimates (in the form of percentages) for each response and teach-
ing level can now be calculated. As an' example; consider the data resuit-
ing f’r'o'n'n' a p;i'rti'cul;i'r response by edrly -years teachers in a 55?&&&15?
province who responded in a partlcular way, the proportions of early-
ycars teachers from elementary schools and from secondary schools are
Spcmﬁcally, the proportron of early years teachcrs from elementary
schools respondmg to a question in a spccrﬁc way (p) is given by the
following formuala:

Pe = 3 (6)
where ag = total number of early years teachers in elemcntary

schools responding in the specnﬁcd way

= total number of early-years teachers in elementary

PP AR U

schools responding to the sarvey

3.
1]

.The proportion of carly years tcachcrs in 5ccondary schools respondlng

in the oncnﬁcd way (p,) is calculated in a parallel mannet. The com-

bined proportion (pg) is then determined as follows:

Nep, + Nip, 7)

| P N

where N.” = populatlon of carly-years sucncc tc.uhcrs in ele-
B mentary schools
N, = population of early;yedrs science teachers in sec-

ondary schools

Ni; = population of c.xrly yedars science. tc.uhers in the
province
a
- - 111
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Estimates for the mlddle years are calculated in an identical manner;

while those for the senior,years are simpler becatse they in¥ojve re-
sponses from secondary schools only.
Once provincial estimates are constructed as described here, it is

possible to calculate national estimates also. Contmumgitihie same exam-
ple, the overall proportion of early years teachers in Canada responding
in the specified way to a particular question (p,an) is given by the fol-

lowing formula:

12 - ]
Pian = - = N o (8)
n k=1 Ngn
- P 3
where Pi = estimated proportion of early-years teachers in
province K responding in the specified way
NL = pophlatlon of early-years science teachers in prov-
ince K -
N, = population of early- years science teachers in
Canada

Every plece of mformatxon inferred from a sample is subject to samplmg
error. It is important to check that the errors due to sampling are not so
lirge ds to invalidate the results The variance and standard error of an

estimiaite are used to express sampling errors and; in the case of our sur-

vey, l)oth have been calculated from our sample data.

- The variance of a proportlonal estimate based on responses from
elementary schools, var(p;), is given by the following formula:

,,,,, \ 1;,fe 7 me 7
var(p) = —fr m, - 1

e

m, me m,
'3 af + p? £ n&-2p. I agng (9)
) j=1 =1 j=1
where £, = m, / M
aPe = number of teachers who responded in the jth ele-
mentary school in a particular way

N = number of teachers wh6 responded in the jth cle-

) mentary school

j =1,2 3 , mg

A mrruspondm;, viriance can be calculated for a proportion bascd on re-
sponses from secondary schools. The overall variance of the propor-

tionil estimate var(p) is then given by the formula:

112
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~ 7 ) var(p) = (%S) var(p,) =+ (%) var(p;) * (10)

The standard efror of p is given by the following formula:

sep) = <fvar(p) (11)

The variance of a proportlonal estimate at the national level, pcm, is de-

termrned by use of the following formula: -

]

/- \2
» -12 Np L L
Var(pcan) - E N..: VHT(PR) (12)
k=1 \ Yean .
where N = population of scienice teachers at a given level in
province K
) Nan = popwation of science teachers at that level in
' ~ Canada o )

The standard error of Pean is given by the formula: ’

. s.e. (p \/var(pcan : 13

The range of standard errors calculated in this way for natlonal esti-

- =T 7

mates in this sarvey is presented in Table 1.5 of this report.

Reliability of the Data

The concept of standard error descrrbed here is the basrs for determrnlng

within whlch estrmates from repeated samples can be expected to lie 95

per cent of the time: This range or confidence interval ean be calculated

d using the following formula:

pP=+ 196 X se: (14)

The relatively small standard errors in our survey mean that the confi-

dence lntervals are correspondlngly narrow and ‘that the national esti- .

112
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Notes ’ Q

1. Survey Objectives and Methodology
1. The six regions are: Atlantic Canada, Québec; Ontario, Prairies, British

Columbia and the Northwest Territories. =
2. Estimates were produced from teacher census data collected annually by
the Elementary-Secondary Section of the Education, Science and Culture Divi-
sion of Statistics Canada: . L ) o o
) 3. We wanted regional estimates to be within five per cerit, 95 per cent of
the time. I - o
4. We anticipated a response rate of 80 per-cent a
after teachers had been contacted asecond or third time. L
5. We assumed that the design effect, defiried as the ratio of the variance of

ter follow-up — that is;

the estimate given by Gur sampling plan to the variance of the estimate given by
a simple random sample of the same size would be equal to 1. This assumption
was made because there was no reason to believe that responses of teachers

within sampled schools would be highly correlated for the sort of topics covered
in the questionnaire. Had there been a high degree of égiiil;iﬁiy in the responses

of teachers from the sifie school; the effect would have been to inflate the vari-

ance of estimates, resulting in an increased ratio of variances and thus a design
effect gredter than 1. )

6. Ten thousand questionnaires was set as d maximurm . .
7. We wanted provincial estimates to be within 10 per cent, 95 per cent of
the time. B .

8. For the purpose of sampling; schools were classified into two catego-
ries — elementary or secondary - depending on the grade range of each school.
We defined elementary schools as those schools containing grades kindergarten
to grade 6 and secondary schools s those schools corntaining grades 7 to 13.

Schools having both elementary and secondary grades, especially intermediate
or middle schools, were placed inito the category.corresponding to the majority

13) were considered as secondary schools for sampling purposes. This procedure

of its grades. Schools containing all grades tkindergarten through grades 12 or

enabled us to obtain an adequate sample of middle-years teachers owing to the
higher saiiplifig ratios used for secondary schools. o, o

9. The basis for classifying schools as iirban or riral is the “metropolitan/
nonmetropolitan indicator” used by Statistics Canada. This indicator identifies
26 communities in Canada as urban centres.

10 To estimate the number of science teachers in schools, it was assumed
that teachers in elementary schools are generalists (that is, that they teach a va-
riety of subjects) and are expected to teach some science as a part of their teach-

ing assignment. This, every teacher was considered a potential respondent to
our survey. In secondary schools, however, where most teachers are science spe-
cidlists, we dssuimed that roughly. one-sixth to one-quarter of the teachers
(depending on the grade range of the school) teach science and were therefore

113
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Pollcy Reports

:No.
No.

i

No
No.
No.
No:
No.
No.

No.
No.

No;
No. 1

No. 1

No.

No.

No.

No. 2

1

7

3.

- 15.
16,

). 17.

2T
22,
23,

24.
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A Major Program of Water Resources. Research in Canada,
Septeriber 1968 (SS22- 1968/3 $0 75) 37 p:

(S522-1968/4; $1.00); 56 p..

University ReSearch and the Federal Government; September 1969
{5522-1969/5, $0.75), 28 p.

A Pglicy for Scientific and Technical Information Disseminatioh,
Septeriber 1969 (SS22-196978, $075), 35 p:

Earth Sciences Serving the Nation - Recommendahons,

April 1970 (5522-1970/7, $0.75), 36 p.

Seeing the Forest and the Trees; October 1970 ($522-1970/8; $0.75),
22 p.

This tand is Their Land....; October 1970 (§522-1970/9, $0.75), 41 p
Canada, Science and the Oceans, Noveniber 1970 -
{8522-1970/10,$0.75), 37 p.

A Canadian STOL Air -Transport System - A Major Program,
December 1970 {5522-19707/11, $0: 75) 33 p.
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A Trans-Canada Compulter Comimutications. Network: Phase 1 of a

Major Program on Compiuters, August 1971 {5522-1971713; $0:75),

41p. . .

Cities for Tomortow: Some Applications of Science and Technology
to Urbanﬁpeyeﬁlopment September 1971 ($522-1971/14, $1.25), 67 p.
Innovation in a Cold Climate: The Dllemma of Canadian
Manufactaring; October 1971 (5522-1971/15, $0.75), 49 p.

It Is Not Too Late = Yet: A look at soifie pollution problems in
Canada. .., June 1972 (5522-1972/16, $1.00), 52 p.

Lifelines: Sﬁiiie Policies_for a Basic Biology in Canada, August 1972
(5522-1972/17, $1.00), 73 p.. -

Policy Objectives for Basic Research in Canada September 1972
($522-1972/18;$1.00; 7Sp. _.  _ _ . ____

‘Natural Resource Policy Issues in Canada; January 1973

(5522-1973/19,$1.25), 59 p. .

Canada; Sciénce and International Affalrs, April 1973
(SS22-19737/20; $1:25); 66 p. ., -

Strategies of Development' for the Canadlan Ciiiiiijiiter lnduslry,
September 1973 (S522-1973/21, $1.50), 80 p._

Scierice for Health Services; October 1974 (S522-1974/22, $2.00),
i40p.

Canada’s Energy Opporﬁmmes, March 1975 (5.322 1975723,
Canada: $4:95; other countries: $5.95), 135 p.

Technology Transfer: Goveriimient Laboratories to:Manufacturing
Industry, December 1975 {5522-1975724, Canada: $1.00, O(her
countries: $1.20), 61.p.

Popiilation, Technology and Resources; July 1976 (5522- 1976/25
Canada: $3.00, other countries: $3.60), 91 p.

Northward Looking: A Strategy and a Science POlle for Northern
Development, August 1977 (SS22- 1977726, Canada $2.50, other

countries: $3.00), 95 p:



No. 27. Canada as a Conserver Society: Resource Uncertainties and the
B . Need for New Technologies, September 1977 (5522-1977/27,
- . Canada: $4.00, other countries: $4.80), 108 p.
No. 28.  Policies and Poisons: The Céntainment of Long-term Hazards. to
Human Health in the_Environment and in the Workplace, October
1977 (SS22-1977728, Canada: $2.00, other countries: $2.40), 76 p.
No. 29.  Forging the Links: A Technology Policy for Canada, February 1979
_ .. (5522-1979/2%, Canada: $2.25; other countries: $2.70), 72 p. &
No: 30. Roads to Energy Self-Reliance: The Necessary National )
Demonstrations, June 1979 {S522-1979/30, Canada: $4.50, other {
o countries: $5.40), 200 g
No. 31.  University Research in Jeopardy: The Threat of Declining .
Enrolment, December 1979 (5522-19797/31, Canada: $2:95, other
cotintries: $3.55), 61 p.
No. 32.  Collaboration for Self- Rellance Canada’s Scientific and”
Technological Contribution to the Food Supply of Developing
CountneskMarchIQSI (5522-1981732, Canada: $3.95, other

No. 33. Tomorrow is Too Late: Phanning Now for an lnformatloqfsgqety
April 1982 (SSZZ 1982/33, Canada: $4.50, other count

: $5.40), 77 p.

No. 34. Transportation in a Resource- -Conscious Future: lnterclty Passenger’>
Travel in Canada, September 1982 (SS22- 1982/34 Canada: $4.95,
other countries: $5.95), 112 p.

- No. 35. Regulating the Regulators: Science, Values and Decisions, October

~ o 1982 (5522-1982/35, Canada: $4.95, other countries: $5. .95), 106 p.
No. 36.  Science for Every Stadent: Educating Canadians for Tomorrow’s
World, April 1984 (S522-1984/36E, Canada: $5.25, other

countries: $6.30).
Statements of Council

Supporhng Canacjlilan Smem:e Time for Acllon, May 1978
Canada’s Threatened Forests, March 1983

Statements of Council Committees

Towaid a Conserver Society: A Statemiient of Concern; by the Comiriittee o the
Implications of a Conserver Society, 1976, 22 p.

P Erosion of the Research Manpower Base in Canada: A Statement of Concern, by

/ the Task Force on Research in Canada; 1976,
7 Uncertam Prospects: Canadian Manufactunng lndustry 1971-1977; by the Indus-

. _ ad hoc commlileé 1978, 40 p.
d A Scenario_for. the Implementation of Interactive Computer- Commumcahons

Systeiis it thie Horie, by the Committee on Computers and Communication,

1979, 40 p.
Multmahonals and Industrial Strategy: The Role of World Product Mandates, by
__the Working Group_on Industrial Policies, 1980; 77 p.

Hard Times, Hard Choices: A Statemerit by the Indastrial Policies Committee;

1981, 99 p.

Science and Educanon Committee, 1982.

Reports on Matters Referred by the Minister
Research and Development in Canada, a report of the Ad Hoc Advisory Committee
- to the Minister of State for Science and Technology, 1979, 32 p.
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Upper Atmosphere and Space Programs in Canada, by
J.H. Chapman,

P.A. Forsyth, P.A. Lapp, G.N. Patterson, February 1967
(5521 1/1; $2.50), 258 p.

Canadmn Assocmnon of Physncnsts headed by D.C. Rose, May 1967

€5521-1/2, $2.50), 385 p.

Psychology in_Canada; by MH. Appley and Jean Rickwood,
September 1967 (SS21-173, $2.:50), 131 p.

Economic Evaluation, by a Committee of the Scnence Counail of

Canada, December 1967 (SS21-1/4; $2.00);, 181 p.

- Water Resources Research in_Canada, by J.P: Bruce and
1¢

D.E.L. Maasland, July 1968 {S521-17/5, $2.50 !
Background Studies in Science Policy: Projechons of R&«kD

Manpower and Expenditure, by R.W. jackson D.W. Henderson and
B. Leang; 1969 (S521-1/6,$1:25); 85 p..

Canadian Universities, by John B. Macdonald, L.P. Du al, JS Dupré,

§.B. Marshall, J.G. Parr, E. Sirluck, and E. Vogt, 1969 (SSZl 1/7, $3. 75)
361 p..

Scnenhﬁe aﬁnrdrfl'echmcal lnformahon ifi Canada, Part I; by J:PiL: Tyas
Part 11, Chapter 1, Government Departments and Agencies
(8521-1/8-2-1, $1.75). 168 p..

Part II; Ch’apter 2; Industry (SSZI 1/8-2-2; $1:25),_80 p._

Part Il, Chapter 3, Universities (5521 -1/8-2-3, $1. .75), 115 p—

(5521-1/8-2-4, $1.00), 63 p.
Part II; Chapter 5, Techniques and Sources (§521-1/8-2-5, $1.15), 99 p.
Part II; Chapter 6, Libraries (S521-178-2-6, $1.00), 49 p:

“Part 11, Chapter 7,- Econorhlcs (SSZl 1/8-2 7,$1.00), 63 p.

Development in Canada, by a Study Group of the Chemical Institute
of Canada; 1969 (S521- 1/9; $2.50); 102 p. .
Agricultural Scnence in Canada, by B. &Smallman D.A: Chant;

M. Shaw 1970 (5S21-1/10, $2.00), 148 p.

Background to lnvenhon, by Andrew H. Wilson; 1970 (SSZI 1/11,
$1.50), 77 p-

{5S21-1/12, $2. so) 148 p.

Earth Sciences Serving the Nation, by Roghr A, BIJISL -
Charles H. Smith; J E. Blanchard; J.T. Cawley, D.R. Derry, Y.O. Fortier,
G.G.L. Henderson,; J.R_Mackay, ]'S. Scott, H.O: Seigel, R:B. Toombs,
H.D.B. Wilson, 1971 (S521-1713, $4.50), 363 p.

Forest Resources in Canada, by J. Harry, G. Smith and Gilles Lessard
May 1971 (§521-1Y14, $3.50), 204 p.

Scientific Activiti&s in Fisheries and Wildlife Resources; by _

D.H. Pimlott, C.J. Kerswill and J.R. Blder, June 1971 (8S21- I/IS
$3.50), 191 p.

Ad Mare: Canada Looks to the Sea, by R.W. Stewart and L. M Dickie,
September 1971 (§521-1/16, $2. 50); 175 p.

A Survey of Canadian Activity in_ Transportation R&D; by

C.B. Lewis, May 1971 {8521-1717, $0.75), 29 p.
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From Formalin to Fortran: Basic Blology in Canada, by P A Larkin
and WJ.D. Stephen, August 1971 (SS21-1/18, $2.50), 79 p.  _
Research Councils in the Provinces: A_ Canadian Resource, by
Andrew H. Wilson, June 1971 {SS21-1719, $1:50), 115 p_

- Prospects for Scientists and Engineers in Canada, by Frank | Kelly,

March 1971 (5521-1/20, $1.00), 61 p..
Basic Research by P Kruus, December 1971 (5521 1/21 $1. sb) 73 p.

(5521 1/22,$1.50), 95 p.

Innovation and the Structure of Canadian Industry; by

Pierre L. Bourgault, October 1972 (SS21-1/23, $4.00),.135.p. . .

Air Quality - Local, Regional and Global Aspects, by R .E. Munn,
October 1972 (5521-1/24,%0.75), 39 p.

Nahonal Engineering, Scnenhﬁc and Technologltal Socneues of

Prof. Allen S. West December 1971 {S521-1/25, $2.50), 131 p.
Governments and Innovation, by Andrew H. Wilson, April 1973
(5521-1/26,$3.75), 275 p.

Essays on Aspects_of Resource Pnhcy, by W:D: Bennett; . -
A.D.Chambers, AR. Thompson, H.R. Eddy, and A J. Cordell

May 1973 (S521-1/27, $2.50), 113 p. |

Education and Jobs: Career patterns among selected Canadian _ . _
science graduates with international comparisons; by A.D. Boyd and

A.C. Gross, ]une 1973 {SS21-1/28, $2.25),.139 p.

Health Care in Canada: A Commentary, by

"H. Rocke Robertson, August 1973 (§521-1/29, $2.75), 173 p.

A Technology Assessment System: A Case Study of East Coast

Offshore Petroleuin Exploration, by M. Gibbons and R: Voyer,

March 1974 (5521 -1/30, $2.00), 114 p. : i

Knowledge, Power and Public Policy, by Peter Aucoin and

Richard French; November 1974 (5§521-1/31, $2.00), 95 p..

Eéch’iii:ilb’gy Transfet in Construction, by A:D: Boyd and A:H: Wilson;
inuary 1975 (S§S21-1/32, $3.50), 163 p.

Energy Conservation, by F.H. Knelman, July 1975 (S521-1/33,

Canada: $1.75; other countries: $2.10), 169_p. .

Northerin Development and Technology Assessment Systems: A

study of petroleum development programs in the Mackenzie Delta-

Beaufort Sea Region and the Arctic Islands, by Robert F. ‘,thh

David W. Fischer, Colin E. De’Ath, Edward . Farkas, |

George R: Francis; and Sally C. Lerner; January 1976 (5521- 1/34

Canada: $3.75, other countries: $4:50), 219 p: .

The Role and Function of Government Laboratories and the _

Transfer of Technology to the Manufacturing Sector, by A.J. Cordell

and J.M. Gilmour, April 1976 (5521 1/35, Canada: $6.50, other
countnes $7 80), 397 p.

April 1676 {5521-1/36, Canada: $4.00, other countrles $4. 80) 251 p..
Mathematical Sciences in Canada, by Klaus P. Beltzner,
A: John Coleman; and Gordon D._Edwards; July 1976 (5521-1/37,
Canada: $6.50, other countries: $7:80), 339 p.

Human Goals and Science Policy, by RW ]aclison October 1976
(5521-1/38, Canada: $4.00, other countries: $4.80), 134 p.

Canadian_ Law and_the Control of Exposure to Hazards, by
Robert T: Franson; Alastair R: Lucas, Lorne Giroux; and _

Patrick Kenniff, October 1977 {$521-1739, Canada: $4.00, other
countries: $4.80), 152 p.

Government Regulahon of the Occupational and General
Environments in the United_Kingdom; United States and Sweden,
by Roger Williams, October 1977 (§521- 1740, Canada: $5:00; other

countries: $6.00), 155 p.
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No. 41 Regulalory Processes_and Jurisdictional Issues in the Regulation of

Hazardous Products in Canada; by G. Bruce Doern; October 1977
(S521-1/41; Canada: $5.50, ather_countries: $6.00), 201 p..

No a2 The Strathcona Sound Mining Project: A Case Study of Decnsnon
Making, by Robert B. Gibson, February 1978 (S521-1/42, Canada:
4 o $8 00, other countries: $9.60), 274 p.
No 45 The Weakest Link: A.Technological. Perspechve o Canadian
Industrial_-Underdevelopment, by John N H. Britton and - .
James M. Gilmour, assisted by Mark"G. Murphy, October 1978
o (5521-1/43, Canada: $5.00, other countries:. $6.00), 216. p.
No 44 Canadian Govemment Participation in International Science and
Technology, by Jocelyn Maynard Ghent, February 1979 {SS21-1743,
o Canada: $4.50, other countries: $5.40), i36 p.
No. 43 Partnership'in Development: Canadian Universities and World
Food; by William_E._Tossell; August 1980 (S521-17/45; Cinada: $6°00;
. other countries: $7.20), 145 p.
No.Je  The Peripheral Nature of Scientific 3gd ‘Technological,Controversy
in Federal Policy Formation, by (3Bruce Doern; july 1981 * ~
(Sb"l l/4o Canad: 54 95, other countries: $5.95), 108 p._

assistance of Karin Konstantynowncz September 1981 (5521 1/47, ’

o Canada: $7. 05 other_countrfes: $9.55), 232 p. _

Neo. 45 Threshold Firms: Backing Lanada’s Winners; by Gay PF: Steed;
July 1982 (§521-1748, Canada: $6.95, other countries: $8.35), 173 p.

No. 49, Governments and Microgigctronics: The European Experience, by
Dirk de Vos, March 1983 {5521-1/49, Canada: $4.50, other

. o countries; $5.40); 112 p. .

Ne. 50 The Challeiige of Diversity: Industrial Pohcy iii the Canadian
Federation, by Michael Jenkin, July 1983, (5521‘ 1/50, Canada: $8.95,

) other countries: $10.75), 214 p.

No 51, Partners in Industrial Strategy: The Specnal Role. of the Provincial
Research Organizations, by Donild J. Le Roy ind Paul Duafodar,
November 1983 (SS21-1751, Canada: $5.50, other countries: $6.60,
146 p. -

Occasional Publications »

1976 \
Energy Scenarios for the Future, by Hedlin, Menzies & Associates, 423 p.
Science and the North: An Essay on Aspirations, by Peter Larkin; 8 p.

A Nucleir Dislogie: Proceedings of 3 Workshop on Issues i Nuclear Power for
Cinada, 75 p.

1977
An Overview of the Canadian Mercury Prohleﬂ{,_by Clarerice T. Charlebois; 20 P

An Overview of the Vinyl Chloride Hazard in Canada, by ]. Basuk, 16 p. .

Materials Recycling: History, Status, Potential, by F.T. Gerson Limited, 98 p.

Uﬁjh-fsi& Research. ﬁ.\npowcr: ,Cénccrns an Réﬁé&iéé, iijoccediﬁgs of a
Wo’rk@h’op on (h’( O'pti'm’i'z'iti'o'ﬁ of Age Disuib’mibﬁ iﬁ U'ni\'/é'rsity Rb's’é;i'r'ch’ 19p. :

Papers for Discussion, 215 p.
. Background Papers; 338 p.
llvm;, with Climatic Change: A_Proceedings, 90 p.-

Proceedings of the Seminar on Natural Gas from the Arctic by Manne Mode

Preliminary Assessment, 254 p.
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~ \ Seminar on a National Tr.msportatxon§yﬁzm for Optimum Service: Proceedmgs
: ‘ 73 p.
,,,,, : 7
1
1978

A Northern Resource Centre: A First Step Toward a Umversxly of the North, by

. the Committee_on Northern Development; 13 p..
An Overview of the Canadian Asbestos Problem, by Clarepce T: Chatlebais; 20 p:
An Overview of the Oxides of Nitrogren Problem in Canada, by ). Basuk, 48 p.

Federal Funding of Science in Canada: Apparent and Effective Levels, by
J: Miedzinski and K:P: BeltZner; 78 p

Procec orum s, 40 p

ings of the Public Eoruni on PollCles and Poiso
Science Policies in Smaller Industrialized Northern Countries: A Proceedmgs 93 p.

adian Conteonr Scxence Education, by James E. Page, 52 p.
An Overview of the Jonizing Radiation Hazard in. Canada; by J. Basuk; 225 p.
Canadian Food and Agriculture: Sustiuﬁblhty and Self- Reliance:. KD:scusSlon

» to World Food Supply, 52'p. .
From the Bottom Up - iﬁ@&i@é;\éﬁf of Canadian NCO§ iﬁ_?a and Rural Develop-

.

Opportunities in Canadian Tr.msportanon -
Conference Proceedings: 1, 162 p. o
N : Auto_ Sub-Conference Proceedings: 2, 136 p. .
-Bus/Rail Sub-Cornfererice Proceedings: 3, 122 P

Air Siib-Conference Proceedmgs 4, 131 p.

The Politics of an Industrial Strategy: A Proceedings, 1151p/\'/

- 1980. . _ o
- Food for the Poor: The Role of.ClDA in Agncullural Fishieries and Rural Devel-

‘opment, by Suteera Thomson, 194 p.

Science in Social Issues: lmphcahons for Teaching, by Glen S Aikenhead, 81 p.

‘ | J
Entropy .md the Ecoriomic Process: A Proceedmgs' 107.p.
- Ppportunities in Canadtan Transportation Cﬁoﬁrf\ference Proceedings: 5 270 p.

fl’roceedmgfsfbrff the Seminar on University Research in Jeopardy, 83 p.
Social Issues in Human Genehcs — Genetic Screening and Counselling:
: ) A Proceedings, 110 p. . |
The Impact of the Mlcroelectromcs Revolition on Work and Workmg

A Proceedings, 73 p.

1981 . _
An Engméefs,,\/lew of Sc:ence Education by Don.xld A C.eorge 34 P T
vate Sector on an induslnal Strategy, by D. Brown J. Easiman with
I. Robinson, 195 p. e

Biotechnology .in Canada — Promises and Concerns 62 p.
Challenge of the Research Complex: \

dings, 116 p. '

Papers, 324 p.
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# Workshop on Aritﬁcisi iqiéiiigeﬁcé; 75 p

The Adoption of Foreign Technology by | Canadmn Industry, 152 p.
The Impact of the Microelectronics Revolution on the Canadian Electronics

lndus(ry 100 p. .

1982
What is ‘Scientific Thlrnkmg’ by Hugh Munby, 43 p.
Macrossole, A Holistic Approach to Science Teaching, bzr M. Risi; 61 p

Quebec Science Education = Which Directions?; 135 p.
Who Turtys The Wheel?, 136 p.

Earliamentanans and Scnence, by Karen Pnsh 49 p.

Scientific Ll!eraty _Towards Balance in Seumg Goals for School Science

The Conserver Society Revnsned by Ted Schrecker; 50 p.
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