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TNVESTIGATION OF STIJDENT ACHTEVEMENT IN
AND ATTITUDE TOWARD GRADE TEN

SCTENCE PROGRAMS ÏN
MANITOBA SECONDARY SCHOOLS

by Kenneth Harold Charlesworth

The purpose of the study was to examine student achievement

in and student attitude toward three grade ten science programs in

Manitoba schools"

A total group of 1,596 students enroli'ed in grade ten was

obtained from eighteen schools selected so that the sample population

would be fairly representative of the student populaiion in the

Prcvínce. Of these students 455 were enroLled in the program known

as I.P.S. - Introductory Physical Science developed by Educational

Services Incorporated of Watertown, Massachusetts, U"S.A. Another

groqp of 496 students followed the program based on the textbook

An Introduction to Physical Science by R.L. Hediey while the remain-

ing 445 students followed the traditional program using the textbook

Everyday Problems in Science by Beaucharp, Mayfield and West. AlL

students were enrolled in grade ten for the first tirne.

From the scores of connon achievenent tests administered to

al-l students in the province at the ninth grade level, prior knowledge

scores were obtained in nathenatics and science. In additi.on Intel-

ligence Quotients were calculated from The Lorge-Thorndike nentaL



ability test, level 5 form A verbal which had been adrninistered at

the sane time as the grade nine achievement tests" T\^¡o sepaïate

criteríon tests were used. one, a ''I'est 0n uncierstanding science,

by cooley and Klapfer yielded scores on prpil understanding of the

scientífic enteryrise, the aims and methods of science and the roj.e

of scientists, while the other a student Attitude Toward science

instrument, by Hedley provided a measure of student acceptance of

text naterial, course content, laboratory work, interest in the

course, involvenent and satisfaction of perceived needs. with the

additíon of Age and sex factors a totaL of sixteen variables was

available for consideration.

A correlation matrix of the sixteen variables was examined

for significant correlations. The mean scores and standard deviations

of each of the three groups was calculated for the sixteen variables 
"

Using the means and standard deviations of the sixteen variables for

each group, t-tests of differences between means of each group v¡ere

calculated. This analysis disclosed a slight. variation in prior

knowledge between the three groups and to overcone this discrepancy

sub-groups ü/ere chosen within each of the original groups. Means and

standard deviations were calculated for each of the sub-groups and

utilizing the new means and standard deviations, t-tests of differences

between means for each of the sixteen variables of each group were

again calculated. A nultiple regression analysis of each of the

eleven dependent variabLes on the five independent variabLes, i.e.

prior knowledge in nathenatics and science scores, I.Q., Age and Sex,

was conducted for each group together with an analysis of variance.



The students following the progran known as I.p.s., Intro-
ductory Physical Science, had very positive and significant correlation

coefficients indicating a general acceptance of the program being

followed. This was in narked contrast to the results obtained from

the other tl¡ro programs. Also the scores of the students following the

r"P.s. program were consistently and significantly higher than the

scores obtained by the students in the other two groups. rn generaJ.

the scores of the students following the progran based on the textbook

An ïntroduction to Physical science by R.i,. Hedley were significantLy

higher than the scores obtained by the students enrolled in the pro-

gran based on the textbook Everyday Probtems rn scieqce by Beauchamp,

Mayfield and l{est.

The results of the nultiple regression analysis and the

analysis of variance indicated that the five predictor variables, when

used together, are very significant in predicting the resuLts on the

sub-tests of the Test 0n understanding science. The same analysis

when applied to the results of the sub-tests of the Student Attitude

Toward Science instrument showed that the five predictor variabLes,

although stil1 significant, trrtere not of the same degree of importarce.

The study showed that it is possible to evaluate different

science courses on other than a subjective basis, to show which are

effective and acceptable to students.
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CHAPTER I

INTRODUCTION

Statement of the Problem

It is the purpose of this study to examine student achieve-

ment in and student attitude toward three grade ten science programs.

The inajol course of study to be investigated is known as

I.P.S. - Introductory Physical Science, and was developed by Educa*

tional Services Incorporated of l¡iatertowno Massachusetts, U.S"A.

This course r,'Jas deliberately designed to forrn an adequate base upon

which the newer high school science pr.ograns, CHEMS - the Chemical

Education Material Study, P.S.S"C. Physics - the Physical Science

Study Connitteers program in physics, a¡rd B.S.C.S. Biology - the

Bíological Sciences Curriculun Study, could Test. Experience both

in Manitoba and the United States has shown the studentst inability

to handle the laboratoTy assignments connecied with new science pro-

grams of the senior high school. within the time i.imits of a class

period. There is a real need to find a satisfactoly prografi to

remedy this situation"

comparisons of student achievement in and acceptance of

the program will be made between groræs of students taking the I.P.S.

pïogram and two other progranìs also authorized for use in grade ten

of the University Entrance progran in Manitoba schools. The first

of these other programs uses the textbook An Introduction to Physical
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Science by R.L. Hedley. This program attempts to provide the student

with a body of scientific knowledge as a basis for future training in

technical fieios. As werl., it is tryÍng to develop in the student a

favourable attitude towards science, and an appreciation of the

nature and role of science in effective citizenship. The final pro-

gram to be considered is the traditional Matriculation General

Science program which since 1948 has made use of the textbook Everyday

Problems ín Science by Beauchanp, Mayfield and West.

The Importance of the Study

With the acceptance of the net{er science courses, CHEMS,

P.S.S.C. Physics and B.S.C.S. Biology for use in the senior grades of

the University Entrance high school progrmm, the traditional prepara-

tory general science course has proven to be of Little benefit to the

students. Consequently, two other programs based on the textbooks

Introductory Physical Science developed by E.S.I. and An Introduction

to Physical Science by R. L. Hedley were authorized on an experimental

basis for use in the University Entrance program in Manitoba schools

during 1966-67 " As a result a decision will have to be made concern-

ing the relative value of these courses as preparatory general science

programs.

In most cases, this type of decision has been rnade on a

purely subjective basis. Teachers who have been involved in the ex-

perimental programs have been asked for an anecdotal reports which are

subjective in nature. Teachers of pilot classes are asked to answer

questíons selected arbitrarily by the Curriculum Revision Comnittee.
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0n the basis of this evidence the committee charged with the decision

makes its recommendations. When the pressures to make changes are

gïeat anci rire tirre Ín which ro make a ciecisíon grows short, the cnances

for errors in judgenent greatly increase.

With the attitude that change is necessary in the high school

curriculum becoming generally accepted, it is possible that new courses

could be accepted merely because they are new and not because they

actually satisfy the objectives they propose to satisfy. Thus the need

for evidence on which to base judgement other than that of the subjec-

tive evaluation is becoming critical. It is the intent of this study

to supply some such evidence.

Design of the Study

Students enrolled in the grade ten University Entrance

science program in September 1966 were chosen as the subjects of the

study and were separated into Groups A, B and C on the basis of the

program to be fo11owed.

The population of Group A was rnade up of students who were

to use the textbook Introductory Physical Sc:þ4cs. They l¡/ere, of

necessity, chosen from those schools where pilot classes were being

conductecl in this progra¡n. The choice of schools was, there::'ole,

somewhat restricted but samples of urban, suburban, and rural schools

were included.

The population of Group B was conposed of students using the

textbook An Introduction to Physical Science and the population of

Group C of students using the textbook Everyday Problems in Science.
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In the latter thro cases schools were chosen, as much as possible, to

natch the socio-economic background and the geographic locations of

sciioois irr Gror-ip Á. uirapcer üir presenf,s a more cietailed explanation

of the study.

The schools chosen were contacted and asked for their co-

operation. In all instances the adninistration was very willing to

cooperate. Principals of the schools chosen suppi.ied the writer with

the names of all students in their school registered for the grade ten

University Entrance science program. The scores of these students on

external achievement exarninations in nathematics and science adninis-

tered at the ninth grade level in iune of 1966, were obtained from the

files of the Registrar, Department of Education. The mental

abíIity as an Intelligence Quotient for each student was also obtai-neii

and recorded. Any student for whom, for any reason, it was not pos-

sible to obtain this information was eliminated from the study. This

procedure was felt to be necessary to ensuse that the measurements of

prior knowledge and I.Q. were made by the same instruments at the same

tine.

Two criteria tests were selected for administration by the

science teachers to all students during the last two weeks of, },lay L967,

by which time al1 classes had completed ninety percent or nore of the

course work. The first test selected was the Test 0n Understanding

Science (TOUS), Form W, developed by W.W. Cooley and L.K. Klopfer of

the Graduate School of Education, Harvard University. This instrr.lrnent

was designed to measure understanding of the scientific enterprise,

understanding about the role of scientists and understanding about the
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aims and methods of science. The second instrument chosen was entitled

Student Attitude Toward Science (SATS) and was developed by R. L. Hedley

in the course of researcn at the College of Education, Michigan State

University, East Lansing, Michigan. This instrument was designed to

obtain a reaction from students that would indicate their feelings

about their science program in the areas of text naterials, course

content, student interest, student needs, laboratory work and student

involvement.

The test results were scored, and the data were recorded

together with the I.Q. and prior knowledge test scores and prepared

for entry on punched cards for analysis on the computer.

Assumptions and Linitations of the Study

As sumpti ons

Tt was assumed that all students participating in the study

had approximately equal experience in handling multiple-choice response

items. It was further assumed that the teachers were experienced in

handling test directions and that adequate test conditions as wei,l as

test security was maintained. It was also assumed that the tests were

administered at or about the same time to ail students in the study.

De 1 imitati ons

The study was restricted to those

nine in 1965-66, who graduated to grade ten

and does not include an evaluation of those

failed or repeated course work in grade t.en.

students who were in grade

for the school yea.r 1966-67

grade ten students who



Limitations

The study is limited by the manner in which the popuJ_arions

were obtained" Randorn sampling of the student population of Manitoba

was not possible because of the relative scarcity of pilot classes.

The results ca.n, therefore, be said to be applicable to the sample

populations only and not to the universal population.

The study was also limited by the fact that onJ.y science and

mathematics achievenent scores were used as pre-test information. It
might well be that other achievement scores, such as English or read-

ing conprehension, would contribute to successive achievement and in

acceptance of a course even nore significantly than the science and

rnathematics scores.

Hfpotheses Tested

The following nul1 hypotheses were tested in this study:

There is no significant difference in attitude towards science

as neasured by the sub-test scores of the sATS test between Ëhe

A, B, and C groups of students.

There is no significant difference in achievement in science as

measured by the sub-test scores of the TouS test between the A"

B, and C groups of students.

In addition, a computer program was utilized which produced:

correlation matrices for the total group and each of the three

sub-groups comprising the study on the basis of the sixteen

varíab 1es .

1.

2.
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1. Grade nine science achievenent scores.

2. Grade nine mathenatics achievenent scores.

3, Intelligence quotients.

4. TOUS 1 - The scientific enterorise.

5. TOUS 2 - The scientists.

6. TOUS 3 - The ains and nethods of science.

7. Tota1 score on the TOUS instrument.

8. SATS I - Test naterials.

9. SATS 2 - Course content.

10" SATS 3 - Student interest.

11. SATS 4 - Student needs.

12, SATS 5 - Laboratory work.

L3, SATS 6 - Student involvement"

L4. Total score on the SATS instrument.

15. Age.

16. Sex.

B. The neans and standard deviations for all- sixteen variables for

each group, and for the total sample.

C. A multiple regression analysis of each of the eleven dependent

variables on the five independent variables"

Using the means of the sixteen variables for each grcup and

pooled standard deviation, t-tests of differences between means of

each group were also calculated to deteflnine if differences in the

groups exist because of the courses fo11owed,



CHAPTER IÏ

REVIEW OF THE LITERATURE

A Brief History of the Development of
Grade Ten Science Programs in Manitoba

ALl students enrolled in the grade ten leve1 of the University

Entrance Course progratn in Manitoba have as a compulsory part of their

program a course called General Science 100. Although referred to as

General Science, traditionally it has been a form of physical science"

In the early 1960ts criticism of this feature was voiced by some

teachers withín the province who felt that provision should be rnade at

this level for a course in biological science. However, in August 1963

the traditional view of the advisability of teaching physical science

was upheld by the report of the University Entrênce Course Seminar

which stated:

It is recommended:

(1) that the Grade ten required science be an intro-
duction to basic physical science containing
approxirnately 50% basic Physics and 50% basic
Chemistry

(2) that the grade ten required science serve both
as a terminal course for stt-rdents leaving the
science sequence in Chemistry and Physics, and
as a pre-requisite fgr grade eleven Chemistry
and Physics courses. *

t-
^ In].t]-Al rt Universi Entrance Course Seminar

Manitoba Teachers
meogr

ege Ju , P' 12
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Until Septenber 1964 there was only one textbook authorized

for use with the General Science 100 program and that textbook was

Everyciay Probiems in Science by Beauchamp, Mayfield and West, published

in Canada in 1948 by W. Gage and Company. Exanrples of the units of

work covered in the program were: Unit 1 - rrHow Do Scientists Work?r';

Unit 4 - ltHow Do We Use and Control Power?Îr; and Unit 9 -rrHow Do I{e

Control Heat?t'

Although the general objectives of the program were as stated

in the program of studies,

1. To lead the learner to search for truth by
building well-organized patterns of knowledge.

2, To develop relevant ski11s and habits both
mental and physical, so that they can be
satisfactorily utilized by the Learner.

3. To inculcate healthy moral and soci41 attitudes
for living in a denocratic society."

an investigation of the actual content of the textbook disclosed a

technological orientation. This facet together with the fact that the

technology outlined was fifteen years behind current knowLedge con-

bined to create a general feeling of dissatisfaction and growing re-

jection of the prograrn by students and teachers alike.

The Departnent of Education in Manitoba vJas aware of the need

in a curriculum pattern which had remained essentiallyfor change

static for

Seminar in

Curriculun

twenty years. In sponsoring the University Entrance Course

the summer of 1963 composed of eminent 1ocal educators the

Branch was able to obtain the necessary public support to

zProgranme of Studies for the Schools of Manitoba, Senior
High Schools peg: ueen s Printer,
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initiate a major curriculum revision in all subject areas. As a result
of the additional recommendations for science programs rnade by the

Seminar; namely,

3. That a modified form of the course prepared by
the Physical Science Study Committee be used in
Grades eleven and twelve physics.

4. That the courses in chemistry st'ess the rnodern
approach to the concept of chernical bonding.

5. That in all Science subjects:
(a) The emphasis be on the discovery of princi_

ples rather than on nore verification;
(b) There be instruction to make use of the

inductive and experimental approach;
(c) There be taught an appreciati_õn of the sig_

nificance of magnitude;
(d) There be ernphasis on the quantitative aspects

especially in the examinaiion of principies.S

curriculum committees r{ere appointed in october L96s in the subject

areas of chenístry and physics. The recommendations made by these

committees in the spring of 1964 vrere to the effect that sections of
the new science prograrns recently developed in the u.s.A. known as

P.S"S.C. Physics and CIIEMS be combined to form the science course for
those students in the tenth grade who were enrolled in the thriversitv

Entrance Course progran.

Acting upon these reconmendations the Departrnent of Education

authorized a number of classes, where teachers with the necessaïy

training were available, to fol1ow the recommended program for the

school year 1964-65. Early in 1965 the Department of Education inf,ormed

the joint Physics and Chemistry CurricuLum Revis,ion Corunittee rhat for
various reasons, mainly adrninistrative, the pilot program was not

proving to be one which could be generally implenented at the Grade ten

rlnitial Report University Entrance Course Se¡ninar
Itlanitoba te
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level in the Province. Although the program would be allowed to con-

tinue for 1965-66 only in those schools which had already become com-

micceci, tne uomrnrttee was asked to make other reconunendations for

possible irnplementation in september 1966, or as soon as feasibLe

thereafter.

0f necessity, serious attention was now focussed rrpon a new

project, entitled ?rlntroductory Physical sciencer, which was being

developed by Educational Services Incorporated of Boston, Massachusetts

with the support of the National Science Foundation. This project was

to be a one year program in introductory physical science based on the

thene of the development of evidence for an atornic model of matter.

The evidence available suggested that this progran might be compatibie

with the philosophy of the Curriculun Comnittee as the method employec

to achieve the stated goals was supposed to be one of student experi-

mentation. Further evidence that this program might prove satisfactory

for use at the grade ten level in Manitoba was found in the statements

made by Haber-schaim, director of the project, conceïning the reasons

why the project was originated.

The greatest handicap faced by science teachers in
the new curricula, such as the Physicai Science Study
Committee, the Chenical Education Materials Study, and
the Biological Sciences Cumiculum Study, is that most
students in senior high school have little experience in
observation, few basic laboratory ski1ls, a very limited
knowledge of how to apply elementary mathenatics to ex-
perimental resuLts, and little abiLity to correlate an
abstract idea with a concrete situation. Often they have
no idea of orders of magnitude, no feeling of approxima-
tion, and no ability to judge what is important ând what
is not.
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Students need tine to digest knowJ.edge, Teachers
have repeatedLy said that if we could put into the ear-
lier grades sone of the basic ideas and skills which
are needed so badly in latter science courses, it would
nake tirose courses rnuch easier to teach and giverthe
students much rnore time to digest the materials. -

ïdentical conplaints v/ere being voiced frequently to the

Curriculum Revision Connittees in feedback fron those teachers of

senior high school science in Manitoba who were conducting classes in

the newly recornmended science programs. In February 1,966 the joint

Physics and Chenistry Curriculun Revision Conmittee made the recomrnenda-

dation:

that a well chosen and carefuLly controlled pilot
progran in Introductory Physical Science þe con-
ducted at the Grade ten level in 1966-67."

PIans were immediately implemented to provide for the neces-

sary in-service training of teachers so that a reasonable nurber of

piLot classes could be conducted. As a result thirty classes were able

to commence the program in September 1966.

However, becarise of the increasing pressure being brought to

bear on the Department of Education to renove the textbook Eyeryday

Problerns in Science from the list of authorized textbooks and becat¡se

of the possibility that the pilot program using the textbook Introducto-f,y

Physical Science might prove unacceptable as had the previous pilot

program, it was felt necessary to make available to the high schools an

additional program which could be used, even on a terporary basis, in

4uri Haber-Schain, trA New Physical Science Coursertt
February 1966, p" 1.IPS Newsletter, Prentice Ha11, Incorporated,

SMinutes, Joint Physics-Chernistry Curriculun Revision
Committee, February 1, 1966, (mimeographed), p. 1.
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the University Entrance Course in lieu of the authoïized program based

on Everyday Problems in science. Another grade ten physical science

program was currently Ln use in the high schools of the province. This

was the program knolo¡n as General Science 101 or the General Course

scíence prograln and the suggestion was put forward that this program be

utílized on a temporary basis. This course had been developed, on the

recommendation of the General Course Seminar of 1960, by a conrnittee

knotoin as the General Course Science Conmittee. It made use of the text-
book An Introduction to physical science by R. L. Hedley who wrote the

textbook specifically for use with this program because there was no

single text available on the market which adequately covered the topics

desired 
"

Although this progran had been relativeJ.y popular with the

stream of students for which it was designed, some reservations Ì{ere

expressed about the advisability of allowing this program to be used in

the university Entrance course. The main objection to its use lay in
the fact that it took a somewhat traditional approach to the study of

Chemistry which it was felt might have a deLeterious effect on the in-
troduction to this subject in grade eLeven where it was desired to use

the CHEMS material and program. However, the aims and objectives for
the General Science progran as listed in the course or.itline were con-

patible with those of the senior high science courses.

The prime objective of the general science course
is the development of scientific literacy to the
fullest extent within the capabilities of each
student. Scientific literacy is considered to be
dependent upofl, arnong other things, the following:
1" The development of a backgrotrnd of ordered

knowledge of science.
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2. The acquisition of a vocabulary of technical
and scientific terms conmonly used to explain
natural phenomena.

3. The utilization of these terns for effective
conmunlcatr.on.

4" The developnent of a method of ínquiry through
the use of reliable data to suggest possible
conclusions.

5. An appreciation for the rnethods and procedures
of science.

6. A disposition to use the knowledge and rnethods
of science appropriately.

7. The development of skills and abilities nor-
mally associated with science.e

Another point in favour of the utilization of this program

was the fact that it tried to develop scientific literacy by the use

of a relatively strong labo'ratory progran. The absence of a worthwhiLe

laboratory program was one of the major conplaints listed against the

authorized program using Everyday Problens in Science.

In May 1966 an announcement was made by the Department of

Education to the effect that as a temporary neasure, those schooLs who

wisheci to offer General. Science 101 in lieu of General Science 100

would be authorized to do so. Thus in September 1966 three courses in

science were available fcr use at the grade ten Level of the University

Entrance Course progran.

A Review of Evaluative Investigations

There has been to date no najor appraisal of the Introductory

Physical Science program carried out in the United States. The project

evaluation carried out by Educational Services Incorporated during the

6course outline, General Course Science 101, Province of
ivfanitoba, Departnent of Education, undated, minreographed, p. 2.
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lÍfe of the project, rnade use only of achievement and laboratory tests,

observations of pilot teachers and feedback from pilot teachers. In

tire i:Report oi Ene international Clearinghouse n Science and Mathematics

Curricula Developments 1967rr the feedback process for project evaluation

is described by the project Introductory Physical Science as follows:

Feedback process; During the last three years the
pilot teachers (about 55 each year) have subnitted
regular written comrnents on alL aspects of the
course, such as text, teacherrs guide, experíments,
equipment, and quízzes. These reports have been
carefully reviewed and used as a basis for-the
revisions of the text and teacherrs guide.'

7 l. David Lockard, editor, Report of the International
Clearinghouse 0n Science and Mathenatics Curricula Develqpngnts 1967"
Ãiõint Pr-oTect-õT the eònmiision on Science Education of the
Anerican Association for the Advancenent of Science and the Science
Teaching Center, University of Maryland (University of Mary1and,
College Park, MaryIand) p. 264.



CHAPTER IÏI

EXPERIMENTAL DESTGN

For the school year 1966-67, there existed a rather unique

situation as fat as the science progra¡ns authorized for use at the

grade ten level of the University Entrance program in the secondary

schools of Manitoba were concerned. Instead of the single authorized

textbook which was the normal pattern, for this year a total of three

different textbooks were authorized for use in the schools. The cie-

sign of this experinent was predicated on this unique feature.

As the program known as I.P.S. was of prime concern in this

study and also as the smallest nurnber of schools were using this pro-

gran due to its experimental nature, the initial selection of schools

that v¿ere asked to palticipate in the study was made from this group '

The basis for selection was the geographical area and the size of the

school, so that the sample population would be fairly representative

of the student population in the Province. The sampling, six schools

fron the twenty-three schools offering this pr.ogram, included those

from the city of winnípeg proper, from the surrounding suburban

municipalities and from towns in rural. Manitoba.

Next the selection was made of additional schools to be

asked to participate in the study fron those where progr.alns based on

the other authorized textbooksu An Introduction to Physical Science

and Everyday Probi.ems il science were being taught. The priine

16
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consideration in making these selections hras that the schools chosen

should match the schools chosen in the initial group as much as possible

for size of schoor, geographic location, i.e. rural, suburban or urban,

and the general socio-econornic background of the students attending.

In this way an attempt was made to reduce bias which woutd be unavoidably

present due to the inability to select schools on a random basis. Also,

in an atteÍPt to produce uniformity in the student populations, a1l the

gtade ten University Entrance Course students fron each participating

school were incorporated into the study.

The principals of the eighteen schools selected for partici-

pation were contacted by letter asking for their cooperation in conduct-

ing the study by assisting in the carrying out or" the testing necessary

for the evaluation of the prograns. Without exception, all princj_pals

agreed to cooperate.

In June 1966 all students enroll.ed at the grade nine levei of

the public school system in Manitoba were required to write examinations

administered under Departnent of Education reguLations in five academic

subject areas. These exaninations in Engiish Literature, English

Language, Social Stüdies, Mathernatics and Science were externalJ"y set

by a corunittee of examiners appointed by the Department of Education

and scored j-n connittee by teachers who had taught the course. rn

addition a mental abilities test, the Lo-rge-Thorndike test, level 5

form A verbal, was adrninistered as part orc the examination proceedings.

Ït was decided to Llse the data available frorn these conmon mathematics

and science examinations as well as the Intelligence Quotients calcu-

lated from the results of the Lorge-Thorndilce Intelligence test as
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indicators of prior knowledge possessed by the pupils participating

in the study.

Each participating school was asked to provide a list of all

their students currently enrolled in University Entrance Course together

with the narne of the school at which each student wrote his or her grade

nine external examinations and the year in which these examinations

were written. For the purposes of this study the students ulere grouped

according to the grade ten science prograin being taken with Group A

being those students following a prograrn based on the textbook l"tlg-
ductory Physical Science; Group B those students following a progra-m

based on the textbook An Introduction to Physical Scíence and Çrnrm t-

being those students foli-owing a program based on the textbook Everyday

Problems in Science" From each group of students the names of all

students who did not write grade 9 exaninations in Manitoba j.n June

1"966 were deleted" Thi-s procedure removed from the samples any students

vrho might be repeating their grade ten year or who did not take their

grade nine schooling in Manitoba. The scores obtained on the externaL

examinations in mathematics, science as well as the Intelligence

Quotients, were then obtained fron the files of the RegistTar, Depart*

ment of Education for the remainder of the students in the three

groups" If, for any reason, it was not possibl"e to obtain all three

scores for any student, this studentrs nane was also removed from the

list of ÞarticiÞants.

Two criterion tests were selected for administration to all"

students to determine what, if any, understanding and attitudes were

being deveLoped as a result of the science programs under study" The
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first criterion test chosen tvas entitled Test 0n Understanding Science

and was developed by Leopold E. Klopfer and William W. Cooley in the

course of research at the Graduate School of Education, Harvard Univer-

sity, Cambridge, Massachusetts. This instrunent, abbreviated TOUS, was

developed around three major thenes: rrnderstanding about the scientific

enterprise; understanding about scientists; and understanding about the

nethods and aims of science.

In naking reference to the instrument, its authors noted:

New teaching nethods and improved instructional
naterials are generally devised to achieve certain
specific objectives. In conducting developnentaL
research which inquires into the effects of new
nethodsr we must include, as an integraL part of
that research, the selection or design of testing
instrumentp which will evaluate those specific ob-
j ectives I r

ALso, the followíng corunents, contained in the manual accom-

panying the TOUS instrument, were felt to be appropriate and applicable

to the nresent study:

For many years, science educators have acknowledged
the inportance of teaching and learning certain so-
ca11ed Irintangiblete aspects of science. These intan-
gibles include an understanding of the nature of
scientific inquiry, of science as an institution, ancì

of scientists as people. Such understandings are par-
ticularly important today, as our nation and the world
are increasingly affected by the results of scientific
activity, and as we seek to attract young peopLe into
scientific career fields. However, while a large
variety of tests has been prepared to measure student
achievernent in the facts and principles of science, no
adequate instrument has yet been constructed to assess
the extent to which the ínportant instructional outcome
of understandíng science and scientists has been achieved.
Numerous studies of science curriculun methods assert Ëhat
that a particular technique or procedure has contr$üted

Cooley and Leopold M" Klopfer, ttThe Evaluation
of Research in Science

'|

'Í{i11iam ü1.

of Specific Education
Teaching, L;73 (i9ó3)

Innovations, tr Journal
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to these understandings in the students, but, in the
absence of a valid instrument, such judgments cannot
be made objectively to any extent. Thus, there ex-
ìsts a defrnite need for an instrurnent that adequately
rneasures these understandings. It is the purpose of
TOUS to meet this need.¿

In addition the following comment from the same source sup-

ported the choice of this instrument as a criterion test:

Turning to the possible applications of TOUS in
curriculum development, the nost obvious use of this
instrument is in the direct testing of high schooL
students to determine to what extent a realistic under-
standing of science and scientists has been attained
as a result of taking science courses. Such testing
would provide teachers and curriculum workers with
comparative objective evidence on the extent to which
these irnportant objectives of instruction are being
achieved. At present,. only subjective testimony is
available as a guide in this area. If deficiencj-es
in student understanding of science and scientists
can be demonstrated by a reliable test, corrective
measures may then be proposed to bring about the de-
sired i¡norovements. s

The second criterion test chosen to be administered was en-

titled the Student Attitude Toward Science, abbreviated SATS. This

instrurnent was developed by R. L. Hedley in the course of research at

the College of Education, Michigan State University, East Lansíng,

Mi chi gan.

qênâ?"â"rê

The instrument investigates student attitude tov'rard six

areas of concern in science teaching: the textbook; 'che course

content; interest ín the course being taken; student needs, i.e. hov¡

useful the student felt the course to be to him; laboratory llrork; and

student involvement. There are seventy-two statements in aL1 and the

students respond to each on a five point Likert scale of sunmated

ratings.

2Wittiam 1l¡. Cooley and Leo E. I(lopfer, Manual for Administra-
tins. Scorins and Tnterrrretíns Scores on Test 0n Understan<iing Science,
Form W-FPrincetõn: Educational Testing Service, 1961), p. 1"

rDl_o", p. v"
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During the last two weeks of May 1967, the Test 0n Under-

standing Science Forn W and the Student Attitude Towards Science instru-

ments were mailed or delivered to all particípating schools. This

particular time was chosen as it r,,ras not feasible to conduct a testing

program in the high schools anytine during the rnonth of June because of

interference with scheduled end of year activities including prepara-

tions for field days, closing exercises and final exarninations. By the

latter part of May it was detelmined that the participating schools

would have completed ninety percent or more of the course work and so

that fornation of any understanding or attitudes that were likely to

take place could be deemed to have occurred.

The science teachers in the schools concerned adninistered

the criterion tests and returned the student papers to the writer for

scoring. It was possible to score the answer sheets fron the TOUS

instrurnent by nachine but because of the nature of the SATS instrument

which utilized the Likert scale it was necessary to score the answer

sheets from this instrurnent by hand. Any student who did not complete

either of the criteria tests, for any reason, tr^Ias removed from the list

of participating students. In addition the score sheets from one smal-i

rural school were lost arrd the names of these students had to be with*

clrawn from the experiment as well. As a result of the removal or" nanes

of students from the list of participants for one reason or another

the original number of 2,027 students dwindled to 1,396 by the time

the final tabulations were made.
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Consequently, the final populations were as follows:

Group A - 455 students using the textbook
Int-::oductcr^r, Physical Science

Group B - 496 students using the textbook

An Introduction to Physical Science

Group C - 445 students using the textbook

Everyday Problems In Science

For each student the following information was recorded on

tabulation sheets and transferred to punch cards for processing by a

comDuter:

Experimental Group Number

Score from grade nine Mathematics test - June l-966

Score from grade nine Science test - June 1966

The mental ability of the student as an Intel"ligence

Quotient - June 196ó

Age in years and months as of May 30, L967

Sex

Score on TOUS sub-test #1

Score on TOUS sub-test #2

Score on TOUS sub-test #3

Total score on TOUS test

Score on SATS sub-test #1

Score on SATS sub-test #2

Score on SATS sub-test #3

Score on SATS sub-test #4

Score on SATS sub-test #5

Score on SATS sub-test #6

Total score on SATS test
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Consultations with a statistician on the computer staff

resulted in the development of a computer program which produced:

a) the means and standard deviations for all sixteen

variables for each group, and for the total sample

b) a correlation natrix for each group and the total

samp le

c) a nultiple regïession anatrysis of each of the

eleven dependent variables on the five independent

variables, i.e. Mathematics and Science scores,

I"Q., Age and Sex, for each group together wj-th an

analysis of variance.

Using the means of the sixteen variables for each group and

pooled standard deviation, t-tests of, differences between means of

each group were then calculated by the writer. The investigation of

these results suggested that an additional statistical analysis be

done, to rnodify the composition of the initial grolrps so that a slight

ciifference in prior knowledge of mathematics which was evident wouid

be overcome. Accordingly the data punch cards for each group of stu-

dents were ïearranged in ascending order of mathematics scores and a

selection of cards made so that each group would contain only carcis

showing mathematics scores which were duplicated in both other groups 
"

þon the completion of this manoeuvre 316 students were left in each

group and the neans and standard deviations were again caLculated for

each of the sixteen variables. Then utilizing the new means and

standard deviations, t-tests of differences between means for each of

the sixteen variables of each group were a.gain calculated'



CHAPTER ÏV

ANALYSIS OF DATA

It is the purpose of this chapter to examine (i) the means

and standard deviations of the sixteen criteria variables used in the

study, (2) the t-tests of differences between the means of each group,

(3) the means and standard deviations of the sixteen criteria vari-

ables used in the study for the sanples modified on the basis of

prior mathenatícs scores , (4) the t-tests of differences between the

rneans of each nodified group, (5) the correlation coefficients for

1evels of significance between the síxteen criteria variables and

(6) a mul-tiple regression analysis of each of the eleven dependent

variables on the five independent variables together with an anai.ysis

of variance.

Analysis of the Criteria Variables

Table I shows the mean scores and the standard deviation for

the sixteen variables of the students involved in each or" the three

groups under consideration. The variable i.isted in this table as

I"Q. and interpreted to nean mental ability, together with the vari-

aùlus listed as Mathenatics and Science constitute the indicators of

prior knowledge possessed by the prpils participating in the study.

24
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Table 2 shows the t-tests of differences between the means

of the variables for the students in the three Gror4ps A, B and C.

rt rs ínteresting to note that there is no significant difference

between the mean science scores of any of the groups. Thus any

differences which might arise between the gror-rps on the criterion

tests cannot be attributed to difference in prior science knowledge

possessed by the different groups. It is also evident that ihere

is a si-gnificant difference at the five percent level in the I.Q.

scores of one of the groups, narnely Grotrp A. However, an examina-

tion of the means of the three groups as shown in Table I indicates

that the maximum difference in neans is 2.2 units. The Standard

Error Measurement associated with the Lorge-Thorndike Intelligence

Test, which was the instrument used in obtaining the scores, is

5.1 I.Q. units as indicated in the Technicatr Manual, revised edition,

which accompanies the tests. Consequently, to interpret that a

difference of 2.2 uni'ûs is statistically significant when the Sta-ncl-

ard Error of Measurement is 5.1 units is not justifiabl,e as this

would require the assumption that the means in question are much

more accurate and absolute than they are alleged to be by the pub-

lishers of the ineasuring instrument. Thus, for the purposes of this

study it is assumed that there is no essential dir"ference in the

Intelligence Quotients of the three groups.

Table 1 also shows that the pri-or knowleclge of mathematics

was less for the students of Group B than for either of the other

two groups. In Table 2 this difference ís shown to be significairt
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at the one percent leve1 and consêquently this discrepancy could be a

factor if the criteria tests indicate any differences between the

groups. rn a<ioition when we exanine the other independent variables,

Age and Sex, in Tables I and 2 we find that the distribution by sex

in each of the groups is very similar but that the mean age of Group

A does differ from the mean ages of Groups B and C. However, as the

maximum difference between groups is 0.9 monthsr even though this

difference is statistically significant at the five percent level-, it

does not seem like1y that this anount of difference wouLd materialLy

affect the results of the criteria tests.

TOUS 1, TOUS 2, and TOUS 3 in Tables I and 2 refer respec-

tiveiy to Understanding About the Scientific EttS=Ptit", Understanding

About the Ains and Methods of Science. The heading TOUS TOTAL refe'¡s

to the total score on the instrument. The tentative norm Teported

for the TOUS instlument for the tenth grade 1eve1 is a mean of 28.58

with a standard deviation of 7.66 based on 1,064 students' An exam-

ination of Table I shows a Inean value of 31.2 with a standard devia*

tion of 5.8 based on 1,396 students. Thus the students involved in

this study performed significantl-y better than couid be expected for

the average gloup.

However, examination of Table 2 shows that Group A per-

formed significantly better than either Groups B or C on TOUS 1

Understanding About the Scientific Enterprise, TOUS 3 Understanding

About the Aims and Methods of Science and TOUS TOTAL. Other factors

being equal this would be an indication that the course being taken
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TABLE 2

I-TESTS OF DIFFÊRENCES BETWEEN MEANS OF VARIABLES

(EXPERIMENTAL AND CONTROLLED) FOR GROUPS A, B AND C

tA, BVARIABLE

PRIOR KNOWLEDGE - MATHEMATICS

PRIOR KNOWLEDGE * SCIENCE

I ll

TOUS 1 SCIENCE ENTERPRISE

TOUS 2 SCIENTISTS

TOUS 3 AIMS AND METHODS OF SCIENCE

TOUS TOTAL

SATS 1 TEXT MATER.TALS

SATS 2 COURSE CONTENT

SATS 3 INTEREST

SATS 4 STUDENTST NEEDS

SATS 5 LABORATORY WOIIK

SATS 6 INVOLVEMENT

SATS TOTAL

AGE

SEX

-J. J5^^

0. 07

-0.51

-0 .77

0. 49

0. s7

-0.25

B. 44**

1.25

-¿+,ou^^

5. 70**

2.68**'

J.Jl^^

¿+.o¿+*^

-0. 18

0"00

Statistic significant

Statistic significant

at 59o

at L9o

leve1.

leve I .

Ll+tA,c [ "B,c

0. 33

1. 19

I.96*

2.69**

1 1/l

4. gg**

4. 55**

q qq**

( qq**

-0.85

5. 20**

7,36**

9. 64**

7.82**

2. 12*

0, 00

3.71**

1. 15

) q)*

J. JJ^ ^

0.67

4. 53**

4. 93**

1. 30

4. 49**

J. /Þ^^

-0.40

4. 86**

6. 56**

3. 36**

Z.JO^

0. 00



by Group A was doing rnore to achieve an objective not being achieved

by the other prograns, namely, developing an understanding about

science.

The renaining variable considered in Tables 1 and 2 refer

to the scores obtained on the Student Attitude Toward Science instru-

ment" The first of the six sub-tests of this instrument is designed

to obtain a reaction to statenents made about the texts used in the

different courses. As there are thirteen statements in this scale

and a neutral position has a value of three, a total value 6f lþirtrr-

nine indicates a neutral or ?tdoesn¡t matter'Î attitude" While there

is no negative attitude evidence in any of the groups and while there

is no significant difference in the attitude shown towards their text-

books by either Groups A or B" both Groups A and B show a significant*

1-y more positive attitude towards the textual material than do the

students from Group C.

Student attitude toward the content of the course is

measured by SATS 2. Here a value of thirty-six would indicate a

neutral orrtdonft carelrposition. It should be noted that all three

groups report a positive position on this scale but that the value

recorded for Group A is significantly more positive than those of

the other two groups. The content of the program followed by the

students in Group A is heavily laboratory oriented with a distinct
?rdiscoveryrr flavour not present in the other two programs under

study. It apparently satisfied some students as a score of 41.1

indicates a strong positive position
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SATS 3 sub-test refers to the studentls assessnent of his

inLerest in science courses, as measured by his reactions to state-

ments about science courses. A neutral position would have a value

of forty-two. An examination of this item in Table I indicates an

overall negative interest in science by the entire group' This

value seems to be contributed mainly by the students of Group B.

Table 2 shows that the values from this group are significantly

lower than the values from either Group A or Group C and altliough

the values of Groups A and C are on opposite sides of the neutral

value, the differences between them is not significant. There

does not seem to be any particular reason for the negative results

of this sub-test especially in view of the predominantly positive

responses to all other sub-tests.

SATS 4 refers to those statements pertaining to studentsr

needs in science. A value of fifty-one indicates a neutral posi-

tion on this scale. These students of Group A and of Group B score

about equally well on this scale with a positive value about their

course satisfying their needs. The students fron Group C score

significantly lower values on this sub-test, registering a neutral

position.

SATS 5 scale uses a number of statements concerning lab-

oratory work to determine how students feel about this aspect of

science. A value of thirty-three indicates a neutral position.

Each group replied with positive values for this sub-test but it

is interesting to note that the degree of positive response
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increases significantly as we examine first the responses of

Group C, then those of Group B and then those of Group A. This

pattern coincides with the degree of laboratory orientation of

the three programs.

SATS 6 scale was developed to deternine the extent of

involvement of students in their science courses. A value of

fifteen would indicate a neutral position. An examination of

Table 1 shows that the scores range from positive for Group A,

to close to neutral for Group B to very slightly negative for

Group C. Table 2 indicates that the differences in the scores

registered are significant at the one percent ievel and that

they fo1low the sarne patteÏn as did the scores for SATS 5 on

laboratory work.

In general the SATS instrunent as shown by the scores

of the variable SATS TOTAL indicates that the attitudes or" the

students of Group A are significantly nore positive toward

their pïogïam than are the attitudes of the students of Group B"

rn turn, the attitudes of the students of Group B are signifi-

cantly more positive towards their pTograin than are the attitudes

of the students of Group C towards their program.

The study subsequently led to a inodifj-cation of

Groups A, B and C to remove the possibility of the sJ.ight but

significant difference in prior knowledge in mathe¡natics existing

for the Group B stuclents.
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TABLE 4

t-TESTS OF DIFFERENCES BETWEEN MEANS OF VARIABLES

(EXPERIMENTAL AND CoNTRoLLED) FoR GRoUPS Al, Br AND C'

* Statistic significant ai 5% level.

?r* Statistic significant at 1% level.

VARIABLE t4r,gt L 
^ 

I Fl rB' ,ct

PRtrOR

PRIOR

TA

TOUS

TOUS

TOUS

TOUS

c 
^.tq

SATS

C ATQ

SATS

SATS

AGE

SEX

K{OWLEDGE - MATHEMATICS

KNOWLEDGE - SCIENCE

1 SCIENCE ENTERPRISE

2 SCIENTISTS

3 AIMS AND METHODS OF SCÏENCE

TOTAL

1 TEXT MATER.IALS

2 COURSE CONTENT

3 INTEREST

4 STUDENTSI NEEDS

5 LABORATORY WORK

6 INVOLVET{ENT

TOTAL

0. 00

-0 .37

0. 60

Z. IJ^

0. 00

3.54**

3. 45 **

i.04

3. 09**

3. 43**

-0. 39

q Rq**.

5. 58*""

2.95**'

2.36*

0. 00

0. 00

r.33

1 q]

2. 13*

1. 15

I q'l **

< R<'.f*

6. 94 **

/1 '2.'7 * *

-1 q1

A )At<-k

q qQ**

B. 46**

o.L/^^

1. 54

0. 00

0. 00

1. 70

0"91

0" 00

1. t5

0. 97

0. 38

5 , 91**

1. 28

-3.80**-

4.64**

^0"26

2.88È*

-n R?

0. 00
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Exanination of Tables 3 and 4 shows that the modifi-

cation procedure applied to remove the mathematical bias which

existed in one group had the net result of producing three

groups of students between which there are no significant dif-

ferences in any of the three variables indicative of prior know-

ledge, i.e. Mathematics, Science and I.Q. Also it should be

noted that this procedure did not affect the distribution of

sex in the groups and reduced the slight discrepancy which hacl

existed in the age factor. When the renaining variables are

examined it is evident that the adjustment nade in the groups

did not affect the nanner in which the students of each group

reacted to the criteria tests. The trends noted in Table 2 con-

cerning the significant differences between the three groups in

the developnent of understanding and attitude remain the same"

Analysis of the Correlation Coefficients

Table 5 gives the inter-correlations of the sixteen

variables used in the study for the total sample population and

as the matrix is symmetrical, only the upper triangle is shown.

The correlation coefficients for one variable relating to ihe

others can be found by locating the intersection of the row and

column containing the variables in question. The element at

the point of intersection is the correlation coefficient desired.

In this tab1e, the results of the total sample population are

considered. For those correlations coefficients greater than
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0.105 the correlations are considered significant at the five

percent level,while for coefficients greater than 0.I22, the

correlations are considered significant at the one percent Ieve1.

The product-mornent correlations reported in the Manual

for Adninistrating, Scoring and Interpreting Scores for TOUS

indicate a value of 0.69 between I.Q. and TOUS TOTAL score. This

study shows a value of 0.43 for the same relationship while the

correlation of these two variables is somewhat lower than that

reported by the test authors, it is still a significant relation-

ship at the 0.1 percent level.

Further examination of Table 5 shows that there is litt1e

relationship as determined by correlation coefficients reported

therein between the elenents of the TOUS instrument and the sub-

tests of the SATS instrument. However, low but significant cor-

relation coefficients are reported between SATS 2, The Content of

the Course, and each of the elements of the TOUS instrument. Also

coefficients significant at the five percent leveL are reported

between TOUS, Understanding About the Aims and Methods of Science.,

and SATS 1 and 4, Textual Materials, and Slqdent-Needs. These

significant correlations would seem to be due to the higher re-

sponses of Group A. One interpretation is that the textual

rnaterials, the needs of the students and the content of the course

for the program foltowed by students of Group A are oriented to-

ward the objectives being measured by the TOUS instrument.
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Table 5 also shows that both instruments have a high

correlation between the sub-tests and the total test. Values

ranging from 0.566 to a.892 are shown for the sATS instrument,

which indicates a highly significant relationship while values

from 0.494 to 0.780 indicate a high correlation between the sub-

tests of the TOus instrument. The lower correlation coefficient

of TOus 2, understanding About scientists, with the total TOUS

test would seem to be due to the low response of one gïoup, the

students in Group B, to this test.

Table 6 shows the correlation coefficients for the

variables used with the students in Group A. There is a posi-

tive correlation significant at the one percent level shown be-

th/een the tests for prior knowtedge in Mathematics and science,

I.Q., the three elements of the TOUS instrLment and the first
two sub-tests of the SATS instrument, Textual Materials and

course content. One explanation for this relationship would

be that the program followed by the students of Group A built

upon the knowledge that students brought with them io the

course. There is a reasonable significant relationship sholvn

between the TOUS sub-tests and the SATS sub-tests for thís

group of students. Eight of the eighteen correLation coeffi-

cients are significant at the one percent level and lvith one

exception these are alr to be found in sATS sub-tests dealing

with Textual Materials, Course Content, and Satisfying Stud-ent

Needs. One explanation is that these areas for this group of
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students are oriented towards the same objectives being neasured

by the TOUS instrument.

Again both instrunents have a high correlation between

the sub-tests and the total test. For the T0us instrument values

range frorn 0.703 to 0.815 which indicates a highly significanr

relationship and the value of 0.525 to 0.894 recorded for the

SATS instrument are only slightly less significant.

It should also be noted that there is a negative cor-

relation, although only significant in two instances, between

Age and all other variables under consideration. One possible

interpretation is that the older students may have experienced

failure on previous occasions in school and may experience clif-

ficulty in understanding concepts. This in turn would influence

their attitudes towards the subject field in a negative manner.

The correlation coefficients for the same sixteen

variables for the students of Group B are found in Table 7.

There are not as many strong significant relationships to be

found for this group as there were for the students of Group A.

There is sti11 a highly significant relationship shoivn in be-

tween sub-tests of the SATS instrument and the total test lvith

values ranging from 0.562 to 0.900. However, this type or" re-

lationship is not to be found for the TOUS instrument. The

second element of the TOUS instrument, Understanding About

Scientists, does not show a significant correlation value with

any of the sixteen variables except for the TOTAL TOUS test.
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Even in this instance the value dropped to 0.334, which although

significant at the one percent leveI is considerably less than

the values of 0.703 and above found in Table 6. It would seem

that the program followed by the students of Group B did nothing

in the minds of the students to relate to an understanding of

role played by scientists in society.

For this group there is no evidence of any significant

correlation between the TOUS instrument and the SATS instrument.

In fact some negative values are to be found, especially in the

relationship between the elements of the TOUS test and SATS sub-

test #6, Involvement and SATS #5, Laboratory Work. One explanation

here is that the students in Group B see no relationship between

what they are doíng in the laboratory and understanding the course

content.

The negative trend in the relationship between the vari-

able Age and other variables previously noted in Table 6 is again

evident. However, for this gToup of students the negative relation-

ship does not extend to the same extent into the sub-tests of the

SATS instrunent. This would indicate that the older students in-

volved in this program developed the same attitudes as did the

rest of the student population.

Also alth""Un an" correlation coefficient between prior

knowledge in science and prior knowledge in mathenatics for this

group is practically identical with the correlation coefficient

between the same two variables for the students of the previous
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group the relationship between these two variables and all other

variables is significantly less than for the previous group.

one interpretation for this is that the program followed by the

students of Group B did not relate to the prior knowledge herd

by the students when they commenced the progran.

Table 8, which shows the correlation coefficients for

the same variables for the students of Group c, is characterj.zed

by the high number of negative coefficients existing between the

sub-test of the sATS instrunènt and the other variables. ü-trile

these negative coefficients are not at a significant leve1 they

would seem to indicate a general dissatisfaction on the part of

the students for the program being fo1lowed.

Agai.n, ìt is noted, there is a high correlation between

the sub-tests and the total test for both the TOUS and sATS in-

struments.

Another significant difference between the values found

on this chart and the values on charts 6 and 7 is the relation-

ship between the variable Sex and the SATS instrunent" Five of

the seven coefficients show a positive correration significant

at the one percent 1evel. For the students of Group B three of

the seven coefficients were positive and significant at tire one

percent leve1 while for the students of Group A there was no

significant correlation with the variable sex. This relationship

might be interpreted to mean that the program followed by the

students of Group C had a greater appeal to one sex, ma1e, than
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the other. This discrepancy u¡as not noticeable in the program

followed by the students in Group A.

When Tables 6, 7 and B are examined one after another,

the gradation fron positive to negative coefficients and also

the decrease in significant correlation coefficients is very

noticeable. A general explanation which could be attributed to

the situation is a decrease in general student acceptance of

the program beíng followed as you move from the program for.lowed

by Group A to the program followed by Group B and then to that

followed by Group C.

Analysis of Variance

Tables 9 to 14 bring together the results of F and T

scores as well as multiple correlation figures. The F test is

a measure of the significance of the five predictor variables

Mathenatics, Science, I.Q., Age and Sex when used together to

predict the various criteria variables. The T scores indicate

the relative order of significance of each of the preciictor

variables in predicting the outcome of the sub-test. The mu.l-

tiple correlation figure indicates the percentage of the

variance of the criterion variable accounted for by the five

predictor variables while the correlation figures indicate the

correlation between the criterian variable anci the given pre-

dictor variable which have just been ciiscussed.
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TABLE 9

PRËDICl'ION OF TOUS SUB-TEST AND 'IOTÄI, ,S(]OIìI]S

FOR GROUP A USING

PlìIOR KNOWLtsDGE SCORES IN MATIIEMATICS, SCIENCË, INTELLIG[NC]: QUOTI[:N.f

AS WELL AS AGE AND SEX AS PREDICTORS

N 455

CRi TERI ON

VARi AB LE

]'OUS SUI]-TEST
fI

SCIENCE
ENTE RPRI SE

,IOUS 
SUB-TES'I'
frl

SC I ENTI S;TS

TOUS SUB-TEST
¡+ 'l

\IMS AND XIETHODS

OF SCiENCE

fOIJS 'IOTAL

PREDICTOR
VARiABLE

N{ATHEPIATI CS

SCIENCE
r.v.
AGE
SEX

MATHEMATICS
SCIENCE
I.Q.
AGE

SEX

MATÍIEMATICS
SCIENCE
r.Q.
AlE

SEX

MATIIEMATICS
SCI ENCE

r.Q.
A(itì
.Sl:X

CORRELAI'ION

.29**

.32**
,22*x

-.06
n1

51

2. 67 **
( I /t *t(

6. 53**
0 .67
2 .51*

1 7. 0Bg**

16.347**

30. 848**

.38**

.46**

.44**
1a

.07

3 .23* *
6.70
8.17**
1.40
l 57

Statistic

Statistic

si gnificant

significant

at Sea lcvcI

levcl

MULTIP LE

CORRELATION

2 .20*
q <l *-*
2 .93'k *
1. 18
0.17

.27* *
z,)'t< i<

.27**

.09
o)

2.3I*
4.05**
/1 1Q* *

u, ol
0. 38

.32**

.39**

.38**
_ 1)

.11

I i_11
888 {.*
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TABLE 10

PREDICTION OF TOUS SUB-TEST AND T'OTAL SCORES

FOR GROUP B USTNG

PRI0R I(NoþJLËDGE SCORES nì{ MATHEMATICS, SCtrENCE, INTELLIGENCE QUOTIEN'f

AS I{ELL AS AGE AND SEX AS PREÐICTORS

N 496

* Statistic sígnificant at 5% leve1.

:krt Statistic significant at 1% 1evel.

CRTTERION
VARIAI]LE

PREÐICTOR
VARÏABLE CORRELATION

MULTIPLE
CORRtsLATION I F

TOUS SUB_TEST
ifl

SCIENCE
ENTERPRTSE

MATHEMATICS
SCiENCE
r.Q.
AGE

SEX

16*
2I**
23**
10
04

.27

o. sg
2.34*
? <?i(d-

-0.58
1.05

7 01 ,1 **

TOUS SUts-TEST
tt2

SCiENTISTS

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

10
09
74
05
10

. 18

^1^
0.32
) A7*

0 .02

3.292kx

TOUS SUB-TEST
ltJ

AIMS AJ\¡D I!ßT}IODS
OF SCTENCE

MATHEMATICS
SCIENCE
r.Q"
AGE

SEX

2 g**
40**
/1-l **

15
13

.50

I ]q
5. 39**
6. 36**

-0.38
3.31**-

33.506**

'fOUS TOTAL MATHEMATÏCS
SCIENCE
I.Q.
AGE

SEX

26**
38**
l1 rk*

I4
05

.4ð

0. 53
5.02**
6.69**

-0 .20
r .26

29 .0t2* *
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IABLE 11

PRËDICTION OF TOUS SUB-TEST A}ID TOTAL SCORES

FOR GROUP C USING

PRTOR I(NOþJLEÐGE SCORES TN MATHEMATICS, SCIENCE, INTELLIGENCE QUOTIEI\T

AS WELL AS AGE A}¡D SEX AS PREDICTORS

N 445

* Statistic significant at 5% 1evel.

*Ni Statist:.c significant at L% leveL.

CRTTERION
VARIAB I,E

PREDICTOR
VARIABLË CORRELATION

MULTIPLE
CORRELATION T

TOUS SUB-TEST
#1

SCÏ ENCE

ENTERPRTSE

MATHEMATICS
SCIENICE
I.Q.
AGE

SEX

T4
)/t*"a

32* j,

15
05

.35

0.42
? q1*

4 .84* *
-0.78
-1.37

L2 . 405* *

TOUS SUB-TEST
#)

SCTENTTSTS

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

17*
1Ar+
32**
11
03

7.7 2
-0.24

5.59**
-0.12
o <.R

L0.677**

TOUS SUB-TEST
4a

i\III,IS ÂñtrD NETHODS
OF SCIEI{CE

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

22**
23**
36**
I4
15

.41

2.33*
1. 48
5.48**

-0. 88
3. 10**

17. 888**

TOUS TOTAL MATHËMATICS
SCIENCË
i.Q.
AGE

SEX

25**
27x*
45 **
18*
U/

Áa

2.39*
1. 68
7.39**

-0.94
1.38

25 . 433* *
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An exanination of the F scores in Table 9 shows that

for the students of Group A the predictor variables, used to-

gether, are very highly significant in predicting the outcome

of the TOUS sub-test as a score of 4.10 denotes significance at

the 0. I percent level of confidence. The T scores show that

the I.Q., and prior knowledge in Mathematics.and Science are

the most significant of the variables in predicting the TOUS

scores. The Age variable was generally the least significant

of all the predictors, followed very closeLy by Sex. The nul-

tiple correlation coefficient of 0.59 between the TOUS TOTAL

score and the five predictor variables indicates that 59% of

the variance of the score ís accountable by the independent

variables. While this is a satisfactorily high value it in-

dicates that there are stil.l other undefined factors which

are affecting the studentsr responses.

Table 10 displays the sane tables but for the stu-

dents in Group B. Although the F scores are not as high as

those for Group A nevertheless they are significant for all
sub-tests. Again the predictor variable I.Q. is the nost sig-

nificant of the variabLes folLowed by prior knowledge in Science.

However, for this group the T score for the variabl.e prior

knowl.edge ín Mathematics, never reaches a significant leve1.

Also, although the scores are not at sígnificant levels, we

have negative T scores for the varíabLe Age appearing.
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The scores for students of Group C are found in Table il-.

Again the high F scores show that the five predictor variables are

very significant in the determination of the criteria variables as

long as they are used together. The most significant and influen-

tial of the predictor variables for this group is also shown to be

the I. Q.

A comparison of the three charts just described shows

that the prime variable in predicting the outcome of the TOUS

sub-tests is I.Q. This is to be expected as a subjective analysis

of the basis for understanding would arrive at the same conclu-

sion. Although the variables prior knowl-edge in Science and prior

knowledge in Mathernatics prove to be key variables for the siu-

dents of Group A, they do not assume the sane irnportance for the

students of Groups B and C. This would seem to indicate tlÌat the

program followed by the students in Gror:p A builds upon the know-

ledge that the student brings to the course whereas the programs

followed by Groups B and C do not ciisplay this relationship to

the sarne extent.

Table 12 again refers to the students comprising Group A

but this time the tables refer to the ability of the predictor

variables to determine the SATS sub-test and total scores. Al-1

of the F scores are at significant 1eve1s except the one for SATS

sub-test 3 but at the same time are considerably lower than they

were whcn TOUS sr:ores were being considered. Again the I"Q.

varial¡le is the most significant of the predictor variables



CRITERI ON

VARIABLE
PREDICTOR
VARIABLE CORRELATTON

MULTÏPLE
CORRELATION T ,(

SATS SUB-TEST
#I

TEXT MATERTALS

MATHEMATTCS
SCIENCE
I.Q.
AGE

SEX

20**
1g**
22**
10
03

.28

) 7A*

1.33

-0.50
0.73

7 Á<<x*

SATS SUB-TEST
F1

COURSE CONTENT

MATHEMATTCS
SCIENCE
r.Q.
AGE

SEX

27**
23**
30**
I4
08

.38

3.35*-*
1. 28
4.96*'*

-0.75
1.80

15.070**-

SATS SUB_TEST
ffJ

INTEREST

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

.08

.09

-. 04
.06

.15

n tr7

0.92
2.06*

.09
1.20

2.r7g 
I

fJATS SUB-TEST
uÀfr+

STUDENT NEEDS

MATHEMATICS
SCiENCE
r.Q.
AGE

SEX

L3
!7*
21 **
10
I3

.27

0. 88
r.77

-0.75
2 .7 l**

7. 130-À *

SATS SUB-TEST
#5

LABORATORY WORK

MATHEMATICS
SCIENCE
i.Q.
AGE

SEX

03
T2
10
10
01

.17

-1
2

I
-1
-0

25
30*
4õ
T7
2T

2 \ 1n't

I SATS SUB-TEST

loo
i iNVor.vË.MENr

I

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

04
17*

09
01

1A

-1
3

0

-1

<n

38 **
47
04
26

3 .252**

SA'IS 'f0TA.L MATI-IEMATTCS
SCIENCE
i.Q.
AGE
SEX

19**
22**

I3
08

.32

1. 39
2.39*
3.86**

-0.86
1.86

l0. 188**

TAÍJLIJ 12
PIìIJI)ICTION OF SATS SUIJ-'IES'I AND ]'OTAI, S(]ORIJS

FOR GROUP A USING
PRIOR KNOWI,EDCE SCORES TN MATIIEMATICS, SCIÊNCË, INTELLIGENCE QUOI'IIJNT

AS WELI, AS AGE AND SEX AS PR.EDICTORS
N 455

* Statistic significant at 5% level.
rk* Statistic significant at I8 1evel.



TABLE 13

PRIJDICTION OF SATS SUI]-'I'EST AND TOTAi, S(IO}ìIJS
FOR GROUP B USTNG

PRIOR KNOWI,[I)CE SCORES TN MATIIEMATICS, SCTEi{CË, IN'IELLIGENCE QUOTiE¡ìT
AS WELL AS AGE AND SEX AS PREDICTORS

N 496

* Statistic significant at 5% leve] '
** Statistic significant at 1% 1evel.

CRI TERI ON

VARIABLE
PREDICTOR
VARIABLE CORRELATION

I'IULTiPLE
CORRELATION 1-

I F

SATS SUB-TEST
#1

TEXT MÂTERIALS

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

09
04
02
05
11
-1 1

.16

1 'lA*

-0.19

1. 50
1 Å'7*

2. 586''

SATS SUB-TEST
#2

COURSE CO¡{TENT

MATHEMATTCS
SCIENCE
r.Q.
AGE

SEX

23**
20* *

16*
07
26**

.38

3.70**
1.4õ
1.04

-0.6s
6.66**

16 " 295**

SATS SUB-TEST
#3

INTEREST

MAT]FIEMATTCS

SCIENCE
r.Q.
AGE

SEX

06
04
04
15
I2

,2I

-1
2

2

2

39
UJ^
40
95**
J/ ^

4. . 384* *

SATS SUB-TEST
#4

STUDENT NEEDS

MATHEMATÏCS
SCiENCE
r.Q.
AGE

SEX

10
11
UO

07
25**

.29

1.60
1.48
0 .44
I q?
c Á,/ *-*

9.0ó7**

SATS SUB-TEST
#5

LABORATORY WORK

MATHEMATÏCS
SCIENCE
r "Q.
AGE

SEX

.04

.06

.10

. 11

.04

0.32
-0. s5
-I.31
r.72
0. B2

1"785

SATS SUII-TITST

',o
iNVOLITÊMENT

MATHEMATICS
SCIENCE
i.Q.
AGE

SEX

.04
(\)

.12

.06

.00

'I q1

-0.36
-2 .62*1\
0.73
0. r1

2 .229'o

SATS ]'OTAL MATFIEMATTCS
SCIENCE
i.Q.
AGE
SEX

.10
no

.02

.08

.21**
.26

2. 00*
1.05

-0 .2s
2 .09*
A '7,4 **

É, Czi I *-x"



CRITERT ON

VARIABLE
PREDICTOR
VARIABLE CORRELATION

F,IULTIPLE
CORRELATION T F

SATS SUB-TEST
#1

TEXT MATERIALS

MATHEMATICS
SCIENCE
i.Q"
AGE

SEX

ôo

08
11
03
2r**

.29

) 1AX

1. 98*
-3.78*""
-0.80

4 .67**
7.986**

SATS SUB-TEST
#2

COURSE CONTENT

MATHEMATÏCS
SCÏENCE
I.Q.
AGE

SEX

20* *

17*
02
04
2I**

.33

1 qq**
) '7 A**

-2.44**
-1.81
4,74**

i0.512**

SATS SUB-TEST
tt3

INTEREST

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

OB

^')
10
06
29**

.33

1 All

- ) <r'ì*

0.32
Á, ,4(**

10.517*"*

S¡\TS SIJII-TEST
#4

STUDENT NEEDS

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

06
09
10
11
37 **

.41

i .12
2 .53x

-3.09**
1.03
8.39**

17.969*{-

SATS SUB*TEST
#5

LABORATORY WORK

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

03
07
UJ
05
15

.20

-1.0i
2.30*

-1.40
0. ss

< q7, \"*

SATS SUB-TIìST
tt6

INVOLVEMENT

MATHEMATICS
SCIENCE
r.Q.
AGE

SEX

I4
t0
I¿
03
11

a^

-2.07*
-0.s2
-l qq

rì tq
2.55*

J. /O+^^

SATS 'fOTA,t MATFIEMATICS
SCIENCE
TA
AGE
SEX

04
09
11
06
34**

<R

n 01

- ( \ /xr

-0 .26

14.943**"

TABLH I4
PREDICTION OF SATS SUB-TEST .AND TOTAL SCORES

FOR GROUP C USING
PRIOR KNOWLEDGE SCORES TN MATHEMATTCS, SCTENCE, TNTELLtrGENCE QUOTIENT

AS WELL AS AGE ÂND SEX ÂS PREDICTORS
N 44s

* Statistic significant a'c 5e6 leve1.
** Statistic. significant at l8 1evel.
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foLlowed by prior knowledge in Science. The multiple correiation

scores which are also considerably less than they were for the

TOUS scores of these same students reinforce the evidence that

the five predictor variables do not play as large a part in the

determination of the SATS scores as they do for TOUS scores.

A similar situation is noted on the examination of

Table 13. Again all the F scores, with the exception of one,

are significant but at somewhat lower ler¡els than they were for

the TOUS scores on the same group of students. The T scores,

showing the relative significance of the predictor variables in

predicing the outcome of the sub-test, indicate a marl<ed change

from previous patterns. The I.Q. variable which has been domi-

nant is shown to be significant in only one of the seven tests

while the variable Sex is the most significa¡t variable in five

of the seven tests. Because of the positive correlation shown

between the variable Sex and the criteria variables it would

seem to indicate that the prograrn appeai.ed nore to the male par-

tícipants that it did to the females.

An examination of the scores in Tabl-e 14' shows that the

F scores, for the students in Group C, are al1 significant at the

one percent level with most being significant at the 0.1 percent

1evel. Although the variables I.Q. and prior knowledge in Science

ate again very significant, the most significant variable was Sex.

With a positive correlation existing between Sex and the various

criteria variables it would seem to indicate that the program
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followed by this group like the progran followed by the students in

Group B had a greater appeal to the male partici.pants.

Examining Tables 12,13 and 14 together it rvould seenl that

the predictor variables chosen do not play as significant a role in

the prediction of the scores obtained on the SATS sub-tests as they

did for the TOUS sub-tests. However, this would seem logical as

one would expect understanding to be much more dependent on I.Q.

and prior knowledge than would be the case for attitudes. However,

it does seem that the prograns followed by Groups B and C appealed

more to the male participants whereas the prograJn follor.ved by the

students of Group A found equal favour with both sexes.



CHAPTER V

su[&1ARY, CONCLUSIONS AND RECOIß4ENDATIONS

Sunrnary

In this investigation, 1,396 students enrolled in grade ten

science courses in Manitoba schools were given a Test 0n Understanding

Science, and a Student Attitude Toward Science test, The students

were enrolled in three different science courses, 455 were following

a program based on the textbook Introductory Physical Science, 496

were taking a program based on the textbook An Introduction to

Physical Science, Ðd 445 were following a program based on the text-

book Everyday Problems in Science. All students involved had pre-

viously written in June 1966 corunon, externally set and marked tests

in Mathematics, Science and rnental ability.

In general, the purpose of, the study was to examine pupil

achievement in and pupil attitude toward three grade ten Science

programs authorized for use in Manítoba high schooi.s. To this end

the Student Attitude Toward Science instrument was chosen to measure

the acceptance by the students of the text material, the content of

the course and the laboratory work" It also measured student interest

in the course, student involvernent in the course and the extent to

which the students perceived that the course was ineeting their needs.

The Test On Understanding Science was used to obtain a measure oi'
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student understanding of the aims and nethods of science, of the

nature of the scientific enterprise, and of the role of the scientist.

The study usecl statistical techniques to test pupil achieve-

ment in the three different programs as measured by the Test On

Understanding Science. The test items were not course specific, but

were of a general knowledge nature. Statistical techniques were

aonlied to the results of the Student Attitude Toward Science instru-

nent to determine student acceptance of the science course being

taken.

The hypotheses tested were given in Chapter I and a:.'e re-

produced here with the results of the testing.

I There is no significant difference in attitude

toward science as measured by the sub-test

scores of the SATS test between A, B and C

groups of students.

The scores of the students in Group A were consistently and

significantly higher, at the one percent level, than the scores ob-

tained by the students in Groups B and C. A1so, in general, the

scores of the students in Group B were significantly higher than the

scores obtained by the students in Group C.

II There is no significant difference in the

ach.ievement in science as measured by the

sub-test scores of the TOUS test between

the A, B, and C groups of students.
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For one sub-test only, Understanding of the RoIe of

scientists in society, there was no significant dífference in the

scores obtained by the three groups. For the other two sub-tests

and the total T0us test the scores from the students in Group A

were significantly higher at the one percent level, than the scores

of the students from Groups B and c. There was no significant

difference found between the scores of the student-s in Grouns B

and C for any of the sub-tests.

In additic.n, on exanination of the correlation matrices

computed for the total group and for each of the three sub-groups

on the basis of sixteen variables, significant correlations were

found between the sixteen variables used in this study. There was

a highly significant correlation between the sub-tests of SATS anci

the total score on sATS, indicating that the instrument was a con-

sistent measure. There were also highly significant correlations

between the sub-tests of TOUS and the total score on TOUS, indicating

that this instrument was also measuring consistently. l{owever, when

the matrices were examined for correlations between the sub-tests

of the SATS instrument and the sub-tests of the TOUS instrument,

two patterns emerged. For Groups B and c there were no significar-rt

correlations between the sub-tests of the two i.nstruments indicatinc

that the two instnments were measuring different attributes of

studentsr responses. The matrix for the studenl.s of Group A,

hot{ever, showed a reasonable number of significant correlations be-

tween the two instrunents. These correlations significant at the

one percent 1eve1, exi-sted principally between the TOUS sub-tests



58

concerrìed with understanding of the scientific En-terprise and

understandin_g the Aims and Methods of science and the areas of the

SATS tests concerned with Text Materials, Course Content, and Student

Needs. One interpretation of this result could be that the program

using the textbook Introductory Physical Science which was followed

by the students in Group A somehow develops in the students an inter-

dependence of understanding and attitude which does not take place

in the students who followed the other tr¡ro programs.

The excessive nunber of negative correlation coefficients

shown in the responses to the sATS instrument of the students of

Group C indicated a pronounced dissatisfaction with the program using

the textbook Everyday Problems in Science. This dissatisfaction was

evident in the negative relationships with regard to text materials,

student interest, student needs, laboratory and student involvernent

in the program. It would be a fair assessment to state that this

program has been rejected by the students as far as meeting their

reouirements.

Negative correlation coefficients were also found in the

Tesponses to the SATS instrument by the students of Group B. However,

the frequency of distribution was not so pronounced and was linited

to the areas of laboratory and student involvement. This lvould in-

dicate that although the program was not entirely acceptable it ivas

by no means rej ected by the students.

The students of Group A, using the textbook Introductory

Physical Science, had very positive and significant correlation

coefficients indicating a general acceptance of the program being
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followed. This was in narked contrast to the results obtained from

the other two programs.

The results of the multiple regression analysis and the

analysis of variance indicated that the five predictor variables

chosen-prior knowledge in Mathematics and Science" I.Q., Age and

Sex, are very significant when used together, in predicting the re-

sults of the TOUS sub-tests for all groups. The dominant variable

was shown to be I.Q. followed by prior knowledge in Science and

Mathenatics. Although the significance of this test was very hi.gh

other undetermined variables were affecting the results as shown

by the fact that the maximum percentage of the variance predictable

was fifty-nine percent.

l{hen the same analysis was applied to the results of the

SATS sub-tests the results, although significant, were not of the

same degree. For many of the tests Sex became the domínant variable

although I.Q. was sti11 of significant importance. This aspect was

especially noticeable in the scores of the students from Groups B

and C. The variable Sex did not arise as a significant variable in

the progran followed by the students of Group A using the textbook

Introductory Physical Science. This would i¡dlçrto 'rlrq+ f lri < ,rro-

gram appealed equally well to both boys and girls.

Conc lus ions

It has been shown

towards science as neasured

do exist between the A, B,

that significant differences

by the sub-test scores of the

and C groups of students" The

in attitude

SATS test

differences
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Tanged from very positive for the students of Group A to very

negative for the students of Group C with the students of Gror-rp B

showing generally positive with some negative aspects.

It has also been shown that significant differences in

achievement in science as measured by the sub-test scores of the

TOUS test do exist between the A, B, and C groups of students. The

students of Group A have a significantly better understanding about

the scientific enterprise and about the aims and nethods of science

than do the students of either Group B or Group C.

Although there is no significant difference discernible

between the students of Group B and the students of Group C, in

respect to their scores on the TOUS sub-tests, nevertheless it has

been shown that the students of Group B following the program based

on the textbook An Introduction to Physical Science do accept the

textbook and the content of their course nore readilv tl-ran do the

students of Group C. In additíon the students of Ctorrp B indicated

that their program satisfied their interest and felt needs much more

so than did the students of Groun C.

It should also be concluded that this study has shown again

that it is possible to evaluate different science courses on other

than a subjective basis, to show which are effective and acceptabie

to students. The statistical techniques which have been used in this

study could be used in curriculurn research in other subject areas.

Recomrnendations

Certain areas of concern were

whj-ch should be investigated. Possibly

not covered in this study

the nost inportant of these
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is the possible effect of many different teachers being involved in

the program. It was hoped that the distribution of the sampling wouJ.d

tend to remove teacher influence but the true effect may have been

just the opposite. Also the possible or even probable effect of other

prior knowledge factors such as achievement scores in English or

reading comprehension ability might play a najor part in determining

a studentrs attitude and his understanding of a given program. It

was noted that although up to fifty-nine percent of the scores on the

TOUS test were statistically predictable by means of the variables

used it was not possible to exceed a value of thirty-eight percent

for similar predictions on the SATS scores.

It is recommended that further investigation be undertaken

to include the relationship between teacher factors of knowleclge,

sympathy, warmth, expectations and notivational techniques, student

understanding of science and student attitude toward science courses.

It is also recommended that a further study be conducted

using the same student populations as were involved in this study

to determine if the difference in attiturles and understanding found

in these students at the end of their grade ten program continueci to

exist at the end of their high school science program.

A further recommendation stems from the reactions of the

students in Group B to the program based on the textbook An Intro-

duction to Physical Science. As the student reactions r,,/ere not wholiy

positive to this pTogram and as this program is the only program

authorized for use in the General Course Science cumiculum in gracie

ten it would seem advisable that curricular revision be undertaken
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to creatc a science program which would do more to mect thc objectivcrs

of developing positive attitudes and understanding towards the place

of science in our society. Such a revision, if undertaken, could

profit from an examination of those aspects of the program based on

the textbook Introductor)¡ Physical Science which produced strong

nositive student reaction.
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APPENDIX A

DIRECTIONS FOR ADMINISTERÏNG SATS

THE SATS INSTRUMENT



DTR.EÜTTOWS FOR. Å¡MÏNTSTERTT,üG SATS

Th j.s l'ns å:.r!.rrnei-ïî: ls exÐet:åmentø-i- tc-¿' r-!*-{:ure " TC has been dev:å"eed i.a"e am eeCemP{:

to ele{:erynåsre hc¡p.¡ af.r¡denLs ree{:t t,* che course of seudS' Lhey ane Ealr-lwg f:hl* 3ieer,

Tn Èi"iås prellrni.naty edLctr-or¡ neventy t'Lve sheLemenLs are made and ttae s{:udenLÉ âre

egl¿ed Lo r:eeût t,o Ehese EÐs.È.emenLs ril & f f.ve polnE scå Le gof ng f 'aom /¿ (a cnongT.y

âÈree) ro ü {jr,d.t ffererÉÊ;e rr donst }cnovs} t,c¡ E (sErongtry d{.nagree} wi.rh B and t}

being Lnbe{:weeir tståLerftÈTits, The lflems are hroedl.y eaCegon{øed i.nCo Ïnt,eres{-,

Studeni: l,lee<is, ÐonLenL of Cori::ee, TexL, LaboraLory trtrork and SLudenE lnvsLvemerxE'

No attemrrt i.s rnade oz: lmp!.åed É:o use Chfe devlce &6 & meaauremene of ceaeher ef.E{"e*

'fan¡r¡ ftr rntrnêt-ancy. Even flhoee staâemenË.e wh{e}x eppes,r t,o he ç3.anCed Ë.owandg

teachl-ng Le{lhnj-qucs ê-Ëe seS.ecLed on t}ee hesi.a o€ wl"laË. s'audenhs få'nd Lnfrexest'Lng

and uç e f r.l I co ?:hern 
"

lin orcler "r.* kzave corrf ldence lr¡ î:he compenabll-:n"ey of Et'¡ei.r aC{:{Cude fr,o ÈÊ"¡e tffiLlrse t

tt 1s imporLø.nt to foJ.i"ov¡ Lire procedure outl-ined beLow" Ttrf.s lneS.udes readlng

aJ-ou<1 the d.[.rec'cícns crL the baclq cover oË rire *eef: book1eEu

A5Sil}'{BT.,TFIG MÁT]i'R.TÉ^T,S BEFORE'TE STSi'¡G

I nP Iñ 9 I llT¡11 Tìo-'-'- " 'ú

all r.recessary

shor-rT.c{ be used

ma'cerials are

es a eheck 3-åse

avelS.ahLe beEore

hy Èhe &eeEer ln de8err,rån:ü.ng ûn:teE

arxv sÈrJdeneE,'&re E,o be t,esCed'

L. 'Ihe sa¡"ne slurnber of SÁTS

;t-t-\.r$ & Íe"ø exr';a- eo¡¡les

l¡ook1ecs as Che number e¡Ê sELtdeffiËs co be EesLed *

Éer qnaesgËnë1-e"e,

2* The same nurnÏre-r o€ ånst""er aheet,a as numben: of sËueSesrus 8t he LesÈed *

"pLvt a f,eç," exf:ra copåes fc-,: emergencles"
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This a?irecelÕn sheeEu

llenci, ls * students shor¡Ld not L?se inT(, as
an aftsi{er if clesi::ed, Sone extr"a pene i1s
sencies 

"

it urould be difficute to ehanøe
s?rould be kept. on hand for emãr*

ARRANGEMEI'ìTS TO 8E MADE EEFÛRE TESTTNG

The foli-sr,if.ng poi-r'rts shoul-d be eonsi.ciered as a checic Llec for {:he exam:f.¡'rer. Ttre

lnstrlrctoi: shoui-d be sure Lhat ali. deLalle are Ë,ake¡r care of before a¡ly studen'cs

are Lested-

I" SLud3i oË bhe SjITS mare¡:i"a].e. lt v¡i-Ll" pay Lhe examår¡er $.r¡ terms of, sroooLh, Leet:

e.dm.i-ni.straLion to sLr-rdy carefuå.[.y the S4TS_ hookleL Èo be glven Eo Lhe sü:trderuLs,

Lhe a-qlsr.re¡: sheeL and aLl of. tå-¡e d{recLlons gåven o$ hheee pegûs hefore Ê,esLfng.

Tt:æcE"¡"ça *.clm:t fllçt¡:aCJ.çn" Tl¡q examÍnetr cên more nearly aasune tlnf fornrlü,y $.n

tet:t:f.ng 1f he gåve.s t.he optr r-ltr snnai.re Ðo a sma3.3. group of studenEs vrlro ?üi. 1l

ncÈ Tre Ínctr-udec9 iæ Lhe acËn¡al t-estlng" T8 woul-d be aaflfsfaetøxt¡ fÊ he'e.oni*

oie;Les :tlhe :cesf: himsel.f o -

TLme scÏredul-ång" There:í.s q¡o Ci.rne i.{rnlL on Lhe EesÉ buc LL ls eNpecLed thaL

sludentn can be CesLed i.r¿ ozre sessJ-on, *f apÞnox{mac.ef.y 50 mi.nti{:es. Tf l"arger

gÍ(:¡Ì-rps az:e beit'lg used, ¡aore c'åsre rnay be meeded f or dlsLrlhuci.ng rrìater-iaIs e

havl-ng s'i:urle¡rLs f f .1 1" ån å¿-¡f orrnaLåan orr ai"!sx,íer sheets and f,or ansv;erf ng

studer-!t. r s quest{ons "

Room schedul-Íng" lË poss{Tr1-e LhLs LesL should be gf.ven ån a room EhaL does ¡roÊ

*rrr"¡ci Lhe examlrleeso Go*d Ï-:Lght|il&e and venËf i"aÈfon and freedom fnom nolse

J¿

¿+^
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ånd Íncer:rupLj.rn are Ðther facLors to be consfdered J"n eeÍ.ectlng a Eee€fng

p i ac.e

5" Seat and desk a¡:-¡:angement." St.udent,e ehouLd be nrovåded wå8h reassnabLv

comfortabLe seats and smooLh hard wrltLng surfaces" WrlË1ng eurfacea shouLd

be Large enough Eo accommodate a folded Lest bookLeb and an ansv¡er sheet.

6" l-nf ormati-on rrl sr:uclenLe " The &Ílsx,retr sheeL provides space f or each s'cudent

f s r^¡rlt-e l-n name, daLe af teee e ege e sex, Schoon., c{tyu grade, 'lnst,rucÈor

and name of LesL" Tu'r space LabeL3-ed No" l, ask Lhe sË,uder¡Ë,s Lo glve Èhe cname

of Ltre eüur:Ëe t.hey are ù.aktng f n ecf ence ar'¡d ln No . 2 î;he name cf bhe cexe*

boor,< they are usl-ng.

AT lllT}Ì TII,E ûF, lì.ND ÐURIi'1G, THE TESTING SESSTOI{

3-, Read che dlrect.ícins on {:he back page of che boolcï.et Lo fhe sE,udente word

for wo¡:i,

2u ïn ansvserlng queståons ra{sed by sE,udents, fË ls essenEfai- Ehat Ëhe examfner

obIa-lns'che coog:eratlor'¡ of tlie eE.uden{:s ln glvfng ËheLr i"lo¡'lesL oplnlons Ëo

f:he s'ca'cements" The¡:e u.i. 1l" .|re no penatrLy for any. sËaLemeni-s madeu AT.L

e1uest.l-ons mus{: be answe¡:ed " Tt. they have no opinlon, .Èhey should score

ï:he C 3:esponsÊ 
"

1nç{:ructlons vrhi-cl'r âr€ Ls be read a.Loud co'çhe sË,udenLs are t¡nderT-i"ned and do'r"lbLe

spaced" ,1.¡rsLructl-ons, prlnfleri ln s{ngle spßceu wfÈhouÈ underLf.cxlnge a:re fnrended

oni.v for the examiner"



TEST TI.üSÎRUCÏIONS

T..J1¡en t-he studenLs åre fi.ssemi:.1 ed ln tT'le exarnlnaL$.on room and FeaCed

SAY:

Tþe_ tes tinB _peE:L.od . has*hegLrn"

been dfsmissed.

Th e r e s h o u L d b e ee q 
+ X k I eg__q*9,ee_yg,.L-qe q_l -q_yoq *h-a,V_g

hre shall lgq pass ou{: test matsrlaÅs, Do goc -open..yogr_ÞookJ.et- or Lu{gi]r- o_ye-r_._unt-LJ.

you are told to do so"

DisL:rlbuie tlest bsokl"eese ansÌ{¡er sheeLs and pencln-s, Ther¡ SAY: Qg-noË_gpen -yotlq

boolclet until T t.ell vou _Lg" T.qke*you¡: answ-er, she_et, qnd turn lt so y_ou caF PRTNT

y:ur name on j:r.. FíLl in t.oclayts_ clgt.e" (Examiner should gf.ve Lhe eonrect daÉe),

0n rhe nexL.line lvriCe ija Lhe qemg__r:LJq.urjsch.q_oL, c:Lqy or qe\.{8"

, (Examlner shou1d indlcate

general cçurse, maLrici,rlaLlor¡u rlr Universl-t.y entrance or whaLever)" tigd_g_å Nq" 2

i,¡rite i:he na,me ql tiþe. ç.e)!i*you aqq_qsing., N_ow fll-l {n th_e date of*yqtir_ birr.h gfv.írlå

.day, mgnLir gfd ye.ar" (Examiner shoui.d tli.ust,raLe as L7 /3152 your age fli years*agé

^'- -r^ ^-" '.he -nanie'of youå_qclence teacher" Fll--l- jl¡_-llhe n?-me .of Lhe.tes! as
-Þ 

I i!-r-*-É. ì- s g:*91!S-:

SATS" D-g not wrife anythJnB r-rnde_r. scores or par.t,

Fause Eo make sure there are no questlocìs about the f.nfornraLlon Èo be f ilLed lr¡ or¡
Èire ansr¡¡er shee ts " Then SAY:

Pl,ease tuï;r yût¡ï: test booki.e'c to DïRECTIONS, on
îm¡æl¿;ver" -

R.eaci these di-¡:ectíons silent.3.y wheLe T read

liead th.e cllrect j,ons f rsm a ccpy of Che Les{: hooklec,,
illi:*e ei.*iir ç,'ðË{ v

AfLer 3'ou f.Lm{.sh reacilng the

ÀSe _r.here qny qu_es Lf on-s_3.

3e sure lhat every s tudenl- '¿ndersl-ands Lhe general,
ï:haL need emphasis and expl-aín Lhe polnCs of A co
agier-; LÕ strongly disagree " Al"L fhe i.Lems on bhe
a-nd no referciece is macie an the ans\^rer sheet as to

dlrecËi.ons " Einphas{ze any pof nÈs
D meanl-ng going fnom sLrongly
ansr^Ie-s sheet are noted as A B C D E

Lhe lnlerpreÊaÈlon. Then SAY:
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Tf vou fo-rg.et whar. Á"-ol .,any._l-'te-m.mea¡ls, you cqn reEeLÞ_aqtrr !o your dlqeetfons,

There arg 75 st,af-emetts og- tLls pape_r..an{ you w1JL be_ALlowed .40 .minqL,es _to _e-ompleÊg

l t. You wí lJ._have to rvor]c repldl-"T but do Ery _to "gompT.ete al-1 Lhe ansv¡ers "

Ansv¡e r any ques Ë l-ons " Then S¡lY ¡

Oi:en your bogLleï: and bE4in !Lo_åb]rrg. If you flnlsh befo{e I caLL -Eíme ßo.back over

tbe test and check your answers. Be s_ure_ thaF,Joqmark your ans*w-e.rs Ln lbg proper

spaces on the-g¡isEr- sheel" llake. onL.v o{te mark fo.r each .staLelnent.

Al low t-he studen{:.s enousÏr Ë,fme co f 1r'rf sh Lhe cest " IE 1s noE crlLlceL Co f oi-LoT{t

an exa.cL L.:î-me scale but encourage s tudent.s t.o compLeLe the ansr+Ters as napf dLy as

possibie " This shouLcl índlcate a mol:e rel,i-abi.e aÈLåtude Loward Lhe sEaEemenî:s 
"

Coll.ecc {:he a.nsr.¡e r sheeCs, i-hen tl-ie LesL bookleÈs. Package the ansç'¡er

sheets separaLel-y anci fart¡av:å {:hem t.o t.he folLowfng address g

K" f-f " CharLesworth
Currícui.um Branch
ûepartrnent of Education
ltoom 411, ILB]. Portage Avenue
l''/innipeg J.û, Manitoba

The test bookLets are requi::ecl for use ¡'¿ith eLasses in other sehoons.

These shsuld be iracicaged cogeLher and reÈ.¡.¡rned Ëo Lhe same addresc âs Èhe answer

sheets.



SATS

STUDE}qT ATTTTUDE gOWAR,DS SCTEbqCE

E--A-e-ê* 4*-- -(AevÅsed).



p0 NoT 0PEN THIS BOoKLET UNIIL yOU ,ARB TOLD T0 D0 S0

DÏRECTTONS

The follow{.ng st,atements are relaced to your work 1n t,he sc{ence course you are
takfng thls year" These stat,emenLs are presented e6 generaLfzattons and repre-
sent oplnlone raÈher Êhan fact,s" z\a opfnl.one, E,hey are netther rfgtre rior wroh@o
Thfs 1s not a tesc buC a devlce t,o determfne how you feel about your course of
scudy. In Ehe ltems that follow you are asked eo gl.ve your honest, opfnlon by
scoring the approprLate secÈlon wLth che specl.aL penc{.1. prov{ded, Score the
approprlaÈa sect{on as'LC flrse lmp,resses you" Tndlcate WhaL'yot¡ belfeve raËher
tlran whaÈ you thlnk you shouLd bel.leve,

ENamp Le :

Ïf you score ttre A rcsponse thfs would lndicate thaË you are very fnteresEed fn
hockey and watch the teLevfsed programs most of Ehe tfme.

Ï llke to waEch Nt{L hockev broadcaste on TV.

ABCD
// lt u lt

serong ly neuÈra I
6gree

E

t/
serong ly

dlsagree

indl-cate Lhat yot-l r¿atch Ehe TV hockey broad-
wouLd wat,ch cornpet,{.ng prografitrneE¡o

lndlcate t.haÈ you neally dldnct. care one
somet.fmes and Just, as often you wouLd do

ïf you score t.he
cast s frequenE 1y

If you score the
i¿ray or another.
somethfng else.

3 response, t.hls v¡ould
but on s onne nlghe s you

C responseu Lhfs would
You wouLd v¡atch hockev

Ïf you score the D response, t,hls would fndlcate that you watch ot.her prÒgrammes
or do somet.hing etse more often than you watched hockey. Te wouLd also Lndf.cate
thaE you dld watch the prograrnme once ln a whlLe,

Ïf you score the E response, thls would lndfcate that you do not wat.ch trockey at
all. In fact, you have no fnterest, fn the hockey progrânuneso

Of course¡ alL of Èhese responses presume tlrat you have a TV set and thaÈ Þ{tll
hockey broadcast,s are avaf labLe t.o you" Furt,hermore, E,he statement, asstrmes Che
response ls Ërue for t.he hockey season"

Now try thls staLemenÈ. by scorfng che approprlate sect,fon of {.Èem 150.

Exampter The assfgmnenEs my t,eachen gfves me lr¡ sclence are usuatr Ly too dj.ff f.cuLg,

Remember rhaE A means Ëhat you st.rongly agree w{.th the statement, C means thag you
nefther agree or dfsagree or canet, decfde and E means ÈhaË you Btrongly dlsagree
wIEh the st'aËementu B and D are sfmply degrees of agreemenË or dfsagróementl Ttre
purpose of thi.s eest $.s to obtafn your opfnfon. There {.s no rLght or wrong &ñsr¡r€Ëo
A1'1 statements refer Èo Lhe scd.ence coutrse you eËe currenbLy eak*ng. -

Ïf'you har¡e had no naboratory work thfs yean on d.6 you are r-¡ndecí.ded ats eo your
feel.lnge orn s EgsÈ,emenËe score sect,for¡ C"

Ð0 NoT qqElr T'HÏS tsooKLET Uþ{TII TOU ARE TOLI} T0 D0 S0
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1" Much of the maEerlal of Èhe scfence course I have already covered l,n Junlor
. High schooL, so ft, fs noÈ nee¡ E,o me"

2, I can read the Lexr wlth no dtffi.cuLLy" Most of Èhe technfcaL t,errns are
. clearly explained.

3n I would Lfke to st,udy many eoplca {n Ehe ec{.enee course more deeply bue &,here
fs not enough class tlme"

4, The Èopfcs I have sEudled this year fn my ecfence course are of LLttte use t,o
me 1n t,he work that I pLan on dofng after I leave echool,

5" Much of the tnformatlon g{ven {n my scfence textbook ls out-of-date"

6" I lfke t,o see demonsË,.raËfons of scfentlftc prfnc{ples carrled out f.n cLaes as
ft makes the Eext, easfer to understand"

7" LlLELe consfderatlon ls g{ven fn my science course to Ehe Ëopf.cs fn eclence
that I thlnk are t,he import,ant or bfg problems ln scfeflce,

B" I thlnk the science course I am Ëakfng ls useful t,o me becauge ft ehovre recenË,
appllcatlons of science

9. l,Ie have charts, cllpplngs and other LnteresLfng materfals on dtsplay fn our
sclence c lassrocyrn"

10. I pay moïe attentlon ln sclence classes Ehan ln other classee because I am
lnterested fn the Èoplcs we are sCudylng ln sclence"

11" Many of the 1-aboratory exercf.ses r¡re performed thls year were t,oo Long to be
done ln the allorted Èfme"

L2. Ïn my scfence classes rnre use lnterest,lng apparaÈus and materfalee eft,her {n
the laboratory or fn t,he classroomo

13" T thlnk thaE my l"aboratory manuaX. glves adequaee dfrectfon so I know how to
carry ouË t,he experlment,n

L4" T seLdom know Èhe result of an experfment before I carry ouÈ the laboraË,ory
exercfse" Most, of the experf.ments cause me Ëo thfnk"

L5" I r¿outrd rather have È,aken a bio!-og{cal. sctence e'ourae Ëhl.s past yeâr thân
Èhe course of study r,re had"

16" T thfnk our l-aboratory r¡ras rde1.l enough equlpped eo do aLL ehe exper{ments
suggested Ln our work fhls yeâtro

L7' When I Bcudy a toplc or a unft, f.n my scl.ence- eourse, I can usuaLly see why
ft fs C.mportant for me Co study {t"

L8, I have done onl-y a few of ehe Laboratory uxpertmenËs on my mrrn or w{.th
group8 of fel"l.ot'¡ students Èhfs pâße, year, MosÈ of the rpork ds demonsÈraÈed
by ehe Eeaeher"
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i 19" I ffnd the questlons at Èhe end of the chapters of the teNt, Ehat fnvolve

it mathematlcaL calculaÈlons too dffffcult"

20" I am interested fn performlng experlraenLs l¡r the laboratory but do not lfke
ha¡¡fng to wrlte up the experlmenc'fn detall'

21" ï am not fnrerest,ed ln taklng a selence course t"f.ke thfs one nexE, year but
r,¡oul-d rather talce aLmosÈ any subJect oLher Ëhan gefence"

22" I Chink we spent too much LLme ln class on 6ome topÍ.ce {n the sclence course
this year and rushed too qufckly ove:r other topfcs ê

23" Experiments relatfng to the toplc I was studying fn class were performed a{:
approxfmately the same tfme as Ehe work was studfed Ln the reguLar class
perfods.

24" I v¡oulcl prefer to wor'lc on experJ.menLs I lnvented and dev{.sed rather bhan
Lhe ones I have done thls veâro

25" I spent too much Lime on learnlng tr:l"r¡iat Laboratory technfques whlch were
noL frnportanË, to gettfng my experimenÈs done"

26. Too much time 1s devoted to the study of scienee and noL enough cfme to the
study of oLher subjects.

27, I prefer to handLe the equípment myseLf in dofng experlmental work rather
than watching someone else do Lhe experLmenL,

28, iJecause of my fnterest in science, T normalLy spend more Ëfme on my sclence
home work than ín oËher subjects

29" Because of the dffficulty of thís scl-ellce coursee I ffnd that Ï have to
spend more tíme on scíence homework than ln other subjecLs

30. T wish chose rvho devel-op courses and select Èexts u¡ouLd ask me what I
thought I needed to i.earn Ln scfence" I thfnk I know whaÈ I wouid llke Ëo
study fo:: the job I want after I leave school,

31. Too much maÈhemaÈlcs ls needed to do thfs course {n sclenceo

32" T thlnk Èhe course I am sÈudyfng ln scfence ls t,oo dsfflcul.t for meu

33" In generatr T th{.nk I am learnfng thfngs frorn my scf.er¡ce course Ëhat T can
use.

34" I rhlnk the experiment,s thaL T have done Ltrls year: have begun to make me
Lhl.nk as I imaglne a scl.entJ.st Lhirrks,

35" T am confused over such technlcal- Lerms as sclentlf f-c model^, scfent{f tc
problems, hypot,hesís, concl-usfons, laws and t,heorfes"

36" I thfnk T can read poprrlar arÈlcLes :[n the general ar:ea of science wfth
bet,Èer undersLandfng because of t.he fnformatfon I have obtalned frøn my
scf ence cou::se o

37" t have read more arbÍci.es fn popuLar ecfenee books and magaa*nes Lhfs year
Èhan T have fn any s$.rrgLe yËâr before,
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38" I llke Eo do the exEra scl-ence fnvesËigatfons or acÈlvftles suggested ln
Èhe texË.

39" I flnd Ehe questions at the end of Ëhe chapter challenging" They make me

think.

40, Most of the eoplcs Ï am Laklng ln my sclence course are Ehose I would l-fke
' Èo study more deeply at some future tfme

4I. Thls cotrrse has helped me |n sqrne of the oLher courses I am takfng Ëhl6 year"

42. I spend more tùne stuclyf.ng scLence than I do any oËher subJecE.

4-". I thfnk my powers of obse¡:vation have fmproved through the work I have

t.aken fn sclence Ehls YeaJ:'

44" The science coutlse covers too mr¡ch maEerlal. ïÍe do nog sPend enoug'h tJ-me

on any one Ë,oPic for rne to understend fto

45. T woul.d iike to h.eip present demonstraÊlons Èo my classmates on Ehe Èoplcs
we study in scíence"

46, When we see demonstracions ln class I flnd that I becorne more atietrtfve and

fnterested fn the work.

47. T have to be forced to do my sclence homework"

48. ï have to be forced to do any klnd of homeworku T jusr don?L Llke dolng âny
kind of assignment'

49, The text ls very lnformative, Enough lnformat,fon Ls glven on mosÈ toPfc8
so that T can understand the maln fdeas,

50" I would lj.ke to construct 1n Ëhe laborato::y sfmpLe machfnes and slmple
apparatus to carry out experiments" I thfnk thfs would be useful fn matrc-

f"g *" thfnk Ltke " "cf"r,tlst" 
i

51" The problems aL the end of che chapÈer ate useful and beneflctal to me'

They hetr-p me understand the couÍe€u

52" The author(s) of my textbook has made the content fnterestlng, easlLy
understood, conclse and cÏ.earo

53" The science course that I am Lakfng {s more dffflculE than Èhe scfence
couïses LhaË oLher sÈudents fn thls school are taklng"

54. I thlnk the tex¿ ls too compact and too congested, maklng for heavy
readfng

55" I thlnk there are suff Lclent, {1-lustratlons of appLfcatf.ons of scfentlf f.c

prlnclples, 1n examples or ln diagramse ln the texe of Ëhe varfous
topfcs ln the course $re are studylng ø

56" ï often noÈice {n thlngs around me appLlcatfon of søne of the scLenÈffLc
prfncfpl.es I have seudled Lhls year"



- ¿L-

57. I thlnk the exercfses fn t,he text. serve no usefui purpose and are merei.y
busy work

58, I frequentl-y read other t.exts and reference books fn order to understand Ëhe

material in my science courseô

59, I líke experiments for whlch there {s a rLght ans}rer so thât I know che
results ï get are right or wrong,

60, The demonstratfons I have seen this year usually have worked as I expect,ed
them Lo work"

6L. I usually know v¡hat I am supposecl to do ln the LaboraLory'

62, I would lfke to have my scÍence course organfzed sg I couLd do more exper-
ime.nta I work"

63" The knowledge I have gained in my science course gfves me a feellng of
accomp l-ishment,

64. I usually look forward to my science classes ø

65" In my classes, the laboratory period ls a play period.

66. I believe the informatíon I am learning ín my scfence course ís useful Ëo

me noÌ/¡ and wll1 be useful in lat.er l-ife after I ffnfsh school,

67 " I canlt follow the directlons for doing experÍments fn the laboraËory"
They are not. clear enough for me to see what I am supposed to do'

68" The text usually refers to everyday appllcations fn sclence Ehat I can
underst,and.

69. I usually read the fnstruct.lons for carryfng out experlmental work carefully.

70. I feel the tlme T spend ln the laboratoiy dolng experfments could be much
better uEillzed

7L" In studylng my sclence course, ï am heglnnl-ng to see how knowLedge from
one scl.ence area relates to another area"

72, ï belleve my vocabui-ary of, technícal and sclentfffc cerms has fmproved
consLderably thts year"
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ÛTRililTTT]SS FÛR A}IþTNÏSTETì bTG TOUS

f 'r¿ *'rrler 'cs 'i¿ave e *"rlf Íe1er¡ce ån {:he compa.r-'ehi..!.f *y of test. reser.f.Sa u J"E 'ls irnporha"nf:

l* fcLlow'¡2:rccís*ï-y àirr: psceedur'e *uiJ.f'¡¡ed beLsroy" Thl.s åne3"¡:dss read-.Í.rag æ3.outf the

cÌLrect.i..clLs Ðr'r the i¡aci( c{r\¡eË *f che t-es"b b,cÈoi{,:f.eû" The reassn fo::'ahi-s ls f;hat

tirese dÍ¡:ecLions cozrt.ai.¡'r. tTre def:L'¡iit-ig¡i sf frËclent,:Lst-sr used frr the'rest-u etrcl rt'e

Itfsh to Ïre ce-rtai-l* Lks.t alL studenLs ta"i<Lng jiCIUQ laave seen t'ÈÈii.s defå'ni'c{on" The

*ie.1f rrif:loT:i i-s coT'ii-al ne d- irt i;tte *xånr'"r1e rrtricti i.s exp3.a"åned {.n t}re d'-l-recLions , Ttre

dj.rectl.ons a1-se ernl:hasize'che fmporËaîse oi sei-eatíng Èhe e¡ne BEST ar¡ss,ve¡:, ouÈ clf

seve-::e-i- 'r,resslTrÏ.e par'cÍ-y cü!"¡:e çL aite'¡naLlr¡e'J B i-n each lf-em.

l.S S !ìl:l 8i. l- i{rJ M¡.TE R. T ¡.LS llE f {.}RH T ii S T 
-I 

lS G

'i'he :f *13-*wL.-rig, sll.,]t¡.¡"d "lre ,.¡sed E-s a *Tleck lls* hy Lhe e:ea.ft":[.r¿rer !çy itr,;'?r.ttt'i;t lzr¿: i!-,sf*

al.-1".*ec*ssärli uìåLÊt.í-;;'Ls ¿1.¡:* ,'å,¿ai-Iah3.e'r:e.fûi:e g,c1y sLucienf:s e'rË Cû L:e t,es'Ledc

'i', lffi.e sarae'r¡t-url:ei E:{ iftJi-TS ¿¿g LT:le -¡tt¡n'i¡et: e¡f sË:trilenËrs eÕ he ûesfied - pLus a

i:er,¡ g¡a¡L'r' copl.:s -:-.: '¿r'ä.3rgei:t-i åg.

2* TÎ.-'e sasne vtt,rnber clf ênswe¡: si-ceeEg ãs '¿tumber cË sË¡¡den{:a ü,o lce L.esLed *

*1-"-z:. ¿t .fer¡ e>iL::a fo-r eznergen*'{ðËu

:: . .,lir:."-r iii..; ¿c *.r.ol.i snÊçì;..

!¡ ., P+;:i.: jr-J-s * s lu-de¡-r'i-s sì:*u1i í!*i: usÈ :trtl;,. a* .ït l,¡oulqÌ be cii:ff j eul-t Ê* ûhåËgc
¿zi1 äí15irüT i.Ë desire.J" :iryn;t *"#"Er'Ê, ilen+å1s ehor.åLd 'rre irep"fl *¡t 'ha¡r;I {oy enter*
q ci'lc i. e s
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lL Cårue:: * e.Ery weech

É, :lt:'âebc¡ok or paper

and slopFång â,funes *e

or e l-*cle for

o¿'r whåsh t,he

nd make any

neeoneåång bhie

exa¡nlner ean

relevanc nÕte6

ËSme 
"

gerrrd frhe e;*eeË'

durri.n6 arad af8er

Àe-"-åi..^ÞL¿á¿. [-.!-å¡5

freeLL'ng"

Á"RF*{IÑCET'IT}TTS TO BE ilIÁNE BEFTRE TESTTNG

Äs t¿åCh meÐerial-Èì

t nsLruc tro-r sl-rol-¡id

a¡:e f:estes:T,,

:""

, tl'le e:¿amånetr shouLd eor¿s:{.der

be su¡:e rt"rac all deLæ{Ls a¡:e

ehe f ol,lowlng

'a,atrcer¿ cåre tf

a a.herk i.l*e , The

hefore _+qy_ BLuden'rs

SctrdSr q-)f Les{-ing ffiaCe¡:åa1-s,

'ce¡;L, adinl-n j.s l-r:aL{,en La s tudy

c'r¡lrlnnfe ii¡p u11(r¡rÊr- clhp¿:9-

befoy:e testj.ng"

ïh r.ri.LL pay f:l're examlner Í.¡'¿ ,ðerms of srnooLlt

carefui-1"y {:Ïle Ëest, hooklet, Èo be g{rren Ë,o fhe

aftd eLÏ. of Che d{¡.'ecÈ{ons gd.ven ori these pages

f-o Fnacl."ice acirni¡-ri.st;reLl.+¡-¡" Ttre e,'çanrlner ceÍ'Â more near^9.y &ssure good f:est.ing

if l-,r: gives the coinp.t-ete L,Esc for ¡¡racÈlce ^ È,o another 'ceaqlxes:, a friend or

¿t smai.L group cf sl-udents who r.¡i11 noe be l¡rcLuded ån che eccLtal" LesLing.

Tlme sched.uS-12'rg. /+[J ¡ninut.es åre fi,ü be alnowed eÈLndengs for comp3.et3.ng T6US"

Str.lrients fn a si-ngl-e cLass ca.i'l be t,ested ln o¡¡e ües'ci.ng sess-i.on of a.pprox-

rrn¿te:.y t+5.- 5Û uttirtt{;es" E:iarrrl¡lers dennfnE r*,lth la.rge gronFg rnay ereed more

I--'Lr:ie f ct: eltsqributång mat.e::la.tr s u having sf,ude¡rË.s f i.tr"L jLn :{"n-€o¡:mat,f on ûrn

aris\ire:r shee ls , a.uð f or ansr,¡erlng s tudents r ques t.f ons .

Rec'm scherSulf ng " Tf posstT:ie e L,es Lång shcuLd be condt¡e û,ed lr"¡ a 'room t-hafl

does nr¡t, crovrd exa'rnånees" Good llghelng and venÈ,{Laî:fon arid freedom from

nt.l.se r.'nd lnt.erru'r¡ilon are oLhe'r faelors t,o be consl.dered ín sei.ectlng e

{-es i:Lng pL*,ce.

3"

!ï,
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5" Seaf. and deck a'¡:¡:angemenü. Sbudenhs shouS.d be provfded q'vf{:h neasoa'la|rÏy

cornf ort-ab.|.e seaLç and srnoof,h, hard r+*r:{.t{ng surfae es " T{ri.E,ång etirf aees shou3.d

be i-arge eno'"rgh c.c] accommodaÊ,e a foS.ded Lesf book3.eC and â3-! ánsTder sheeL.

6* Tnforma{:lûn Ðn sLTJdenLs" The ansrÀTetr sheeE. provldes space for eac[l sfluden8 bo

+¡rite lr¡ narne s agee seli, gracle, scfence eourse, schooi. and daCe tesEed" Ask

the s{-udenLs [Õ i.neJ.trde É-he name of E.hei-r sclence Leaeher" TI-¡.üs lnfoz:ma{:åon

wiil- be used sn.l-*¡ feir cross r:eferecce and noÊ aB a$ evaluaCåon devlce"

AT ]].iE TTI.{E ÛF, AJI{D DUI{ING " T}TE :IESTÏNG SESSTON

t, Read drt::ec,cions careful-ly to sL.gdeErÈs, q,+ond f Or wOrd"

2 " ,i.cÌ ansruleïing queståons rs¿-åsed by sLudenLs u :t L ls essenË.la:1. i:lia{: Lhe e:¡alitåfte?:

sEay r.if t-l-l.l.i:¡ the rneanf,rig and, aç {at as possd.bLe, Ëhe exae L r+eerdtng of etre

di.recLi.*ns. li.f 'cecE;l.errs concesn{rrg gueesl'ng are pâÌ:C{ou3-ar}.y crou}:l-esome "

Quescfons on [h1s pof.rrf: sìrou-i.ii fnvar:l-abLy he answerecl by read$.i'rg these

sefli:ÊriceÊ f ¡:o¡n t--ire dlrectior¡s r er{su v¡if 1L ma}ce your besÉ, sc,ore by answenlng

evq3.)1 e¡uee'ci-on" Ystr shouÍ.al wo¡:lc careful-ly bt¡b noL spend Loo much L{.me on any

one fLem, TË e quest-i-on seems Coo difftculr, make Ê.he moe8 carefuÏ. guess

yrr! {:äno T.f you Ëj.n{str before t:i.me ls ca3. l-edu go hactr< and spend rnore ûlrne

¡'rrr +he ¡1e¡por"{r:nq aÌlouC r¿hlcï.r yoLt are doubLfuL,0g.- .-- airouC r¿hlcï.r yolr are doubrf uL ,0s

3" ?l-mirg ir,usL'pe ca:¡:ef¡:i-l"y o'bserved; under no cårot¡msÊ,ê.nces ås æddåÈfcnaÏ. håme

Lo be ailor^red f:o arry srudent"

I'lote: ïnsLructf.ons s'rtlicl-r are Lo be read aLoud to s'cudenÈs are underLÍned a¡rd

-!^."t. I ^ ^^^^^Åuu+u!s Þpd.çqu. Insf:r,iccåsns, prf nî-eci trr slngi.e Êpace, wlthoufr tlxrderLlnf ngn

are f¡'¡t.ended onl-1' fcr C?re exa:nlne-¡:,



TEST -''CTRUCT]ONS

hhen lie students are assembJ-ed

The testlng perLod has begun"

been dismíssed"

Pause Eo malce sure
tl-re answer sheets"

fn the examinaElon room and seatedu òAI :

unElL

I{e shal-l not.r Dass out test materials. Do not, open-v-our booklet or turn lE over

'¡ntil vou are told to do so "

Ði-st::iSute booklets, answer sheet.s and penclLs" Then SAY':

f)n nnr rìñên vôrrr test bookl"t t@. Take your answer sheet and turn

it so thaL )¡ou can PRINT vour name on it. Fil-L in todaYls date. (Examlner should

give Lhe correct date") ffff in ¿gu" Su"_qncl-D*te

On t,he ne{L li-ne-, r^..rj-+.e ín ihe n¿me.of your school , city or tovnr. Grade_and name

of Tgstructor'. Fill in the name of Test as TOUS" fn seetion" marked PART 1 and. 2

" Do not vrlte anl,'LhÍng_under Scores

or fdentlfi-cation Number.

There shoul-d be no Ealkíng a.mo u have

there are no questlons about, the lnformatlon Eo be fflled Ln on
Then SAY:

PLease turn your test booklet to DIRECTIONS, on
tl're back cover.

Rea.d these directions silently lvhile I read them

-

a1oud.

Read ehe dlrectlons from a copy of the test booklet.
dlrections, SAY:

After you ffnlsh reading Ëhe

Are t-here any_ qgesÈ_lons?

Be sure that every studenË understands the general Directlons. Emphaslze any polnts
Ëhat need emphasis and answer any legiLlrnate questlons concernfng procedures" If
there are any questions on wheLher or not, to guess, read verbatim the sentences that
cover the point fn Èhe Dj.rectLons. Then SAY:
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Th¡"ra nra Áfì nrrêsllûTìs Ðn Lhi.s Eest, and VOu r,¡L j-l_ be aLlOwed 40 mf nuLeS Ëo CûmpLeEe

_!g* You. v¡.111 have tg r+*rk qgpi-d_l-y*, bq !g pgt rqs\" Are {:Þer_q__gEy_ques-tlons? 1

canÎgt Ênswet- q:ueståons af ce{ }'ou begfq worklnLon*qhe Cest.

Àf ter answeri ng ctr.¡es tions , SÁ-Y :

Opgt your _tes'c booìtle_Ls L_o pêge_3. a-nd be.g_ln gor\J.ng,. K

lg*slq!Ë." If y-ou flnlsh before tíme is called, go þac\ o_vçr Èhe EesC egd checlc_jrour

ansçrers. Be su{e that y?I] marh }'our ansjgers- 1T the_ propeE_space*s on the_.ansqer

_ì¡g_?¡!. Ifake onl\: one. marlc for eacl'r quesLioI.

lirite on the board l-he e:<aci Ll.me rvhen studenLs begin worlctng on Ehe t.esh" Al"so
r.¡::ite on t!:re board Lhe tl"rne when the students musÈ stop work" After e:<acË.Ly 40
mínutes, S^Y:

Sloql Ëg-t_ qo:¡n ;oql*?gjlgåLs-"

Fr¡n n .i /r r¡nlt h¡r¡e *^,- { j --J ^L ^ J .--^L vurt I! yu!¡ ll4vç M lllll5tlË{"! yUU lltubL _Þ_!!Ë."

Col-lect 'che ansv:er shee{:s, tlien che iesE bookl-ets and 'penciLs " Fackage the anssser
sheets sÊp¿xraiely and fo¡:warrl Chem Lo the fol.ior"ring address:

K. Il. Char"lesworth
Curriculum Bvanch
Department of Education
iì,oom 4ii., lL8i" Portage Avenue

Tlie test L¡oolcl,ecs are r"equir*d for use iuitir cl-ass in other schools
'lhese si'rould be irackaged together and returned to Êhe same address ês the ansiuer
sheets "
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I Thc nhi ef nl:rnose of the s¡i onna r:f hntenr¡ iS tOf ¡¡ç vf¡!vf y4r }/vev vf

A. teach farmers hov to prod.uce more food..
B. develop new drugs and medicines from plants"
C. provid.e explanations on hov plants grov and. reproduce.
D. tetl us what plants r"¡iII grov best in various kind.s of soils"

D Ânrana *l.ra l.'¡ndredS of scientific soCieties in variOus countries throughoutrulv¡¿6

the vorld., ve find that

A. scientists vofuntarily join the societies refated to their special field"
B. national governments generally direct these societj.es.
C. membership is generally restricted. to scientists of one nation.
D. national sovernments are seldom interested in these societies.

3. fn the past, many important scientific discoveries were mad.e by men r.vho vere
nlorormen Statesmen, or businessmen, and l¡ho vofked on sciencg ¿g nmâteurs.
This is no longer true tod.ay because

A. men in other professions are less interested. in seience today than
J-lrar¡ rrcoÄ -|n Ìra

B. scientlfic research today requires many years of preparatlon, usually
study beyond. col-l-ege.

C" inportant discoveries cannot be made today without expensive equipment
vhich only scientists Possess.

D. only professional scientists have the abillties needed to make
inportant discoveries.

4" The people and goverrÌment of a country infl-uence scientific activity
A" very little, because seientists are quite isol-ated frorn the rest of

society "B. a fittle, because people must be willing to beeome scientists and. to
pay for science.

C" a great d.eal, because most scientists work for the government and
must fol-l-ow its instructions"

D. a great deal, because the education and. support given to scientists
d.epend. on hor.q the people feel about science.

5, In the t]th century, NewLon forrnulated his lavs of motion and the theory of
universal gravitation, which vere eventually accepted. by atl physicists " In
the 2Oth century, Einstein proposed. a much broader theory of relativity, vhich
nhvqioicts have generally accepted. Physicists today consid.er Nevton's ideas as

A. mistaken notions, because of Nevtonts llmited. experience.
B. part of Einsteinrs theory, as a special case"
C. applicable only to physlcal events in another vorld-.
D. superior to Einsteinfs, because they have a longer trad.ition.



b. An astronomer in Australia reports that he has seen evidence of plant grovth on
tho nl anor $s¡¿s. funerican astronomers çill accept this report as a fact if

A. other independent observations confirm the report.
B. the species of the plants have been id"entified-.
C. the Australian government certifies the observation.
D. other astronomers agree that there ls oxygen on Venus"

"7 rr.ha øì^r^êôope ca,ne into vide use in scientific vork in the llth century" This
nev i-nstrument nade it possible for scientists to see very small objects, and.
also to

A. Iook roore closely at the ul-timate nature of natter.
B. d.iscover the real meani-ng of l-ife.
C. look more closely at eause and effect relationships"
D. explore nev problems unknown before this time.

B. The prlneipal function of scientific societies is to

A. promote the economic wel-fare of their members"
B" publish and sell scientific books and periodicals.
C. prornote the exchange of ideas and maintain professional stand.ards"
D. infor:m non-scientists of important scientific discoveries.

9" If we eompare suceessfu.L scientists with successful people in most other pro-
fessions, we find that these

A. scientists tend- to have higher incomes than other professionals.
B. scientists require more specialized training tha¡ other professional-s.
C" scientists and- other professionals have set rlgid certification laws

vhich keep out those rvho are not qualified.
D" scientists and other professionals tend. to d.evote most of their

enersies to their vork,

10. Tf ve ask an astronomer to explain why some stars vary in apparent brightness,
he vill most likely give his explanation in terus of

A. the necessity of stars to vary in brlghtness"
B. accepted. scientific lavs and principles.
C. exact mathematical equations and. formulas.
D. verified astronomical observations and. d.ata.



II. Several recent reports have pointed out a tendency in the Unlted States
tovard incráased conformity, thus discouraging creativjty. If these reports
are correct. ve can expect that in the United, States

A. scientists vill confo-rm to higher standards of accuracy.
B. scientists vill work together more productively.
C. creati-ve arts, Iike nusic and painting viII suffer, but not science.
D. both dcience and. the'arts wilt suffer in the future.

12" The principal ain of science is to

A" verify vhat,has al-ready been d.iscovered. about the physical world.
B. explain natural phenomena in terms of principles and theories.
C" discover, collect and. classify facts about animate and inanimate

nature
D. n""ii$;":he,people of the vorld uith the means for leading better

f3. It has often been said that published reports -of scie,ntific research are
generallv verw a.eolrrn.te n.nrl honest.' * "" *':*

A. This ls true because scientlsts are very accurate and honest people.
B. This is true because only one ansver can be correc-b in science.
C. This is true because reported resufts can be checked. by other

scientists;:
D. There is litt1e basis for thls claim.

14. fn L)JJ a Japanese physicist, Hideki Yukawa, mad.e an important contribution
to the "theory of nuclear physics. This occuïrence vas not consid.ered unusual-
because

A. nuclea¡ physics is taught in schools throughout the vorld.
B" al-rnost anyone can contribute a scientific theory.
C. rnost Asian scientists knov a great deal about nuclear physics.
D. people from many countries contrib¡rte to science.

15 " Of the follor^ring, which is the best statement about scientlfic knovledgd?

A. Scientific knor,¡Ied.ge is a systenûatic collection of faets.
B" Data and ideas from the past contribute to todayrs scientific

'' knowled,ge.
C" Each generatiol starts anern¡ to build up its ovn scíentific knovledge.
D. Statements are not apeepted as scientlflc knor.¡l-edge unless they are

absolutely trqe.



L6. Whlch one of the fotloving statements best describes the most important
contribution scientists make to our societ,y? "

A. Scientists provide knovled.-ge about natural events.
B" Sci-entists make improved prod.ucts for bet'ter living"
C. Scientists provid.e skilled servíces or ad.vice to others.
D. Scientists show us vhat ve shoul-d strive for.

17. Are biology, chemistry, and physics related or are they not? They are

A. not rel-ated. because they are built on different sets of funda.mental
principles.

B. related., because the observation, principles, and id.eas of each fiel-d
have connections vith the other tvo.

C. related., because nathematics serves to unify the sciences"
D" not related,, because biologists, cheraists, and physlcists study very

different natural phenomena"

18" John Smith is a very imaginative young person" He may never become a
sclentist because

A. he r,¡ould not vant to give up hisofreedom of thought.
B. imaginative people usually become artists and writers.
C. he might like some other fiel-d better than science"
D. sclence is too factual for John.

-ìo Tf ¡ nhr¡ci-ist and, a liVestOck dealer vere to walk into an experlmental*,/ .
L¡^r^--' r^Loratory together for the first time, vhich man woul-d probablyvJvlvóJ lcu

und.erstand. vhat was going on there more quickly?

A. Both men vould. und,erstand at about the same time, because neither
of them is a research biologist.

B" The livestock dealer, because the training for his job most likely
included- the methods of experimental biology"

C. The physicist, because biologists and. physicists have similar points
of vier¡ toward investigating natural phenomena.

D. The physicist, beeause physicists do the same kind of laboratory vork
that bioloeists d.o"

20. At present, at Least 9Ø of U. S. Goverrunent money for research and. develop-
rnent pays for such things as ballistic rnissiles, nuclear reactors, insecticides,
vaccines, computers, ro,cket fuels, and space suits. Many scientists are criticaf
of this al-lotrnent of Government rnoney because

A. Iess than L@" is allotted to technological applications.
B. Iess than t@" is allotted to research in science.
C. onJ-y )@o is allotted to research ln science.
D. onl.y )@o is atfotted to technological apptications.



2L" Today, physicists of several- countries are vorking on experiments to determine
vhether or not one of Einsteinrs theories correctly predicts the effect of
gravity on Iightr. This activity bes! iilustratçs the fact that

A. an important function. of theories is to stimulate research.
B. it is important to have a precise value for the speed" of light.
C. it takes a long time to prove that a theory is really true.
D. theories are still- doubted long after they are proven true"

22" Scientists are often described as having certain "scientific attitudes""
Thccc mnrr Ïrg beSt ObSerVed. vhen SCientiSts are

A" aetually engaged in reseagch.
B. asked'to work outside their field.
C. d.oing nost anything.
D. with their fe.milles and. friends.

23. The d.esign of a television reeeiver is a problem of

A. sciepce, because it calls for ingenuity and originality.
B. scj-ence, becauéB the d.esign must be devel,oped. by experiment"
C" technology, because it leads to.the production of a practical device"
D. technólogy, because the designer must have technical ability"

24" Tod.ay, the ed.ucation of American scíentists who teach and. d.o research at
unj.versities generally

A" is completed after four years of college.
B. includes a period of practical training in industry.
C. is completed after five years of college.
D" includ.es study for advanced degrees after completing college"

fn items 2J to JO you are to choose the ansr^ier vhich is an EXCEPTION or is LEAST

LI}GLY to belong in the group and. bl-acken the space und.er the corresponding l-etter

on the ânsver sheet.

25. Sclentific Journals have all of the fol-lowing functions EXCEPT to

A. serve as a fonrm for the discussion of new theories.
B. provid.e information on research which is in progress"
C" print papers which vere read at scientific meetings.
D. explain policies of scientiflc societies for the conciuct of research.



26" If a botanist,vants to determine the factors that contrlbute to the grovth of a
certain p1ant, which of the following things vlll he be LEAST LIIGLY to do?

A. Formulate an hy¡rothç-sis based. on vhat he thlnks the factors are.
B. lÍrite a mathematical equation of the growbh curve.
C. Think about the factors that contribute to the grovth of other plants.
D" Look the subject up in the library"

27, The American Chemical Society (nCS) is one of the largest scientific societies
in the United States. Which of the followine functions vould. the ACS be LEAST
LIKELY to carry on?

A. Negotiate contracts with eompanies employing chemists"
B" Assist its members in find.ing nev jobs"
C" Publish chemical journals and books"
D" Establish standards of terminoJ-ogy in chemi-stry"

28. Scientists cooperate on an internatÍonal scale through all of the folloving
activities EXCEPT

A. setting the values of physical constants"
B" publishing scientific journals.
C. prescribing courses for the preparation of scientists.
D. ad-vising United Nations agencies"

29 " Whlch one of the following factors will be the I,EAST ffiLP to the grovth of
science in America?

A. Setting national goals for d.iscoveries that must be made.
B. fmproving the means of cornmunication arnong scientists.
C. Inproving the training of high school science teachers.
D; Red-ucing seeurity restrictions on scientific knovled-ge.

30" An exa^rnple of a scientific mod.el is: "The atom is like a miniature solar
system composed of electrons in orbits, and, in the center, a nucleus contain-
ing protons and neutrons." Which one of the folloving statements about scien-
tific models is NOT correct?

A" They are man-mad.e constructs and. may not represent reality.
B. They consist of a relatively snall number of assumptions.
C. They represent vhat scientists could. see with very poverful instnments.
D" They are tentative and may be nod.ified. or discarded.



SPEC]AI, D]RECTIONS FOR ]TEMS 3T TO 37

In each of the folloving i.tems, there is a statement about scientists on the
feft and a reason for that statement on the right. On the appropriate numbered.
Iine of the ansver sheet, bfacken the space under

A. if both the statement and. the reason are generally true;
B. if the statement is generally true but the reason is false;
C. if the statement is.false but the reason is generally true;
D" if both the statement and. the reason are false.

Sunmary of Directions
STATE}4ENT REASON

Â oanora] 'l rr f.nrrc c¡ênÊrr'l I v .l-rrrp
õv¡¡vr e+4./

B" generally true false
C. false generally true
Tr +^'l ^^ f ¡'l ¡aD e a4fÞg IoIÞL

STATE}4ENT REASON

3f" Two klnd.s of scientists, experi- BECAUSE good theoreticians are not
mentalists and, theoreticians, trained in the skills need,ed.
are formd in most branches of ln laboratory work.
sci-ence

32" Scientists are l-ess likely than BECAUSE scientists spend every
people in other professions to possible minute in their
have a normal happy family }ife laboratories.

33" Work in the various branches of BECAUSE scientific methods are used
science requi-res the same abil-- in aII branches of seience.
ities and skil-]-s

3\" Scientists are honest and self- BECAUSE these scientific attitudes
critlcal in their work are personal characteristics

of scientists.

3, " Scientists are generally geni-uses BECAUSE creative ability 1s often
call-ed. for in attacking sci-
entific problens.

"6- 
Most seientists are dedlcated. to BECAUSE scientists have an abnormalJv .

their vork desire to succeed in life.

37 " The training of a physicist BECAUSE the d.ifferent branches of
is just about the sa¡ne as the science d.emand the same kinds
iraining of a chemist of skil-ls in their vorkers "



38. Betty is planning an experÍment to learn something about the role of potassirm
in the growth of a certain plant. She d.ecides to grov.one group of these
..ì^-+^ *- ^cil containing nitrogen and- phosphorus, but lackfng potassii:-u. AIJI4rrUÈ Iu ùt

seeond sroup of these plants, serving as a "controlr" should be gror^m in soil
containing

A. potassii.rm only.
B. nitrogen, p:hosphorus, and. potassium.
C. nitrogen and potassiua, but no phosphorus"
D. nitrogen and phosphorus, but no potassium.

39 " Most of the important scientific advances have come about as the result of

A" the development of new and more significant sets of id.eas.
B. the interacti-on of ideas and. experiments in the solution of problems.
C, the dedication of an extraordinary man to the investigatlon of a par-

ticu-Iar specialty"
D. an interaction betveen a chance observation of a nev phenomenon with

an alert nind.

40. A scientific society is

A. a society that is run accord,ing to scientific methods.
B. an organization that seeks to make society more scientific.
C. a society in which people believe in the importance of science.
D" an organization of seientists that promotes scientific work.

4f. Which one of the follovlng statements best d,escribes the connection between
science and technology tod.ay?

A. Technology involves the practical applieations of scientific knovledge.
B. Scienee depends on technology for ideas and. the organization of experi-

mentaÌ work.
C" Workers in sci-ence use the l-aws and. principles discovered by vorkers

in technology.
D. Technology is the part of science that d.eals r¡ith mechanical problems"

)+e. In regard to intetligence, most scientists

A. have about average intelligen-ce.
B" are born vith a special seientific aptitud.e.
C. are smart because of their special tralrring"
D. have more than average intelligence.



43. !trhich of the following is the best d.escrlption of a scientific lav?

A" It is an exact report of the observations of scientists.
B. It is a generali.zã¿ stateinent of relationships among hatural

pnenomena.
c" It is a theoretical explanation Qf a natural phenomenon'
D. It is enforced by nature and'cannot be violated..

4l+. llhich of the following is the principal need. of science?

A" much.expensive equipment
B. r,¡efl--trained assistqnts
C" large surns of money
D. creative ind,ivid.ual-s

\S " tr{hen some of the faets j-n a certain area of science are not explained by an
existing theory, scientists

A. may revise the unexplained facts so that they viJ-I fit into the theory.
B" may modify the theory so that more of the facts v111 be explained"
C" should d.iscard the theory and. formulate a new. one irnmediately.
D. should shov the theory to be in error in al-l- cases

l+6" Gay-Lussac carried. out many experiments with gases and. observed. that when
hao+ i ê ôññIied to gases .their volurnes alvays increase, þrovid.ing the pressure
;";;;: ;ilåïä":" ã;;-;"åä." decided that "at constant pressure, the vor-rme
of a sas varied, d.irectly r¡fth the temperature." This is an exarnple ofv+ e Þev

A. fornulation of a scientifie theory"
B. testing of a scientific hy¡rothesis.
C. fomul-ation of a sci-entific l,aw.
D. reasoning from the.abstract to the concrete.

)+7" BiIl alvays rnakes good. grades in school, but is a practi-cal joker. Frank
also makes good grad.es but has no sense of hurnor. Janet is a serious, intel-
1iæa¡+ --Á popular girl" Who woul-d most like1y become a research scientist?IfÈ;çIrU, ql¿u !v wvGu uvuv r¿¡rv+J v¡¿ vvrv¡¡v4e/.

A. Frank
B. Janet
C. either of the boys
D" any one of the three

)+8" Tn decidins r,¡hether or not a proposed theory can be accepted, scientists will
nnnhnh]rr meþs their decisiOn on the basis of '

A. vhether or not the theory is true.'
B. vhether or not the theory can be expressed in mathematical form"
C" the evidence supporting the theory and their personal ideas.
D. the experlmental- and observational evidence avallabl-e.



49 " Before an astronomer presents a ner,r theory, he vill generally get criticism
of his id.eas from

A. his co-l¡orkers in astronomy.
B. 'a pBne} of experts on astrono¡nical- theories.
C. a theoretical physicist.
D" a philosopher vho has studied ,the d.eveloprnent of thèories.

50" Ralph said: "Scientists do experiments to ask questions of nature." The best
'in#av¡¡a*-+ion of Ralph¡s statement is that experiments and tests are used in¿4uv¡}/revqv

science to

A. prove the regularlty of nature.
B" learn by trial and- error.
C" check predictions mad.e from scientlstst observations and. ideas.
D. inquire into the mystery of creation.

5L" Standing on a hilltop at dawn, tr,¡o men vere observing the eastern horizon.
ôna coi.r "ln a fer.¡ minutes, the sun vill rise above the horizon and travelv¡¿v vgÁg,

up into the sky. " The other said, "f n a fer,q rninutes the earth vill be turning
into a position that vill- al-Iorn¡ us to see the sun above the horizon." h4eat
qcnon* ar nþss¡yations in science is lllustrated. by this story?

A. Special instnlnents are needed to make accurate observations.
B" Good observations are objective and free from bias.
C" Observations are relative to the position of the observer.
D. Many apparently objective observations are interpretations of rvhat

is seen.

q, rr r.ra 1."ôTô to check on the contributions to science that have been made in/L. ¿¿

various countries since l9OO, ve vould- expect to find representation chiefly
from

A. the United States and. Russia.
B" England. and. France"
C. the four countries listed. in A and B"
D" the countries lísted. and. others.

,3. Manufacturers of scientific instrurnents are continually ad.ding nev model-s to
their llnes because

A" the old,er i.nstrwnents are no longer reliable.
B" the old instruments go out of style, Iike automobiles"
C. improved instrunents are needed as science ad.vances.
D. new science laboratories require the latest equipment.



54. In carrying out biochemical research, the method.s used, by the investigator
ìr-- i:rclude

6çusa ørJJ I¡

A. any method that is approved by the Biochemical Society"
B. any method he can think of to help solve his problem.
C" the method of trial and. error experimentation.
D. only biochemical method-s r¿hich are .knolin to yield. results.

,r" After Volta devised. an electric battery in IBOO, a period of rapid progress
in the sciences of electricity and- chemistry soon folloved., because thls ner,¡

instrt.ment

A" rnade it possible to have well-lighted. laboratories
B" mad-e possible a nev ind.ustry to manufacture batteries for general use"
C. contained. the answer to several electrical and. chemical problems.
D. mad-e possible many net¡ experiments and- observations"

56" If a geologist is attempting to establish a theory about the origin of
mountains, he vould

A. rule out all previous attempts to explain mountain-building.
B. correlate all his evidence rvith geologic maps.
C. see if it explains the knovn d-ata on mou::tain-building.
D. study the geologicat record- of all mountains in the United States.

,7 " I¡Ihen a scientist has established a theory, r,ie may say that he has

A. d.eveloped new , id.eas and. und.erstandf ngs .

B. uncovered one of the laws of nature"
C. moved mankind. cfoser to knovledgg of absolute truth.
D. discovered neu experimental- evidence"

58. Mary is interested in science but does not l-ike the way her chenistry teacher
makes her vrite dor,¡n al-l the details of her experiments. Eovever, this train-
ing will help Mary if she goes into science, because she vill have learned
how to

A. look,for cause and effect relationships.
B" be patient"
C. make more accurate reports.
D. ded.uce theories from experi-ments.

59 " If you l^iere brovsing through the periodicals section of a physics research
library, you vould. notice that almost aII the scientific journals

A. are uritten in English, German, or Russian"
B. report current vork in a highty technical style.
C" carry nany advertisements of nel¡ prod"ucts.
D. explain the latest physical discoveries for the layman.

C.O ON TO THE NEtrI PAGE



b0. In discussing our countryts disarmarnent policy, a famous scientist d.eclared
that rve ruust continue our experimenting vith nuclear bornbs. What is the best
evaluation we can give to this scientistts statement?

A. His ccnclusion is probably right, since he approaches the problem
wÍth a scientific attitude.

B. His conclusion is probably vrong, because scientisrs seem to be trying
to destroy the world."

C. His conclusion and reasons are probably correct, because scientific
resul-ts are the most reliable kind.

D. His conclusion and reasons should be weighed. according 't,o his
knovl-edee of international affairs,



D]REÇTIONS

This is a test of your general knowledge about science, scientists, and
the vays in vhich scientists d.o their work.

Each of the questions in this test is foflowed by four suggested answers.
You are to d-ecide vhich one of these you think is the BEST ansver to the ques-
tion. Then mark the proper space on the ansrrer sheet r+i-trr Eã-special pencil
you have been given. Make the mark as long as the pair of lines, and move the
pencil point up and down firrnly to make a heavy black line. If you change
your nind- about an ansver, erase your first mark completely. Mark only one
ansver for each ouestion"

Example:

XX" The main thine that a scientist d.oes is to
A. collect scientific books.
B. buiId. laboratory equipment.
C. give lectures about science.
n^ r'eÌ'rv on snientific researeh.

Notice that in this example several of the choices are at least partly
correct but choice D is clearly the BEST ansrrer, because carrying on sclen-
tific research is the "main thing" that a scientist d.oes. In many of the
questions of this test you may find several choices vhich are partly correct,
so that you will have to decide vhich one j-s the BEST ansr¡er. Be sure that
you mark only one ansr¿ier for each question on the-FpaË[-ãnswer sheet.

You will make your best seore by ansvering every question. You should
work carefully, but d,o not spend too much time on any one item. If a question
seems too d"ifficult, make the most careful guess you can. If you finish before
ti¡oe is called., go back and spend. more time on the questions about vhieh you
r,¡ere d.oubtful"

Please d.o not nark this test booklet in any way"

ABCDK(' ll ll ll w
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DO NOT OPEN THIS BOOIÍET Ui\rIIL YOU A-RE TOLD TO DO SO.
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UNTVERSITY ENTRANCE COURSE

SCïEÌ,ICE 100

TEXT: INTRODUCTORY PHYSTCAL SCIENCE: The IPS Group of Educational Services
ïncorporated

TIME ALLOTMENT: I2eo or 180 minutes per week

The purpose of this program is to give students a beginning knowledge of

physical science and to offer some insiqht into the means by which scien-

tific knowledge ís acquired. The therne of the course is the development

of evidence for an atonic model of matter. The method employed to achieve

the stated goals is one of student experimentation and euided reasoníng on

the results of such experimentation. Thus the laboratory experiments are

contained in the body of the text and must be carried out by the students

for the proper understanding of the course" Many of the conclusions and

generalizations arrived at as a result of doíng the experiments become

essential parts of the complete text.

In arriving at the suggested time allotment for each chapter, it was recog-

nized that tine would have to be allolved in which the teacher could familiar-

ize the pupils with laboratory procedure and the intricacies of the slide rule.

Consequently, an extra four weeks ha-s been allotted to Chapters 1 and 2,

beyond the time considered necessary to cover the content.

Also, experience has shown that in situations where class periods are of

40 minutes duratíon or less the use of double periods is much more effective

than is the use of single periods. 
^lthotrgh 

the teacher meets the pupil

less frequently, work can bc covcrccl in a much morc cfficicnt manncr.



CHAPTER 1

CHAPTER 2

CFIAPTER 3

CHAPTER 4

4-¿-

COURSE OUTI,ÏNE

INTR.ODUCTÏON

Experiment : DístílLation of l¡/ood

Suggested time

QUANTITY OF N{ATTER: MASS

3 weeks

Volume. ".Experiment: Measuring Volume by Displacement of
Water. ".Shortcomíngs of Volume As a Measure of lvlaiter. ".
Mass. . "Experiment: The Equal-arm Balance. . .Experiment : The
Precision of the Balance. . . Experiment: Beads and Grams. . .

Experiment: The Mass of DissoLved Salt.".Experiment: The Mass
of Ice and l{ater" " "Experíment: The Mass of Mixed Solutions.. 

"

Experiment: The N'fass of Copper and Sulfur" ".Experiment: The
Mass of Gas" ".The Conservation of Mass. " "[,aws of Nature

Suggested t iine 6 weeks

CH.A,RACTERISTTC PROPERTT ES

Densíty...Experiment: The Density of Solids...Experiment: The
Density of Líquids,."Experinent: The Densíty of a Gas"""The Range
of Density". "ENperiment: ThermaL Expansíon of Solids"..The:r'nal
Expansion of Liquids...Thermal Expansion of Gases.. "ELastíei.ty
of Solids. . . Elasticity of Gases. . . Experiment : Freezing and
Melting. ".Experiment: Micro-meltíng Point. " .Experiment: Boiling
Point

Suggested time 4 weeks

SOLUBÏLITY AND SOLVENTS

Experiment: Solubiiity". .Experiment: The Effect of Temperature
on Solubí1ity. . .Wood Alcohol and Graín AlcohoL " . "Experiment:
Methanol As a Solvent.".Experiment: Preparation of Oítr of
Vítríol " ".Experiment: Tsvo Gases". "Hydrogen". "Carbon Dioxide...
The So1ubí1ity of Gases" ".Experínent: The SoLubility of Ammonia
Gas...Other Sol.vents...A N'lore Careful Lcok at the Distíl1ation
of Wood

Suggested tÍme 4 çveeks

THE SEPARATION OF SUBSTANCES

Experiment: Fractional Distil lation. . . Petroleun. . "The Direct
Separation of Solids from Liquids...Experiment: Separation of
a N'lixture of Solids. ..Experiment: Fractional Crystallization
"."Experiment: Substances in a Samp1e of Black Ink"..Experiment,:
Paper Chromatoeraphy. . .lt'lixtures of Gases: Nitrogen and Oxygen". .

Low Temperatures...Mixtures and Pure Substances

CHAPTER 5

Suggested tine 6 weeks



CHAPTER 6

CIIAPTER 7

CHAPTËR 8

CHAPTER 9

CHAPTER 1O

-J-

COMPOUNDS AND ELEMENTS

Experiment: Decomposition of Sodíum Chlorate " . . Exrreriment:
Decomposition of hlater. . "The Synthesis of Water. . .Experiment:
Synthesis of Zinc Chloride...The Law of Constant Proportions...
Experiment: A Reaction with Copper.."Experiment: Reduction of
Copper Oxide...Elements"..Two Special Cases: Lime and Oxymur-
íatic Acid. ".Experiment: Flane Tests of Some Elements...Experi-
ment: Spectra of Some Elements...Spectral Analysis

Suggested time 4 weeks

RADIOACTIVTTY

Experiment: The Effect of Some Substances on a Photographic
Plate and on a Geiger Cot¡nter...A llistorical Survey of the
Discovery of Radioactivitv. . .Raclioactive Elements" " .A Closer
Look at Radioactivity

Suqgestecl t ime I week

THE ATOMIC l'lODEL OF IIATTER

A lt'lodel...Experiment: A Black Box...Thc Atornic l''lodel of
It,latter. . . "Experi,mentr': Fasteners and Rings ; Constant Comnosi-
tion..."Fxperiment": Some Other Compounds of Fs and R...A Pre-
diction from the Atomic lilodel of Matter...Experiment: Two Com-
pounds of Copper...The Law of lvlultiple Proportions. ".Molecules
" ".Radioactive Elernents and the Atomíc li'lodel

The Thickness of a Thin Layer...Experiment: The Thickness of
a Thin Shcet of Metal...ENperiment: THe Size and Mass of an
01eic Acid l,loiecule...The l4ass of l-lelium Atoms". "The Mass of
Polonium Atoms...The Size of Polonium and llelium Atoms". "Atomic
li'fasses and ìllolecular Formulas

Suggested time

SIZES AND MASSES OF ATOMS AND MOLECULES

Suqgested time

MOLECULAR N{OTION

Introduction. . .Molecular }''lot ion and Dif fusion.
Pressure of a Gas.. "Boyle's Law...Temperature
Speed...N'[o1ecu1ar N4otion in Liquids and Solids
Growing Small Crystals...Behavior of Gases at

2 weeks

2 weeks

..Density and
and lulolecular

Fwnorimont.

High Pressures

2 week-sSuqgestecl time



CHAPTER 1T

FI LMS

The following films could be used
the places indicated. All films
cation, Visual Education Branch,

-4-

HEAT

Quantity of Heat: The Caloríe. . . Experiment: Heating Differe¡lË
Substances..,Specifie Heat"..Experiment: Heat Lost by a Sub-
stance in Cooling...Experiment: Specific lleat of a Solíd. ".
Experíment: Heat of Reaction.. "Experiment: Heat of Solutíon...
Experiment: Heat of Fusion.. "Heat of Vaporization"..A De-
scrintion of Heat of Reaction in Terms of Atons. ".What Next?

LABORATORY EQUIPMENT: See appended sheets

to supplement the textual materials at
are available fronr the Department of Edu-
I 1B l" Port ase Avenue .

BEHAVIOR OF GASES tr5 minutes B/W

The Brownian motj.on of smoke particles is shown by
photo-mícrography and compared with a mechanical
analogue. This evidence for molecules in chaotic
motion is contrasted with the orderly behavior of
gases as shown by Boyleos Law eNperiment. Anima-
tion and mechanical analogues are then used to de-
velop a model for gas pressure based on chaotic
molecular motion"

Use with IPS Chanter III.

ELEMENTS, COMPOUNDS AND MïXTURES 33 minutes Color

A discussion of the difference between elements,
compounds and mixtures, showing how a míxtr¡re can
be separated by physical means. Demonstrates hovu

a conpound can be made and then be taken apart by
chemical methods with identification of components
by means of their physical properties such as melt-
ing poínt, boiling point, solub:,1ity, coLor, etc.

Use with IPS Chapter VI " Part 1.

DEFINITE AND MULTIPLE PROPORTIONS 30 ninutes B/itl

Here i.s the evídence on which Dalton based hís con-
viction that rnatter came in natural units o atonìs;
the chenical laws of definíte proportions demon-
stratecì by eiectrolysis and reconbination of rdater;
and multiple proportions by the quantitive decomno-
sition of Nr0, N0 and NOr.

Use with IPS Chapter VI" after I'Elementsr'.
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THE MASS OF ATOMS (PARTS T AND Ii)
PART I - 20 minutes B/W
PART II - 27 ¡ninutes B/W

An experiment is performed in which thc nasses of a
helium atom and a polonium atom are cletermined. A

sample of heliun is prepared by collecting the
alpha particles decaying from a weì.ghed sample of
polonium. By counting the total number of particles
collected and detennining the mass of the sample, the
mass of a helium atom is calculated. From the rate
of the polonium decay and the mass of the poloníum
which produced the helium, the mass of a polonium
atom is calculated. Throughout the film the various
laboratory techniques and precautions necessary for
these measurements are shown.

Use with IPS Chapter IX, Section 6.

CRYSTALS 25 mínutes Color

Demonstrates the nature of crystal s, how they are
formed and why they are shaped as they are " Shows
actual growth of crystals under a microscope; dis-
cusses how they may be gro$dn" Relates these phen-
omena to the concept of atoms.

Use with IPS Chapter X, Experiment 7"
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I
1
I
I
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Quantity

16
1ó
I6
.LÕ

16
16
1A

The approxlmate eosÈ of the above itene is gl+O0,OO.
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SPECIAI, Ï.P.S. APPARATIJS FOR A CLASS OF 32 STUDENTS

ïten

Equal Arm Bal¿nce
Peg Board Apparatus and Stand
Conservatlon of Maes Kft
Electroþsis Apparatus
Faeteners and Rings
Metal Cube and Slab Set
Radloactfve Materials Set

Gas and Diffusion T\rbee
Cloud Chamber
Elasticiby of Gaees Apparatue
El¿sticity of Wlre Apparatus
tmmersíon Heatere
Heehanical Gas Model
Mol-eeular Layer Claee Set
Spectranatie C1ass Kit,
The¡mal Eryansion of Sol{de
Weight Setu Gram Moss
Poleroid FiLm (& N F) #57
Film Roll-er

student pai_e
student palr
student pair
studont pafr
student palr
etudent pair
student, palr

claee
class
elses
e]-ass
elaee
elaes
class
eLess
cl-ase
claee
elaes
elase
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In addit,ion the following cheml-eafs and apparatus wíll be requircd, mosÈ oSrshich are avai-lable in a standard chemistry laboratory,

Quantity

2 gallone
2 plnt,s

, 2 pkgs"
l- rolL
I roll-

i Ti:"
I pint,
I lb"
25 gran,s
150 grams
40 grams

& fo'
+ lh

30 grams
+ lÌ.
À rx
Ë lÞo
+ th

2 lbs"
Ç nint,s
f Ib.
f box
I roll
* pint,
I nint
å plnt
25 grams
2 pÌ-nts
2 oz"
I/6 oz"
1lb,
I pint
l_ fb,
1fb"
À rr.
60 grame
2 lbs"
I l-b"
2 Lbs,
2O grams
å fb.
20 grans
L/3 ta '15 grans
* nf nf-
1000
I pkg"
I pkg.
Ì0O pieees

lleq
Alcohol, Ethyl, Denatured
Alcohol, IsopropyJ_
AIka Seltzer, pkg" 2{
ALuminr¡m Foil 12ttx2Jtt ro11
Aluminum Foil, heavyr*reighÈ
Ah¡minum Strips, pkg, 30
Ammonii.rm Chloride, Gran,
Ammonia Sol-ution
Boiling Chips
Calcium Carbide
Cal-cir.rm Chlorlde, anhydrous
Chareoal-
Citric Acid, Gran,
Copper Dust (purified, e1ec.)
Copper Granufar
Copper Sulphate, Crystal
Cupric Chlorideu powder
Cuprie Oxideu powder
Cuprous Chloride
Epsom Salts (magnesium sulphate)
Ethylene g1ycol, industrial
Ferrous Sulphatee grano
Filt,er Paper #lu 11 cm" dj.arn"
Fil-ter Paper #3, 1,' tape
Glycerol (Glycerine)
Hydrochloric Acid
ïnk, black, washable
Lead bJltrate, crystals
Li¡ewater
Magnesium Carbonateu black
Magnesirm Ribbon
Ìtlapthalene, Moth Balls
Oil-p cooking
Paradichlorobenzene Flake s
Potaesj-urn Nitrate, Gran"
Pota ssium Permansanate
Salol (phenylsallcylat,e) crystals
Sand, playground
Sodfum Chlorat,e, crystal
Sodium Chloride, Gran.
Sodium Iodideu Gran,
Sodir¡n Nitrateu Gran"
Sodium Nitrite, Gran.
Sugar, Granular
Sulfuru Flowers
Sulfuric acid, coneo
Wood Splints
Woo1u Glass, Aquarir:m
Woo1, Steel #1
Zincu eonrmerej-a}

-I!em

Bat,tery 6 volÈ
Beaker P¡rr-ex 1@ ml*
Beaker P¡rrex 250 ml_"
Beaker Pyrex 600 ml-.
Blades, razor, single edge
tsoiling Can, tall_
Bott,Ie, Plastic Squeeze 500 ml,
Brush, Test, Tube
Capill-ary Tubesu vial_ of 100
corks #7 u pkg" 24 slotted
Crucible #0O
Dish, Evaporating #OOO
Funnel 65 nn", 2$,, stem
Gogglesu safety
Graduai;ed Cylinder lO ml_"
Graduat,ed Cylinder 50 ml"
Magnifiers, hand
Rubber bands, assorted
Scoopula
Stirring rods 6r'x3/1gre
Stopper, Rubber #2 solid
Stopperu Rubber #2, t hole
Stopper, Rubber #2u 2 hole
Stopper, Rubber ¡f{, solld
Stopner, Rubber #¿+, I hole
Stopper, Rubber #4, Z hole
Text, Tube, P3æex 2Oxl-5O mm"
Test Tube, Pyrex 25x150 mm"
Test Tube Rack
Thermorneter :20oC, to +ll_WC"
Triangleu wire 2ot pipe stem
Tubing, Amber Latex
Washersu brase
Watch glass 6"5 cm" diam"

Quantity

1)
T2
12
12
Ì pkg"
12

L2
l- vl,
I nL-¿ yÃõ@

16
16

a)
r6
16
ao
I oz"
fo
16
f l_b"
?2

32
2 lb"
16
16
128
/+e

16
3z
16
lq f+

IO
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aäLE.}ryryI_o_it_t¡-LLlÞ!¿Y OF THE GENEE4L COURSB SCIEIVCE COTYMITTEE

rrThat, science has played a significant role in the deveropnent ofour cul-hrre is a.n ob.¡ious fact; that it wil_l play an incrlasinglS,inp.rtanL rol-e in crrr futrrre dever-opment is, r., In" rìght of
;:resent f)fo¡lress, taken for granted. lühat ùhe e)(act, naLilre cft,haL ro-lc wil-l ba iq r ^,,o.+{nn 6rilþ Which all- educators need becoEcerned o er J

The object,ives of education in a democracy as sLated in the Senior l{igh Schoo}
Program of St,udies are:

The development of broad literacy,

The prornotion of demoerai:ic citizenshio"

Iiclence, boLh app-Iied and theoreLical-, has become an increasingly imporLanifactor rn everyday life. It affects i,hr con"umer ancl t,he producer of NhenejcessiLj-es and fhe l-uxuries of ljfe" Every aspecL of roui,ine l-iving is, -insome t4iay, depencìenL ltpon or associaLed with the body of knolvlecìge knor*"i asscience" The period of time since hlorl-cì War If has been characterized by anexrrl-osion of' knowl-edge in all fields, pa.rticularly in science" r,fajor rrbreak-
t'hrou¡¡hsrt to exLend our knowlecìge in science &re occurring more f¡equentl_v"Hence, educaLors are especial-l-y concerned with the prosp.ãt ol even fur-Lherincreases .in knowledge at an ever increasing rate"

ljcience has a s;i¡rnificance beyoncl that of a genera-l cuÌLr¡ral sutrjec.L for" thest.rtlent, of today, r.¡hether or not he is going to college. Ae an int,el-J-igen1,cjLizen he ¡;horrld ì-.re aware of the impJ-icatiõns of scienlific knov¡l_eclge onìoc¿il, naii-onal and intern¿ltionaf l-evel-s" He may aü some filLure dat,e bereqr:ired to use lhe knowl-edge of science for responsibl-e socia¡- acticn"
The General- Course science Committee takes the position that alL stucenlsrequÍre a knou¡l-edge of science for effective cit,izenship" The course isdesigneri for a sLuclent,, who, in choosing a career other Lhan fhror:gh auniversjt,y program, will require a body of scientific knowtedge as a basisfor fut'ure training in technj-cal fiel-ds, and a knor¡¡ledge of "õi*.r"", wilh LheassociaLed skflls and abilities that would enabl-e a studenf to assurne someresponsit'ility for his own learnlng. The program shoulcì also provide fo:. theneeds of the student who would not be engaged in a specjfic technicaf_ fieldbut who, as an intelligent citizen, might be expected to have a degree ofscientific J-iteracy. The course will- itr.ss a tasic knowledge of scíence wilhemphasis on the application and utllizatlon of science" It Is hoped that
t'hrough lhis course the studenL wil-Ì attain a favourable aLLitude Lo sciencewith an appreciation of Ùhe nature and role of seience for effecLive ci*¡,izen-ship.

OB.IBCTIV-ES

I

J. Darrel-l- Barnard, s?The RoIe of Sci-ence
Educat,ion, 59th Yearbook of the Àiational
ParL ] iChicago, Illinois, University of

in our Culturetî, Re-t,hinkis:g Science
Soclety for Lhe Study of Educal-i onu
Chicago Press, 1960) page l"

)
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The prime objective of the generaì_ science course is
scienLific l-iteracy to the fulLest exLent, withln the
student 

"

the devel-opment of
capabil-it,ies of each

Scientific lit,eracy is considered t,o be clependent upon, among other things, thefollowing:

l-"
2.

I¡ìt o

The devel-opment, of a background of ordered knowl-edge of science.
'rhe acquisition of a vocabuj-ary of technical- ard sõientific terms
commonly used to explain natural_ phenomena.
The util-ization of these terms for effective communication.
The development of a method of inquÍry through carefuf observation and
t,hrough t he use of reliabl-e data to suggest possibl-e conclusions,
An appreciation for the methods and procedures of seience.
A disposition to use the knowJ-edge and methocìs of science appropriat,ely.
The development of skills and abll-ities normally associated with science.

It is suggest,ed that the following means, alnong others, be usecì Lo clevelopscientific literacv:

(

.]

I. INE
na nt

awakening of an inLereet in the basic science, part,icularLy on theof those who are ûsscience shy?r by:

A high cìegree of p'pi] participat,ion i¡ the handfing and
manipulaLing of apparatus in the laboratory.
Both Leacher and pupil demonstration of scientific principles
on an elementary ì_eveì_.
An orderly development of topics urithin the scope of the pupiles
abil-ities "

utilizat,ion of laboratory invesùigations to develop:

Skills in l-aboratory technlques.
An understanding of the trscientific methodr!"
A spirit of inqulry within the capabilities of the pupil.
Suitabl-e elementary experlments for testlng ideas.

a"

h

The

éo

h

c,
À

¿"

TEXT: AN INTRODUCTION T0 PHYSICAL SCIENCE: R" Hedtey

REFERENCES; LfVINc CHEMfSTRY: Ahrens, Bush, Basley
CHEMISTRY: Garuett,, Richardson, Kiefer
PHYSrcs, A BÁsrc scrENCE: Burns, verwiebe, HazeJ-, van Hooft
MODER¡ü PI{YSICS: Dutl, MeteaÌfe, Wflliams



Suggested Tlme Äl-Iocatf on: 25

Time Suggested

I period A"
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GE]üERAL SCIENCE - COURSE IO]

Detall_ed -Outline

TOPIC - CI{EMTSTRY

perlods l_aboratory wor* composed of :

_ 
J periods preliminary experiments

10 periods Chenist,ry
l0 periods Physlcs

periods Chenistry Theory
periods Physics Theory

l_.

óo
5O

1" Chemistry lmproves Manss Llrring

- understanding_ of-1ife through chemistry
- more heal_thful llving through chenristry
- more usefuL livlng t,hrorlqh chemist,rv
- more abundant and happier J-iving t,hlough chemislrv- reasons for studying chernistry

a" to form the habit of thlnking scientifical_fv inall life experi-ences
b. to gain additional knowl_edge of health and toassist you in forming proper habits of healthc" to understand, at least partially, Lhesignlficant changes that have beän brought,

about by science in the life of eac¡r iníividual-
and in societ,y as a whol-ed. to dlscover and develop new whol-esome l_eisure_ti¡ne aetivities

e" to provide basic urderstanding r"rhieh will nnkeit possible for you to seLect and use gocds andservices wi_sel_v
f . to deveLop the'abi1it,y to study and invest,igat,ea partÍcular problem which may be of lnteresrto Jroug" t,o develop an understanding of t,he rer_ationshi n
- of industry to socÍety
h" to provlde an opportuñity to explore vocat,ions

cl_osely rel_ated to chemiàtry so that you mayplan for the future more inlelligentlyi" t,o become acqualnted with and l_earn so¡ræ of thefacts of chemistr¡r



Time

I period 2" lt{,atter

What is maLter and how do you recognize it

- definition of matter
- hov¿ do Srou recognize matter
- what are the physical and chemical properLies of

rnalter
- physica-l properties by which you may identify a

substance
- chemlcaì- propert,ies al"so aid in deternrination of

the nature of substance

9 periods B" Atoms and Our UnclersLanding of Chenistry

- John Dafton and the atomic theorv
- lhe theory
- deveì-oping fhe modern atomic theory
- size of atoms
- weight, of atoms
- some early work on the problem of at,omic weight
- sol-ution of the probJ-em of aLorric weighLs
* gram-atomic weights
- shape of atoms
- Lhe nucleus
- proLons
- neutrons
- eLectrons
- arrangement of electrons around the nucl-eus

ÌË - subshell-s
- methods of determining the number of electrons in

each main energy fevel- of shell-
J+ - orbitals

- atomic number
- dfagrams of atoms
- ísotopes

+t - use of mass spectrometer
- surnmå.ry of some of our ideas abouL Lhe atom

10 periods C. CombinatÍon of Atoms

- eLectron eonfigrrration of the inert gases
- efeetron configuration of the active el-e¡rents

the st,abl-e forms of atoms
- ions
- ionic compounds
- ionic bonds

# Mentioned only" No special emphasls"
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Tirne

'ÌF - ionie cl-usters
- combining capacit,y or val-ence
- deternination of va_l-ence number of el_ements
- writing formul-as of ionic compounds
- radicals
- valence nu¡nber of radlcals
- writing the formula of conrpounds
- covalence
- the hydrogen molecule
- mol-ecules of other elements
- covalent compounds
- other covalent compounds-,* - covalence number

J+ - the metaLLic bond
- considerabl-e drill- work on the writirLq of formul,a

4 periods D" Oxygen and Its properties

1" How plants and animaLs depend upon o)rygen

- o)rygen helps pJ_ants grow
- animal_s require olcygen

2" How was oJ(ygen discovered

- Priestly

3" To what extent does o>rygen occur

l+" What are the physical and chernical_ properti-es of
oxygen

- ph¡rsicaL properties
- olcygen reacts wlth substances to fomr oxides
- spontaneous eombustion due to oxygen
- the formabion of oxygen in the free state
- why does air emell- fresh after a thundershower
- o)rygen forms many oxi-des
- conpounds that llberate oxygen

5" How may pure oxygen be prepared

- l_aboratory methods

6" Flov¡ has man nade practLcal use of his knowi_edge
of oxygen

- orygen j-s a usefuL eLement

ì* þfentioned on1y. No speeÍal_ emphasls.



*o-

Ti¡ne

d periods E" Hydrogen and fts properties

l-. kihere is h¡ndrogen found

2" What are the physical anC chemicaÌ properties of
h¡rdrogen

3" How may h¡rdrogen be prepared

- hydrogen and the actlviLy series
- laboratory preparation of h¡nCrogen
- conmercial preparation

l+" How has man used the scientific knowledge of
hydrogen to make betLer the l-ife he 1ives

- uses
- the most useful conrpound h¡rdrogen, water

4 periods F" Chemlcal Equations
( combined
wlth other) 1. Vrlriting t,he s¡nnbol-s and formufas in the form of

a chemical equation

- review of deriving formulas from valence

2. Balaneing the equations - equating the nru¡ber of
atorns

- ehemical equations represent a chernical- reaction
- cl_assificat,ion of chemical reactions

{ periods G. Sol-utions and lonization

- sol-vent, solute and sol_utions
- separation of solids from liquids
- rate of sol-ution
- dÍ1ute, concentrated, saturated and supersaturat,ed

soLuti_ons
- effect, of sol_utes on freezing and boiling points
- ionization

ia. periods H, AcÍds, Bases and Salts

- what is an acid
- characterlstics of acids
- binary acide
- ternary acíds



Page 7 omitted in page numbering"



-8-

Time

- charaeterist.ics of bases
- neutral-ization
- sone conmon acids ard bases
- how salts are named and cl-assl.fied

10 periods each: crasses w-il-r- cto 2 of the forlowing secùions: J, K. L.

J. The Chenistry of Cosnetics

I. Face Creams

- kinds of face creams
- how to make face creams
- cost
- why use face crea¡t¡s
- can face creams replace soap and v¡ater* special ingredients have l-itt1e value
- lanolinu the ideal_ skin softener
- vanishing creams
- buying a face crealn
- making a face crean at home

2" Face Powders

- the value of a face powder
- the conpositíon of face powd.ers
- holv to sel-ect a face powder

3" Hand LotÍons and Creams

- beautifying the hands
- naking a glycerine hand }otion
- compars.tive values of hand preparat,ions

t+. NaiI preparations

- composition ard use of nail preparations

5" Make-up Preparat,lons

- Ilpstick, rouge, mascara

6" Dentlfrices

- tooth pastes, tooth powders, and 1i_quid dentifrices
- *rhat ingredients are used in dentifrÍces

7" Shaving Preparatlons

- shaving soaps
- brushless shaving creê"¡ns

- lot,ions
- styptic pencil
- shaving by electrictty
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Time

B" Toilet Soaps

- soap necessary for cLeanliness
- the making of soap
- factors to be consi-dered rn serecting toil_et soap

9 " Hair Preparations

- soap shampoos
- ?tsoapleseûo shampoos
- rj.nsing the hair
- hair tonics
- hair bl-eaches ard dyes
- halr oils

l-0. Deodorants and Depilatorles

- deodorants a¡rd astringents
- depiJ_atories or hair removers

K. The Chenistry of Home Decoratíon 
(

1" hlhy shou]-d decorative materiar.s be used in the home

- what are decorative materials
protection and preservation

- appearance
- sanltation

2. What are paints, eneimels, varnishes, etc., composecìof and how are they made

- paint
- t,ltanium dioxide
- vehlcl_e and binder
- thi-nner
- drier
- eolor
- l-atex palnts
- alkyd paints
- silicone palnLs
- u¡ater paint
- varnish
- enamels
- lacquers
- stains
- linoleum and oil- cl_ot,h
- wallpaper
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3" How may home decorating be done successfulJ-y

- decorating; a skil_led trade
- how shoul-d the surface be prepared for painting
- applying the paint
- suggestlons and notes for the house painter
- care of brushes
- dangers
- cofor selectíon

l+" ltlhat factors shoul-d be taken into conslderation in
purchasÍng decoratl-ve material

- good wori<rnanship essential
- buy quality material-s
- reflnishing a decorated surface
- select,ing a decorator

t" The Chemistry of Gardeni-ng

l. What chemistry is invol-veci in gardening

- plant, growLh involves chemistry

2" How do plants grow

- growbh begins with seecì
- gerrn-ination of seeds
- plants are food factorles

plants use manufactured foods
- soil- an important source of plant food

3" Why is it necessary to use fertil-izers

- growing plants exhaust the fertiJ-ity of the soil_
- kinds of ferLll_izers
- sources of ni_trogen compounds
- the Haber process
- the Cyananide process
- sources of phosphorus compounds
- soil- often needs lime
- plant hormones
- soil- eondltioners
- analyzfng solls
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4" How ean insects, dÍseases and weeds that threatenthe grówbh of plants be controlled

- f"t: destroy the beauty
- how to control lnsects -

- what lnsecticfdes shouLd

of home gardens

be used
- DDT

- Lindane
- Chlo¡dane
- Malathion
- Iæad Arsenaùe and
- inseeticides from
- nicotine
- Rotenone
- P¡rrethr'urn
- Sabadill_a
- the control of plant disease
- seed fungicides
- organic fungicides
- the control of weeds
- new chenical_ herbÍcides
- ar¡rnonirun' suLfamate
- other uses of p1ant, hormones

How are gardens grovdn without soil_

chemical gardens growing in importance
what fs che¡nj.cal gardening
what are the advantages oi soil-l_ess culture
how can one successfutty engage ln ehemicaLgardening
germination of seeds
aeratlon
caring for the growlng pl-ants

TOPIC - PHTSICS

Paris Green
plant sources

5"

A" Static tsLeet,ricity

l-. Âction of eleetric charges

producing el_ectric charges
electric attractlon and repulsion _ l_aws ofel-eetrostatics

- conductors and insulators
- the electron theory
- what is an eLectrlc charge
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x - the el-etroscope',r - ¡net,hods of trãnsferring an.electric charge

2" Atnospheric erectricity a¡d erectrostatic machines

- Frankl_ines experlment .

- el_ectrlc discharge from point,s
- lightning and j.ightning rods
- el_ectric capacitor
- capacitance of a capacitor
- dielectrie

Jr - the electrophorusJ+ - el-ectrostaüic machines

ldagnetlsrn

How magnets behave

- magnefic and non_nugnetic sub,stances
- magentic poles
- magnetic attracti_on a¡rd repulsÍon
- the roagnetic fiel_d arul l-inàs of force
- magnetic perneability
- nature of magnetisrn
- theory of magnetlsm
- magentic shiel_ding

The Earth as a magnet

- the rnagnetic compass
- the earthes magnetic fiel_d
- nagnetic polarity of the earth
- decl-ination
- incl-lnation

1"

a1a
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2 periods C. Measurement

l-. The concept of matt,er

2. The meaning of volutre

3" The meaning of weight

l+" The meaning of mass and inertia

5" The meaning of density

6. The meaning of energy

7. The rel_ation between mass and energy

2 periods D. Systems of Measurement,

1" Metric system prefixes

2" Units of lengt,h in meLric and English system

3" Units of area and volume in both systems

l+" Units of mass in bot,h s¡rstems

5. Derived units

I period E. Making Measurements
I l-ab.

J- Method of making neasurements
Laboratory work

2l periods F" üüork, Power, Energy and }fachi¡es

t" Work and Frictlon

- work
- frict,ion
- coeffi-cient of fricti_on
- how friction is reduced
- efficiency of machines

2" Incl-ined Plane

- inclined pJ_ane

- advantages
- work done on t,he inclined plane
- mechanical advantage
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3. Lever

- the lever
- advantages
- work and the l_ever

4. Equilibrirun

- forces on a lever
- moments
- t¡rpes of levers

5. Pul-leys

6" Wheel and Ax]-e

7. Screvr

B. Wedge

9" hrergy and Power

- what is energy
- transformation of energy
- conservation of energy
- sources of energy
- measurement of energy

10. Power

- what is power
- unl_ts of power
- horsepower

Source: Burns et aJ_
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UNIVERSÏTY ENTRANCE COURSE

GENERAL SCIENCE 1OO

TEXT: EVERYDAY PROBLEMS IN SCIENCE: Beauchamp et al

TIME ALLOTMENT; 12eo or 180 minutes ner week

The course for the first year of the Senior High School is
based on General Science. The approach will be that calculated to de-
velop in the pupil a lively interest and an intelligent understanding
of his natural environrnent. At a later stage more specialized work
will be undertaken in the fields of Chemistry, Physics and Biology"

General Objectives

1. To lead the learner to search for truth by building weJ.l-
organized patterrrs of knowledge.

2. To develop relevant skills and habits both mental and physical,
so that they can be satisfactorily utilized by the learner.

3. To inculcate healthy noral and social attitudes for living in
a democratic society"

Specified Objectives

1. The development of the technique of fact-finding.
This involves:
(a) The ability to perform satisfactorily certain simple

laboratory experiments .

(b) The ability to observe and measure accurately.
(c) The ability to pursue suitable field activities.

2. The developnent of the power to base logical conclusions upon
the facts that have been found.

This involves:
(a) The power to organize data,
(b) The power to interpret data"
(c) The ability to utilize facts and inferences 1ogica1ly

in the solution of problems.

3. The development of the ability to use a balanced conbination of
inductive and deductive reasoning in the exploration of new
fields of thought and action.

4. The development of the ability to understand our natural
environrnent and to live effectivelv therein.
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Course Outline

Unit I - rrHow Do Scientists Work?rl
Unit 2 - trWhat Are Things Made of?rl
Unit 3 - rtHow Can Materials be Changed?tr
Unit 4 - I'How Do l,{e Use and Control Power?rl
Unit 9 - "How Do We Control Heat?tf
Unit 11 - frHow Do We Provide Our Hornes With A Good Water Supply?rr
Unit 12 - t?How Do Simple Machines Help Us Do Work?rt
Unit 15 - ?rHoÌr¡ Do We Harness the Energy of Nature to Do Our Work?tt
Unit 16 - trHow Do l{Ie Obtain and Use Electrical Currents?'Î
Unit 17 - 'rHor,r¡ Do We Use Energy for Communication?tl
Unit 19 - 'rHow Do We Provide Transportation?rl
Unit 20 - rtHow Can Science Help Us Fron Wasting Naturers Wealth?rl




