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ABSTRACT

AN INVESTIGAT]ON OF THE EF}'ECT OF

TNTRODUCTORY PHYSICAL SCIE}]CE ON

THE ACHIEVEMENT OF GRADE X] STUDENTS

IN CHEMISTRY AND PHYS]CS

by RICHARD ALLEN ZABOLOTNY

The purpose of this study was to examine student achievement

in two Grade Xf science programs in a Manitoba school,

The two samples of students v¡hose results vJere examined

included I7B Chemical Educational Material Study, CHEMSo students and

/2 Physicar science study committee, PSSCu students from Kelvin High

school" rn the cHEl"is sampre, 89 of the students had previoresly taken

a course known as Introductory Physical Sciencee fPSu at the Grade X

Ieve1. Only 59 of the PSSC students had studied the same courseo

The remaj-nder of the students in both groups had foLrowed a program

based on the textbook An fntrod by

R"L" Hedley"

Prior-knowledge scores were obtained in mathematics and

science from common achievement tests administered to all students in

the province at the Grade rx }evel" Tn addition, the rntel-rigence

Quotientsu as calculated from the Dominion fntermediate Test of Learning

Capacityu Form Au and the percentile ranks of students based on their
perforrnance on the SCAT test, Level Ju rvere included as prior-knovrledge

scores" Each of the groups were given two criterion tests. oneu a

Test on understanding science by cooley and Klopfer, yierded scores

on pupil understanding of scientific enterprisen the aims and methods
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of science and the role of scientists" The other criterion test was

a content-test for either CHEMS or PSSC intended to measure nunil_

achievement in the respective courses, Another criterion measure of

achievement that was used in this study was the composi-te mark of the

students based on their yearrs v¡ork in each course" t{ith the addi-tion

of Age, Sex and Grade XI science teacheru a total of seventeen variabl-es

r'¡ere avail-able for consideration"

Correl-ation matrices of these seventeen variables were examined.

for significant correlatj-ons. The mean scores and st,andard. deviations

were calcul-ated for each of the groups in the study along with the

t-tests of difference betv¡een group means" This analysis disclosed

a significant difference in prior-knowledge between the tv¡o groups of

each sample. To overcome this discrepancy sub-groups were chosen from

the original PSSC groups and then the same carculations were made"

For the CHEMS sample an analysis of covariance was conducted. for three

criteria variables and the six prior-knor,iledge variables,

The students who had studied the IPS program in Grad.e X scored

consistently higher than the other students on the criteria variabl-es,

Howeveru the result of the t-test for differences between means bras nol

always signifi-cant" This was especially true rvhen corrections were made

for the prior-knov,rledge scores of the PSSC sample, The study indicated

that the Age, Sex and Teacher hrere relatively unimportant factors in
student achievement.

The study also showed that it is possibre to evaluate the

effect of different preparatory science courses on an objective basis,

and indicated the rel-ative effectiveness of the two preparatory

programs"



l-Ll

ACKNOV/LEDGEMENTS

rt is with considerable gratitude that the r,vriter wishes ro

acknor¿l-edge the assistance of Dr" P. Taylor who, as chai-rmanu exhibited

remarkable patience and understanding while providÍng much needed

counsel and encouraAement,

Dr" R" Hedley and Professor Ho Grunau, as members of the

advùsory committeee tJere of great assistance in pranning the study"

The r,¡riter v¡ould also like to acknowredge the assistance of

Mr. F" HasÈings in designing the CHEPIS content-ùesù used in the study"



l_v

fTl 

^ 
ÞT r. 

^tra 
n^l\Tmr¡NTm¡adU!-ü \-i.t \:\J.l{ I-fJl\ -Lù

Chapter

1" INTRODUCT]ON

Page

I
'ì

7
Õ

Statement of the Problem
Synopsis of Recent Developments
Revieu¡ of Eval-uative fnvestieations

2 METFHNTì

Ðpsi cn nf f ha (frrrìrr

Assumption and Limitations of the Study
HypothesesTested ô o o 6

3" ANALYSIS OF DATA o ó

11
l-].
1 t-lL(

fð

L suMt,lARY, CONCLUSIONS A¡tD RIICOMÌ{ENDATIO},]S
Summary

Analysis of the CHE'MS Sampl-e
Analysis of the PSSC Sample

tq
1q

40
40
l+A

44

l¡ñ

ho

Conclusions
Recommendations

B]BLIOGRAPHY ôeøøoo

APPENDIX O E



LIST O}- TABLES

Page

l-. Meansu Standard Deviations and t-tests of Differences
Betleen Means for Groups A and B, of the CHEMS Sample 20

2" Correfation Matrix for the Total CHBMS Sample

3. Correlation llatrix for CHEMS Group A

l-a+. (.lorretatron Matrix for CHEMS Group B

5^ Correlat.ion Matrix for Thirteen Sel_ected Variabl-es/þ
for Group A of the CHEMS Sample ø al

6" Correl-ation Matrix for Thir-ueen Selected Variab],es
for Group B of the CIIEMS Sample

7, Analysis of Covariance for Selected CHEl"iS Variables " 30

ö. Meansu Standard Deviatíons and t-tests of Differences
Between Means for Groups A and B of the PSSC Sample 32

9" Meanso Standard Deviations and t,-tests of Differences
Between Means for Groups Ar and B0 of the PSSC Sample 34

10, Corel-ation Matrix for the Total PSSC Sample

23

24

2B

11, Correlation Matrix for PSSC Group A

J-2" Correlation Matrix for PSSC Group B

L3" Analysis of Variance for the Totaf CHEMS Sample
on Seventeen Variabl-es

f4, Anal-ysis of Variance for Group A of the CHEl,iS Sample
on Seventeen Variables

15" Analysis of Varíance for Group B of the CHIiMS Samp1e
on Seventeen Variabl-es

aal-6" Analysis of Variance for Group A of the CHIIiviS Sample
on Thirteen Variables

L7. Analysis of Variance for Group B of the CHEMS Sample
on Thirteen Variabfes

-ô1ð" Anal-vsis of Variance for the Total PSSC Sample

?q

52

55

?o

on Seventeen Variabfes



a4u!ç

lo

a_w è

Analysis of Variance for
on Seventeen Variables

Analysis of Variance for
on Seventeen Variables

Group A of the PSSC Sample

Group B of the PSSC Sampl-e

D- -^f q6s

cR

qa



Chapter I

]NTRODUCT]ON

Statement of the Problern

The purpose of this study vras to compare the suit.ability of

two Grade X matriculation science programs as preparatory courses for

the Grade Xï chemistry and physícs courses known as the Chemical

Educational Material Studyu CHBuiSe and the Physical Science Study

Committeees physics progralne PSSCe respeetively"

the major course of study that was investigated was the

Introductory Physical Science course, fPS, This program was specifi-

cally designed to form a basis for such ner,rer high school science

programs as CHHVÍS, PSSC and the Biological Sciences Curriculum Study

programe BSCS. After these newer senior high school science programs

had been instituted in Manitobau the teachers of these courses were led

to the belief that students had not been adequately prepared by thein

Grade X science program for the laboratory assignments assoeiated with

these new courses since the students urere unable to complete these

assignments as quickly or as wel-I as demanded by the objectives of

these eourses. As a resul-tu there was a need for Manitoba educat,ors to

find a satisfactory program to prepare students for senior high schoof

science" The fPS course is currently being utirized ín an attempt to

provide such preparation.

In this study a comparison of student achievement in the

Grade xr cHEMs and PSSC programs was made between a group of studente
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which had studied the IPS program and a group which had studied another

course authorized for use in the Grade X science program in Manitoba

schools. This second course util-ized the textbook An Introd.uctíon to

Pl,rysicql science_ by R"L. Hedleyo and attempted to provid.e students

v¿ith a body of scientifÍc knol+ledge a6 a basis for future training in
technical fields" ft al-so atlempùed to devel-op in students a favorable

attitude towards science and an appreciation of the nature and role of

science in effective citizenship. Although no longer authorized. for

use in the matriculation program in Manitobau the Hedley textbook is
currently being utilized as the basis of the General Course Science fol-

program for vrhich it was originally developed,

ldith the acceptance of cHErr,rs, pssc and BSCS in t,he senior

grades of the UniversiLy Entrance program in Manitobau the traditional
preparatory science courseu based on the textbook Bveryday Problems in
Sciencq by Beauchampu Mayfield and h/estu seemed to be of littfe benefit

to the students, Consequently, the two textbooks, Introduclory physical-

Science and Ân Introduction to Physigal Science were authorized for

usee on an experimental basiso in the Grade X matriculation program in
Manitoba during the school_ year 1966-196?" By 1968 it was decided to

use the rPS program as the only form of preparatory science ín the

Grade X matriculation coÌtrseo

Typicallyo such decisions have been made on a subjective basis"

The t'eachers involved in experimental programs have submitted v¡ritten

anecdotal reports v¡hich evaluated the programs subjectively, These

pilot-class teachers have arso ansurered questions of concern to

curriculum revision committees" These committees then made recommen-

dations for cumicular changes on the bases of the judgments availabl-e



frorn these sources 
"

trtlith the attitude that revisi ons may be necessary in the high

school cufficulume it is possible that a new course of study could be

accepted merely because it is new. It is usual to determine v¡hether

or not these ner¡, courses actually satísfy the aíms and objectives

r,¡hich they are purported to ful-filf . Thus some objective evidence

i-ndicating the suitability of the recent changes in the Grade x

matriculation science program is desirabfe" It is the intent of this

sÙudy to provide soae such evidencee and thereby indicate that progress

is being made tov¡ards improving the read.iness of students for senior

high schoo] science and al-so to partially vai-idate the recent GeneraL

Science LOO course change to the TpS program"

.å Synopsis of Recent Developmentq

Every student enrolled at ùhe Grad.e X ler¡e} of the [J¡¡iysî-si t.v

Entr:ance course program in Ì"lanitoba is required to study the course

knol*n as General science loo as part of his program" rn practiceu

this course has been based on elementary chemistry and physics, with

approxirnately equal emphasis placed on each of these sciences,

rn the mid l95o'0s there had been increasing resentment about

and rejection of the then current General science loo program. At

that time this program was based on the textbook Everyday problems

Ín Science by Beauchampo M¿y¡ield and West; published in Canada by

L'ü' Gage and company in l-948. one apparent faurt r¿ith this textbook

ivas that the ¡tmoderntl technorogy presented to the students ldas so

antíquated that students, teachers and laymen arl ridiculed the

treatment of certain t.opics. From an educational sta_ndpoint,. the



technologÍcal oríentation of the textbook and the lack of emphasis

upon an experimental foundation for the course gave rise to even more

dissatisfaction l+ith the prograae

In order to facilitate the quesi for a nev¿ science programe

the Manitoba Department of'Education sponsored a University Entrance

Course Seminar in the summer of L963" This seminar group, which vras

conposed of }oca] educatorse recommended:

rrl' that the Grade ten required science be an introduction
to basic physical science containing approximately 5AÁ basic
Plrysícs and 5trÁ basic Chemistry,

2" that the Grade ten required science serve both as a
terminal- course for students leaving the science sequence in
Chemistry and Physicsu and as a prerequì-site for Grade eleven
ChemJ-stry and Physics couraesø

3. That a modified form of the course prepared by the
Physical Science Study Committee be used in Grades el-even and
tr¿elve Fhysics "

4. That the course in Chemistry stress the modern approach
to the concept of chernical bonding"

," That in afl Science subjects:
(a) ffre emphasis be on the discovery of the principles
'rather than on more verification;
(b) fhere be instruction to make use of the inductive
and expenimentaL approach;
(c) Tnere be taught an appreciation of the significance
of magnitude;
(¿) firere be emphasis on the quantitative aspects
especially in the examination principles,rr
(fnitial Report: Uníversity Entrance Course Seminar, A963)

As a result of these recommendationsu curricul-um committees vrere

establ-ished for the areas of chemistry and physics in october of 1963"

These committees suggested the first arternative to the Beauchampu

Mayfield and V/est textbook. They believed that a possible resofution

of the situation that existed in Generaf Sci-ence IOO might be

achieved by utilizing the initial chapters of the PSSC physics and



CHEMS chemistry textbooks"

The Department of Education implemented this recommendation for

the school year L964-I96, on a pilot basisu in school-s v¡here appro-

priately trained teachers were available. By the spring of L965

l-ocal- educators r+ere led to the belief that the course based on the

introductory chapters of CHEMS and PSSC was not a satisfactory

alternative to the Grade X General Science lOO programu and the

Department of Education decided to abandon this approach by the end of

t]rle 1965-l!66 school year" Further recommend.ations from the Curriculum

Committee kdere requested by the Department of Education for

September L966"

Between the fatl of L963 and the spring of 1965, increased

pressure from educators and the general publice as expressed by local

communications mediau for the removal of the Beauchampo Mayfield and

h/est textbook from the list of authorized t,extbooks compounded the

problems faced by the Departnent of Education. The Curriculum Committee

r,sas seeking another experi-mental*science course, while the Department

of Education needed a course to serve as a temporary measure untiL a

nev¡ textbook and accompanyíng course could be found"

The Joint Physics and Chemistry Currj-culum Revision Committee

now focused its attention upon a program entitfed Introductory Physical

Science, ft, r-ras believed thatu since the PSSC physics and CIIEMS

chemisfry courses had been accepted as satisfactory programs for

Manitoba high schools by L965, perhaps the latest program by the same

authors would be able io provide the necessary solution for the dil-emma

then present in Manitoba. The basic philosophy of this rps course

seemed to be similar to that expressed by the Curricul-um Committee.



Thus it iEas believed to be likely that school systerns in the United

States u-tilizing the newer science programse CHEMST PSSC and BSCSu

had been faced vrith probLems similar to those experienced in Manitoba'

Thereforeo Educational Services fncorporated of Bostonu Massachusettse

with support from the Natíonal Science Foundationu hadn in factu

developed the TPS program und.er similar circumstances in 1963"

Haber-Schaim, director of the IPS groupe states¡

10fn planning the present course for juníor high school we

had before us the work of PSSC in physicsu of BSCS in biologyu
and of CBA fChemical Bond Approach] and CHEMS in chemistryu so the
matter of aims was not an entirely independent question anymoreo

The greatest handicap faced by science teachers in the nev,r

curricula is that most students in senior high school have no
experience in observations, no basic laboratory skillse no
knov,rledge of how to apply efementary mathematics to experimental
resufts; they also lack the ability to correl-ate ar¡ abstract idea
with a concrete situation. Often they have no idea of orders of
magnitudeu no feeling for approximationu no ability to judge what
is important and what is not,et (leS Progress Reportu f969)

The follovring quotationu from an TPS progress report, indicates the

similarity of the cornpl-aints voiced by teachers of chemistry as well as

physics in both the United States and Manitoba:

rrStudents need time to digest knovrledge' From the very firstu
PSSC physics teachers kept saying t'hat if only we could get into
the earlier grades some of the basic ideas and skills which are
needed so badly in PSSC, it would make the course rnuch easier to
teach and give the students much more time to digest the materials"
And so o o e câ..ffi€ the call to start something to serve as a comrnon
foundation for the later courses in the senior high schools"
This means not only a foundation of subject matterr but also an
attitude of inquiry coupled with experimental and mathematical
ski]ls.'u (IPS Progress Report, L969)

.A.nother reason for the acceptance of the IPS program was provided r+hera

Haber*Schaim indicated that this course should serve as a þrerequisite

for further high school science courses but should also serve as a

valuable terminal science course:

ItThus vre must have a program to serve two purposes: on the



one hand to be a sound foundation for future physicsu chemistryu
and perhaps biology courses; and on the other hand to furnish
sufficient nourj-shment in the essence, the spirit.u and the
substance of physical science to be a good terminal course for
those who v¿il-l not study physical science later on"tr
(lfS erogress Report, L969)

Thus the Joint Physics and Chemistry Curriculum Revision

Committee recommended the implementation of IPS on a controlJ-edu

pilot-course basis. The first thirty classes in the IPS program began

in September of 1966 foll-owing an in-service training of teachers.

Concurrent with the recommendations of the Curri culum Revi-sion

Committee the Department of Education decided that the Grade X General

Course Science lO1 could be substitutede on a permissive basisu for

General Science 1OO" The General Course Science program rnade use of

the textbook &r Introduction to Physj-cal Science by R"L" Hedley and

published by HoJ-tu Rinehart and Vúinston of Canada Limited in t!64u

v¡ritten specifically for this course" Despite t.he traditionaL approach

f,ollowed in the textbook, it r,+as felt that the laboratory orientation

of the GeneraL Course Science 1O1 would improve the GeneraÌ Science lOO

program based on the Everyday Problems in Sciencq textbook. Further-

mores the aims and objectives of this programe as stated in the course

outlinee were relatively similar to those of later senior high school-

science programs@ In part the course outline reads:

ltThe prime objective of the general_ science course is the
development of scientific literacy to the fulLest extent r,øithin
the capabilities of each student. Scientific literacy is
considered to be dependent upon, among other thingso the follorving:

J- The developrnent of a background of ordered knowledge of
science "

2, The acquisition of a vocabulary of technicaL and
scientific terms comrnonly used to explain naturar phenomena"

3. The utilization of these terms for effective communication.



4" The development of a met,hod of inquiry through the use
of reliable data to suggest possible conclusions"

," An appreciation of the methods and procedures of science.

6. A disposition io use the knov,rledge and methods of science
approximately,

7 " The devel-opment of skil-Is and abilities normally
associated wiht science,r! (Program of Studies, ÌÇ68*L969)

Thus for the 1966-1967 school year there were three authorized

courses avail-abÌe for use i-n science at the Grade X matriculation

leve]" Encouraging results from the TPS pilot classes during

L966-L967 influenced t,he decision to expand the experÍmental program

r+ith this course for L967-1968" Also, effective September 196?, the

textbook Everyday Problens in Scignce- was deleted from the i-ist of

a.uthorized textbooksu and hence only the IPS textbook and

An Introduction to Physícal Scienee by Hedley v¡ere available for the

school year of T967-1968" By September of 1968 it tras decided that

fPS r,¡ould be the only course and textbook authorized for use in

General Science l-OO"

Review of Evaluative Investigatíons

Appraisal of the Introductory Physical Science prograÌn in the

United States hasu until- recently, consisted of a narrow view of the

process of feedback. This method of evaluation utilizes r+ritten

comments from the teachers of the progran as a basis for modifications,

Their annotationse on aII aspects of the courseu have been submitted

on a regLìl-ar basis during the Íntroductory phase of the program.

As a result of this processu Haber-Schaim claims:

tîIn summarye we believe that this course will greatly
facilitate the teaching of physics and chemistry: several chapters
of chemístry can be eliminated and much of the first part of PSSC



v¡ill not be needed. Butu most importantu we believe that pupÍls
vril] enter physics and chemistry with an improved orientation and
attitude tov¡ard scienceu and well-equipped rrrith essential skills"e0
(teS nrogress Reportu 1969)

It i¿as expected that some form of quantitative study had been

undertaken in the United States in order to evaluate the major

objectives of the program. Hovleveru Harry u, Felton, Professional

Assistant of the Evaluation and Advisory Serviceo Educational Testing

Serviceu Princeton Ne,,o¡ Jerseyo inforrned this author that no objective

test had been designed for this purpose" (Personal communicationu

November 29e L96B) His suggestions for some suitabl-e devices, which

might be useful- in such a studyu included the standardized tests for

the PSSC and cHEl'ls programs. Therefore, it must be concluded that

some staLements are based exclusively on the feedback process v¡henever

post-fntroductory PhysicaÌ Science performance in science ís concerned.

One example is:
lrThe first few trial years of the IPS program showed that it

v¡as servin6 the two groups for which it was designed: students
who plan to take further courses in biotogyo chemistry and/or
physics in senior high school , and those for r¡¡hom the IPS is
follov¡ed only by biology," (IPS Progress Report u L969)

During the ]966-1967 school year, Kenneth H" CharLesworth

undertook a comparative study of the three authorized science programs

in Manitoba' As a result of this pr-rrely objective evaluation of student

reaction to and appreciation of these programs, Charlesworth concluded.

that those students in the program based on the -Introductory Physical

Science textbook had the most favorabl-e attitude towards their science

programo and had the greatest understanding of the aimsn method.s and.

objectives of science. on the other hand, students enrolled in the

program using Fv.eryday Problems in Science most often had the poorest
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results of the three groups on each of the measurements" The only

sub*test in which the latter students scored higher than al-I others

r,/as on a test of student interest in science" The result ín thís one

exception to the general pattern was not statistically significant"

Therefore, it may be concl-udedu on the basis of the minimal

evidence availabl-e regarding the appreciation and understandi-ng of

science, that the Department of Education has made appropriate

decisions regarding the temporary alternative for the Beauchampu

MayfieJ-d and lt/est textbook a¡d also for the current program of

Introductory Physical Scienceu



Chapter 2

METHOÞ

Desíg_¡r of the Study_

During the school year L967^I968 al-I Grade X natriculation

students in Manitoba schools ìÂrere required to study either the IPS

program or that based on the Hedley text, A unique situation existed

at Kelvin High School in Winnipeg during that year as both of these

aufhorized programs were taught, l¡Jhen time-tabling arrangements v¡ere

being made, four of the future Grade X matriculation classes were

scheduled to be taught by one of each of four teachers prepared to

teach the IPS course to these cl-asses" These same four teachers also

taught the program based on the Hedley textbook to the remaining

Grade X classes in the schoo]" This situation at Kelvin High School

provided the basis for this study lvhich r,c¡as conducted during the

following school yearo

Tn October of the A968-1969 school year lists of afl students

enrol-led in the CHEMS and PSSC courses in Kel-vin High SclToof vrere

compiled from the results of a content pre-ùest given for each of the

sciences" It r¡as found thatu as a result of varied option choi-ces,

there was a general intermixing of the previous yearrs Grade X students

i-n the Grade XI teaching sections with respect to both the Grade X

sci-ence course and teacher. These first lists showed that 2OB former

Kelvin students were studying CHEMS while 95 were studying PSSC,

It was the yeares progress of these stucienLs that was of concern to

LL
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Those students enrol-led in one of the three PSSC classes Þrere

taught by three of the four Grade x rPS t,eachers of the previous year.ø

The CHEMS students were taught by three different teachers" tJith the

intermingling of students from the two Grade x programs and from the

various teachersu no Grade xr class had a majority of students that

had been taught by a particular Grade x science teacher. ¡ll} six

Grade xr teachers co-operated in the testing program required for the

completion of this study,

fn order to obtain some background ínformation about the

Grade XI students the schoolss student record cards were cos'rsul-ted"

These cards supplied the writer with the results obtained by most of the

stuclents on each of two intelligence tesLsu the Dominion fntermediate

Test of Learning capacity, Form Au developed by the ontario rnstitut,e

of Studies in Educationu and the SCAT testo Level ], developed by the

Educational Testing Serviceu In addition, the finalu adjusted results

of student achievement on a set of commonu externalty set and marked

Departmental Examinations for fina] Grade IX standings nere available,

since these results had had a comection factor appfied to the raw

scores obtained by the students on the examinationsu the assistance of

the Department of Education was sought in ord.er to rewert the recorded

resurts 'co the originar raw scoreso The Department of Education

supplied tv¡o tabl-es of rav¡ scores with t.he correspondingly adjusted

marks" These tables enabled the conversion of the record.ed mathematics

and science marksu back to the original raw scorese to take place,

As this additional informatj-on was included with the pre-test

scoreÊ on the l-ísts of studentsî narnese some of the names were deleted
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if a part of the nev¡ data vras missing. Thus the initial groups of

studenLs n¡ere reduced in size by approximately ten percent, To be of

continued concern to this study the students had to be enroll-ed in the

I'Jinnipeg Schoo1 Divisíon for their juníor high schooÌ years, During

these years they had to write both sets of intelligence tests and also

had to write at least the final Departmental Examinations in

mathematics and science in June of L967 " Those students who met these

requirements and then enrol-led at Kelvin High School in September 1p6l

and again in September 1p6B formed the two samples of students for this

study, if they enrolled in CHEl,lS and/or PSSC at that time" I,{o student;

who had repeated Grade xu or v¡ho was to repeat Grade xr in 1!68u vras

included in the samples since he coul"d not have written the Grade fX

Departmental Examinations in L967 " Although alf students i¡r CHEMS or

PSSC r*rrote the tv¡o remaining tests required for the studyu results were

recorded only for those students listed in the initial- samples described

above "

In May of L969 all students sùudyÍng CHEMS or pSSC r*rote an

objectiveo multiple-choice test based on the content of the respective

courseso These fifty-item tests were assembled by selecting questions

from the standardized tests provided for each of the courseso one of

the three CHEMS teachers assisted the l,,rriter by selecting the j-tems

that dealt with the CHEI'{S course content to be taught from October 1968

to the end of the year" The writer fol-lov¡ed the same procedure for

the PSSC content-test" Both sets of fifty-items reflect,ed the emphasís

placed on the course content by the respective programse

In May 1969 the students took the Test on ûnderstanding Scienegu

TOUS, developed by Cooley and Kl-opfer for EducationaL Testing Service.
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Since Charlesvrorthu (University of Manitoba Thesis, 1969)n had

d.etermined that Grade X IPS students have a greater understandinE of

science than the students from other Grade X science programs u the

TOUS instrument was administered in the hope of determining whether the

Grade X IPS students maintained their advantaEe over other students

after a year in another laboratory-oriented science course" The opinion

of the authors of this instrument is that.:

rrFor many yearsu science educators have acknorvledged the
importance of teaching and learning certain so-calfed tintangible¡
aspects of science, These intangçibles incÌude an understandíng of
the nature of scientific inquíryo of science as an institution, and
of scientists as people. Such understandings are particularly
important todayu as our nation and the v¡orld are íncreasingl-y
qffan#a¿l L" the resu]ts of scientific activif.w- ¡nd as ura scsþ f,,orU.y9 af,Iu aÐ V¡ç Ðç

attract young people into scientific careerso
l¡Jhile numerous tests have been prepared to measure student

achj-evement in the facts and principles of sciencee no adequate
instrument has previously been avaífable to assess the extent to
v¡hich the important instructional outcome of understandíng science
and scientists has been achieved. Numerous studies of science
curriculum methods assert that a particular technique or procedure
has contributed to tfrãunderstandings in the students, but, in
the absence of a vafíd instrument o such judgments cannot be made
objectively to any extent, Thus there exists a definite need for
an instrument that adequately measures these understandings. It is
the purpose of TOUS to meet this need." (TOUS Manual-, I96L)

Howeveru as indicated by the author of TOUS' there need not be any

relationship betr,.reen scores on 'IOUS and school grades.

rrlt must be emphasized here that TOUS is not for use in
student selection or determining the ability of individual- students
or teachers " Because most textbooks or lecturers do not now
provide directu specific answers to most of the questions in the
testr there r'¡if} not be any necessarily high correlation between
course grades and TOUS scores" Nor need there be any sígnificant,
changes between TOUS scores at the beginning of a course and those
at the end of the course, al-though curriculum planners and teachers
wirl- be seeking vrays in which to make courîses str-engthen and
broaden studentsr understandinpç of science as a disciplineu of
scientists as an occupational group within our societyu andu
finally, of the,methods and. aims of science. Because students a.re
subject to strong infruences outside the school, their growth in
sophistication in attitudes and understandings may be sl-ov¿er than
good teaching and sound content may lead us to believe"il
(r'ous Manual , L96I)
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Since course v;ork is normally completed by the end of Itiay of a

school yeare mid=l4ay v¡as believed to be an appropriate time for the

administration of these tests. Any further del-ay might have had a

deleterious effect upon either those students p:reparing for final exams

or upon the study sj-nce those students exempted from final exams might

not be vrorking as diligently as they normally r,rould just before the end

of the school yearo

In addition to these last two testsu the composite marks for

each student. in the samples were recorded for either GHEMS or pssc.

These composite marks vrere cal-culated from the results of term tests.

l-aboratory work and a mid-year examo Each of the three school terms.

from september to mid-Novernber, Novernber to the end of January and

February to mid-Mayu contributed 25% of each stud.entes composite mark

and the mid-year exam provided the remaining 25% of this mark" This

mark was then used to determine exemption standing in each subject,

Thus a partialty subjective score was al-so available for each student"

Upon the completion of the tabl-es of resul-ts for the students it

was discovered that some students had not written one or more of the

tests" lfith the deletion of their names from the initial sampleso the

author obtained the final- samples for analysis" These finat samples

consisted of 178 CHEMS stud.ents and 72 PSSC students. The CHEMS sample

contained 8! graduates of the IPS program while the PSSC sample

contained 59" The remainder of the students in both samnles had

studied the Grade x science program based on the Hedley text. fn the

analysis of the daùa which fol-lowsu those students that had studied

the rPS program rvill- be referred to as group Â in both samples; the

oLher sfudents will be referred to as group B,
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The fol-lowing data v¡ere then avai labl-e on the tabul-ation sheets

for each student in the samples.

1, The age of the student"

2" The sex of the student"

3" The rav¡ score for Grade IX scienceu June L967.

4. The raw score for Grade IX mathematj-csu June 196?"

5" The mental ability of the student as an Intelligence
Quotient derived from the Dominion Form A.

6"-8" The mental abilities of the student as percentile
ranks on the three l-evels of the scAT t,esto verbalu Quantitatj-ve
and Total,

9" The science course completed in Grade X, f968"

]o. The score obtained on the content pre*testu october 1968"

li. The score obtained on the content re-test^ Mav 1q6q-

12"-15' The score each of three subtests of the TOUS
instrument and the total- scoreu May T969"

16" Tkre composite mark of each student, May Lg69"

L7' The Grade Xf course teacher of each studento recorded as
a number"

The above informatj-on vdas transferued to punch card.s for an

analysis of the data by computer" The statistics obtaj-ned from the

computer incl-uded the mean and standard deviation for each variable in

the studye a correlation matrix and an anarysis of variance for arl-

data of each sample" The initial analysis l-ed to tests of covariance

betv¡een six of the prior-knowledge variables and the content re-test,

the composite mark and the total- score on the Tous instru.ment"

Assumptions aqd Limitations of the Study

ft was assumed that alt students participating in the ùesting

prograrn had similar experience in handling multiple-choice tests" It
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l.Jas aLso assumed that the tests were properly supervised and" that

security'utas maintained for the three sets of tests v¿hich were r¡ritten

by all students at approximately the same time.

The study was restricted to those students who met the

previously outlined requirements. The evaluation did not incl-ude any

students who failed or repeated course work in either Grade X or

Grade XI.

The manner of sel-ecting the students l-imits this study to a

narrohl urban region" Although students represented a broad spectrum of

socio-economic cl-assificationsç the sample consisted predomínantly of

sfudents from upper-middle class fa.milies" Furthermoreu the inter-

rningling of students for the Grade Xf programs .shoul-d de-emphasize the

ínfluence of any one teacher on the study"

Another l-imitation of the study may have resulted from

utilizing only Grade fX mathematics and science scores" Some other

achievement scores may be as important as those rvhich were considered,

The teachers connected with the study may have influenced the

final- resul-ts obtained from the analysis of the data. Howeveru the

seven teachers involved over the two years of the study have similar

qualifications. Al-though the minimum teaching experience for any of

the teachers was three years for the Grade x science o four years for

the PSSC teachers and ten years for the teachers of cHrMS" it was

believed that effects on the study due to experience or enthusiasm

may have been partially nul-l-ified by the intermixing of the students

from Grade X to Grade XI,
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Hl'potþeses Tested

The folloviing null hypotheses were tested in this study:

l-" There is no síqnifícant difference in student achievement

in CHEMS or PSSC as a resul-t of different Grade X science programs.

2. There j-s no significant difference in student understanding

of science after the completion of CHEMS and/or PSSC as a result of

different Grade X science programse

3" There is no significant difference in student achievement

in CHEMS or PSSC as a result of partially subjective grading as

opposed to totally objective grading.



Chapter J

ANALYSIS OF DATA

The results derived from the data of the study are examined

in thj-s chapter. These results include: (1) the means and standard

deviations of all variables used for both samples in this study;

Q) the t-tests of differences between the means of the two groups in

each sample; (l) the correlation matrices for the total samples and for

each group of both samples; (4) the analysis of covaríance for the

CHEMS sample; and (5) tire t-tests of d.ifferences between the means for

the modified groups of the PSSC sample" Owing to the small number of

students involved in Group B of the PSSC sampleu the analysis of the

PSSC data did not paralle1 that of the CHEMS data, and the results

from the PSSC sample were analyzed in rel-ation to the CHEMS resul-ts"

Analysis of the CHEMS Samp1e

TabLe I shows the mean scores and the standard deviations of

the sixteen variables for each group of the CHEMS sample. The variabl-es

listed under the SCAT scores and the Intelligence Quotient are

indicative of the mental abil-ities of the students involved in this

study" These scores, together with those for Grade IX mathematics and

scj-enceu constitute the six indicators of the príor-knowledge of the

students participating in the study, The scores on the content

pre-test, given in october L968, provided the expected confirmation of

the studentse lack of knowledge about the work thaf. thew rn¡or.c fn study

1q
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during the remainder of the schoot year. The content*tesi resul_ts"

the scores on the four l-evels of the TOUS instrument and the comnosite

marks that the students obtained in lolay L969 are the criteria variables

of principal- concern to this study.

The means in Table 1 Índicate that Group A r,"'as superior to

Group B in each of the prior-knowledge and criteria variables" Ttris

result vJas expected since the original sefection of students for the

four classes of Grade x rPS v¿as made on the basis of hieh mental

abilities and/or high scholastic averages in Grade fX" The t-tests for

differences between ihe means indicate that this superiority is

generally stat.i-stically significant" Oniy the results from the content

pre*test and the second level of the TOUS instrument do not indlcate
si mi îi a¡ni qrrnoni nni *.' ¡¡Lô +'-e¿tirrr¿+uqrru Õu}Jdl'ruI'r-LJ o rne raCt that there Were mOre bOys in GrOUp A

and more girls in Group B may indicate that boys have a greater ben-r,

for science than girlsu perhaps as a result of social mores,

Tous 1, TOus 2 and rous J refer respectively to understandinß

About the Scientific Enterpriseu Understandin€t Aþout Scientists and

understanding About the Methods and. Aims of science. TLre heading

TOUS Total represents the total score achieved on the instrument, Just

as charlesworth established, (university of Manitoba Thesis , L96g),

Group A has an understandÍng of science su-perior to that of Group B as

shor.¿n by the resulis of Tous 1, TOUS J and TOUS Total" Charl_esworfh

also found that the difference between the tv¿o groups on Tous 2 ruas

stati-sticalj-y insignif icant "

Tabre 2 incl-udes ihe correfation coefficients between ihe

seventeen variables for the entire CHEI%S sample. Since any correlation

matrix is symmetrical-u only the lor.¡er triangle is shown, To find the
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correlation between any tv¿o variables o locate the intersection of the

roþJ and col-umn containing the desired variabl-es, The value at that

intersection is that of the corel-ation coefficient being sought, In

Table 2, those coefficients equaling or exceeding the value O"20 are

considered to show a rel-ationship between the variables in questiono

that is significantty different from zero at the firra nornanr-ìove}"

Correl-ation matrices for both Groups A and B a-re presented in

Tables J and 4 respectivery. since the trøo groups are distinguished

on the basis of the science course studied in Grade Xn each of the two

groups is homogeneoLts with respect to the variable Course" This

homogeneity causes all the correlatj_ons with this variable to equal

zero" An examination of Tables J and 4 reveals that the variables

Sexu Teacheru and Age show relativefy few signi-ficant correlations

with other variables" fn spite of the significant influence of the

different teachers on the performance of Group B students o it was

decided to de]ete these three variables and obtain a ner¡r nair of

matrices for each group. Because the zero correlations exhibited by

the variable course may have affected the other correlationsu this

variable r¿as al-so deleted v¡hen the revised tabres r"¡ere obtained.

Tabl-e ) represents the revised correl-atíon matrix for Group A

of the cmMS sampre' A comparison r,¡ith rable J reveals that only one

coefficìentu that of TOUS, correlated rvith Grade fX science" has

changed its value" comparison of rabre 6, the revised matrix for

Group Bu and Table 4 shows that none of the val-ues have changed.. Thus

at least one of the four faciors which were del-eted did have an effect

on the matrices, but for al-I practicar purposes that effect rvas

negrigibl-e' Therefore, if the effects of agee sex and teacher are not
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desired in a particular studyu these variabl-es may be ignored without

affecting other results.

Since the revised matrices are more compact than Tabl-es 3 and

4 tfrey may be nore suitabl-e for direct comparisons between the two

groups of students. For exampleo the fact that Group B generally had

correl-ations for the TOUS instrument v¡hich were more highly significant

and also had more correlations which were significant at the five

percent l-evel is readily apparent from the revised matricesn Further-

moree of the 78 coefficients in both Tables 5 and 6 not equal to l"OOu

44 of the coefficients in Table 6, for Group B, are 1arger than the

corresponding coefficients for Group A in Table I whereas J of the

values are equal. Thus the simil-arity of Lhe matrices for the two

groups is more striking in the revised tables as are the important

characteristics in and differences between Tab1es 5 and 6"

Because an obvious pattern was established by the t-tests for

differences betlveen meansu it was decided to attempt an analysis of

covariance for certain variables, The computer program selected for

this purpose provided the adjusted means for each of the two groups for

a criterion variable" This adjustment was based on different values

of the means for the two groups of a fixed prior-knowledge variabre,

The adjusted criteria means were then tested for a siEnificant

difference by the t-test. The three criteria variabres that were

examined were the results of the content-testu the composite marksu and

the total scores on the TOUS instrument" These three variables were

compared with each of the síx prior-knowledge variables to obtain the

eighteen pairs of adjusted means listed in Tab1e Z"
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The t-tests for differences betv"'een means indicate that when

the Verbal percentile ranks from the SCAT test or the Grade IX

mathematics scores are used as the independent variableu the superiority

of Group A on the content-test j-s significant at the five percent

fevel" AII other differences betrveen means for the content-test are

only significant at the ten percent leveL The differences between the

means for the composite marks and for the total- scores on the TOUS test

are at l-east significant at the five percent l-evel, The differences

betiveen the means of Groups A and B on the composite markse when based

on the verbal percent,ile ranks, on the Tnterligence Quotientse or on

the Grade IX science scores, are significantly different at a l-evel of

one-tenth of one percent, Another five of the ]ast twelve resul-ts shov¡

a difference significant at the one percent leve].

On the bases of the resufts of the t-tests for composite marks

and the total scores on the Tous test, it may be saido with at least

ninety-five percent certaintyo that students from Group A achieved

better results tn CHEIT{S and had a better understandinE of science than

their counterparts in Group B. Since the only d.ifference between the

two groups was the particul-ar Grade x science program that was expe-

rienced by each groupe it may be concluded that the rps program in

Grade X provides a better background for Grade XI CHEMS achievement

than the program based on the Hedley textbook. The parallel-ism of the

differences beti"¡een the means for the TOUS instrument subt.ests presented

in Table l- of this study and in Tabres 2 and 4 of the charlesworth

study leads to the further conclusion that any increased understandinE

of science, gained by the rPS students, was maintained even after

both groups of students experi-enced a fur] year in a different
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laboratory-oriented science course.

Analysis of ihe PSSC Sampl-e

Table I gives the meanso standard deviations, and t-tests for

differences between the means for Groups A and B of the PSSC sample"

A comparison of Tables l- and B immediately indicates that the PSSC

students, from both groups, hlere superior to the respective groups of

students in the CHEMS sample. Both groups of PSSC students had higher

results on al-l of the prior-knowledge variables than did the comparabLe

groups of the CHEMS students" This might indicate that PSSC is

acceptable for only a selectu highly capable group of students. Further

examination of the table reveal-s that the PSSC students al-so scored

much higher than the CIIEMS sfudents on all- six criteria variables. The

average PSSC student may therefore be more intelligent, achieve better

grades, and have a better appreciation of science than the averaeje

CHEMS student" One factor influencing the results concerning student

understanding of science may be that all the PSSC students studied a

second Grade XI science course and approximately a third of these

sùudents studied afl three science courses offered in the Grade XI

matrj-culation program, ff only two sciences vrere studied, the second

course l¡ias generally the CHEMS program" One other factor is indicated

in Tab1e B, The proportion of males in both groups is much higher

than the proportion of males studying CHEMS"

Analysis of Table B alone again indicates that although Group A

r¡Jas generally superior to Group B on both the prior-knowledge and

criteria variablesu there are some exceptions to this tendency.

The means for Grade fX science, TOUS 2 and TOUS i are higher for the
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Betrveen

Table I

Deviaiions and t-tests

the Means for the PSSC

for Differences

Sarnple

Variables

List Code

Verbal- V

Quantitative a

Total T

Tntol I i oanna
Orrn*-i on*

IX Mathematics

fX Science

Pre-test

Content-test

Composite Mark

TOUS T

TOUS 2

Tous f
TOUS Total

Age

Sex

Teacher

IQ 129 "1o t2.58 r25 "1r

M Bt "5g ro,19 76 "92

s 68.59 11"46 6g"lt

P 2"71 2,4r t.B5

c 22"88 6 "44 22.1t

cM 66 " 64 l-o . ,B jB "92

Tr 12 .16 2 "58 1] 
" 

oO

T z L2"24 r"?2 12 ÕB

,3 13.63 3 "zz L1"77

rr 38"22 5"4' 17,L5

Ase 16,41 
" 
j9 16 "jB

sex .Bo "41- "TT

Tea. 2"oB .Bz I.9z

'* Difference significant. a-t "O5
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Mean

Rz cA

Bo,z9
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T2"'B

uf vu_u u I

Mean

oY "t>
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tlr Rq
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lf
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¿o "¿)

L7.90

23.99

I c lr,l

16. 06

12"48

't ol
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ll ,A
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7- lr)

6 "o9

IJL

,lâ

+ +^^+U-UçÞU

L"93
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l-"oo
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1"OO

* "L9

> -tA+

r ,68

- "2'
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Group B students, The differences betv¡een the means are significant

only at lov¡ values for this sample in contrast to the results of the

t-tests for the CHEMS sample, In fact, the means for only one variableu

the composite marks, had a t-test result signifícant at the five per-

cent level; and cnly three more variables, the Verbal, and the Total

percentile ranks of the SCAT t,est, and TOUS 1u had resul-ts significant

at a level- as hieh as ten percent"

In spite of these initial resuftsu further anal-ysis of the PSSC

sample was carried out" Since some difference did exist in the prior-

knowledge variabÌes it was believed that a pairing of the students from

the two groups might affect the differences betvreen the means" The

pairing was carried out on the bases of the IntellÍgence Quotients and

the Total score of the SCAT test" It vras possible to obtain only

eleven pairs of students because tt¡o of the Group B students had such

low Intelligence Quotients that none of the Group A students came

withín fifteen points of these tvro Group B val-ues" The resufts of the

analysis of the eleven pairs of students are given in Table !"

Although it was not possibLe to obtain a perfect matching of all- prior-

knowledge varíable, the differences between the means of these

variables for the tvro subgroups are statistically insignifÍcant" The

criteria variabl-es also exhibit insignificant dífferences betldeen their

means. Thus Table 9 indicates that those students v'rho completed

Grade XI PSSC were only slight.ty affected by Grade X IPS. Perhaps these

students had sufficient innate intelligence to learn regardless of the

type of program presented- to them the previous yearo

Further contrasts r,vith the CHEI'IS sample are apparent upon

examination of the corel-ation matrix presented in Table l-O, The most
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Table 9

Standard Deviations and t-tests of Differences

Means for Groups Ae and B0 of the pSSC Sampl_e
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obvious difference betr¡een Tables 2 and IO is that Table lO contains

fewer correlations whj-ch are significant at the five percent l-eveL,

The correlations between prior-knovrledge variables and the TOUS

instrument are not significant to the same degree" Also, there is a

complete lack of significant correlations between the course teacher

and the criteria variables.

The total- PSSC sample was divided in the sarne manner as the

CHEMS sample and correfation matrices were obtained for each group,

Table lI gives the comelation coefficients for Group Au and Table 12

gÍves those for Group B of the PSSC sample. As with the CHEMS srmnlo

the number of significant correlations decreased u¡hen the sample was

subdivided" Though Group A did not show too great a change from the

matrix for the entire sampleo Group B revealed a drastic reduction in

the number of significant correl-ations from the total sample, fn the

CHEMS sample the opposite was true" The Group B correlation matrix

showed the greater stability" For the PSSC sampl-e neither group had

the significant correlations between the course teacher and the criteria

variables that were evident for Group B of the CHEMS sample" This would

i-ndicate that the performance of PSSC students v¡as not noticably

infl-uenced by any particular instructor. One basic and expected

similarity with the CHEMS sample.is the significant correlatíon that

exists in both groups between the content-test and the composite ¡nark.

From Table l-2 it would ¿nnoan fh=f fnn Ç¡s¡p B, ability and

achievement are not significantly correlated, This is in contrast with

the correlation evident in Group A of the PSSC sample and in both

groups of the CHEMS sample. A possible explanation for this discrepancy

may be the high val-ue of the coefficient O"55 which is required so that
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any partieular value is significant when the sample size is thirteen.

The deletion of the Sexu Ageo Teacher, and Course variables

wourd again leave 78 coefficients as Ín the revised Tabl-esc 5 and 6o of

the CHEMS sample, of these coefficients, 62 îron Table l-2 are larger

than the corresponding values for Group A in Table 1I, and one val-ue is

the same in both tabl-es" Hence the scores of the Group B stud.ents in

both CHEMS and PSSC røoul-d appear to be more predictable than the scores

of Group A students. since there was little effect upon the CHEMS

matrices when the aforementioned variabl-es were deletedu no revj-sed

matrices v¡ere obtained for the PSSC sample,



Chapter 4

suMt'lARY, CONCLUSIONS AND RECOMIiENDATIONS

Summary

In this investigation, 1-78 students who were enroll-ed in a

Grade XI chemistry courseo CHEMS' and 72 students in a Grade XI physics

course, PSSCe were given the Test On Understanding Science and an

appropriate objective content-test. Of the CHEMS students, 8Ç students

had been enrolled the previous school year in the Grade X science

program known as fntroductory Physical Science. Only 59 of the PSSC

students had studied the same program v¡hereas the remainder of the

students in both samlrles had been enrol-Ied in the Grade X science

program based on the textbook An fntroduction to Physical Science.

All students in both samples attended Kelvin High School in V/innipegu

Manitobau for both Grades X and Xfu and had previously v¡ritten commone

externall-y set and marked examinations in mathematics, science and

mental aptitude"

The general purpose of this study v¡as to examine pupil

achievement in senior hígh school science progralns after one of two

different preparatory sci-ence courses in Grade X were studiedo and to

determine r.uhether or not either preparatory science program rnade a

marked contribution to the studentts understanding of science" The

content-tests in the two subject areas were given in order to eval-uate

the primary aim of this papero Results from these tests were

40
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coffoborated by using the composj-te marks obtained by each studenð near

the end of Grade Xf. These subject marks refLected each student0s per-

formance throughout the academÍc year and were used to exempt those

studentsu attaining more Llnan 6T%, from writing the final- examinations"

Thus two cri-teria of performance were used: one entirelv ohieef,jys;

the secondu at least partially subjective.

The second test given to the students i-s not course-oriented"

The items in Test on_u4derstanding_:ggþgge are íntended to reflect a

generaÌ appreciation of scÍentific method"

Since other schol-astic factors in the years imrnediately prior

to this study were similar for al-r students, only the Grade x science

course should be responsibl-e for any variation in resufts betr,¡een

students in both samples. Hence the tr,,¡o groups of students in each

sample were sel-ected on the basis of the program fol_lowed in Grade X

science. Those students i,¡ho had studied the rntroductory physical

science program were placed in Group A whereas the students who had

taken the other course formed Group B in both samples.

The nurl hypotheses tested in this study vilere presented in

Chapter 2 and are reproduced here together r,rrith the results determined

l^t' +L^ ^,-^f -.^+i -uJ Lrre evaluatl_on@

f' There is no significant difference in student achievement

in CHEMS or PSSC as a result of different Grade x science programsø

rn the CHEMS samplen the scores of students in Group A v¡ere

consistently and significantly higher than the scores of Group B on

both the content-test and the composite marks" No significant or

consistent difference was observed. betr^¡een the students in the pSSC

sample" Thus the nuIl hypothesås can be rejected only for the CHEMS
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sample; for these students, the Introductory Physical Science program

was apparently a more adequate preparatory science program,

2" There is no significant difference in student understanding

of scienceu after the completion of CHEl,iS and/or PSSC, as a result of

different Grade X science programs6

The students of Group A again achieved significantly higher

scores on the TOUS inst'rument in the CHEI'IS sample, The difference in

the scores of the two groups of the PSSC sample wer:e again inconsistent

and insignificant" Thereforee once moree the hypothesj_s can be,

rejected only for the CHEMS pample" Hence CHEMS students had a greater

understanding of science if they had studied the Introductory Physical

Science program in Grade X"

t" There is no sienificant difference in student achievement

as a result of partially subjective grading as opposed to totally

objective grading.

For each groupe in both the CHEMS and PSSC sampleso there \¡ras a

significant, positive correlation betv¡een student scores on the content-

test and the results of the studentts composite marks, Because the

correlations beti'¡een the two variables were significant, the variables

must have measured the same factors of student ability; therefore, the

hypothesis is accepted"

Examination of the correlation matrices also revealed signifi-

cant correlations between most of the prior-knor,vledge variabl_es and

the two achievement criteria. Because of the smal] number of students

in Group B of the PSSC sarnpleo this rel-ationship was not significant

for that group" Further examination of the matrices presented in

chapter J showed that most of the prior-knovrledge variables i+ere
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significantly coruel-ated with each other and r^rith the TOUS instrument.

and that the TOUS instrument itself had significant inter-correlations.

Thus TOUS l{as a relatively consistent measure of a studentîs general

appreciation of science' There were feler signíficant correlations,

however, between Tous and the achievement varj_abres. Arsou Group B

of both the CHEþ1S and PSSC samples generally showed higher correlations

for TOus r,vith the other variabres than did Group A; thereforeu the

resul-ts of Group B students r,rere more pred.ictable.

toncl-usionÞ

ft has been shorvn ihat CHEMS students achieved significantly
better if their Grade X science program had been fntroductory physical

Science rather than the program based on the textbook An fntroduction

to Physical science" This difference in achíevement was apparent

regardless of whether the content-test or the composite mark was used

as the criterion. Hoivever, the degree of significance variedo and was

most significant when the composite mark was the criterion, The

composite mark, therefore, provided the more reliable crj-terion in this
study "

Group A OHEMS students also had a superior understanding of
science" Charlesworth shov¡ed that a simiLar difference existed after
students had completed the Grade x science programs. This superÍority
gained through the study of the rntroductory physical_ science programe

was evidentry maintained after both groups had studied a commone

laboratory-ori_ented program in Grade XI.

No conclusions paralrering the CHEMS results can be mad.e for
the PSSC sample' Although the achievement scores for the Group A
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students were higher than those for Group Bo and although the difference

between the composite mark rneans was significant at the five percent

Ievel, the differences betv¡een the two groups rdere not sigçnificant r^rhen

adjustments were made to correct for differences ín prior-knor+ledge"

lrJhen adjusted values vJere considered, the differences between the

means of all- variables for the tvro groups were neither consistent nor

siAnificant.

It may therefore be concluded that the Tntroductory Physical

Science program is beneficial to the achievement of the majority of

students in Grade XI CHEMS. Howevero since all PSSC students also

studj-ed CHEMS and/or BSCS, either their natural ability or the number

of science courses stu-died reduced the difference in the Ìlerformance of

the tlvo groups on every criterion variable. fþsncfnro tho nana¡¡f

course changes instituted by the Department of Education j-n the Grade X

science program of the matriculation course have been at least

partially justified by the improved achievement and comprehension of

science demonstrated by the Grade XI CHEMS students.

This study has again shown that it is possibl_e to evaluate on

an objective basis the effects or suitability of a particul-ar science

course. The statistical- techniques used in this study coul-d be used in

curriculum research in other subject fiel-ds,

Reeommendations

The CHElvfS correlation matrices indicated that different Group B

students, taug'ht by one of the three different chemistry teachersu

shov¡ed achievement levels significantly affected by the particul_ar

teacher they studied under, such an effect may be due onry to the
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Srouping of the students to form instructional units, but the negative

correlations between the Teacher variabl-e and the achievement variabl-es

more likely stemmed from student attitudes tov¡ard science, student-

teacher relationshipsu and the resulti-ng teacher effectiveriesso Since

there were no significant relationships for the Group A studentsu al1

teachers must have been equally effective with their better students"

Ïn contrast, the PSSC teachers appeared to be uniformly effective with

a1l- students" rt is therefore recommended that a more carefully

control-led study be undertaken in order to gauge teacher effectiveness

upon various types of students" The results from such a study iroul_d

arlow teacher and student placemenù that are more appropriate, and

thereby foster learning situations that are more effective" An

alternative approach to achieve the same resurt woul_d be to ensure

that each instructional unit be taught by at }east two different

teachers during a schooL year. This is one of the ad.vantages, main-

tained for team-teachingo which was confírmed by the evidence available
ì- +Lì^ ^+,,,t-.¿¿I Uf ¡!ù Þ U UUJ @

It is recommended that another analysis of the students in the

CHEMS sample of this study be conducted when these students complete

the Grade xrr chemistry program in Juneo L97o" such an analysis wourd

determine whether or not the differences in achievement in and under-

standing of science are maintained for another yearê Natural attrition
of the PSSC sample renders difficurt a similar anarysis for those

siudents,

Revisions of the fntroductory physical science program are

inevitable. The effectiveness of any revision of this programe

regardless of the magnitude of the change, should be evaruated
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immediately. Use of the TOUS test roroul-d provide an appraisal of the

effect of a new courseu by the end of the first year of a pilot programe

upon student understanding of science. Unfavorable resul-ts at that

time would al}ow schools, by the start of the subsequent schooL yeare

to revert to the older program or to adopt an al-ternative revision"

Ifu on the other hand, the revision appeared successful-u evaluations

concerning the effectj.ve preparation of students for successive courses

should be conducted when the school year is nearly completed. Again,

if the present facilities are consideredo there is no reason for the

resul-ts and subsequent decisions not being available so that these

decisions could be implemented in time for the succeedíng school yearê

Since the Department of Education has used only subjective eval-uations

of pilot programs up to the present timeo it is recommended that

objective studiesu such as those described in this paper, be conducted

prior to the acceptance of any new programe
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ANALYS]S OF VARTANCE T.oR THB CHEI\,ß

AND PSSC SAMPLES

The analysis of variance, rotated factor matrixo for the entire

CHEMS sampleo Group A and Group B respectively are preserrted in Tables

Lj-Lr" only six factors contributed more than five percent of the

variability of the scores for the variables listed" Toget,her these

six factors accounted for approximately seventy percent of the total

variability. The first factor ín each table showed a strong relation-

ship to the mental ability and performance scoresu and accounted for

approximately thirty percent of the variabílity of the scores for each

groupø

ldhen the variabl-es Age u Sex and Teacher were deleted from the

datau the anaryses of variance for, Groups A ancl B of the CHEMS sample

a]tered the tables substantialry. These revised tabl-es, 16 and r/,

indicated that the mental- aptitude factor nor^r accounted for more than

forty percent of the variance for both groups, and the total variability

accounted for exceeded eighty percent. In aII five of these tables the

second factor appeared to be related to student achievement on TOUS,

Tabtes 1B-2o present the resurts of the analysis of variance

for the PSSC sample" rn the first. tv¡o tables seven factors r,vere

required to account for more than seventy percent of the -¡ariabil-ity.

Table 2ou hovrevere accounted for more than eighty percent of the

variability of Group B students in this sarnple with only five facrors,

fn alL three tables the first factor vras a6ain closely related



to mental-

of Tables

Table 20

analyzed 
"

aptitude and was also

lB and l! again seemed

such a relationship did

the most important factoru Factor tv¡o

to be related to the TOUS scores" fn

not appear until factor four v¡as
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Table l-J

Analysis of Varíance for the Total- CHEMS Sample

on Seventeen Variables

Factor
Variable

V

a

T

rQ

lvl

s

P

(1

CM

T-t_

T
¿̂

T-3

T*T

Age

Sex

m^^¿ga

Course

Cumulative
^/ 

rr/ó var]-aoLt].¿y
Accounted for

.oB ^.2a

-,I9 - "22

^r ¡/-oUO *"¿O

.o7 - "49

- "ol *.og

"25 ,L5

./-"ro "l_u

.o4 -"L7

"l_o -.o3

*"o7 "09

-.oB - "L5

-"o5 -.ol

-"oB -,o2

"o5 "90

-"90 - "o3

,oo "og

zE 
^l-ê)) oVJ

t_

o't I

nq

.68

q?

o9,

"04

^42

/()

"25

-"uo

zz

"¿o

-"14

- "02

.o)

)

-"o)

-"I3
_.44

,,I
- õ't 1:

-"J0

J,¡- "'+¿

.oo

-"20

-,20

- "66

-" /o

-"66

- ^q2

ô¿r

_"L3

"lo

-"uo

1

"20

-t
"t+

"22

^z

,of

- "23

*"ol

^o" "¿a

- "¿o

7Jt

- "o9

-"IÕ

"11

.oo

"o¿

-"54

4

-,f9

-"¿o

*"25

-"20

"07

*"L3

-"0r

*"57

^t- "¿.+

,oB

-"2r

-"oB

-"t7

.to

"19

t7 "o 46,2 qzq ov ø) 66"4 Zr"?
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Table 14

Variance for Group A of the CHEþlS Sample

on Seventeen Variables

Factor
Variable

V

þ¿

m¿

Tc)

M

c

P

CM

T*T

T
L

m¿-

T*T

Àop

Sex

Tea

Cumul-ative
^/ -."/^ \l 2T1 âl'ìì lf frr

Accounted for

1
I

"o)

,84

"90

"ou

r\<

"14

u4J

.lr I
oTI

"10

Itr

,11

nQ

*"1_o

-"02

a_

q?

-oUO

"29

"27
'l)

"¿Õ

-.O,

lq

"72

"72

.68

OL

-,ol-

t?

-.09

,20

^7

^z

rJ,
- " a.t

-"2r

"64

"27

)7

-,01

-,ol-

"L2

"ub

,84

- "O7

4

lo

A7

17

,46

--lq

"17

1n

IE

- "2L

"22

rìq

^"89

-"10

"10

"o2 "o]

-,22 -,l_l_

¡/
- 6uo - "v)

zi nQ
-6)L oVU

-.40 ,L2

- "73 -"14

-.08 -.18
/-

-oOI ^.L)

-,68 .06

-"25 "Or

,I7 *"L7

- "37 "r2

-"25 .OO

,06 -.og

"04 ,fr
.09 "91
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Analysis of Variance for Group A of the CHEMS SampJ-e
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Analysis of Variance for Group B of the CHEMS Samp1e

on Thirteen Variabl-es
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Variance for the Total

on Seventeen Variabl-es
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Tabl-e 19

Variance for Group Ä- of the

on Seventeen Variables

PSSC Sample
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An¡lvsis of Varìance for Groun R of the PSSC Samnle

on Seventeen Variabl-es
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