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STATEMENT OF THE PROBLEU
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differential eff
and application of scientific knowledge as a result
twa methods of student-palring in =2 team learning

el

situation at the lower secondary level. TFurther, th

1 g t 3 “ oy fF T
study was designel to dstermine possible affective

modiflications s a result of differential palring.
vors spscifically, the gquestions of major interest =

1. Does homogeneous Dairing in a grads Ten

Tntroductory Physical Science (IPS) progran enhance

() retention of factual

(¢) application of infornatilon,
as opposed to heterogeneous Paliring?

2, Do students in a 2Zrade ten Introductory

fa

.
21re s

Prnysical Sciencs drogram exnlblt significant differences

in attitude as a result of method of palring?
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in the use of social contacts among students as an ald
in the learning process, Open classrooms, seminars,
workshoops, discussion and study groups utilize the
group~concapt of learning. Attention has centred
increasingly upon the development of the individual in

ccent innovation in the fi=1d of

s

a soclal settling. A
group work is palired learning. Under this systen,
classes ars divided into teams, The members of each
team study together and work on jolnt assignments.,
Disocnssions are carried on within each palr, but Eegting
is done individually.

Historically, research in Seam learning nas
devaloped in two phases: phass I, which concentratad on
comparisons of students working in palrs with students
working alone; phase 1L, which linvastigated the best

-~

1berest
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mathod of pailring. In dhase I the gusstlon of i
was, "How does paired learning compare with iadividual

learning?"

According to Travers and Myers (19464) individual
(]
“learniag is more efflclenb wnen the task 1s rvote lsarning

Dick (19263) and Heimer (1962) stabted that palred learning
was advantaseous in algebra: Harms (1956) found that
vaired learning

students of Enzlish galned as a result of
(@) <O

Since zeveral experiments have been completed whlch

-



indicakte that, in certain subjesct fields, students
working in pairs learn at least as much as students
working alones, 1t seems both reasonable and efficacious
that phase LI research investigate the best method of

ready been conducted in

I~

this area, stimulated, in part, by the findings of phase
research, and, in part, by new courses which lend them-
elves readily to this approach. Most of these invest-
igations have besen confined to subjects lnvolved in
progranned learning units ., However, team learning. is

not regcricted To Drogy:

aed learning: it 1s also belng
adopted in regular classrooms and laboratories. The

Jal

findings of this study may be helpful in determining

which type of Ppairing will be most beneficial to the

student in regular classroom and laboratory situations.

Tn Grade ten Introductory Physical Science (IP3S)
classes, students are palred because exveriments fraquently
require that several activities be carried on concurrently.

Tn addition, the expenditure for apparatus 1is reduced

considerably by having student pairs work toge

(l)

1
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D
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The writer was Teaching the IPS course to two
Grade ten classes during the school term 1957-08.
Students ware palred according to thelr own

-

he bteams worked =fficlently, while others

@]
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seemed to encounter wvarious problems. It Seems reason- #
able that if students work together on an experiment,

K

that follow-up work and related tasks ooﬁld be effected

in a more efficient manner if they continued working
together. A natural consequence is the need for deter-

mining the type of pairing that will result in optimum

efficiency. Further, if one subscribes to the respons-

ibility of the school of generating attitudes that will
stimulate interest, and thus continued 1earning, beyond
the confines of the school situation, one must recognize

da

the need for some information regarding the degree to
which classroom organization, such as learning in teams,

can contribute to the formation of such attitudes.

Method of the Study

During the 1948-89 term, the subjects for the

experiment were grade ten students at Vincent Massey

1.

Collegiate, Fort Garry. The sample consisted of 140

students. The socio-economic status of the community"
served by this school is middle to upper-middle class.

The subject was Introductory Physical Science.

The course was supplemented with certain mathematical
concepts and skills. The general experimental setting
. was as follows: g hout ninety percent of the Ttime was

spent in the laboratory with students working in single-



sexed pairs.‘ The school operated on a ten-day cycle
with six fifty-minute periods a day. Each class had
eight periods of IPS per cycle. The eXperiment was
conducted over a fifteen-week period,

Tnitially, students in each ¢lass were stratified
on the basis of sex, then ranked according to the scores
achieved on the Kuhlmann-Anderson Test (Form H). The
actual palring followed a slight variation of the pro-
cedure adopted by Hartley and Cook (1967). Students
. Were enooufaged to work together on as many tasks as
possible. Only the testing was done on an individual
basis.

The tests used included (1) The Kuhlmann-Anderson
Test (Form H) used to pair subjects on the basis of
ability (2) chapter tests (3) attitude scale (devised
by the investigator using Osgood's Semantic Differential
Scale as a model) (4) a final examination given at the
end of the exverimental period covering all the material
taken during the experimental périod.

Apart from grouping dictated by course selection,
students were randomly assigned to classes, Of the
seven classes taking IPS, four were selected at random
for the experiment. Two teachers were involved, each

teaching two of the experimental groups. Teacher



assignment to the experimental groups was done on a
random basis. Instructional procedure was not changed
for ths experimental groups. The only variable was the

method of pairing.

Definition of Terms

Throughout the study some terms are used so
-frequently, others in a special sense, that a brief
explanation at this point seems desirable.
Egggigggrning - "learning" is used in the broad con-
ventional sense; "Team" refers to a pair of students;
"Team learning" and "Palred learning" are used intexr-
changeably.
Station - the part of a laboratory table used by a pair
of students.

Hich ability Student - Both sexes in each class were

ranked from high to low on the basis of composite scores
achieved on the Kuhlmann-Anderson Test (Form H) . The
subjects scoring above the medlian were designated as
high ability students.

Low ablility Student - A subject scoring below the median

on the Xuhlmann-Anderson Test (Form H).
HH - a palr of high abllity students.

LL - a pair of low ability students.



.
HL - a pair consisting of a high ability Stgdent and a
low ability student.

Acquisition score - a score obtained on a test written

immediately after a unit of materilal has been taken.

Retention score - a score obtained on a test written at

the end of the experimental period, and sampling the

entire content of the course covered during the period.

Application score - a score obtained on a test designed
specifically to determine whether information gained can

be used effectively in solving new problems.

Limitations of the Study

The results of this sﬁudy are based only upon
comparisons of pupils who were taking the Grade ten
IPS course. Generalizations from this study are limited
to students at the same level in similar situations.

Two teachers were involved in the experiment.
However, it is assumed that since each teacher taught
two classes, that the results, subject to other limit-
ations, Will not be affected seriously by ths teacher
variable.

The sample was drawn from a suburban commuaity of
middle and upper-middle class population. It seems

reasonable to expect that this would affect the results.
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The instrumeﬂts used for evaluation,uéxcept the
Kuhlmann;Anderson Tesf, were devised by the}investigator.
Apart from the attitude scale, no data cohcerning
reliability or validity are évailable, imposing consider-
abie restrictions on generalizatiéns to be drawn from

the findings.

Organization of the Thesis
The remainder of the thesis follows the format

giveh below. Chapter II presents a review of literabture
related to the problem. Information about the sample,
selection and description, evaluative instruments and
experimental procedures is found in Chapter III.

Chapter IV contains the presentation of data and
statistical treatment of data. Chapter V presents the

findings and conclusions.



CHAPTER IT
REVIEW OF LITERATURE

The purpose of this chabter is to summarize avail-
able research related to team learning. Most of the
literature, it is noted, has been written during the last
ten years. The Education Indéx lists team learning for

the first time in its 1964-65 edition. There is wide

variance in studies regarding procedure, level of students,

variables controlled, and specific criteria tested. There
is also considerable variance in the amount of statistical
evidence available to substantiate the many statements
made with respect to team learning. But some of these
innovations, and their by-products, have a bearing on

this study in that they indicate interaotioﬁs between
various types of students. Further, 1earnihg improvement
has been the objective of all investigators.

Articles of a descriptive nature have appeared in
various educational publications desoribing vrairing of
students or team learning. A number of studies have been
dons comparing team learning with ihdividual learning, but
a scarcity of studies exists comparing homogeneous péiring
with heterogeneous pairing.

Pertinzsnt literature here Will be reviewed in
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in three areas, namely:
1. descriptive articles;
2., studies comparing team learning with individual
learning; |
3, studies comparing homogeneous palring witl.

heterogeneous palring.

Descriptive Articles

These articles strongly suggest that palring can
be a valuable means of motivation within the classroom.
They indicate that team learning can be implemented in
various ways. Statistical evidence is not included to
substantiate any of these statements, but some of the
innovations described have a bearing on this study in
that they indicate interactions between various student-
types..

In her drticle "Palr the Bold with the Shy and Get
Results", Witter (1967) utilized student pairing in
music,.oral English, science and crafts. Teaming the
timid with the aggressive, according to the writer,
led to an ideal blending of talents, caﬁitalizing on
the best in each partner, and stimulating new interests
which might otherwise never have been developed.

In another study, Robbins and Hallock (1966)
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teamed first-graders with sixth-graders in aﬁ effort to
overcome language difficulties of the first-graders.
The sixth-graders adopted the role of teacher. The
results of this innovation included improvement_in
leadership skills, independence, aﬂa gelf-initiated
learning.

Similar conclusions were drawn by Graffam (19564),
who stated that the experiences and testimony of six
nundred students, fifty elementary teachers and principals,
and six consultants indicated that team learning could
stimulate individual motivation and class morale for
better and faster learning. The alphabetical method of
team selection was used, but Graffam suggested that in
other situations homogeneous grouping might be desirable.
He stated, further, that with the increasing complexity
and interdependence of our soclety and the rapid multi-
plication of knowledge, better techniques of learning
and teaching are required to produce citlizens capable
of meeting the demands of present day living. Teaum
learning, he said, "is designed to aooqmplish these ends,

‘‘‘‘‘‘ and consequently, 1t is appropriate for the needs and
trends of our times."

Stoot's (1966) observations complement Graffam's
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findings. According to Stoot, great Strengéﬁ of
motivation is required for students to work alone at
computers. Children palired learned equally well in
appreciably shorter time than children working alone;
Group learning, according to Stoot, frequently reinforces
understanding since a clear understanding of a concebt
is needed before a student can explain it to the other
member of a palir.

The objectives in the articles reviewed; in spite
of variation in methods, reflect a common end--the
improvement of learniﬁg. Further, all writers report

some measure of success as a result of the tean approach.

Team Learning Compared with Individual Learning
Available sources reveal that, although considerable

investigation has been carried on; a varlance of findings
is evident with respect to the effectiveness of paired
learning, The majority of studies have been aimed at
determining the effectiveness of an individual working
alone as compared to the effectiveness.of an individual
working as a member of a team. Most of the studies
were conducted with either programmed learning or rote
learning. The studiles reviewed here present some
evidence that paired learning may be at least as effective

as individual learning. -
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Durrell (1959), the author of the team learning
plan tested in the Dedham Project, has done a substantial
amount of research comparing the effects of paired
learning versus individual learning; generally using
homogeneous pairing; He drew the following general-
izations after observations of forty-seven fourth)
fifth; and sixth grade pupils in mathematics and spelling
programs : {

1. S8Slow learners benefited more from palring than
from working individually.

2., Independent work of self-directing teams
allowed the teacher more time with teams that needed
help.

3, Pupils in pairs carried on a great deal ofv
discussion, often making corrections on theilr own;
thereby allowing the teacher additional time for
rendering individual assistance.

4, Noise level in the classroom increased, but
students were not bothered by it.

5, Pupil response and individual practice in
oral activities increased.

6. Student attitudes toward school improved.
(This, however, was not substantiated by any statistical

data.)
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7. Students liked the idea of working*‘vc\ogethere

With reference to the Dedham Project, Durrell and
Palos (1960) noted that even with uniform assignments
required of entire classes, study teams permitted the
use of different levels of study guides and offered
richer opportunities for individual recall and reaction
to material used. Further, it provided greater security
in learning, especially when pupils checked their know-
ledge with each other. Team work, they saild, "obviously
providas experiences in social and group responsibility."
Some disadvantages also became evident. Hard workers. did
most of the work and laggards did as little as possible.
Certaln children provided distractions which might lower
working discipline. Differences of oplinion could lead
to guarrels, and finally, ths burden on the teacher of
keeping track of the class and 1in material preparation
was much greaterl They advised moderation in the use of
paired learning, but added that pupil preference for

-

team activities was great enough to warrant a wlder use
of study teams in classroom instruction.

Durrell and Scribner (1959), againAassessing'the
Dzdham Project, concluded that Judging by teacher

acceptance of the program and achievement results, the
O

team learning program was definitely worthwhile. This
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- statement was unanimously endorsed by the scﬁool committee.

Experiments involving programmed learning were con-
ducted by Dick (1963) and by Dick and Seguin (1963) to
determine the effect of palred 1eérning on individusl
students. Based on a second year contemporary algebra
program; students were randomly paired. The performancé
of paired students was compared with that of students who
worked alone. An attitude Scale; constructed by Hartmann
(1957) using Guttman scaling techniques, was administered
at the conclusion of the program to determine any
possible changes of attitude toward school or program;
Dick drew the following generalizations from his experiment:

1. Paired students retained a significantly greater
amount of material studied than did individuals who
worked alone}

2. Paired students took significantly longer to
complete programmed learning units than the individual
student working alone--an average of 3.7 minutes per
unit longer. Dick concluded from these findings that
the extra time was spent in discussions between members
of pairs, and this resulted in superior retention.

3. Working in pairs provided relief from the
boredom often associated with programmed learning.

L, ©No significant change in attitude was observed.
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The evidence presented by Dick is not conclusive
since he was prepared to accept a significance level of
;07 when testing differences between retention scores pf
members of pairs and of individuals. In addition; he did
not account for an attrition of twenty percent of his -
sample between test and retest. This may well have coné
founded the findings since he 4id not compare the lost
cases with the remaining.sample on any variable, However;
his study strongly suggested that team learning had
beneficial results on the students involved. It sub-
stantiated the findings of earlier studies.

The study by Dick and Seguin (1963) attempted to
ascertain the effects of personality-pairing on the per-
formance of freshman students in a programmed English
grammar course. Fifty-six students were ranked and
paired on the basis of Bernreuter's Personalityuiﬁ§éh£5ny
The results of this experiment indicated no significant
differences on the criterion measures between similar and
dissimilar groups.

Austwick (1965), in a trigonometry program with
second year forms, used twenty subjects as a control,
twenty-six subjects paired randomly, and twenty-four
subjects paired homogeneously. He reported no sig-

nificant differences in gain scores from a pretest to a
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post-test. Tt was noted that girls took less time than
boys in bbth treatments.

A study by Myers; Travers} and Sanford (1965)
examined the effect of reinforcement of verbal learning
by pupil pairs and by pupils working alone with a self-

instructional task. They used 192 students at the fourth,

fifth} and sixth grade 1evels; The task was the memo-
rization of sixty German words and their English equiv-
alents. Efficiency of learning, defined as the amount.of
learning per unit of time, was greater for students

working alone. This conclusion was substantiated by

another study (Myers and Travers; 1966) .

Other studies have focussed atfention on various
phases of team learning as opposed to individual learning.
to determine the effect of pairing on the individual.
McHugh (1959) used fifth and sixth grade students. He
stated that:

1. Sixth grade students with an I.Q. of 120 or
over improved significantly in science and 1iteratureQ

2, Fifth grade students with I.Q.s from 95 to 119
Agained in social studies, 1iterature; and scilence.

3, Students with I;Q.s below 96 neither gained
nor lost as a result of the palred learning program.

A study by Harms (1966) points toward more effect- .
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iveness and greater independence of the paired 1earners;
He observed that students in English liked working to-
gether} and that nineteen out of twenty palrs finished
the assigned task without teacher interference or
assistance. No comparisons with a control group were
reported.

Experimenting with a team learning approach in
freshman English; Greenbaum and Schmerl (1967) were far
from satisfied with the results of their experience;
"Lack of equipment and shortage of time produced frus-
trations. Evaluation of students was a problem. The
experimenters were not able to ascertain whether the
course would have any lasting value. In spite of these
difficulties, Greenbaum and Schmerl stated that the
method seemed, "a significant and useful departure from
many of the present approaches to the oourse)“

Maurer (1967, 196 8), principal of a Junior-Senior
high school, reported on the reactions of his teachers and
their students to team learning. Generally homogeneous
pairing was used. The following advantages of team
learning were listed:

1. It helped to individualize instruction.

3, It encouraged student involvement and

participation.
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L, It enabled teachers to get to know students

better.
5;' It provided relief from monotony.
6. Discipline problems were reduced to a minimum;
7; Teachers worked more creatively;
8. No extra demands were made upon the adminis--

trators;
The course was teacher-designed and pupil—centred;
Disédvantages of the method included:

l; Team learning classes were much noisier than
conventional classes. (However, teachers insisted that
the noise was easy to live with;)

2. Extra demands were made upon the teachers?

They had to stay ahead of the top team.

BQ Team learning in.a school with a sizeable
minority group might create a problem in terms of pairingl
Maurer mentioned Negroes and Caucasians as a possibility,
but this could apply to any other groups as well,

Maurer's teachers used team learning for mathematics,
social studies, English, general science, biology, and
some reading classes. Grades eight to twelve were included
in the program. Of a total enrolment of 700, approximately

600 were involved in at least one team learning class per
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day, and 350 students wére involved in at least two
team 1earhing classes per day. The number of teachers
involved in team learning increased from seven to nine-
teen after the flrst year.

Fry (1948), in spite of the advantages he acknow-
ledzed, held certain reservatlons regarding student pairs.,
He listed the chief advantages as helghtened motivation,
increased participation by the shy student, and decreased
evaluation timsi However, time was wasted adjusting
prairs, and the possibility existed that a good student
paired with a poor student might be penalized by this
arrangement . Consequently, he advised restraint in the
adoption of the paired structure.

Tt would appear, on the basis of these studies, that
team learning has a number of advantages over individual
learning. Student involvement seems to Dbe increased,
interest heightened, and results generally favor team
learning. Evidence presented Dby investigators relating
to tean leérning as opposed to individual learning tends
to be positive.

Homogenegg§vPairing Compared with Heterogeneous Palring

Particularly applicable to this investigation are the
studies on homogensous versus heterogensous pairing.

Sawiris (1968) worked with twenty-eight individuals,
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fourteen homogeneous pairs, and fourteen heterogeneous
pairs, all thirteen year—olds, on a linear geometry
program. He reported that homogeneous palrs took less
time to finish a task than did heterogeneous pairs,

There was insuffipient data to generalize as to the
effectiveness in terms of test results. Saﬁiris étated
that tasks designed for individual use tended to hide the
effectiveness of the groupr. The short duration éf the
experiment, terminated before boredom set in, obscured
the motivational effect of group learning.

A finding of importance was that of Amaria, Biran,
and Leith (1966). They experimented with primary children
using a programmed course on levers. Their study indicated
that the poorer members of heterogeneous pairs gained
significantly more from their program than did similar
students in homogeneous palrs.

An experiment in miniature was conducted by Hartley
and Cook (1967). They attempted to determine the effect
of pairing an individual of high ability with an individual
of low ability, also a high ability student with another
high ability student, and a low ability student with
another low ability student. They stated that there was
no reason to belisve that a low ability student of a high-

low pair benefitted particularly, or that a high ability
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étudent of a high-low pair suffered as a result of the

" pairing. The subjects were twelve to fourteen years

0ld. They used a machine-presented branching program
in mathematics. The small sample size, however, (in
some cases as low as four subjects) limits seriously
any generalizatiohs that can be drawn from this
investigation.

Table 2:01 summarizes the results of the studies

referred to earlier in this study.

Summary of the Review of Lilterature

A brief survey of literature pertinent to this
study has been presented. Several points of particular.
interest emerge:

1. Findings indicate that individuals working in
pairs, except where the task 1s rote learning, function
at least as well as individuals working alohe.

2. Pairing appears to offer advantages 1in terms
of motivation, teacher time made available, learning
efficlency. |

3. Inconclusive findings are in evidence with
respect to a cbmparison of the effectiveness of homo-

geneous palring with heterogeneous paliring..
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CHAPTER ITI
DESIGN OF THE STUDY

The purpose of the present chapter is to outline
the design of the study inciuding a description of the
sample} procedure of data collectlon, and proposed
methods of data analysis.

The study was designed to determine the effect of
differential pairing of students in Grade ten Introductory
Physical Science.

Experimental Setting

Thé Sohbol

The subjects for the experimental treatment were
. Grade ten students in Vincent Massey Collegiate, one
of two senior high schools in Fort Garry School Division
Number 5. Fort Garry is a suburb of Winnipeg, Manitoba@
The collegiate, offering courses in Grades ten, eleven;
}}}} and twelve, has a total population of 918 students.
Three hundred thirty-one students are enrolled in Grade
ten, of whom 245 are in the Unilversity Entrance program.
No attempt was made to obtain objective data
regarding soclo-economlc levels represented by the

sample as this was not one of the dependent variables to

be investigated. However, a subjective assessment shows
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evidence of all levels of the Socio—economié'strata
represenfed in the school system. There 1s further
evidence that the community favours the middle and
upper-middle strata. Student information forms indicated
thet parental occupations are predominantly professional
and semi-professional. Attendance at parent—teaéhers
meetings; home and school meetings; as well as school
dramas} exhibits, and festivals; would indicate that

school activities are well supported by the taxpayers;

Course Description

Reports from Physical Science Study Committee and
Chemical Education Material Study teachers indicated
that an understanding of basic scientific skills and
the nature of experimental physical sclence should be
acquired by students prior to enrolment in these courses.
RBased on these reports, the program, now called
Introductory Physical Science, was developed and written
by the IPS Group of FEducational Services Incorporated.
The first version of the program was used in 19463 and
1964, Feedback from teachers involved in teaching the
course resulted in two major revisions. The present
course is a product of the initial draft and ensuing

revisions.
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The program was pilotted in Manitoba ;h 1966,
conducted on a voluntary basis in 1967, and designated
the official science course for all Grade ten students
enrolled in the University Entrance program in 1968.

The course is designed to furnish students wita a
background for further study in other sclence courses,
such as physics, chemistry, and biology. The theme of
the course is the development of the atomic model of
matter. Student experimentation and group discussions
constitute the major portion of school work. Although
a fully equipped laboratory is an asset, the course may
be conducted in a classroom containing regular flat-
topped desks and one sink. According to a survey con-
ducted by the authors of thehprogram, the course can
and does serve needs of students with a wide range in
background and ability.

Content of the first three units of the course
was covered during the present investigation. The first
unit serves as an introduction to the whole course. One
experiment--the distillation of wood--provides the basis
for discussion of experimenfal procedufes, composition
of matter, and course objectives. Here the student is
introduced to the laboratory and the apparatus.

Measurement of matter is the main topic in the
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“ second unit. Units of measurement, processes involved

in measurement, advantages of mass over volume are some

of the ideas discussed.

Unit three deals with characteristic properties. Density,
thermal expansion, elasticity, freezing and boiling
.points are inclﬁded in the section. Gases, liquids, and

solids are exanined.

Course Treatment

Class procedures for the experimental group did
not vary from that accorded the regular classes. Broadly,
the program could be divided into the following areas:

1. Discussion of concepts and principles from the
text
Pre~laboratory discussions

Laboratory work

Post-laboratory discussions

U & W D

Home, Desk, and Laboratory quesfions
6. Related activities
Each of these items will be dealt with briefly.

Discussion of concepts and principles from the text

Many portions of the text are of a descriptive or factual
nature. Some sections were treated as reading assignments.
Many concepts were discussed in class because of special

significance with respect to related principles. Freguent
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opportunity was given students to contribufé“information,
ask questions, or share experiences. The lecture method
was employed only rarely. Generally, the role of the
teacher was that of discussion leader or oonsultant;

Pre-laboratory discussions. The maln aims of the -

pre-laboratory discussions were to ensure that students
Weré familiar with the procedures required to carry on
the experiment, and that the objectives of the experiment
were defined. If special techniques were required; these
were noted. Safety précautions were emphasized, methods
of reoording data were discussed, and questions regarding
any part of the experiment were answered}

" Laboratory work. This phase included distribution

of materials, setting up apparatus, and the experimental
procedures. The students pérformed the experiment in
pairs, and recorded the required data. The teacher
engaged in assisting students by answering questions;
asking questions, making suggestions, locating supplies,
ete. After all pairs completed the experiment, the
results were recorded on the blackboard. Thils provided
the basis for the post-laboratory discussion.

Post-laboratory discussions. The procedures,

results, and problems related to the experiment were

discussed. Results were examined for trends and possible
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Vgeneralizations to be drawn from the experiment; Sample
data for an experiment involving elaéticity of gases are
given in Appendix A.

Homs, Desk, and Laboratory problems. Each unit

concluded with a series of problems. After each
experiment a number of problems were assigned. Tﬁese
problems were designed to broaden the understanding and
the scops of generalizations»derived from the experiment;
as well as to provide additional application of skills
such as reading graphs, applying formulae, and calculating
results. The problems might also suggest further
activities which could be carried on, pefhaps outside tThe
olassroom; The partners worked together at these

problems preceding full-class discussions.

Related ativitiss. These activities will be

mentioned only since they are self-explanatbry. The
basic procedures have been outlined above, but many
activities do not fall into specific categories. These
include field trips, films, laboratory tests fof fun,
reports from students on experiments conducted at home,
discussion of newspaper items, and experiments suggested
by Home, Desk, and Laboratory problems. Review sheets,
in preparation for written examinatlions, were handed out.

(See Appendix B for sample review sheet.) On several
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occasions time was allocated for students to perform
experiments of thelr own choosing.

The Sample

The total Grade ten population consisted of 331
students. This. population was divided into two groups
on the basis of course selection; Eighty-8ix were
enrolled in the General or Commercial course, and 245
were enrolled in a University Entrance program. The
University Entrance group was sub-divided into classes
on the basis of selsction of options, such as French,
American History, and Industrial Arts and Home Economicsf
These classes were randomly assigned to classrooms; and
to teachers. Two teachers were involvad in teaching the
IPS course, ons assigned to three classes, and the other
to four classes. Each teacher selected two classes at
random to constitute the experimental group.

The original sample consisted of 138 subjécts.
One student transferred to another classrom, two students
were left without a partner due to an odd number of
students in the classroom, leaving a total sample of 135
subjects. All had chosen French as an-option, and 86
Industrial Arts and Home Econonics. There were eighty-

seven girls and forty-eight boys.
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Method of Pairing ~

The method of pairing the studénts in the experiment-
al group varied slightly in design from the one used by
Hartley and Cook (1967). 1Initially, the students in each
of the four classes were stratified on the basis of sex.
Each group was ranked from high to low on the basis of
scores achieved on the Kuhlmann-Anderson Test (qum H).
P The subjscts scoring above the median (for each class

and sex) were designated as high (H): those scoring below
the median were designated as low (L). The highest
ranking subject of the H group was paired with the highest
ranking subject of the L group to form an HL pair; The
second and third highsst ranking students from the H group
and the L group were paired to fofm HH and LL pairs
respectively. This procedure was followed with the
remalining subjects as shown schematically in Figure I. .

The criterion test for ability was the Kuhlmann-
"Anderson Test (Form H). The pairing was on a permanent
basis for the duration of the experiment unless critical

problems arose which made it advisable to adjust the
grouping. The students were encouraged to work together
not only during the actual sxperiment, but also with

all other IPS tasks.
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Figure 1T
Schematic Representation of Palring Method

Table 3:01 presents the range of 1.Q. scores of
both mals and female subjects in the high and low group
designations.

TABLRE 3:01

RANCE OF KUHLMANN-ANDERSON T.Q. SCORES WOR SAMPLE
RY CLASS, SEX, AND GROUPING

S i s - . R —

) } CLASS
SEX | GROUP R DR S R IV
Boys H 126 - 137 113 - 137 114k - 127 133 - 162
L~ 104 - 128 107 - 112 99 - 113 117 - 136
Girls H 124 - 134 109 - 138 117 - 150 133 - 150

4
I 111 - 122 90 - 112 96 - 118 118 - 133
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Hypotheses to be Tested.
The.object of this investigation was to compare
the differential a=ffects of paliring on scientific and
mathematical achievement and attitude changes}
The null hypotheses to be tested can be stated
as follows:

Hypotheses Related to Acquisition Scores

1. There ars no differences in mean scores between
high ability subjects of the HH group and high ability
subjects of the HL group.

2, There afé no differences in mean scores betwesen
low ability subjscts of the LL group and low abllity
subjects of the HL group.

Hypotheses Related to Retention Scores

1. There are no differences 1ln mean SCOTresS between
high ability subjects of the HH group and high ablility
subjects of the HL groub.

2. There are no differences in mean scores beftween
low ability subjects of the LL group aﬁd low abllity
subjects of the HL groub.

Hypotheses Related to the Applicablon of Sclenbiflc

Concepts and Mathematical Skills

1. There are no differences 1n mean ScCoOres between
high ability subjects of the HH group and high ability

subjects of the HL grdup.

Ty
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5., There are no differences in mean scores between
low ability subjects of the LL group and low ability
subjects of the HL group.
Hypotheses Related to Attitudes
1. There are no differences in changes of attitudes
>>>>>> betwean high ability subjects of the HH group and high |
“7bf ability subjects of the HL group.
v; 2. There are no differences in changes in attitudes
between low abiiity subjects of the LL group and low
ability subjects of the HL group.

Data Collsction Procedures

Ability Testing. The Kuhlmann-Andsrson Test,
seventh edition, Form H, was selected as the criterion
measure of learning ability ian this study. The test
consists of §}ghty—two verbal and eighty~-four gquantitative
items. Administration requires approximately forty-five
minutes (twenty-three minutes actual working time) .
Deviation I.Q.s are used for this form. The mean of these
I .Q.s is 100 and the standard deviatlon is 16.

A number of comparisons have indicated validity

ooeffioientg/ranging from +.59 to +.92. The total score

of the Kuhlmann-Anderson Form H correlated with Sequential
Tests for Educational Progress, Form 24, and final academic

grades at +.79 and +.59 respectively (Anderson, 1963).

Ty
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Various reliability studies have shown\the Kuhimann—
Anderson Test to be a highly reliable instrument.
Successive administrations of the Kuhlmann-Anderson Test}
Form H, to a group in Grade nine and in Grade cleven
yielded a +.856 correlation between the two sets of 1.Q.8.,
The correlatioh between Grade ten and Grade eleven 1.Q.s8
was +.92 (Anderson, 1963).

Apart from thevrelatively high validity and
reliability coefficients, the Kuhlmann-Anderson Test,
Form H, was selected for this study because both verbal
and guantitatilve items are used to measurs academic
potential. It was felt that an excessively verbal
intelligence test would not be appropbriate ih a study
dealing with scientific and mathematical concepts.

To determine the validity of the hypotheses,
measuring instruments were designed by the investigator.
The tests included instruments designed to measure
aoquisitioh, retention, and application, of knowledge and
concepts, an& an attitude evaluation scale .

Acquisition Testing. Tests of knowledge acquired

were administered after the completion of each of the
three unité—studied during the experimental period.

These tests appear in Appsndix C.

Retention Testing. One test, based on all material
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covered, that is,. the first three units, was administered
at the end éf the experiment (See Appendix D for the
test) . The purpose of the test was to determihe how much
of the material studied during the entire exverimental
perliod had been retalned.

Avplication Testing. The dsgree to which subjects

were able to apply information and concepts was assessed
by administration of a laboratory test and a written
report on an experiment conducted during a class period.
The laboratory test consisted of finding the density of a
liquid. This specific job was selected because (1) it
involved mechanical skills, such as determining mass and
measuring volume, (2) computational skills were required
to determine density from the data collected, (3) the
task was simple esnough to allow every subject to enjoy
some measurs of success, yet challenging enough to sus-
Ttain ths intérest of the more capable students, and

(4) enough different samples could readily be prepared
to ensure that no subject would be tempted to 'adopt!
results from another person.

The student's work was scored on the basis of

e

(1) organizétion, (2) techniquss, (3) independence,
(4) recording, (5) results, and (6) clean-up operations.

The laboratory check form apvears in Appendix E.

Ty
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The written report was based on an eXpefiment
conducted by the whole class and included data from each
statlon, comments suggested by leading questions in the
text, a tabulation of class results, and generalizations
or conclusions based on a full-class discussion of the
experiment. The laboratory check form appearing in
Appendix E was used to score the written repori

Attitude Evaluation. The attitude scals used was
designed ©to measure the subjects! abtitudes toward
(1) science, (2) laboratory, (3) mathematics, (4) teacher,
(5) classroom, and (6) partner. The investigator was
interested in determining whether differential pairing
affected the subject's attitude toward any or all of the
items mentioned above.

Using Osgood's Semantic Differential Scale as a
model, elsveird bl-polar items were written for each of the
six areas uader consideration. A seven-point Guttaan-
type scale for each item enabled the subject to indicate
the degree of feeling toward each item. Positive and
negatlive cholice positlons were varied to avoid a subjact's
checkking all items on either the positive or the negzati
gide 1in ordéf:to'express general approval or disapproval.
Item seven was included as a distractor. A sample of the

attitude scale appesars in Appendix F. Scoring of the
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attitude scalz was done as follows: scores\fanged from
one to séven~~completely negative was assigned a score
of one, completely positive a score of seven. A mark
halfway between the two extremes was given a score of
four.

The attitude scale was administered to the‘sample
and to a grade twslve class on September 10, 1968, at
the beginning of the experiment. The scale was admin-
istered to a random sub-sample and to the 8rade twelve
class a week later in order to dstermine the reliabllity
of the scale.

The experimental period was concluded with a second
administration of the scale to the whole sample in order
to measure any changes in attitude in the five arsas,
Since the subjects did not know their paftners at the
beginning of the experiment, the scale on 'Partners' was
not inoludedvin tﬁe first administration of the scale,
but was included in the second administration to msasure
the attitude of each subject toward his partner. Change
of attitude, of course, could not be measured in this area.
Method of Analysis

To test the first six hypotheses related to
acquisition, retentlion, and application, a 2 X 2 analysis

of variance design was used. The independent variables
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employed in the design were séx and ability\levels. The
.05 levellof significance was set as the level for - i":
rejection or accepbance of hypotheses.

To test the last two hypotheses related to attitude

~-test for correlated measures was used to

cr

change, the
examine the msans of the difference-scores betweén the
two administrations of the attitude scale. The .05
level of significance was set as the level for rejectlon

or acceptance of the hypotheses.

Sumnary
A random sample of 140 students was drawn from the

Vincent Massey Collegiate gzrade ten vpopulation. Each

g
class was stratified on the basis of sex and total scores
achieved on the Kuhlmann-Anderson Test, Form H. A
description of the instrument, as well as reasons for

its selection, was gilven.

Thevéubjeots were designated as either high ability
or low ability students. They were paired to form
homogeneous (HH and LL) and heterogeneous (HL) palrs.

Three units of Introductory Physical Science were
studied dufiig,the experimental pveriod. The course and
course treatment were dsscribed. The topics under con-

sideration were (1) matter, (2) measures of matter,

and (3) characteristic properties.
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Tests to determine acquisition, retention, and

application were sdministered. An attitude scale was

 administered at commencement and at the conclusion of

the experimental period in order to measure subjects'

sttitude change toward (1) sclence, (2) mathenatics,

(3) classroom, (4) teacher, (5) laboratory, and

attitudes toward partners. These instruments were

described.

The statistical treatments 1in the study were out-

1ined and hypotheses to be tested listed.




CHAPTER IV
ANALYSIS OF THE DATA

Before presenting the analysis, a review of the
procedures is outlined below.
Specific procedures were:
1. Administration of the Kuhlmann-Anderson Test, Form H,
to Grade ten sample, stratification by sex; and pairing
on the basis of this stratification. The following
treatment groups were designatedﬁ
a) High ability student of a pair of high ability
students (H of HH)
b) High ability student of a pair consisting of a
high ability student and a low ability student
(H of HL)
c) Low ability student of a pair consisting of a
high ability student and a low abllity student
(L of HL)
a) wa ability student of a palr of 1bw abllity
students (L of LL),
2. Administration of Attitude scale
3. Acqguisition testing |
4, Application testing

5. Retention testing
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6. Second administration of Attitude scale to measure
attitude éhange}

7. Examination of means in acquisition, retention, and

application scores of treatment groups to determine
trends in direction of differences.,
8. Examination of means of difference scores to determine
trends in attitude changes}
9., Tests for differences between scores of H of HH and
H of HL in aoquisition, retention, application, and
attitude changes.
10. Tests for differences between scores of L of HL and
L of LL in acquisition, retention, application, and
attitude changes.
11. Tests for differences between scores of H of HH and
H of HL in p%;tner scores.
12, Tests for differences between scores of L of HL and
L of LL in partner scores.

The. purpose of the present chapter 1s to present

the analysis of the data.

Examnination of Treatment Means
Tablé”?fol to 4:03 summérize comparative means and
standard deviations of the treatment groups usingA
acquisition, retention, and application scores

respectively.
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Table 4:01

SUMMARY OF ACQUISITION SCORES FOR EACH TREATMENT
GROUP AND FOR TOTAL SAMPLE

Total
_Sample H of HHE _H of HL L of HL L of LL
x b3 5.3 Wy b h2.5 42.0
s.d. 11.9 12.9 11.0 9.85 12.5
N 135 38 28 : 28 41

Heterogensous pairs are favored, although
differences appear to be minimal. The low variabllity

in the L of HL treatment group 1s worthy of note.

TABLE 4:02

SUMMARY OF RETENTION SCORES IFOR EACH TREATMENT
GROUP AND FOR TOTAL SAMPLE

Total
. Semple Hof HE _H of HL L of HL L of LL
x 15.8 - 15.8 17.5 15.3 15.0
s.d. 2.73A b4 5.14 2.68 4.03
: 135 38 28 28 1

The means for heterbgeneous groups, again, are
slightly higher than the means for homogsneous groups.
Again, the -variability of the L of HL groups 1is consider-
ably more liﬁited than the variability of other treatment

groups .
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TABLE 4:03

SUMMARY OF APPLICATION SCORES FOR EACH
TREATMENT GROUP AND FOR TOTAL SAMPLE

Total

Sample H of HH H of HL L of HL L of LL
pd 3.05 .8.35 8.04 7 .71 8.00
s.d. 1.73 1.22 1.49 1.78 2.20
N 135 383 28 28 L1

The differences in the means are slight, but tend
to favor nomogeneous groups. The L of HL and the L of LL
tend to exhibit considerably more &ariability than do the
treatment groups involving high ablility subjeots}

Table L:0L presents means and standard deviations
for attitude difference scores oOn the total attitude
seale for all treatment groups. To eliminate negative
values, 100 was added to each score. Thus a score of 100
would indicate no difference in attitude. A score in
excess of 100 would indicate "positive change’, and a
score below 100 would denote ''negative change'.

; TABLE 4:04

SUMMARY OF ATTITUDE DIFFERENCE SCORES FOR EACH
TREATMENT GROUP AND FOR TOTAL SAMPLE

Total '
_ Somple _H of HH H of HL_ Lof HL _ L of LL
s 98 .4 95.8 98.7 96 .4 101.2
s.d. 28.5 28.5 30,7 25.3 31.6

135 38 28 28 b1
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Table 4:0L indicates that all treatment groups
cluster around a mean of 100 indicating little difference
in attitude differential forvtotal groups. It is note-
worthy that the L of LL and H of HH show ths least
difference as well as the wldest variability.

Table 4:05 indicates descriptive statistics for
gscores related to attitude toward partners for each
treatmant group and the total sample. A score of 40
denotes "indifference"; over 40, "positive feeling";

nd under 40, "negative feeling".
. TABLE 4:05

SUMMARY Of PARTNER ATTITUDE SCORES FOR EACH
TREATMENT GROUP AND FOR TOTAL SAMPLE

Total
e Sample Hof HEi _H of HL L of HL L of LL_
z 52.2 53.5 49.9 5.7 51.0
s.d. 11.9/ 8.68 13.2 10.5 11.1
N 135 38 28 - 28 b1

The means are slightly 1in favor of the H of HH
and the L of HL groups. The H of HL subjects show
the lowest scorss with tThe grzatest degree of" vari-

AAAAA ability. 7ThHe variabllity of the H of HH subjects is
oonsiderablyrlower than that of oﬁher groups .

Tables 4:06 to 4:20 summarize the means and

standard deviations of the treatment groups and the

¥
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total sample using individual items of the attitude
soale——séience, laboratory, mathematics, teacher, and
classroom scores for both administrations of the scale.

TABLE 4:06

SUMMARY OFf INITIAL AND FINAL SCIENCE ATTITUDE
SCORES FOR TOTAL SAMPLE :

X _ s.d. N
Initial 51,9 8.12 135
Final 52.3 9.39 135

The means indicgte no appreciable change in attitude
toward science for the total sanmple.
TABLE 4:07

SUMMARY OF INITIAL AND FINAL SCIENCE ATTITUDE
SCORES FOR HIGH ABILITY SU3JECTS

& _Hof HH | B of HL
X sd. N X s.d. N -
Initial 52.3 3.96 33 53.0 7.27 28
2 28

Final 52.6 8.94 38 50.4 11.

The direction of difference favors homogeneous
grouping, since the mean for the heterogeneous groups
decreased slightly, while the mean for homogeneous palrs
remained stafionaryu Further it appears noteworthy that
the varliabllity in rzsponse for the H of HL increases

substantially while the mean score decreased.

Ty
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TABLE 4:08

SUMMARY OF INITIAI, AND FINAL SCIENCE ATTITUDE
SCORES FOR LOW ABILITY SUBJECTS

L of HL ) L of LL

X s.d. N X s.d. N
Tnitial 52.8 8.1 28 53.5 8.2 41
Final 51.3 9.9 28 53.8 8.2 L1

The data favors homogeneous grouping where the
mean remalned uhchanged, while a slight decrease 1is
indicated for homogeneous grouping. There 1s 1little
shift in variabilitf\for either of the groups.

TABLE 4:09

SUMMARY OF INITIAL AND FINAL LABORATORY ATTITUDE
SCORES FOR TOTAL SAMPLE

. X o s.d. N
Initial 5551 8.85 135
Final 52.3 9.39 135

Table 4:09 indicates considerable decrease in mean
scores from initial to final testing. The variability

from one testing to the next shows 1little change.
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TABLE 4:10 T

SUMMARY OF INITIAL AND FINAL LABORATORY ATTITUDE
CORES FOR HIGH ABILITY SUBJECTS

H of HH _H of HL
B X s.d. N X s.d, N
Tnitial 56.1 7.6 38 50,0 12.9 28

Final 55.5 7.2 33 53.1 8.1 28

The mean scores in Table 4:10 show little difference
for either homogeneous or heterogeneous palrs. The
marked decrease 1in vgriability for the H of HL on the
final administration stands out.

TABLE 4:11

SUMMARY OF INITIAL AND FiNAL LABORATORY ATTITUDE
SCORES FOR LOW ABILITY SURBJECTS

— Lot 8L o Lof LL

I s.d. N X s.d. N
Initial  54.8 8.62 28 55.2  6.82 41
Final 524 8.57 28 54.8  8.28 41

No substantial change in scores 1s evident from
Table 4:11._ The marked increase in varlability for the
L of LL grqgg_is interesting when no change whatsoever
in variability was noted in Table 4:08 regarding attitude

toward science.
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TABLE 4:12

SUMMARY OF INITIAL AND FINAL MATHEMATICS ATTITUDE
SCORES FOR TOTAL SAMPLE

X s .d. ’ N
Initial 48,9 13.0 135
Final 51.5° 11.4 135

Table 4:12 indicates an increase in scores from
the initial to the final administration of the scale
with lowered rahge of variability on the final test
session.

T;BLE bh:13

SUMMARY OF INITIAL AND FINAL MATHEZMATICS ATTITUDE
SCORES FOR HIGH ABILITY SUBJECTS

. H of HH _ H of HL
L X s.d. N X s.d. N
Initial L9.7 13.3 38 51.0 13.4 28

Final 50.9 13.9 383 55.2 10.1 28

Considerabls increase 1in scores in favor of the
heterogeneous palirs 1s reflected in Table 4:13, The
sharp drop in variability 1s reminiscent of the decresase

in spread shown in Table 4:10. The H of HH indicate

e

1ittle change in range of varlation, a pattern consistent

with trends observed in Tables 4:07 and 4:10.
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TABLE 4:14 , o

SUMMARY OF INITIAL AND FINAL MATHEMATICS ATTITUDE
SCORE3 FOR LOW ABILITY SUBJECTS

o LofHL ___ o L.of LL

- X s.d, N X S .4, N
Initial 49.1 14,3 28 45,5 11.7 41
Final 51.5 10.9 28 49,3 9.63 L1

s o P = = S

Table 4:14 indicates an increase in scorss for both
11ow! trzatment groups and considerable decrsase in

variability.

TABLE 4:15

SUMMARY OF INITIAJ, AND FINAT TEACHER ATTITUDE
SCORES FOR TOTAI SANPLE

R S 8.4, N
Tnitial 50.83 7.7 135

Final 50 .4 9.9 135

e 3 e SO

Mean scores on the two administrations of the
teacher attitude section of the scale are essentially
the same. An incrsase in spread of scores, however, is

indicated.

[

-
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TABLE #4:16

SUMMARY OF INITIATL AND FINAL TEACHER ATTITUDE
SCORES FOR HIGH ABILITY SUBJECTS

q of HHE o H of HL
o x .sd...N X 8.4, N
Initial 51.8 8.0 38 49.1 8.6 28
Final 50.0 9.2 38 h9,7 10.2 28

Table 4:16 indicates that the high abllity sﬁudents
of both homogeneous and heterogeneous palrs are fairly
consistent in mean score and variability with the
perfornance of the total sample,

TARLE 4:17

SUMMARY OF INITIAT, AND FINAL TEACHER ATTITUDE
SCORES 7OR LOW ABILITY SUBJECTS

ez OF HL Lo of LL —
————x__sd. N X sede N ___ .
Tnitial 49.7 L4.83 28 51.6 8.0 41
Final 50,0 11.9 28 51,6 9.2 41

CO- o R . z B

Again, no marked deviations in mean scores are
noted for L of HL and L of LL treatment groups.
However, o striking increase in range of scores 1s
refleofed in the changes in standard desviations of

I, of HL group.
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TABLE 4:18 : —

SUMMARY OF INITIAL AND FINAL CLASSROOM ATTITUDE
SCORES FOR TOTAL SAMPLE

X o s.d. N
Initial b9 .5 9.3 135
Final L7.3 11.6 135

Table 4:18 r=flects a slight drop in msan scores
hetween the initial and final administrations of the
attitude scale. The increase in over-all variability
is consistent with the trends indicated in Tables L:06,
L:09, and 4:15.

TABLE #:19

SUMMARY OF INITIAL AND FINAL CLASSROOM ATTITUDE
SCORES #OR HIGH ABILITY SUBJECTS

e H o HH o of HL -
X s, W X _..s.d. N
Tnitial 49.5  9.25 38 48,1 9.78 28

Final Lhg .6 5,92 33 Ly L 7.93 28

Both homogeneous and heterogeneous palrs reflect a
slight decrease in scores consistent with the trend
indicaﬁed in Table 4:18. The decreass in range of
variability for the H of HH is unique to this particular

ltem.,
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TABLE 4:20

SUMMARY OF INITTAT, AND FINAL CLASSROOM ATTITUDE
SCORES FOR LOW ABILITY SUBJECTS

L of HL _ L of LL
x s.d. N x s.d. N
Initial 49.2 9.35 28 50.4 4.65 41
Final 4s,8 10.4 28 43.9  11.1 41

The grzatest decreass 1in scores for all groubs on
classroom attitude is seen for the L of HL group. A
substantial increase in variablility is noted for the

L of LL treatment group.

Analysis of Treatment Means

The statistical design of this luvastigation 1is
described in Chapter III, where the specific hypotheses to
be tested are listed. Following the order outlined in
Chapter IIT, esacn of the hypotheses 1s stated and tested.

The hypotheses wesre tested by means of the Tt-Test
for significance of differences in acguisitlion, retention,
application, attitude changes, and partner attitude.

Hypotheses Related to Acquisition Measures

&

Eypothesis 1.

5

There are no differences in mean scores between
high ability subjects of the HH group and high
o ablility subjects of the HL group.



5h
Table 4:21 presents the analysis of the means
attainad by high ability subjects on the acquisition
measures .

TARLE 4:21

ANATYSIS OF ACQUISITION MEASURES OF
HIGH ABILITY SUBJECTS
o __Mean Mean Square D.F., t-value
H of HE hs5.3 2052
6L 695 N.S.
H of HL Ly .b 2252

Although a difference in means favors the H of HL

o
X

group, the difference 1s non-significant.
The hypothesis 1s accepted.
Hypothesis 2.
Thare are no differences 1n mean scores between
low abllity subjects of the LL group and low ability
subjects of the HL group.

Table 4:22 indicates the analysis of data relevant

to acguisition scores of low ability subjects.

ANAT, VSIS OF ACQUISITION SCORES
OF LOW ABILITY SUBJECTS

e Mean lMean Square _ D.F._ _ t-value
L of HL 2.5 1805

} 67 175 N.S.
L of LL  42.0 1764

Trne table shows the results for low abllity subjects
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to be congruent with those for high ability subjects.
The t-value 1s non-significant.
The hypothesis 1s accepted.

Hypotheses Related to Betention Measures

Hypothesis 1.

There are no differences in mean scores bestween
high ability subjects of the HH group and high
ability subjects of the HL group.

Table 4:23 summarizes the analysis relevant to the
retention measures for hignh ability subjects.

TABLE 4:23

ANALYSIS OF RETENTION MEASURES
OF HIGH ABILITY SUBJECTS

.. Mean Mean Square  D.F., t-value
H of HH 15.8 250 -

3n 3.273
H of HL 17.6 309

= “1gn1Flcant at .01 level

The table indicates the difference in means to be
significant at the .01 level, approaching significance
at the .001 lsvel. The difference favors the H of HL
treatment group.

The hypothesis 1s rejscted.,

N

°

Hypothesis 2

There are no differences in mean scores between

low ability subjects of the LL group and low abllity
subjects of the HL group.
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Table 4:24 outlines the analysis for retention
mean scores of low ability subjects. |
TABLE #4:24

ANALYSIS OF RETENTION MEASURES
OF LOW ABILITY SUBJECTS

Mean Mean Square D.F. t-value
L of HL 15.3 234 '
} 67 346 N.S.
L of LL 15.0 225 '

The low t-value is consistent with the low value
for low ability subjects on acquilsition measures
(Table 4:22).

The hypothesis is accepted.

Hypotheses Related to Application Weasures

Hypothesis 1.

There are no differences in mean scores between
high ability subjects of the HH group and high
ability subjects of the HL group.

Table 4:25 gives inferential statistics relevant to
mean application scores for high ablility subjects.

TABLE 4:25

ANALVYSIS OF APPLICATION MEASURES
OF HIGH ABILITY SUBJECTS

_Mean Mean Square . D.F. t-value

H of HH 8.35 70 .0
} 6l 934 N.S.
H of HL 8.04 s, 2
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‘Non-significant differences between means 1is
noted,'a finding consistent with results on acquisition
measure (Table 4:21), but in sharp contrast to the highly
significant t-value for retention (Table 4:23);
The hypothesis is accepted.
Hypothesis 2.

Thers are no differences in mean scores between
low ability subjects of the LL group and low abllity
subjects of the HL group. .
Analysis of mean scores on apoplication measures for

low ability subjects is presented in Table 4:26.

TABLE &4:26

ANALYSIS OF APPLICATION MEASURES
OF LOW ABILITY SUBJICTS

_ Mean __ Mean Square _ D.TF. t-value
L Of HL 7u7l 59'5

. 67 .569 N.S.
L of LL 8.00 64 .0

e 4 e, T - NP, S I

The low t-value compares with the findings on both
acquisition (Table 4:22) and retention (Table Lk,
The value 1s non-significant,

The hypothesis 1s accepted.

Hypothsses Related to Attitude Change
Hypothesis 1. |

There are no differences in mean scores between
high ability subjects of the HH group and high
ability subjects of the HL group.
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Table 4:27 summarizes the analysis of meahs of
difference scores on attitude change for high ability
subjects. |
TABLE 4:27

ANALYSIS OF ATTITUDE DIFFERENCE SCORES
OF HIGH ABILITY SUBJECTS

Mean Mean Square D.F, t=-value
H of HH 95.8 9150 '
6L L4711 N.S.
H of HL 98.8 9710

The difference between the means is non-significant.
The hypothesis is accepted.

Hypothesis 2.

There are no differences in mean scores
between low ablility subjects of the LL group and
low ability subjects of the HL group.

Table 4:28 indicates the test for significance
between means for low ability subjects on attitude
difference means.

TABLE 4:28

ANATLYSIS OF ATTITUDE DIFFERENCE SCORES
OF LOW ABILITY SUBJECTS

Mean Mean Sqguare D.F. t-value

I of HL 96 .4 9300 .
67 .653 N.S.
I, of LL 101.2 10210
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Non-significance of the t-value 1s éonsistent
with results on the same dependent variable for high
ability subjects (Table 4:27).
The hypothesis 1s accepted

Zvpotheses Related to Attitudes Toward Partners

Hypothesis 1.

There are no differences 1in mean scores
betwzen high ability subjects of the HH group
and high ablility subjects of the HL group.
Table 3:29 presents the analysis relevant to

means on Y"attitude toward partner" scores for high
ability subjects. ¢
TABLE 4:29

ANALYSIS OF PARTNER MEASURES OF
HIGH ABILITY SUBJECTS

Mean  Mean sSquare D.F. t-value
H of HH 53.5 2860
} 6L 1.34 N.S,
H of HL 9.9 2490

Altnhough the hypothesis 1s accepted, the t-value
svproaches significance at the .05 level favoring the

homogeneous palrs of subjects.

-y

)

s

Evpothesis 2.

There are no differences 1in méan scores
between low ability subjects of the LL group
and low ability subjects of the HL group.

The +test for "attitude toward partner" mean
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scores is summarized in Table 4:30.
TABLE 4:30

ANAT,YSIS OF PARTNER MEASURES OF
LOW ABILITY SUBJECTS

Mean Mean Sguare D.F. t-value
L of HL 5,7 2990 .
67 1.37 N.S.
L. of LL 51.0 2600

The table indicates results closely comparable
with those of ﬁhe high ability subjects on the same
variable. The diffgrenoe in this case, however,
favors the heterogeneous palrs. Agaln, the difference
approaches the .05 level.

The hypothesis is accepted.

Summary of Findings of the Study
This 8tudy was designed to investigate the effect
© of differential pairing--HH, HL, LL,--in &rade ten
Introduct&ry Physical Science., Tentative answers to
gquestions raised are presented here.

Findings on Acquisition Measures

Non-significant t-values were found for both
"high and Igﬁjability subjects. Differences, although
small, favored heterogeneous pairs at both ability

levels.
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Findings on RBetention Measures

A significant t-value for H of HL was found for
the retention measure. The very slight difference in
means for the low ability subjects also favored the
heterogeneous pairs.

Findings on Application lMeasures

Non-significant t-values were found for both high
and low ability subjects. Differences for both groups
favored homogeneous pairs. The differences, however,
did not approach significance.

Findings of Attitude Change

Non-significant t-values were found for both
ability groups. The slight differences favored the
H of HL and L of LL treatment groups.

Findings on the "Attitude Toward Partner" Measure

Differences in means approached significance for
both high and low abilility groups. The difference
favored homogeneous palrs for high abllity subjects

and heterogeneous pairs for low ability subjects.



CHAPTER V L

SUMMARY AND CONCLUSIONS
Sumnmary of Design and Procedures
The main purpose of this study was td determine
the effect, if any, of differential pairing of Gxade
teh students on their achilevement in Introductory
Physical Science. The questions raised in this regard
were:
1. Does homogeneous pairing in a grade ten
Introductory Physical Science (IPS) program enhance
a) acquisition of factual information
b) retention of factual information
c) application of information

as opposed to hsterogeneous palring?

2. Do students in a grade ten Introductory
Physical Soience program exhiblt significant differences
in attitude as a result of method of palring?

A random sample of 135 Fort Garry grade ten pupils,
stratified on the basis of sex and scores on the Kuhlmann-
Anderson Test, Form H, was selected for the study. These
students were paired in a manner similér to that followed
by Hartley a557Cook (1967) to form the four treatment

groups ~-~-H of HH, H of HL, L of HL, L of LL. The
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acquisition criterion consisted of three tests, one
administered at the conclusion of each unit of work.

A retention test was given at the conclusion of the
experimental pesriod. The application criterion consisted
of daily laboratory work which included practical
laboratory tests. An attitude scale was administered

at the commencement and the conclusion of the exberimental
period to dstermine possible attitude changes regarding
selected aspects of the program.

Pearson-Product-Moment Correlation coefficlents
were employsd to test the reliability of the attitude
scale. The t-test was used to test for significance
between mesn differences of attitude scores on initisl
and final administr%ﬁions of the attitude scale.
Further, the t-test was used to test for significance
of mean differences between treatment groups on each
of the dependent variables--acquisition, retention,
application, total attitude change, and 'attitude
toward partner'.

Summary bf Findings
1. Acquisition scores did not differ appreciably

E

between treatment groubs.

o>, Retention scores favored heterogeneous palirs of

L

the high and low abllity subjects. Differences were
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signifiicant at the .01 level for the high ablility group.

3. Mean score differences of application measures
Tavored the high ability subjects of homogeneous pairs

ttle more than a chance level of significance.

3
<
ct
OJ
B
=
H
¢t

L, Method of pziring was found to have no significant

Liritations of Findings
As mentioned in the discussion in Chavter I,

el

censralizaetions from the findings of this study are
limited by the ssmple, the population from which the
santle was drawn, and the relisbility and validity of the

Tz2zsuring instruzments employed. These limitations must

4]

considerad with respect to any conclusions based on

Conclusions
Several conclusions appear warranted on the basis
indings of this study:
1. The results of this investigation indicate

acquired information 1is affected by

zethod of palring in at least one instance. High ability
subjects wno wers palred with low abllity subjects

retained signifizantly mors information than did high

z2i1ity subjects of homogeneous pairs. A possible
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explanation for this greater retention might be that the

high abllity students were required to adopt the teacher-

role. They were called upon to gilve explanations by
their partners. Student comments lend weight to this
arsument, e}g},”I 1like nmy partner because she knows more
than me, and therefore I can always ask nher if I'm in

trouble". It is noteworthy that Dick (1963) reported

greater retentlion by paired students than by individuals.

His study, however, was not designed to study effects of
types of pairing.

| 5, There is no reason to believe that the L of HL
hindered the H of HL with whom they were paired} There
is also no evidence from this study to indicate that the
L of HL performed significantly worse than the I of LL.
This is contrary to some of the earlier findings.
Generally, except for the retention of acgquired
informabtion, the data from this study subport the
statement made by Dick and Seguin (1963) that method of
pairing does not appreciably affect the student's work.
It would appear that heterogeneous pairs do at least as
well as homogeneous palrs.

3. On the basis of classroom and laboratory

observation, heterogeneous palring appears to have

some advantages. Homogeneous palrs of low ablility
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subjects take up much more teacher-time, while homo-
geneous palrs of high ability students and neterogeneous
pairs function quite well with considerably less teacner
direction. Heterogeneous pairing could be advantageous
to the teacher and to some of the students--to the

teacher in terms of time available for individual help,

to the high ability students in terms of greater retention.

I, The scores of the attitude scale tend to indicate
that any differences in attituds arising as a result of
the pairing are not significant’. However, there 1ls some
reason to believe that students themselves, in spite of
scores on attitude scales, would prefer homogensous pPairs.
Students were asked to comment on the palring system.
Several sxamples of statements made follow: 'She's smart;
I'm dumb, so I just do the writing', 'My partner's stupld;
he messes things up', 'It appesars 1f there 1s one smart
one only, the other person will usuvally copy off him or
her-to save work'!, 'You may not learn anything if your
partner does all the work!.

5, Data from the inital and final administrations

of the attitude scale indicate a decrease in mean scores

for all treatment groups except L of LL. Possibly, the
general decrease could be attributed to the timing of the

scale administrations. Typical high enthusilasm at the
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beginning of a school year may have created a basal on
the test that was unrealistlic for the purpose.

Recomrzendations for Further Study

The subjects in this study were not 1nformed about
the method of rairing. Judging by comments, some students
were awars that palrs based on varying criteria existed.

Tt seems reasonable that research could be done devising

measures by which subjects could indicate which Type of
pairing they would prefer, and why.

The present study could be replicated in another
area, such as mathematics.

The possinility of employing team learning in the
contract system or in contlinuous Pprogress pProzgrams
suggest interesting possibilities for further experi-
mentation. It 1s guite possible that any differences.

which exist, cor differences suggested by the results of

this study, mizht be accentuated under the suggested

conditions.,

It is intz=resting to note that the H of HL had
higher mesans in acquisition, retention, and total attitude

scale scores than H of HH. Further, H of HL exhibited

0]

reater variatility in all areas except acquisition. A

0

tudy designed to investigate, more intensively, the

dynamics operative in HL pairs should prove both
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interesting and valuable.

The data on attitude change indicate a higher mean
and greater variability for heterogeneous palrs than for
homogensous palrs among high abllity subjects, but a
higher mean and greater variabllity for homogeneous palirs
than for heterogeneous palilrs among low ability subjects}
Were some of fhe high ability subjeéts frustrated by
having to help the low ability subjects? Were some of
the high ability subjects happler in a situation where
they were able to take the initiative and assume a
responsible role? These are questions to be answered
only by carefully designed research.

Revlication of ths present study extending the time

to a full school term should be of value. Perhaps some

|

of the trends suggested by this study would be substan-
tiated or clearly negated by a study investigating long-
range effects,

Replication of this study with a different method of
pairinzg should prove of value. A comparison of the four
treatment groups where students choose their own partners
should prove efficacious. This would allow for invest-
igation of specific criteria which students peréeive to
be relevant in an 1deal learning partner.

There was considerable overlap in abllity between
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high and low ability subjects, introducing a rather
crucial confounding element. Stratification of the
complete sample according to high and low ability, prior
to clacs assignment wéuld eliminate this rather serious

limitation.
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APPENDIX A

Sample Data For Experiment Involving

Elasticity-of Gases




Mass
(bricks) ___(cmd)

0

1 -

N

(NG 2 S A Y

mlasticity of Gases

Volume Change Volume Change
(oml) (cmd) __(emd)

34.0 0.0 35.0 0.0
22,0 12.0 23 .0 12.0
16.5 17.5 17.0 18.0
13.0 21.0 13.5 21.5
11,0 23.0 11.0 24,0
9.8 2h .2 10.0 25.0
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APPENDIX B

Sample Review Sheet
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REVIEW SHEET CHAPTER 2
GRADE X IPS
1. What unit of measurement could you use To measure
the following:

(a) length

(b) weight

(c) mass

(d) height

2., What experiments have you performed to determine
whather mass is conserved when the form of a substance
is changed?

Is mass conserved when the form of a substance is changed?

3., What is meant by 'precision of a balance'?

i, How precise are the balances?

5, Give an example to show that you understand the
term 'vercentage of error'.

6. How do you determins the mass of
(2) an object that has an irregular shape?

(v) an object that has a regular shape?

7. How do you determine the volume of
(2) an object that has an irregular shape?



7.

8.

9.

10.

11.

12.

13»
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(b) an object that has a regular shape?

Dafine the term 'density'.

What is the formula for determining the density
of an object?

Give an example to show that you understand fhis
concept., '
What is the density of water?

Which of these has the greatest density:
aluminum, wood, steel?

An object measures 2in. by Yem. by lémm. It has
a mass of 72 beads., What is 1ts density?

Write the following in scientific notatlon:

(a) 835,000

(b) .00000000726

Give an example of a number that contains:

(a) three significant digits.

(b) Three significant and three non-significant
digits,

List the possible sources of error with regards
to the results of experiment 3:2.

What is meant by the term tcharacteristic property??

Why is mass often better for measuring matter than
volume?




APPENDIX C

Tests of Knowledge Acquired
1, Test - Unit I
2. Test - Unit IT

3, Test = Unit III
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IPS TEST UNIT I

1. The most suitable way of taking wood apart To see
what 1t 1is made of 1s to:
a., dissolve it in acild
b, burn it and collect all the products
c. Dbrsak it up into small pleces
d. heat it and collect all the products
e, dissolve it in water

2, By examining the wood splints in the test tube,
before anything is done to them, 1t was evidasnt
that the wood was made up of:

a., carbon and hydrozen

b. charceal and water

c. only wood

d. atoms and molecules

e. solids, liguids, and gases

3, In order to increase the precislon of an equal-arm
balance, the rider scale was divided into 100
equal units. The precision of the balance will
be about:

a. 1 bead

b. ,001 bead
C. .1 bead
d. .01 bead
e, 100 beads

. What units (two for each item) could you use to o
measure each of the following:

a. length

b, volume

c. welght

d. mass

e. height
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~—

"5, What is meant by the term tprecision of a balance'?

oaoucoaoocuv.unanon-oneseotenoou-oouos.noo-oeoiauo

bueuownutnonunnoouneoleennenoeuo-uuso'u'aoeaouoonn

6. How precise are the balances?

7. A student weighs an object on the bead balance. By
mistake he places the object on the same side as
the rider. He balances the object by means of
52 beads in the opposlite pan and by setting the
rider to .8 beads. What is the mass of the object?

nn'---clun-nuucnnonnoaai-----ﬂaoon-cooo-nv-un-nu
onn-ucoe-ouu--v-nn'ooooccnscnao-n-lnnonuclou-c-cnc
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IPS TEST UNIT II —
1. A block of iron is 4.2 cm byFB,O cm by 5.0 cm.

Tt has a mass of 75.0 beads. Its volume 1is
nearest to : ‘

a. 63 beads
b. 63 cm

c. 63 cm3
a. 63 cm23
e. 6.3 cm

2, If one gram equals 5 beads, the mass in grams of
the block of iron in Question 1 1s nearest to

a. 255
b. 15
c. 33
d. 3.3
e. 330

3. The mass of a beaker of water and some dry powder
is measured as 124.6 beads. The powder is dropped
into the water and fizzing occurs. After the
fizzing stops, the mass of the beaker and its
contents is measured as 120.2 beads. From the
experiment alone you could conclude that
2. the mass of the beaker or its contents decreased
. +the law of conservation of mass does not hold
c. the balance does not give any information
about the masses of the 1tems used
EERRTEI. ; ‘ d. mass is conserved when the water dissolves
B the powder
e. the mass of the powder remains the same

L, 86 beads of sugar were dissolved in 200 grams of
water.
a. the mass of the sugar decreased
b. +the combined volume of sugar and water increased
c. +the combined volume of sugar and water decreased
d. the combined mass of sugar and water increased
e. the mass of sugar increased
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5, If the needle swings too far to the left when you

weigh an object in the left pan of your balance,
a, more beads will be required to balance the

_ object
b. the object is too heavy to be weighed accurately
¢. the rider should be moved to the right
d. the clip opposite the rider arm should be

. adjusted
e. none of the above are correct

6. Why are volumes measured in terms of unit cubes
rather than in unit spheres?

7. Under what circumstances is volume not a good measure
for comparing the quantity of matter of different
samples? :

9 9 2 9 0 D 9 ® D @ 6 8 9 » P 0O 0O O O 06 O D B O G OO0 6 O O C OO D VO O & OB O C B OO OO
" @ o % 9 6 0 0 O 0 60 6 0 ¢ s @ 6 D OC O T O D L G GO O OO O @ OO OG0 OO O T SO G O D OO

® ¢t e 5 0 8 o 2 D O © B © 0 & 8 O e © O & O T OO O O O VD O G S OO O GV SO S O OO 6O QO

For gquestiong 8 and 9

Some dry sand is poured into a graduate cylinder

and its volume is read as 18 cm”. Water 1is po%red
into a second cylinder and its volume is 16 cm”.

The sand is then poured into the cylinder congaining
the water, and the water level rises to 28 cm”.

8. What is the total volume of the sand particles?

® o 5 % ® o e 6 o o 2 D o ¢ O & v ¢ 0 € © @ a O v 6 O O O & © & O B O O 0 S N OO TS L SO OD D

9, Why is the answer to questlon 8 different from the
volume measured by pouring dry sand into the
cylinder?

© 8 6 & 8 0 8 a @ 0 0 3 O B @ 9@ © 8 OO 5 8 O ¢ 6 6 06 O O O 2 ¢ & G O 00 2D O O ¢ G T tOB OO O A
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For questions 10 - 12.

A student used paper fasteners as his unit of
mass. To compare his data with that of his class-
mates, he borrowed beads, weighed his fasteners,
and tabulated the results as follows:

Clips Beads
2 5.2

b 10.3

6 15.5

8 20.8
10 25.9

10. Graph the data

11. According to the graph, how many beads are equal
to 7 fasteners?

o 6 6 5 6 0 ¢ © 0 8 6 ° 5 ¢ ° 0 0 0 O S ® B PO OO D OO s ©D &0 O 2O O OO 0O OO GOV OO

12; How many fasteners equal 3 grams, 1f 1 gram 1is
equal to 5 beads?

9 2 © © o © 9 © B 0 © s o 0 6 O © O & © o D P o © O T O © » O O U O O @ VO OO O O B DO U OGO OGO

For questions 13 and 14.

Suppose you weighed a nickel on the bead balance
a nunber of times, removing the nickel and the
beads from the balance each time, 1.e. after
each weighing.

13} By how much would the weighings probably differ? -

8 6 6 8 8 0 ¢ 0 2 0 9 U2 5 P o ¢ O o O P O O C G O T O e O DO Y O L LY S G O S OV G O T G OO

14, Why would the weighings differ?

!

® 0 9 s 2 9 5 0 0 6 © O ° 0 G 2 0 O f2 T O O U QO OO D GG G B Y OV 0 G e O VDA G PO OO O 00

9 0 9 B G 6 @O G0 O OO O G G B OO0 OO GO O S O OGO 6O O O D OB VG O6Q O O G @0 OO

i
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_ IPS TEST UNIT IIT 85
Choose the best answer in guestions 1= 11,

1; Density can be measured in

a. om/g

b. cn’/g

c. beads/cm
d. g/cm3

e. ml/cm3

2, 1In order to use the Elasticity of Solids apparatus
to directly compars the elasticity of two wires,
the two wires must have the same
a. length only
b. diameter only
c. change of load only
d. length, diameter, and change of load
e. length and change of load only

3} A1l of the following are characteristic properties

EXCEPT
a', density
b, mass

c. mwmelting point
d. Dboiling point
e. freezing point

For questions 4 - 6.

Temperature changes in a variety of substances were
studied in a room whose temperature was 200¢C.,
Several of the graphs representing the data are
shown below.



100

80
60
40

20

4, Which graph represents the temperature

cooling in the room as a function of
does not freeze?

a., A b. B
c., C d., D
e. None

5} Which graph represents the temperature

being heated at constant pressure as
of its change in volume?

a‘.' A -b:o B
c. C d. D
e. None

6. Which graph represents the temperature

of table salt in water as a function
is continuously being heated?

a. A b. B
c. C d. D
e, None

- e T o - —— ——

of a substance

time, if it

of a gas
a function

of a solution
of time, if it

7. Two different gases are placed in identical flasks

at the same temperature and pressure.

Which of the

following properties would best distinguish the

gases?

a., Density

Volume

" Thermal expansion

Elasticity

All of the above could be used

(oo e N o

e ©° o
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8. Which of the following expressions of these numbers
in powers-of-ten notation is INCORRECT?Z_
a. 0.032 = 3.2 X 1072
b. 0.0631 = 6.31 X 10-2
c. 1,030 = 1.03 X 10-3
d. 0.000435 = L.35 x_10-%
e. 10,007 = 1.7 X 103

9, Three blocks of different substances I,II, and IITI,
each havinz a volume of 10 cm”, are placed in
various combinations on an equal arm balance.
Block I just balances blocks II and IIL together,
and block II is not heavy enough to balance
block ITII. The substances, in order of increasing
density, are
a., I1,IT,IIT
b. II,IIT,I
c. I11,I1,T
d. I,ITI,II
e. I1IT,I,IT

For questions 10 and 11.-

The containers shown all contain the same liquid,
and the initial levels are all the same.

_.L,r

A BN AENER AN RN

10. TIf the temperatures of the liquids in all five "
containers are raised by the same amount, in which
container will the level be the highest? :
a. I , b. II
c, III a. IV
e, V
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11. Which two containers will have equal levels for
all temperatures? -

a. 1, II
b. IIIs Iv
c. I, IIT
d. III, V
e. LI, IV

1l2. A reotangular box 20 cm long, 10 cm wide, and 5 cm
deep, 1is fll%ed with mercury, which has a density
of 13.6 g/cm
a. What is the volume of the mercury in the box?

13. Some small cubes are found to have a densit% of
3.0 g/cm”’, and each has a volume of 2.0 cm How
many of these cubes are needed to balance a mass
of 90 g?

2 @ ¢ 2 ¢ 0 9 ¢ 0 0ce @ 6 0 O 0 © 006 DO ¢ 0D O OB OV O S OO TS O ODOOTE OO S OO B D

For questions 14 and 15,

The graph below shows the change in volume of a
gas in a cylinder closed by a piston as a function
of the number pf bricks on the piston. (next page)

14, What is the change in volume when the number of
bricks is increased from 1 to 27

9 © ® 5 6 06 8 0 00 9 06 € 0 0©° DO O 000 S0 9 OO 2 C OGO O DOV O S OO DO OO O 6 G OO OB O O

15. When there ars 2 bricks on the piston, how many
bricks must be added to give the same change in

volume as when the load changed from 1 to 2 bricks?

© 9 o 0 6 0 092 0 00 DG €& 0 G 0D % O Y OO O OO G P U O OO OB G 00 OO DGO G OB 0O G O O
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APPENDIX D

Retention Test

Test on Units I - III
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IPS TEST UNITS I - III —

1. In looking at the wood before heating, we could see
that it was made of

a.
b
Ce
d.
€.

2} From

charcoal and water

gases, liquids , and solids
atoms and molecules

wood

carbon and oxygen

the experiment 'Distillation of Wood' alone,

you could tell that

&
bﬂ
CD

dﬁ
ev

the volume of solids, liquids, and gases
produced equalled the volume of wood.

the mass of solids, liquids, and gases pro-
duced equalled the mass of wood

the mass of liquid obtained was greater

than the mass of gas

wood consists of atome and molecules

wood can be broken down into solids, liquids,
and gases

3} When 25}0 cm3 of dry sand was added to a beaker
containing water, the water level rose 12.5 cm3

on
a .
b.
Coe
d.
€.

the scale. The volume of air in the sand was
12.5 cmI

17.5 emJ

25.0 cm2

32.5 cm?

37 .5 cm3

4. When water is heated, which of the following is
always true?

a .
—bﬂ
OD
dl

SN

the density increases, but the volume remains
the same

the density decreases, and so does the volume
the density increases, and so does the volume
the density remains the same, but the volume

of the water 1lncreases

the density decreases, but the volume increases
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5. 140 beads of salt were dissolved in lOO"'cm3 of
water at 0°C.
a. The mass of the salt decresased
b. The combined mass of the salt and water

incrsased .

¢c. The comblned volume of salt and water increased
d. the combined volume of salt and water decreased
e. The mass of the salt increased

6. Which graph shows best the relationship between the
height of people and theilr ages?

A B T C D B
Years

ot R O T

7. A student wishes to make two pleces of plastlicine
have equal masses. He puts them on the pans of
the balance, and finds they don't balance. He
takes 1ittle pieces off one of the plasticine
pieces until they Jjust balance. Then he switches
the pieces to opposite pans, but they don't
balance. He correctly concludes that
a. the arms of the balance are equal in length,
but the masses are not equal

b. the arms of the balance are not equal in
length, the masses are not the same

¢c. the arms of the balance are equal, and the
masses are the same

d. the arms of the balance are not equal, but
the masses are the sanme

e. none of the above conclusions are corrsct
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8. Which of the following is not a characteristic
property of a so0lid?
a. ‘elasticity
b. mass of a unit volume
c. thermal expansion of a unit length
d. mass
e, freezing point

9, Which of the following is a law of nature?

a. The density of a substance 1s 1ts mass per
unit volume ,

b. The freezing point of water 1is 0°c.

c. One metre equals 39.37 inches

d. The change in length of a glass rod 100 cm
long is .0075 cm when the temperature 1s
changed from 25°C to 90°C.

e. All gases expand when heated at a constant
pressure

10. If you weighed an object at 100°C and again at 0°C,
at least five times, and found no change in mass,
you could concluce that, within the accuracy of
the balances
a. for this substance, there is no change in

mass, even if the temperature changes by 500°¢C
b. the mass of this object is tha same at 100°C
as it is at 0°C
¢. a better balance would indicate a change 1n mass
d. nothing significant is shown
e. for all substances, there is no change in mass
when the temperature changes

11. The freezing point of a substance
a, has no relation to its melting point
b, 1is always lower than its melting point
c. 1s always equal to i1ts melting point
d. is always higher than its melting point
e. depends on the mass of the sample
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For questions 12 - 14,

Two -test tubes, A and B, each contalning a clear
liguid and a thermometer, were left out in the air
in a room whose temperature was 23°C. The graph
below shows the results. .

80 jm=mmrmm e

60 Tﬁﬁi:. SNV AN AR EUES U B

T
E \\_ & .
% 4O |mmmmdemooD SR S E S S I
P, S T R \\';B\‘__ \
(°c) : -
O o

0 5 10 15 20 25 30 35
TIME (Minutes)

What can you conclude about the liquids?
a. Only the 1liquid in A could be water
b. Only the liquid in B could be water
¢. Both liguids could be water
d. Neither of the liquids could be water
e. The liquid in B 1s water.

When 1s the substance A entirely solid?
a, all the time
b. 0 to 20 minutes
c. 10 to 20 minutes
d, 20 to 30 minutes
e, at no time

The freezing point of the substance in A is

a., 0°C

b. 55°C
c. 25%
d. 100°C

e, can't tell from the graph



95

15, The density of steel is 8.1 g/omB. If you have a
plece of steel with a mass of 81 grams, its
volume 1s

a. 0.1 cp3
b. 10 cm

c. 100 cm3

d. 60.8 6%3
e, 608 cm

For questions 16 - 18.

Two students, A and B, each got two test tubes
with different amounts of clear 1liguids. They
heated the ligquids, and the results are shown in
the graphs below.

120 memem e e = - 120 jmmmmmm e m e
T
E 100 100
M
P 80 30
E
R 60 60
A
T 40 40
U
R 20 femdo e d e = = 20
E

0 e e e 2 I R s T I
(°c) 0 1 2 3 4 s 0+1 2 3 4 5
TIME (Min) TIME (Min)
A : B
16. Who could have only water in one of the test tubes?

a. only A
b. only B

c. both A and B
d. neither A nor B
e. the graphs don't show which
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17} Which liquids might be the same? T

a. 1 and 4
b. 3 and 4
¢, 2 and 3
d. 1 and 2

e. none of them

18. Which of the following is correct (most llkely)9
a, There 1s more of Z than of
b. Thers is less of 2 than of
¢c. there is less of 4 than of
d. there is less of 4 than of
e. tTthere is less of 2 than of

LW W

19. A test tube containing moth flakes is placed in
a beaker of water at room tempesrature. Which
grapvh best represents the temperatures of the
water bath and the moth flakes as the water bath
is heated?

T , e
E
M
P
TIME TINE TIME TIME
a. , b Co d,

20, The density of methane is about 8 times that of
hydrogen. From your exverience with other gas=ss,’
you would expect the expansion of methane compared
with hydrogen, given the same temperature change,
to be
a., 8 times as great
b. 4 times as great
c. the same
d. 1/3 as great
e. 1/8 as great
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21, Whan a solid and a liquid react together in a
closed container to produce a gas, the mass will
2. 1ncrease
b. remain the same
¢c. decrease
d. 1increase if the container is opened
e, none of the above

22. Which object would most nearly have a mass of
55 beads?
a. a paper clip
b. a 50-cent piece
c. & penny
d. =2 pint of cream
e, the air in an empty milk bottle

23, All of the following statements are correct EXCEPT

a. The volume of an object is the amount of
space it takes up. ‘

b. The volume of a solid is measured in terms of
unit cubes. ,

c. Whenever substances are changed, their total

, volumne Tremains the same.

d. The volume of a solid that does not dissolve
in water can be found by displacement of water.

e. The volume of a ball is measured in unit cubes.

For questions 24 - 26,

Five solid metal blocks are cut as shown below.
The mass of each is also given.

;@Gﬁ
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oly, One of the blocks is dropped into a graduate
cylinder containing water. The ls el of the

water changes from 20 cm” to 26 em”., This must be
8._» A )
b. B

c. C

d. D

e. E

25, If al cm3 piece is cut from each block and the
pieces weighed, the piece with the greatest mass
would come from block

a. A
b. B
c. C
d. D
e. E

26. Which of the blocks might be of the same material?

a. A and B
b. B and C
c., Aand D
d, C and D
e. B and D
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APPENDIX F

Attituce Scale



Name ' Room ____ Date 102
DIRECTIONS: This sheet is glven to find out how certain words:
make you feel. When you fill out the sheet, decide how the
word at the top of the page makes you feel, and then mark the
scales below the word. If the word at either end of the scale
very strongly describes your feeling about the word at the top
of the page, place your check-mark as shown below:

GOOD _X | |l < > 1 | BAD
OR

GoOD ___|___|__< > _|__|.X BaD

If the word at either end of the scale gives a failrly good
description of the way you feel about the word at the top of
the page(but you don't feel quite as strongly about the word)
mark the scale as follows:

EASY | X | < > | | DIFFICULT
OR

EASY | | < > _ | x] DIFFICULT

If the word at elither end of the scale only slightly describes.
your feeling about the word, mark the scale as follows:

TERRIFIC ___|___|. X < _ > |___| TERRIBLE
OR

TERRIFIC < >x || TERRIBLE

If neither word seems to describe your feelings about the word
at the top of the page, you should mark the scale as shown below:

SILLY | | < X > | | WISE
Try this sample:

FISHING |
GOOD [ < > | | BAD
INTERESTING | < _>_ | | BORING
STUPID | |l < > _| | SMART

DISLIKE | < > | | LIKE
IMPORTANT : '

1, Be sure to check every scale.

2. Don't take too much time for any one item. We are
interested in how you feel when you first look at the words:

3. Wait for further instructions.

Note to teacher-= Answer any questions. Then start the test
by saying,"Ready-Begin® .




‘GOOD
INTERESTING
SILLY

USEFUL
SMART

FATR

NOISY

EASY
SATISFACTORY
DISLIKE

TERRIFIC

Go on to the next page.

<

SCIENCE

>

103

BAD
BORING
SENSIBLE
USELESS
STUPID

UNFAIR

QUIET

DIFFICULT

UNSATISFACTORY

LIKE

TERRIBLE



GOOD
iNTERESTING
SILLY
USEFUL
SMART

FAIR

NOISY

EASY
SATISFACTORY
DISLIKE

TERRIFIC

TABORATORY
< __>
< __>
< >
< __ >
< __>
< __>
< _>
< __>
< _ >
< _.>
<__>

Go on to the next page.

104

BAD

BORING

SENSIBLE

USELESS

STUPID

UNFAIR

QUIET

DIFFICULT

UNSATISFACTORY -

LIKE

TERRIBLE



GOOD
INTERESTING

SILLY

USEFUL

_ |  SHART
FAIR

NOISY

EASY

SATISFACTORY

DISLIKE

TERRIFIC

Go on to the next page.

MATHEMATICS

| <__>
|___ < >
| <__>
< >
< >
< >
| < >
| <__>
| <_ >
< __>

105

e

BAD

BORING
SENSIBLE
USELESS

STUPID

UNFAIR

QUIET
DIFFICULT
UNSATISFACTORY
LIKE

TERRIBLE



GOOD
INTERESTING
SILLY
USEFUL

SMART

FAIR

~ NOISY

EASY
SATISFACTORY
DISLIKE

TERRIFIC

Go on to the next page.

TEACHER
< >
< >
< >
< >
< >
< >
< >
< >
< >
< >
< >

106
BAD
BORING
SENSIBLE
USELESS
STUPID
UNFAIR
QUIET
DIFFICULT
UNSATISFACTORY
LIKE

TERRIBLE
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CLASSROOM ~
GOOD <> | “BAD
INTERESTING |l < > | BORING
SILLY <> SENSIBLE
USEFUL | < > | USELESS
SMART __ | | < > | STUPID
FAIR <> ] UNFAIR
NOISY ___| <> _| QUIET
EASY < > ] DIFFICULT
SATISFACTORY | <> | UNSATISFACTORY
DISLIKE ___| < > | LIKE
TERRIFIC < ; | TERRIBLE

Go on to the next page.



GOOD

INTERESTING

SILLY

USEFUL

SMART

FAIR

NOISY

EASY

SATISFACTORY

DISLIKE

TERRIFIC

PARTNER
<>
<>
<>
<>
<>
<>
<>
<>
<>
| > |
| > |

e L

— 108

-

BAD

BORING
SENSIBLE
USELESS

STUPID

UNFAIR

QUIET
DIFFICULT
UNSATISFACTORY
LIKE

TERRIBLE
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APPENDIX G

Raw Data Tables




11.
12,
13.
14,

RAW DATA TABLES ~

Explanation of Columnar Headings

Subject Number
Classroom Number

Sex

Classification
Pairing

Verbél Score
Quantative Score
Total Score
Intelligence Quotient
Acquisition Score
Retention Score
Application Score
Attitude Scale Difference Score

Partner Score

110
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Attitude Scale Scores
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ATTITUDE SCORES FOR ALL

TREATMENT GROUPS

Explanation of Columnar Headings

Subject Number

Initial Score
Initial Score
Initial Scorse
Initial Score
Initial Score

Final Score

Final Score -
Final Score -
Final Scorel~

Final Score -

Scilence

Laboratory

Mathematics

Teacher

- Classroom
Sciesnce
Laboratory
Mathematics
Teacher

Classroom
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Difference Between Total Initial and Total Final

Scores

Partner Score
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