THE EFFECTIVENESS OF HOMEWORK AND POST-

HOMEWORK TREATMENT ON ACHIEVEMENT
IN POLYNOMIALS

A THESIS
PRESENTED TO
THE FACULTY OF GRADUATE STUDIES
 THE UNIVERSITY OF MANITOBA

IN PARTIAL FULFILLMENT
OF REQUIREMENTS FOR THE DEGREE
MASTER OF EDUCATION

 DEPARTMENT OF CURRICULUM:
MATHEMATICS AND NATURAL SCIENCES

PETER N. SPENCER
August 1976



"THE EFFECTIVENESS OF HOMEHORK AND POST-

HOMEWORK TREATMENT ON ACHIEVEMENT
IN POLYNOMIALS"

by"
PETER N. SPENCER

A dissertation submitted to_the Faculty of Graduate Studies of.

e &he Umveralty of M.m:tob& m partut fumllment of the requxrements:-:i . B s

of the degree ot

MASTER OF EDUCATION

© 1976

Permission has been granted to the LIBRARY OF THE UNIVER-
SITY OF MANITOBA to lend or sell copies of this dissertation, to
the NATIONAL LIBRARY OF CANADA to microfilm this

dissertation and to lend or sell copies of the film, and UNIVERSITY

MICROFILMS to publish an abstract of this dissertation.

The author reserves other publication rights, and neither the
dissertation nor extensive extracts from it may be printed or other-—

. wise: regwdu«.edi wnthout thu .tuthor 3 wrxttm perm ission...




ABSTRACT

The purpose of this study was to examine the effec-
tiveness of traditional homework and post;homework discussion
on mathematic achievement in polynomials. A secondary pur-
pose was to determine whether age and/or sex of the students
were factors that affected achievement. The questions
raised in this regard were:

1) 1Is there a significant difference in the achieve;
ment of students with homework compared to those

who have none9

2) 1Is the process of doing the work at home the
significant factor on achlevement?

3) Is the post-homework discussion at school the
more important process9

L) Is it the combination of “d01ng and discussing
that is 51gn1f1cant° -

' 5) Is the age of a student a factor in mathematic
achievement°

- 6) 1Is the sex of a student a factor in mathematic
achievement?

A review of literature indicated that a limited
number of experiments had been done on the effectiveness
of homework. Ssme of the studies were incondite; others
wsre oﬁtdated; and those which were recent and wellsdesigned
had contradictory findings. | |
| A sample of seventy-nine grade IX studeﬁts was

 involved in the study. These students were members of
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three intact classes taughtvby the vice-principal. One
class was designated to be the control group receiving no
homework, while the other two were the experimental groups.
Both groups did homework; one received the answers only,
while the other received answers and took part in extensive
discussion in class.

The following control variables were obtaimed: I.Q.
scores and scores on the Arithmetic Test and the Structure
~ of the Number System Test from the Cooperative Mathematics
Series.

The independent variébles were the three treatments,
age, and sex, while the dependent variable was achievement
in polynomials measured on three teacher-prepared tests.

To allow for variation that existed among the groups
in I.Q. ahd,mathematic achievement and to allow for intact
groups, the analysis of covariance statistical design was.
utilized. |

Mean achievement séores did not differ significantly
among the three treatment groups. Sex and age of the
students were foﬁnd to have no significant effect on
mathematic achievement. The combination of any two or
three of the factors (sex, age and tréatment) had no sig-}
nificant effect on mathematic achievement.

Several conclusions appear warranted:
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L.

It is the doing of the work that assures a student
a higher degree of success in polynomials. The
location where the work is done is inconsequential.

Extensive post-~-homework discussion does not enhance
achievement in the homework process. The provision
of answers and student-initiated discussion, if
any, is just as effective,

The topic of polynomials is appropriate for grade
IX students. '

Boys are not more mathematically inclined than’
girls.

iii




ACKNOWLEDGMENTS

» The writer wishes to thank Dr. A. Murray McPherson,
chairman of the thesis committee, for his guidance and
encouragement during the course of_the‘study, and the other
members of the committee, Mr. M. Bonneau and Sister C. O'Neill
for their assistance. 7 o

Special gratitude is expressed to Mr. S. Hyrich for
his involvement and interest in the research projéct.
Appreciation is expressed to Mr. V. Wieler, principal of
Deer Lodge School; for sanctioning this study.

Appreciation is also extended to Mr. M. Yakimishyn
for his assistance in running the computer programme.

Special thanks is expressed to my wife, June, in
editing the final draft.and particularly for her‘patience

and her understanding during this pursuit.

i1




TABLE OF CONTENTS

Page'

ACKNOWLEDGEMENTS & « o o o ¢ o o o o o o o o o o o o ii
LIST OF TABLES &« o ¢ o o o o o o o o o o o o o o o s vi
Chaptef | ‘ %}Q
1. THE NATURE OF THE ENQUIRY. + & o o « & + + . 1 o
"INTRODUCTION o o o o o o o o o o o o o o 1
THE NEED FOR THE STUDY « o o o o o o o o & 2
STATEMENT OF THE PROBLEM . . o o & & « o . 5
HYPOTHESES v v o o o o o o o o o o o « o & 6
DEFINITIONS. o o o o o o o o o o o o o o o 8
DELIMITATIONS. « v o o o o o o o o o « o & 9
ASSUMPTIONS. « o o o o v o o o o o o o o & 9
LIMITATIONS. v v o o o o o o o o o o o o« 10
ORGANIZATION OF THE STUDY. « o o o « + . . 10
BIBLIOGRAPHY « o o o o o o o o o o o o o 12
2, A REVIEW OF LITERATURE v v o « o o o o o o o 14
SUMMARY. o « o o o o o o o o o o o o o o 24
BIBLIOGRAPHY « « o o o o o e o o o o o o o 26
3. EXPERIMENTAL DESIGN. + o « o o o o o o o & & 31
POPULATION AND SAMPLE. 4 o o o ¢ o o o o & 32

COURSE DESCRIPTION AND TREATMENT . . . . .

W
N

iii



Chapter | Page

VARTABLES USED IN THE STUDY. . . + « . . . 3k
COLLECTION OF DATA « & v v o o v o o o o . 37 i
DESIGN OF THE STUDY. . o . . . e
ANALYSIS OF DATA + v o o o o o o o o o o & 38
SUMMARY. & o v o v o o o o o s o o s o oo - 4O
BIBLIOGRAPHY v & v ¢ v o o o o o o o o o o 41

o ANALYSIS OF DATA « v o v v o v o o o o o o s 42 o
INTRODUCTION « o o o o 4 o o o o o o o o & 42
DESCRIPTIVE DATA CONCERNING THE SAMPLE . . 42
CORRELATION COEFFICIENTS o & & o & o o o & 48

ANALYSIS OF COVARIANCE FOR TREATMENT,

AGE AND SEX. « 4 v v 4 o o o o o v w us 51
ANALYSIS OF COVARIANCE FOR THE COM-

BINATION OF TWO FACTORS. o . o o o o o+ . 58
ANALYSIS OF COVARIANCE FOR THE COM-

BINATION OF THREE FACTORS. c e e e e e e 66
SUMMARY. & v v o o o o o o o s o o o o o « 67

5. SUMMARY AND CONCLUSIONS. e e e e e e e e 72
SUMMARY. . . . et e e e e e e e e e 72
SUMMARY OF FINDINGS. o o« o o o o o o o o o 73
LIMITATIONS: v ¢ v o o o o o o o o o o o 7h
CONGLUSIONS. « « o o o o o o o v o v v u. 74

' RECOMMENDATIONS FOR FURTHER RESEARCH . . . 75

iv



BIBLIOGRAPHY ¢ o o o o o o o« o o o s o o o

APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
- APPENDIX

APPENDIX

- APPENDIX

APPENDIX

APPENDIX

A:

H 9O o w

A LIST OF ASSIGNMENTS . . . .
SUPPLEMENTARY EXERCISES . . .
REVIEW WORKSHEETS . + « .+ « .
TEACHER-PREPARED TESTS. . . .
COOPERATIVE MATHEMATICS TEST

ARITHMETIC. v o o o o o o =
COOPERATIVE MATHEMATICS TEST

THE STRUCTURE OF THE NUMBER
HISTOGRAM OF AGES OF STUDENTS

THE STUDY & v o o o o o « &

SYSTEM.
IN

COMPARISON OF MEANS AND ADJUSTED

MEANS OF THE POLYNOMIAL TESTS

AND TREATMENT L . * L L] [ ] .

.. FOR COMBINATION EFFECT OF AGE

. L] [ 3 .

: COMPARISON OF MEANS AND ADJUSTED

MEANS OF THE POLYNOMIAL TESTS
FOR COMBINATION EFFECT OF SEX

AND TREATMENT ¢ o o o o o o

[ L) L 3 .

COMPARISON OF MEANS AND ADJUSTED

MEANS OF THE POLYNOMIAL TESTS
FOR COMBINATION EFFECT OF SEX

AND AGE & &+ v v v e v v u

* L 3 L *

Page
77
8l
88
97

102

108

116

lz22

124

126

128




Table

1.
2.
3.

9.
10.

11.

LIST OF TABLES

Research DeSign L] * L4 . * . L J * [ L L] L d

Cell Compositione. « o ¢ ¢ ¢ o« o o o o

The Distribution of Students by Sex
and Age in Bach Treatment . . . . . .

Summary of the Covariates of Students
Grouped According to the Main
Sources of Variation. . . « + + + . .

Covariates of the Students Grouped
According to the Comblnatlon of
Sex and Treatment . « ¢« « o ¢ o o o &

Covariates of the Students Grouped
According to the Combination of
Age and Treatment « « o o o o o o o &

Covariates of the Students Grouped
According to the’'Combination of
Age‘ and SeX e e o ® e o o o @6 o o o o

Summary ofvthe Covariates of Students
Grouped According to the Combina-
‘tion Effect of Age, Sex and Treatment

Summary of the Correlation Matrices
for Polynomial Tests and Control
variables 0 L ] » . *® [ 4 ® . [ 4 * ® [ ] ® [ [ L]

Summary of the Percentage Variance
Accounted for by the Control
Variables « . o ¢ ¢ ¢ ¢ 6o o o ¢ o o &

Comparison of Means and Adjusted Means
of the Polynomial Tests for
Students in the Three
Treatments L [ L 4 [ 3 [ 3 L] L] L ] * * [ ] L] L [ 3

vi

Page

»
39
43
n
45
16
47
48
50
50

52




Table

12.
13.
14.
15,
16.
17.
18,
19.
20.
21.

22.

23.

Analysis of Covariance of the Poly-
nomial Test Scores for Students
in the Three TreatmentS. « « ¢« ¢ o o o

Comparison of Means and Adjusted Means
of the Polynomial Tests for Older
and Younger Students . « o« o ¢ o ¢ o o

Analysis of Covariance of the Poly-
nomial Test Scores for Older and
Younger Students « « o o o ¢ o ¢ o o o

Comparison of Means and Adjusted Means
of the Polynomial Tests for Boys
and Girls . [ ] * * L -* L ] * } . * L LJ L ] * .

Analysis of Covariance of the Polynomial
Test Scores for Boys and Girls . . . .

Geometric Comparison of Adjusted Means
of the Polynomial Tests for Combina-
tion Effect of Age and Treatment . . .

Analysis of Covariance of the Polynomial
Test Scores for Combination Effect of
Age and Treatmente. « « « ¢ o ¢ ¢ o o o

Geometric Comparison of Adjusted Means
of the Polynomial Tests for Combina-
tion Effect of Sex and Treatment . . .

Analysis of Covariance of the Polynomial
Test Scores for Combination Effect of
Sex and Treatment. . . « « ¢ ¢ « & & &

Geometric.Cbmparison of Adjusted Means
of Polynomial Tests for Combination
Effect of Sex and Age. « « « + o o « &

Analysis of Covariance of the Polynomial
Test Scores for Combination Effect of
Sex and Age. * L [ ] '. [ d .. o * L] * * * *

Comparison of Means and Adjusted Means

of Polynomial Tests for Combination
Effect of Age, Sex and Treatment . . .

vii

Page

53
55
56

57

58
60
61
63
64

65

66

68




Table

2h.

25.

26.

Page

Analysis of Covariance of the Polynomial
Test Scores for Combination Effect of
Age, Sex and Treatment . . « « o o o o o & 69

Summary of Means and Adjusted Means of
the Polynomial Tests for Each Source
of variation ) * * * - L - L ] [ ] * [ ) * [ ] * [ ] 70

Summary of Analysis of Covariance of the
Polynomial Tests Using I.Q. and
Mathematic Achievement Tests as
Covariat es * 1 3 L 4 L[] L] L] [ ] * * * * L ] [ ] [ ] ] [ 71

Viii ) . ' N



Chapter 1

THE NATURE OF THE INQUIRY
INTRODUCTION

A remark was made at a mathematics seminar that; to

date, there was no conclusive evidence that assigning home-
work in mathematics was of any educational benefit (4).
' 8ince the writer had always thought that assigning homework
was a sound educational practice, this statement both sur-
‘brised and intrigued him.

A review of literature was made and the validity of

the above statement appeared to be irrefutable. The writer

- was further stimulated to undertake this study as a result

of his own eXperienée as a}teachef. Duringbparent-teacher
interviews many parents had asked the writer to give their
son or their daughter more home assignments, the rationale
being that homework increased achievément'in mathematics.

. Similar situations have been reported by others.
"Many people are urging a panacea to the problem--that more
and ever more homework will help to solve the problems
related to scholastic achievement in the classroom“ (2:46).

Lacking knowledge of homework's effectivenéss; an

educator faces a dilemma. .To agree to a parent's request

1




for homework means to adopt a practice which may have no
educational value while, on the other hand, to refuse means
to reject a practice which may have benefit.

In our educational system, homework fbr reinforcement
is an accepted practice, yet, "it is surprising that research
evidence concerning it is so limited" (16: 20).  Students
spend hours completing gssignments; teachers spend further
time and energy correcting them and admonishing homework
delinquents. Yet, if traditional homework is not effective
in increasing achievement, then we should look to homework
to fulfill other objectives.

Homework assignmehts,-for examﬁle, could be used for
the completion of class work (1, lé, 17), for background to
class discussion (1, 12), for the proviéion of individual
hdifferences (1, 12, 13, 17), for éupplementary information.
pertaining to classroom work (12, 15), and for enhancement
and enrichment of the general learning process (11, 12, 14).
The limitations of these objectives should be realized and |

our educational praétices and expectations altered accordingly.

- THE NEED FOR THE STUDY

'The relationship between homework and school success
ig still a prominent issue in education tpdgy.{ One author
(5);found that the Education Index lists 500 éitles on the
' subject of homework in the forty-year period 1928-1969. Of




these only twenty-four are experimental studies, while the

rest may be described as anecdotal or polemic in nature.

June Mulry states that "very few experimental studies
on the problem of homework are feported and mény of those
reported are limited in number, scope and quality" (8:49).

Ruth Strang, in the Encyclopedia of Educational

Research, comments that "experimental studies in this field
have been meager; they have also been faulty in research
"design" (15:675).

 Some of the studies that were well~designed have been

misinterpreted:

. « » Some studies whose research is well-
constructed, are misinterpreted and used to support
preconceived notions about the benefits or harmful
effects of homework. The conclusions of these
‘studies, usually unfavourable to homework, are often
cited rather than the actual findings of the
researcher (8:49).

Since 1969 only three experimental studies have been
carried out and their combined results have not added sig-
nificantly to our knowledge of the effectiQeness of homework.
The statement made by June Mulry is still true today--there
is a dearth of well-deéigned homework studies: "in general,
. research indicates that greaterVStudy is needed before home;
work as an educational tool can be fully,evaluated" (8:&9).u

The urgent need -of research and the evaluaﬁion'of
the effectiveness of homework was apparent in 1960 when the.

Educational Policies Commission (3) classified homework as




one of the ten contemporary issues in elementary education.

In 1966 the NEA Research Division (10) reported that
_research on the effectiveness of homework was still incon-
clusive. Four years later, in the thirty-third yearbook of =
the NCTM; itvwas stated that "perhaps the weakest area of
the teacher planning is. the hémewgrk assignment™ (9:326).
Today; the need to evaluate the homework practiéeAis és
pressing as it was in the past.
Early experiments on homework were broad;spebtrum in
nature, covering many academic subjects and many grades,
while the more recent studies, which are fewer in number,
tend to cluster in the elementary and high school grades.
Homework at the junior high school level is an area that has
been neglected in research.
'Fina;ly; most studies make no mention of what treat-

ment was given the homework when it was returned to school.

Only three of twenty-four experiments mentioned what was

done. In two studies (5, 6) homework was corrected by the

experiménters, and in one (7) the answers were provided by
the parents as the pupils finished the questions.

Thus;,in these experiments; it is difficult to eval-
uate whether homework alone was the determinant for ani """"
improvement in mathematic achievemenp;“ Furthermore; only
one study (5) examined sex as an‘ipdependent variable in

 the homework process, and no study has yet researched age

-



as a factor.

STATEMENT OF THE PROBLEM

The purpose of this study was to compare experimentally
three instructional approaches as evidence of the effective-
‘ness of homework and post;hogework discussion on mathematic
achievement. A control group received no homework while two
' experimental groups receivéd homework assignments; one of
the latter participated in extensive post-homework discussion
while the other did not. For the remainder of the Study;
these three instructional épproaches will be referred to
as "the three treatments™ and the three groups involved as
"the three treatment groﬁps."

“ A secondary purpose was to determine whether age and
sex of the students were factors that affectedvachievement‘
~in the homework process.

The questions of interest to the study were the fol-
lowing:

1) Does traditional homework enhance the student's
: mathematic ach1evement° .

2) Is the process of d01nv the work at home the
: 51gn1flcant factor in ach1evement°

3) Is the post-homework discussion at school the
- more important process’ .

L) Is it the combination of "doing and. discussing
- that is most necessary9 :

" 5) Is age a factor in the homework process°

6) Is sex a factor in the homework process?




HYPOTHESES

AY

The following hypotheses were tested in this study.

1. There is no significant difference in the mean score of
achievement among the three treatment groups with respect to
their performance:

(a) on a test of the addition and subtraction of
. polynomials;

‘(b) on a test of the multiplication of polynomials;
(c) on a test of the division of polynomials;

(d) on a total of the three preceding tests.

2., There is no significant difference between the mean score
of achievement of students who are older than or equal to the
mean age of lh.hvyears and that of the students who are
younger than-l4.4 years with reSpéct to their performance:

(a) on a test of the addition and subtraction of
.. polynomials; -

(b) on a test of the multiplication of.polynomials;
(c) on a test of the division of polynomials;
(d) on a total of the three preceding tests.

3. There is no significant difference between the mean score
of achievement of male students and that of female students
with respect to their performanée:

(a) on a test of the addition and subtraction of
. polynomials;




(b) on a test of the multiplication of polynomials;

(c) on a test of the division of polynomials;

(d) on a total of the three preceding tests.

4. There is no significant difference in the mean score
of achievement among students of one particular age-and-
treatment combination and students of another age;éndQ

treatment combination with respect to their performance:

(a) on a test of the addition and subtraction of
. polynomials;

(b) on a test of the multiplication of polynomials;
(c) on a test of the division of polynomials;

(d) on a total of the three preceding tests.

5. There is no significant différenCe in the mean score
among students of one particular.sex;and-treatment combina-
tion and stﬁdents'of another sex;and;freatment-combination
with resbect to their performance:

(a) on a test of the addition and subtraction of
. polynomials;

(b) on a test of the multiplication of polynomials;
(c) on a test of the division of polynomials;

(d) on a total of the three preceding tests.

LT e
6. There is no significant difference in the mean score

of achievement among students of one particular sex-and=age
combination and students of another sex-and-age combination

with respect to their performance: -



(2)

. polynomials;
(b)
(c)
(d)

on a test of the addition and subtraction of

on a test of the multiplication of polynomials;
on a test 6f the division of polynomials;

on a total of the three preceding tests.

7. There is no significant difference in the mean score

of achievement among students of one particular sex-and-

age-and -treatment combination and students of another sex-

and-age-and-treatment combination with respect to their

performance:

(a)
(b)

(c)
(a)

on a test of the addition and subtraction of
polynomials;

on a test of the multiplication of polynomials;
on a test of the division of polynomials;

on a total of the three preceding tests.

, DEFINITIONS

For the purposes of this study, the follow1ng

definitions apply:

homework --describes the activities

assigned to and undertaken
by the pupils outside the
regular class period.

traditional homework--refers to homework for rein-

forcement~-questions or drill
designed to review text mate-
rials or concepts taught in
the classroom.




DELIMITATIONS

The experiment was designed within the bounds of the
following delimitations:
1. This study was confined to one junior high school and
involved one mathematics teacher. -
2, The results can'only be generalized to the grade IX

student population in that one school.
ASSUMPTIONS

There were several assumptions that had to be made in
this study relating to students; instruments and procedures
that were followed:

1. Students answered all gquestions on pre;iests and
tests during the study to the best of their ability.

2. Occésional absences from class did not affect the
criterion score of students significantly.

5. The students in this study were not significantly
different from other grade}IX junior high school students
who study polynomials in Manitoba schools.

L. The stuaents' responses on the various administered
tests were not significantly affected by the time of day at
which they were administered or the days on which they wefe

tested.
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LIMITATIONS

This study is subject to the following limitations:
1. I.Q. tests were administered to most students when
they were in grade VI at two different schools. Students «
who came into the district after this were given I.Q. tests

under different circumstances. Therefore some ofbthe'I.Q

scores used herein do not have eXactly the same basis for
comparison.

2., Achievement measurements during and after the unit
on polynomials are limited by the validity and reliability
of the teacher-ﬁrepared tests.

3, Since three classes presently in existence were
chosen for the three treatments, true randomness of the
samples was not present. L

4, The‘measurement of achievement in mathematics is limi-

“ted by the validity and reliability of the pre-experimental

achievement test administered to the three groups;
5. Home conditions, if substantially different for two .
of the three groups, would have an effect on the study.
| 6. The general atmosphere of the school and any idio-

syncracies of the teacher's personality in the classroom

must be considered.
ORGANIZATION OF THE STUDY

In the remaining portions of this study, the writer
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will review the literature in Chapter 2; describe the popu-
lation; the research procedure and the experimental design
in Chapter é; present the experimental findings in Chapter ,4;
and discuss the conclusions and implications of the study in

Chapter 5. The significant appendices and references are

included at the end of the study.
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Chapter 2

A REVIEW OF LITERATURE

Homework is one of the most widely used and contro-
versial teachipg techniques. A coﬁtroversy about its
effectiveness has continued from the 1930's and still
remains today. N _ ‘

In the late 1930's there was a reaction against the
traditional practices of éxcessively long homework assign-
ments, rote tasks, and the use of homework as punishment.
There was also the concern about indications that homework
fosters copying anq necessitétes‘parental help.

In the 1940's opinion against all homework crystal-
lized, pafticularly ét the elementary level. This was
brought about by educational theory which emphésized the
development of student interest and initiative in learning
(20). |
- By the 1950's many educators 6pposed conventional
homework and advocatéd that homework be optional and of a
recreational variety (42). However, when Russia launched
Sputnik in 1957, the”twenty-five year trend towards less
homework was reversed (17). Immediately after 1957, a move;
ment back to an emphasis on sﬁbject matter ensued, and home-
wofg was viewed as a means to gain academic excellence (14,

2L,). Pressure from teachers (35, 52), from parents who felt

14
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that homework assignments reflected "a quality education®
(8,42) and from colleges (40) led Bond and Smith to report

that homework assignments were increasing in length and number '

at an alarming rate in seventy-nine New York school districts-
(7). Thus homework, along with other educational practices,
came under public and préfessional scrutiny.

Surveys of public school students (2, 10, 25, 48, 52)

and college students (5) reveal that the majority of the groups
surveyed favoured homework as being helpful in their studies.
Teachers (10, 35, 52) and college professors (10) surveyed
were strongly in favour of hgmework} In the 1961 NEA survey

~ of teachers (35), 83.5 percent of the elementary school
teachers were in favour of homework at the elementary level.
Parents who were'surveyed (10, 27, 52) were also in favour

of homeWork.‘ Two of these surveys (27, 52) revealed that

‘many parents were also willing to help students with their

assignments.

While the surveys strongly approved homework and the-
need for it, there was no agreement as to the amount, type,
or process of assignment. Many articles on homework can be

found; one researcher (21) found 500 titles listed under the

general subject of homework in the Education Index but mest
of these are polemic in nature. Some of the topics,_for
example, are the amount of homework that should be assigned

to different grades (4, 16, 30, 31, 35, 42, 4k, L9, 53), the
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type of homework that can be assigned (23, 36, 41, 53, 60),
the manner in which it is assigned (16, 31, 52, 60), the
establishment of homework policies in a school or school

district (7, 17, 37, bk, 59), the home conditions that are
conducive to the doing of homework (9, 25), and the teacher's

role in assigning homework (7, 16, 33, 38, 39, 45). These

examples are not exhaustive.

There are twenty-four experimentgl studies that have
been carried out in the period 1933 to 1976. These can be
divided into two groups, thirteen early studies (pre=1950)
and eleven modern studies (post-1950). "

‘ The early expériments span-a broad spectrum, encom-
passing many subjects and grades. Most of the modern studies
" are not only better designed and statistically more sophis~
ticated but also more limited in their invéstigation of
specific grades and topics. .

Three of thg spudies from the thirties as described
by Goldstein (18, 15, 51) are of spggial interest:

Vlﬂl. "The Di Napoli experiment (1935); the most extensive
study of homework, covered grades five to seven, nine sub-
jects and three socio;economic groups. The results on
achievement were statistically significant to a small degree‘
in favour of the homework group in eight of the nine subjects
ét the fifth and six£h grade levels. In grade seven; the

non-homework group had a slight edge.
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2. The Crawford and Carmichael experiment (1947) encom-
passed grades five through eight in eight subjects. The

results showed, in the two comparisons carried out among

four classes one year apart, that twenty-nine of thirty-two scores

and twenty-eight of thirty-two scores favoured the homework
gréup. Perhaps the most significant finding was that the
high school grades of those pupils who had attended El Segundo
f Elementary School after homework was abolished dropped more
than the grades of the students who had homework at El Segundo.
3, Steiner (1934) carried out a limited experiment in a
single seventh grade class. He found that the homework group
had made clear gains in achievement in arithmetic and grammar,
but in literature the two groups were the same.

, ‘One of the early studies, Foran and Weber's experiment
(19) specifically examines arithmetic homework 1n‘grade seven
invséven parochial schools. The study was of a cross-over
design: Group A had no homework in the first term while
Group B did. The reverse was true in the‘second term. The
results on the achiévement test in problem-solving revealed
that both groups showed greater gains with homework than
without, but theée gains were small. In computation the
difference was not as clear. Group A aqhieved higher com-
putational levels of achievement when they had no homework,
while Group B peacted just the opposite. '

Anderson (3) studied two classes of eighth-grade
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pupils in arithmetic, English and social studies. The two
classes in a given subject had the same teacher. Achievement
was measured on five tests administered after each unit of
work was completed. The reéults clearly showed that achieve-
ment was higher for the homework group in all three subjects
on all five tests. >‘

The remaining early studies (11, 12, 34, 46, 55, 56,
58) reveal very little conclusive evidence about homework and
achievement. A1l of them are open to serious criticism (20)
relative to the experimental design or to the fragmehtary
data, or both. ' _

Of the recent studies (post-l950), four were conducted
at the high schoél level. McGill (32) did a study to deter;‘
mine whether‘hémework affects (a) social studies achievement
and (b) achievement in economics and American history. He
designated each of sixteen classes in a New York City school
as eitherign experimental or a control group. | _

~ None of the differences obtainéd from testing social

studies abilities was statistically significant. In economics
thé homework classes had higher mean scores than the non:
homework groups. However, in history, the homework classes
did better during~thé first term but poorer in the second.
The differences were not statistical;y significant.

-Schneidgr (49) performed a similér experiment in

economics at another New York City high school. There

I
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appeared to be no significant difference between the homework

class and the non-homework class on the same test.

Another study in American history was carried out by
Schain (47) using a single class in a New York City high
school., He used a cross-cver design with two groups from the
same class equal in I.Q.. The homework group in the first and
second part of the experiment outperformed the non;homework
group both in daily short;answer questions and on essay
tests. | /

An analysis of the results revealed that the brighter
students did well with or without homework. The average
students scored much better when'they were in the homework
group, whiie the poor students were "lost" when they did no
ﬁomework. | |

The only study in mathematics at the high school.
;eiel was done by Hines (22) who investigated homework and
its effecps on achievement in plane geometr& with seventeen
paired pupils. | . o N -

_ ' He found that every one of the comparisons favoured
the homework group, though.only niﬁe were statistically sig-
nificant at the five percent level, while three more became
significant at the ten percent level. He concluded that
written homework increased achievement in plane geometry by
about one grade score.

Two experiments at the junior high school level are

i




described below:

l. Baughman and Pruit compared two kinds of homework--

homework for reinforcement ("dull-type" assignments), and

homework for enrichment (expérimental, creative, or research
assignments). Their findings revealed that the nature of
homework made no appreciable difference in achievement gains

for junior high school students in social studies.

2. Peterson (43) suggested four different homework
patterns: H

(a) vertical or traditional,

(b) oblique,#

(¢) spiral,

(d) semi-oblique.**
He compared the vertical (traditional)homéwbrk péttern with
the oblique. -His findings showed that grade VIII students
assigned homework by the oblique pattern achigved significantly

better in mathematics than those students assigned traditional

homework.
In the elementary grades there are five recent

experiments.

v fA pattern of homework whereby a teacher provides
exploratory work on a future topic, immediate practice over
the topic under discussion and reinforcement for still a third
topic previously taught.

23
As oblique but no effort is made to provide rein-

forcement of previous topic. o
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1. Koch (26) compared ﬁhe achievement of three groups
of grade sixes in computation and problem-solving. The
first group had thirty minutes of homework per day, the
second only fifteen minutes,kwhilé the third had none. He
found that only the homework group with thirty minutes home-~
work had statistically higher achievement scores in computation
than the hon-homework group, a finding which suggested that
longer homework assignments were necessary for increased
- achievement. Achievement in problem-solving, however, was not
increased by homework of any length. |

2. Maertens (28) carried out an experiment in grade I1T
arithmetic with three groups: a non;homework group, a teécher;
assigned hdmework group, and a group which received its home-
work from the experimenter. He found that homework made no
statistical difference on computational achievement and
problem-éolving ability. Also, he found that homework did.
not have any differential effect upon achievement with high,
middle, of low intelligence groups. X

3. Gray and Allison (21) studied the effect of homework
on achievement in the four fundamental operations of frac;
tions in grade VI. Two groups were formed, one homework and
one non:ﬁomework; Ap the end of four weeks, treatments were -
. reversed. No statistical difference in achievement in com-

putation and fraction concepts was found between the two

groups.
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L. Maertens and Johnston (29) carried out a two-fold
experiment with grades IV to VI. They investigated a home-

work pattern which involved the parents. Three groups were

established. One group of children received knowledge of the
results from their parents after completing each problem,
while a second group received knowledge of the results from
their parents only after completing the entire assignﬁent.
The third group was the non;homework group. After a six-week
period; achievement in computation and problem;solving was
tested. The @wo homework groups othperformed the non-
homework group. The difference between the two homework
treatmehts, however, showed little consistent variation. An
attitude test administered to each group revealed no signifi-
cant difference in attitude among the children. The causative
factor for the success of the homework groups oéer the non;
homework one is not clear. Perhaps it could be attributed |
to the homework practice alone, or to parental involvement,
or to the comblnatlon of both factors.

Finally, an experimental study (50) was conducted
to determine whether the kind of homework a teacher assigned
‘made a difference in academic achievement in elementary
school children, and whether homework such as collecting,
observing, listening and conotructing models improved read;
ing ability.

The experiment was carried out in twenty~five schools
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in Tampa, Florida with a total sample of 700 students in
grades IV to VI from all socio;economic backgrounds. Two
groups were organized: a control group with traditional

" homework and an experimental group which received individual-
ized enrichment homework. The experimental period lasted
sixteen weeks and homework was stu&ent;étrugtured in the
}following subjects: reading, spelling, language, arithme£ic,
social studies and science.

It was reported that the reading ability of the
exPerimental group improved over that of the control group.
However, it is not recorded what statistical treatment was
used in the comparison, nor whether the gain in reading
ability was statistically significant.

.At this time it is still unclear whether the
 assignment of homework is an educational practice that will
enhance achiévemént in mathematics. Literature to date
provides twenty-four studies in homework. Eight of the
thirteen early studies (1, 11, 12, 34, 46, 55, 56, 58) from
the 1930'31 have serious flaws in thelr design. The other
five (3,‘15, 18, 19, 51) are by nature broadgépectrum,
covering many subjects and grades. All five support the
pfemise that homework will increase achievement in arith-
metic. However, the résults are statistically significant

only to a small degree.

Of the eleven recent experiments,three support the -
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effectiveness of homework, ene in American history (47), one
in plane geometry (26), and one in grade VI arithmetic (26).
Four studies found that homework has no effect on achievement,
two in American history and economics (32, 49), and two in
elementary arithmetic (21, 28). One study (29), because of
design, was inconciusi#e concerning homework or another home
factor being responsible for the gain in student achievement.
vThe remaining experiments were concerned with the kind of
homework that was assigned. One found that achievement is
not enhanced by enrichment homework over the traditional
kind (5), while another (43) indicated that a semi-oblique
pattern of organization of homework was more effective than
the traditional kind, and the third (50) suggested that
individualized enrichment homework in grades IV to VI

increases reading ability.
SUMMARY

Thus, research to.date has not provided enough
evidence for educators to accept unilaﬁerally the effective;
ness of homework. Early wide-rahging, multi-grade; malti-
subject experiments show some support for homework's
effectiveness; but well-designed recent experimente which
"zero in"™ on specific mathemetic concepts are not unanimous
in their“findings.

N

Most participants of homework surveys (students, -
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teachers, parents, professors) felt that home assignments
for reinforcement enhanced achievement, yet research has not
‘borne this out. This anomaly--ﬁhe difference between per-
sonal experience and experimental results;—is difficult to
explain. B ‘

Although many articles of opinion are published on

homework, research in this area continues to be meager.
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Chapter 3
EXPERIMENTAL DESIGN
The purpose of this chapter is to describe the
study in detail. It will include a description of the school,

the population and'sample, course and treatment, data collec-
tion proéedures, and method of analysis.
THE SETTING
The study was conducted ‘at a suburban junior high
school in the St. James-Assiniboia School Division. The
school is located in a middlé and lower-middle class commun-
ity. The organization of -the school was of the standard
graded form, The school timetable operated on the basis of
a six-day cycle with eight forty-minute periods a day. |
| The department of mathematics consisted of the
vice;ﬁriﬁcipal and two teachers new to the school. The study
involved only the vice;brincipal who téught three of five
grade IX classes in the school. Prior to becoming an
adminiétrator, he had taught mathematics in high school for
many years. | |
7 At the timé the\stﬁdy was conducted, the principal
had been in the school one year and was beginning his second

yedr. The atmosphere which he created reflected an orderly and

31
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businesslike conduct in the school.
POPULATION AND SAMPLE

The population of the school was four hundred forty-
one. One hundred thirty-five students were enrolled in grade
IX, of whom eighty;two students were in the sample. |
| Because the grade IX classes had already been
established for some time, the selection of a random sample
was not possible. However, in this school the students had
been randomly assigned to five classes in an attempt to devise
heterogeneous groups, except for one class in which twenty of
the twenty;seven students had chosen the band-option and were,
thérefore, grouped together. |
| 7 The three grade IX classes taught by the vice-
principal wére designated to parﬁicipate in the experiment;
one of these classes was the band;bption claés mentioned

above. The students in each class in the sample ranged from

low to high in terms of I.Q. and mathematic achievement.
COURSE DESCRIPTION AND TREATMENT
The factors common to the three treatment groups

'are outlined below. -

1. Each class was. taught the same mathematic
content in the same period of time.

2. Each class had one double period every six days,
the second period being used as a work period.




3. Exercises were assigned in two textbooks:
Modern Elementary Algebra and Geometry, by
Eugene D. NichoES (1971), and Modern
Mathematics by David Keith, A. Wayne Kerr,

and A. Murray McPherson (1970). A list of
the assignments may be found in Appendix A.

k. Also,the teacher devised supplementary work-
sheets which were assigned to the students;
these sheets may be found in Appendix B.

5. The topic "polynomials"™ was divided into three
sections: . .

(A) addition and subtraction
(B; multiplication
(C) division and rational expressions.

- After the concepts in each of these sub-topics
were taught, a review followed and then a test
was administered. The review sheets may be found
in Appendix C and the tests in Appendix D.

6. Below is a . list. .of the concepts emphasized in
each of the sections (A), (B), and (C):

(A) Addition and Subtraction of Open Expressions

l. Adding and subtracting monomials
2. Adding and subtracting polynhomials
a) vertically :
b) horizontally : )
(i) addition of opposites
(i1) several expressions within
: parentheses
(11i) expressions with integral,
fractional and decimal
coefficients;

(B) Mnlfiplication of Open Expressions

1. Multiplication of monomials
(a) any number of factors
{b) exponent theory covered
o (i) definition of power,
. exponent and base

(11) power of a power
(iii) power of a product
(iv) power of a quotient;
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2. Mnltlpllcatlon of a monomial by a poly-
nomial
(a) monomial by a binomial
(b) simplifying expressions involving
- addition or subtractio for
example, 2x (x~3) - 3x (2-x)'

3. Multiplication of a polynomlal by a poly-
nomial

(a) binomial by a binomial

{(b) .square of a binomial

(c) binomial by a polynomial of three

.. or four terms

(d) after students had mastered these
products, they were incorporated
with addltlgn and subtractlon, for
example, 2x° (-3x) - 2x (x-3) +
(x~2) (3x~5); ’

(c) Division and Rational Expressions

(a) division of monomials involving a
v reduction of fractions
(b) multlpllcatlon and division of rational

expressions
(c) power of a quotient
(d) quotient of a power:
(e) addition and subtraction of ratlonal
.~ . expressions
(f) division of a polynomial by

: - (i) a monomial ‘
(11) a binomial.

VARIABLES USED IN ‘I‘HE' smmY

Covariates or Control Variables

Because the selection of a random sample was not
possible'in the study, the equivalence of the groups was in
doubt. Thus, the following were}used.as covariates:

1. I.Q. scores as measured by the Large Thorndike
Non-Verbal Tests administered to the pupils in
grade VI obtained from school records. To the
few students who entered the division after grade
VI, the Otis Quick Scoring Mental Ability Test
was administered;




2.

echievement in mathematics as measured by two
standardized tests of the Cooperative Mathematics
Series:

ia) Arithmetic test

b) Structure of the Number System test.
The Arithmetic test may be found in Appendix E
and the Structure of the Number test in Appendix F.

Independent Variables

The following were used as independent variables in

the study:

1.

2.

,h.

No Homework Instructional Approach
The control group received no homework. Students

were assigned questions which they did and corrected

in class. If any homework was done at home, it was
initiated by the student, not the teacher. This
group, though covering exactly the same concepts
as the two experimental groups, did not do as many
questions as the latter.

Homework-with-Answers Instructional Approach )
This experimental group received homework, which
was corrected the following day in class. The
correction of the questions involved only the fur-
nishing of answers by the teacher. If a question
was asked about the assignment, it was dealt with
in the shortest possible way. At no time was there
any teacher-initiated discussion of the homework
assignment. ;

Homework-with-Answers-and-Discussion Instructional

Approach : :
The final experimental treatment involved assigning

“homework, which was corrected the next day. Further-

more, correction involved an extensive discussion of
each question assigned.

Sex
Sex of the students was determined from the school

| files.

Age

"An analysis of the ages of the students in the sample
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revealed that eighty-six percent were between 14.0
and 14.8 years. The histogram in Appendix G shows
the age distribution of the students in the sample.
Because of the clustering, the experimenter decided
to treat this variable nominally.
formed on the basis of mean score of the group
students who were less than the mean age 1lk.4 years
became one group, and students who were older than, or
. equal to, the mean age formed the second group.

Two groups were

The design of the study is elucidated in Table 1.

Table 1

Research Design

Pre-Test
for T i
Group Control Treatment ests in
, Pol ial
' Variables ynomiazs
. Control Yes No homework Yes~
Experimental #1 Yes Homework with
o answers Yes
Experimental #2 Yes Homework with
: _ answers and .
discussion - Yes

Dependent or Criterion Variable

The criterion variable in this'study'was the mean

‘achievement score obtained in polynomials.

Measurement of

this variable was accomplished by three teacher-prepared tests,

the first on the addition and subtraction of polynomials, the
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second on the multiplication of polynomials, and the third
on division of polynomials and rational expressions. The

three tests may be found in Appendix D.
COLLECTION OF DATA

Information about age, sex and I.Q. scores was
obtaiped‘from student records in the school. The Cooperative
Mathematic Series tests were administered to all groups
December 18 and December 19. Students who had no I.Q. record
were given the Otis Quick Scoring I.Q. test on December 22.
Students who had missed ény of the above tests were asked to
write them on December 22 and 23. All tests were conducted
under close su?ervisiqn and complied with all test require;.
ments. The experiment began on January 6 when school

resumed after Christmas vacation;
DESIGN OF THE STUDY

Beéause the study involved intacﬁ groups, the

| experimenter decided to use the analysis of covariance for
the statistical treatment. This is a useful method when
’Studying the relation between a dependent variable and two
or more groups representing an independent variéble. This
t?chnique allows the researcher to equate stapistically the
independent variable groups with respect to one or more

control variables which are relevant to the dependent vari-
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jable. In other words, analysis of covariance allows the
researcher to study the performance of several groups which
are unequal with regard to an important variable as though
they were equal in this respect.

In the experiment, the effect of the three treat-
ments and the effect of age and sex on performance on
polynomials were under scrutiny. The mean I.Q. and mathe;
matic achievement scores were unequal for the three groups.
Analysis of covariance statistically removed the effect of
'1.Q. and mathematic achievement of the three groups by
adjusting the means of the dependent variable (achievement
in polynomlalg). Thus, the effect of treatment, sex and/or
age on the dependent variable can be studied without I.Q. and
‘mathematic achievement confounding the results. |

Eath of the three ciassés wasrassigned to a treat;
ment. Each of the treatments was further divided into two
sub;groups, boys and girls, creating six sub;groups
altogether. Then each of the six sub-gfoups was divided
into two cells based on the mean age of the sample. Thus,
twelve cells were formed; The composition of each cell

" is in Table 2.
'ANALYSIS OF DATA
For each student in the study the following infopma-

tion was transferred to punch cards for computer analysis:




Table 2

Cell Composition
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No Homework Homework with
Sex Age Homework with Answers and
Answers Discussion
Age< 14.4 n= 5 n =10 n =
Boys ‘ '
AgeZ 1L.4 n= 54 n= 4 n=_7
- JAge 144 n =12 n= 17 n =
Girls ' ~
Age2 1L .4 n= 7 n = n =
Sub
Totals 28 27 27
1. treatment identification,
2. sex,
3. I.Q. score, . :
4. Cooperative Arithmetic test score,
5. Cooperative Structure of Number System
test score, :
6. addition and subtraction of polynomials
_ test score,
7. multiplication of polynomials test score,
8. division of polynomials test score,
9. total of the three polynomials test scores.

A programmerassisted in the preparation of all data

‘and control cards required for the computer programming. The

data was analyzed by the computer at the University of Manitoba

using a three-way analysis of covariance with three covariates.

This

programme yielded F ratios for eéch independent variable
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and for each possible combination of independent variables. The

F ratio indicated whether or not the ad justed means of the |

dependent variable were significantly different among the inde-

pendent variables. The .05 level of significance was chosen

as the rejection region for the hypothesis being tested. @ &
Pearson product moment correlation coefficients were

also obtained between the covariates and the dependent vari-

able. These values indisated whether or not the covariates

used in the study were related to the dependent variable or to

each other. A two-tailed test at the .0l level of signifi-

cance was chosen for the decision-making process.
SUMMARY

" A sample of eighty;two students was drswn from the
grade IX population. These students were already psrt of
three intact classes taught by the vice-principal.

Eash class was assigned to one of the following

treatments:

1. a control group with no homework,

2. ‘a homework group with answers, : ,
3. a homework group with answers and discussion.

All groups covered essentially the same work in the
same time., The duration of the experiment was approximately
eight weeks. |

Dependent and independent varisbles and the co-
variates were described; the collection of data and the design

of the study were outlined.
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Chapter &
. ANALYSIS OF DATA
INTRODUCTION

. In the first part of the chapter the sample is dis;
cussed, the correlation coefficients between the dependent
variable and the covariates are compared, and the covariates
for each source of variation are examined. FKach hypothesis
given in Chapter 1 is restated, and the related data analysis
(means, adjusted means and F ratio) follows. Finally, a
summary is provided which includes tables of means; ad justed
means, and F ratios.

The following abbreviations w111 be used throughout
the remainder of the thesis:

l. N-Hw No homework group,

2. Hw-A Homework-with-answers group,

3. Hw-AD = Homework-with-answers-and-discussion group,
h. A-AT Arithmetic Achievement Test,

5. OSNS-AT Structure of the Numbers System Achleve-
ment Test.

DESCRIPTIVE DATA CONCERNING THE SAMPLE

Table 3 records the number of students included in
the study, and, within each treatment;,the distribution of
_studenté by sex and age. During the course of the study;
the original sample of eighty-two was redﬁced by three

. 42 ,
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students. Each treatment group lost one student over 1lL.4
-years of age--a boy from the Hw-A, a boy from the N-Hw, and
a girl from the Hw-AD. The two boys withdrew from school

and the girl was sick over an extended period of time.

Table 3

The Distribution of Students by Sex
and Age in Each Treatment

Homework

. Homework s
No with
Sex Age Homework with Answers and
: Answers Discussion
| AC1L.L | 5 10 5
Boys : : o
A214.5 3 b 6
A<1L ., 12 . 7 9
Girls — .
AZ1L.4 7 5 - 6
Sube : |
totals A 27 26 26

e —— e — ]

The treatment of data employed the analysis of covariance
design with three covariates or control variables. Table & | S
compared‘the means of\the“dovariates_forAstudents in each main |

source of variation. It shows the following:



Summary of the Covariates of Students Grouped

Table 4

According to the Main Sources of Variation

bk

_ The mean scores on all three covariates for Hw-A are clearly
higher than the mean scores in the other two treétments. The

mean scores of the covariates}are about equal for the Hw-AD and

N-HW L4

Méin sources No. of Covariates
of students -
variation o I1.Q. A-AT SNS=AT
Treaﬁment
N-Hw 27 106.37 28.33 15.67
Hw=A 26 116.52 35.46 20.00
Hw-AD 26 108.38 32.19 15,46
‘Sex
Boys 33 113.8h 35.47 l7.9h
Girls L6 108.06 29.55 16,40
Age | o |
A€ L. 48 3.9 [ 33.82 | 18.75
AZ214.4 31 104 .94 28.90 14.35
Tfeatment
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The mean scores of the younger students surpass those

'of the older students.

Sex

On all three independent variables, the boys have a

higher mean score than the girls.

Similarly, the means of the covariates of the students

grouped according to the combination of any two effects are

found in Tables 5, 6 and 7.

Covariates of the Students Grouped According to

Table 5

the Combination of Sex and Treatment

. No. of Covariates
Source of Stu- :
Variation dents
I.Q. A-AT SNS=-AT
Boys in N-Hw 8 112.00 35,38 19.38
Boys in Hw-A 14 116.08 36.85 19.54
Boys in Hw-AD 11 112.55 33.91 15.00
Girls in N-Hw 19 104.00 25.37 14.11
Girls in Hw-A 12 117.15 34.08 20.46
Girls in Hw-AD 15 105.33 30.93 15.80
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Table 5 indicates that boys and girls of the Hw-A

have highér mean scores than in the other groups.

The girls

in the Hw~AD and N-Hw obtained the lowest mean scores on the

covariates, whereas the mean scores.of the boys in Hw-AD and

N-Hw are between these two extremes.

Covariates of the Students Grouped According to

Table 6

the Combination of Age and Treatment

Source of Ngéugf Covariates
Variation dents

I.Q. A-AT SNS=-AT
Students<'lb.4 in N-Hw 17 110.35 30.29 17.29
Students€ 14.4 in Hw-A 17 118.82 37.59 22.24
Students< 14.4 in Hw-AD 14 112.36 33,86 16.29
 Students 2 14.4 in N-Hw 10 99.60 25.00 12,90
Students 2 14.4 in Hw-A 9 112.44 31. 44 15.78
Students 2 14.4 in Hw-AD 12 103.75 30.25 14.50

Age and Treatment

Table 6 indicates that younger students in the Hw-A

group have the highest mean scores on the three covariates,

_ whereas older students in N-Hw have the lowest. In the other

four groups the mean scores on the three covariates range

between these twovvalués.



Table 7

Covariates of the Students Grouped According
to the Combination of Age and Sex

Sources of Ngéuff Covariates

Variation cdems 1. A-AT SNS-AT
Boys< 14.k4 20 116.50 36.90 19.-3'57
Boys 2 14.4 13 109.42 33.08 15.58
Girls< 14.4 28 112.11 31.79 | 18.32
Girls 2 14.4 18 ] 102.1 | 26.26 13.58

Age and Sex 4 -~ o .

Table 7 indicates that the younger boys and girls have
higher mean scores than the older boys and girls. The boys!'

mean scores in each case are higher than the girls'! mean scores.

In Table 8; the cells reveal broad differénces. For -

instance,'younger girls in Hw-A have the highest scores in
I.Q., A-AT and SNS-AT of 124.86, 39.43, and 24.57 respectively,

“whereas older girls in N-Hw have the lowest mean scores on the

three control variables of 99.29, 23.00 and 11.29 respectively.
The data in Tables 4, 5, 6, 7 and 8 indicate that there

are differences among the compared cells. To compensate for

the above differences and to accommodate ihﬁact classroom groups

the analysis of covariance design was employed.




Table 8

Summary of the Covariates of Students Grouped
According to the Combination of Three Effects
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N A e =
e e ]

Variation due N £ Covariates
to Combination §£u°
of . -

Three Effects dents | 1 q, A=AT SNS-AT

Sex and Age and
* Treatment

Boys € 14.L4 in N-Hw 5 119.00 38.80 21.00
Boys 2 1l4.4 in N-Hw 3 100.33 26,67 16.67
Girls €14.4 in N-Hw 12 106.75 26.75 15.75
Girls2 14.L in N-Hw 7 99.29 23.00 11.29
Boys < 1li4.4 in Hw-A 10 114,60 36.30 20,60
Boys 2 14.L4 in Hw-A L 121.00 38.67 16.00
Girls< 14.4 in Hw-A 7 124.86 39.43 24,57
Girls= 14.4 in Hw-A 5 108.17 27.83 15.67
Boys £ 1L4.4 in Hw-AD 5 117.80. 36.20 15.20
Boys 2 1lh.4 in Hw-AD 6 108.17 32.00 14.83
Girls< 14.4 in Hw-AD 9 109.33 32,56 16.89
Girls21h.h in Hw-AD |- 6 99.33 28.50 14.17

CORRELATION COEFFICIENTS -

Table 9 présents the correlation coefficients among:

1. three covariates,

- 2. the three covariates and the dependent

variable.

N

A1l the correlation coefficients are significant at the .0l

“level.




The correlation coefficients among the three

covariates are high. For example, the correlation between
I.Q. and A-AT is .780 and between A-AT and SNS-AT is .788.
The higher value of the latter pair is to be expected
because both tests belong to the Cooperative Mathematic
Test Series. |

Moderately high correlation coefficient values
exist between the dependent variable and éach of the
control variables. This indicates that the control .
variables are significant independent variables in the
study, and further confirms the necessity of equating
these variables for the cells by’the use of the analysis -
of covariance method. ]

Finally, the correlations among the achievement
tests and the dependent variable ére higher than between
the dependent variable and I.Q. This finding indicates
that a greater part of the variation in the dependent
variable can be accouhted for by the achiévement tests
rather than by 1.Q. In Table 10 the percentage variance
of the cbrrelations results are presented. The A-AT
and SNS-AT account for 50.55% and 51.41% respectively
of the variability in the scores on the tests of poly~
nomials, while I.Q. accounts for only 28.94% of the varia-

bility of the scores.

-




Table 9

Summary of the Correlation Matrices for
Polynomial Tests and Control Variables
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50,55 .

' : Addn. ' Total
I.Q. | A-AT PNS=AT | and Mult. | Div. of
, Subtr. |. Tests
I Q. 1.000 | .780} .726 .558 472 .393 .538
SNS-AT P.ooo .700 | .621 | .606 | .717
A1l correlation coefficients exceeding r = .285 .
are significant at the .0l level.
Table 10
Summary of the Percentage Variance Accounted
for by the Control Variables
o o Addn. ' Total
I.Q. A=-AT |SNS-AT | and Mult. Div. of
- ~ Subtr, Tests
.. | 100 | 60.84] 52.70 |31.14 | 26.34 |21.14 | 28.94
A-AT 100 62.09 47.75 37.82 33.647'
SNS-AT 100 49.00 | 44.15 143.09 | 51.41

However, it should be noted that 60.84% and 52.70% of the

scores in the A-AT and SNS-AT respectively can be accounted for

by I.Q.




ANALYSIS OF COVARIANCE FOR TREATMENT,
AGE AND SEX

The hypothesis of each main effect is dealt with

below:

Hypothesis l--Treatment
There is no significant difference in the mean scores

of acﬁievement aﬁong the.thrée ﬁreatment groﬁpsAwiﬁﬁ féspééﬁ

to their performance

(a) on a test ofthe addition and subtraction of
polynomials,

(b) on a test of the multiplication of polynomials,
(c) on a test of the division of polynomials,
{(d) on a total of the three preceding tests.
Table 11 gives the mean and adjusted mean scores on

the polynomial tests obtained by each treatment.group.

Larger differences exist in the means than in the adjusted

means in the tests. The larger differences in the means
can be accounted for partly by initial differenceé in T.Q.
and mathematic achievement of the groups and pértly by dif;
ferences in treatment. As can be seen, Hw;A means were

ad justed down whileAN-Hw and Hw-AD means were adjusted up
by the analysis of covariance, in order to equate the
initial differences‘of the groups. Thus, the differences
remaining in the adjusted mean are differences produced only

by the treatments. The differences in the ad justed means

,are small among the three treatments.
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Table 1lindicates that the scores on the adjusted means

for the N-Hw exceed the homework groups except on the multipli-

cation test.

Table 12 summarizes the‘data basic to the F ratio.

Since

none of the calculated F ratios exceeds the table value of 3.14

at the .05 level of'probability, the above hypothesis must be

accepted. In other words, the non-significant F ratio indicates

that the differences among the adjusted means can be accounted

for by chance alone more than five times in a hundred.

Table 12-

Analysis of Covariance of the Polynomial Test
Scores for Students in the Three Treatments

o ——.——

b

Degree of freedom

——p—— —~—

Mean square

Tests F
between within | between ~ within
Addn. & Subt. 2 6 2. 532 | 431,24 .06
Mult. 2 6l 13.285  61.640 | .22
Div. 2 6, | go0.s81  s50.827 |1.59
Total of Tests 2 647- : . “ .08

31.156  377.612

Phe table value of the F ratlos at the 05 level of
.probability is 3.14.
None of the F ratios shown is 31gn1ficant at the .05

level.
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The fact that there is no significant difference
between the N-Hw and the homework groups indicates it is
the doing of the work that counts rather than where it is
done. Also the fact that there»is no significant difference = &%
between HW;A and Hw-AD suggests that post:homework discussion

is not important for the enhancement of achievement in poly-

nomials.

Hypothesis 2--Age ‘ Ezi

There is no significant difference between the mean
écore of achievement of students who are older than or equal
to the mean age of 1lh4.k4 years and. that of the students who
are younger than 1l4.4 years witﬁ respect to their performance

(a) on a test of the addition and subtraction of
polynomials,

(b) on a test of the multiplication of polynomials,
(¢) on a test of the division of polynomials,
(d) on a total of the three preceding tests.
Table lé contains the means and adjusted means for
the tests on polynomials for the two égé groups. The adjusted
means indicate that the younger studeﬁts did better than the
‘qlder.students in all tests. .
Table 14 indicates that there is no significant dif;
ferehce in the adjusted mean scores at the .05 probability.

level since none of the F ratios exceed the table value of

3,99, The null hypothesis, therefore, must be accepted;
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Table 14

Analysis of Covariance of the Polynomial Test

Scores for Older and Younger Students

56

Degree of Freedom Mean Square
Tests F
between within between within
Addn. & Subt. 1 6L 57.013 L3.424 1.31
Mult. 1 6 17.575  61.640 .29
Div. 1 64 16.793  50.827 | .33
Total of Tests 1 64 . [171.180  377.612 A5

The table value of the F ratio at the .05 level of

probability is 3.99.
None of the F ratios is significant.

Hypothesis 3-=Sex

There is no significant difference between_the mean

scores of achievement of male students and those of female

- students with respect to their performance

(a) on a test of the addition and subtraction of
.. polynomials,

(b) on a test of the multiplication of polynomials,

(c) on a test of the division of polynomials,

(d) on a total of the three preceding tests.

Table 15 contains the means and adjusted means for the

~ polynomial tests. The ad justed means indicate that boys tendéd_



57

suegsw pegsnfpe -~ WY
sueswt -~ N
09T $6°62 90°80T |26°€9 87°09 | T0°6T TT°ST |T7°Tz €w'oz| o°¢z LE'zz | STa®O
w6*LT LH°SE H8°€TT |00°%9 L7°89 | 02°8T " €5°6T |6T°22 *9-€z| 18°€z TE'S2 sfog
I¥-sNS IV=V DI | gy wo| wy v |w W | w W
. Xog
9OURTJIBAOH mwpmwwoa ‘ATQ AT *3qng R *uppy

STITD pue sfog J0F S283] ‘[BTWOUATOJ
ayq Jo sues) poasnfpy pue susel Jo UostIedwo)

ST o198l




58

to outperform the girls to a small degree in polynomials.
Table 16 contains the data basic to the F ratio. None
of the F ratios is significant. Therefore the null hypothesis

must be accepted.

Table 16

Analysis of Covariance of the Polynomlal
Test Scores for Boys and Girls

Degree of Freedom Mean Square
Tests _ F
between within | between within
Addn. & Subt. 1 6 4.03%  h2.43L | .09
Mult. 1 6, | 14.418  61.640 | .23
Div. 1 64 15.169 50.827 .30
Total of Tests 1 64 5,609 377.612 .01

The table value of the F ratio at the .05 level
of probability is 3.99.
None of the F ratios is 31gniflcant.

ANALYSIS OF COVARIANCE FOR THE COMBINATION OF
TWO FACTORS

Each hypothesis for the combination effect of two factors

will be discussed in turn below.

Hypothesis L--Combination of Age and Treatment

There is no significant difference in the means scores

of achievement among students of one particular age-and-
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treatment combination and students of another age-and~-
treatment combination with respect to their performance

(a) on a test of the addition and subtraction of
polynomials,

(b) on a test of the multiplication of polynomials,
(c) on a test of the division of polynomials,
(d) on a total of the three preceding tests.

‘ Table 17 provides a geometric interpretation of
adjusted mean scores of the polynomial tests for student
groups of a ﬁarticular age and treatment. MOrercomplete
informgpiqn of means and adjusted means may be found in
Appendix H. |

Table 17 shows that interaction effects occurred on
two of the tests, multiplication and division, and on the
total of the tests. Older students did better than younger
students in the Hw;AD. This suggests that Hw-AD is the most
effective method for older students. However, this inter-
action is not significant at the .05 1evql as revealed by
the data in Table 18. This table shows that the calculated
F ratios do not exceed the table value of 3.14. Therefore,

the null hypothesis must be accepted.

Hypothesis 5-~Combination of Sex and Treatment

There is no significant difference in the mean scores
of achievement among students of one particﬁlar sex-and-

treatment combination and students of another sex-and-~
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Geometric Comparison of Adjusted Means of the
Polynomial Tests for Combinat;on Effect
of Age and Treatment
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treatment combination with respect to their performance

(a) on a test of the addition and subtraction of
polynomials,

(b) on a test of the multiplication of polynomials,

(c) on a test of the division of polynomials,

(d) on a total of the three preceding tests.

Table 18
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Analysis of Covariance of the Polynomial Test Scores
Combination Effect of Age and Treatment

for

Degree of Freedom Mean Square
Tests — _ F
between within between within
Addn. & Subt. 2 - 6l 18.52 ué.uz -.h3
Mult, 2 6l 20.81 61.64 | .34
Div. 2 L 1875 50.83 .96
Total of Tests 2 64 185.86 577.61 49

The table value of the F ratio at the .05 level of
probability is 3.14.
None of the F ratios is significant.

Table 19 provides a geometric interpretation‘of adjusted

means of students of a particular sex and treatment. A complete R

‘table of means, adjusted means and covariates may be found in

Appendix I. Table 19 indicates that there are three inter-
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actions. On the addition and subtraction test and on the
total of the three tests, the girls had higher mean achieve-
ment scores than the boys in Hw-AD. The other interaction
occurred on the multiplication test where the girls dida
better than the boys in the N-Hw treatment.

However, these interactions are not statistically sig-
nificant at the .05 level of probability. Table 20 presents
the calculated F ratios. None of these ratios is larger than
the table value of j.lh. Thus, the null hypothesis must be

accepted.

Hypothesis ‘6~--Combination Effect of Sex and Age

There is no significant difference in the mean scores
of achievement among students of one particular sex-and-age
combination and students of another serAnd-age combination
with respect to their performance

(2) on a test of the addition and subtraction of
polynomials, ' ‘ :

(b) on a test of the multiplication of polynomials,
(c) on a test of the division of polynomials,

(d) on a total of the three preceding tests.

Table 21 is a geometric interpretation of the adjusted
means of students of a particular sex and age. Full informa-
tion pertaining to means and covariates may be found in

Appendix J. Table 21 shows that there are two intéraction
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Geometric Comparison of Adjusted Means of the
Polynomial Tests for Combination Effect
of Sex and Treatment
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Table 20

Analysis of Covariance of the Polynomial Test Scores
for Combination Effect of Sex and Treatment

Degree of Freedom Mean Square
Tests F
between within between within
Addn. & Sllbt P P 6lli llvso ll~3 1&3 01&2 1 .12
‘Mult. 2 64 6.69 61.64) .11
Div. 2 614[» “l{-065 50.83 -.09
Total 2 64 18.18 377.61 .05
A N N S S B

The table value of the F ratio at the .05 level of
probability is 3.14.
None of the F ratios is 31gn1flcant.

effects: one on the division test, the other on the total of

. the tests. In each case, the older boys did better than the

younger boys. These interactions, however; are not statis-
tically significant at the .05 level.

Table 22 presents the calculated F ratlos. None of
these exceeds the table value of 3.99. Thus, the null

hypothesis must be accepted.
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Geometric Comparison of Adjusted Means of the
Polynomial Tests for Combination Effect

of Sex and Age
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Table 22

Analysis of Covariance of the Polynomial Test Scores
for Combination Effect of Sex and Age

66

Degree of Freedom Mean Square
Tests : F
between within between within
_Addn. & Subt., - 1 | 64 L.14 L43.42 .10
Mlllt . l 6141 "1 . Ol 61 . 61} -e 02
Div. | 1 64 37.49 50.83 | .74
Total of Tests 1 64 L5.71 377.61 .12

The table value of the F ratio at the .05 level of
probability is 3.99.
None of the F ratios is s1gn1flcant.

ANALYSIS OF COVARIANCE FOR THE COMBINATION
: OF THREE FACTORS - -

Each hypéthesis for the combination effect of three

factors will be diséussed in turn below.

Hypothesis 7--éombination of Sex, Age and Treatment

.scores of achievement among students of one partlcular sex~and-age-

nd-treatment combination and students of another sex-and-age-and-

There is no significant differencéAin the means

treatment combination with respect to their performance
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(2) on a test of the addition and subtraction of
polynomials,

(b) on a test of the multiplication of polynomials,

(c) on a test of the division of polynomials,

~(a) on'a total of the three preceding tests, =~ -

Table 23 provide; the means and covariates for all
cells of a particular sex, age and treatment. None of the
.adjusted mean differences is statistically significant
at the .05 level.

Téble 24 presents the‘analysis of covariance of the
ad justed mean scores of.the groups. None of the F ratios
exceeds the table value of 3.14. Therefore, the null

hypothesis must be accepted.
SUMMARY

The size and distribution of the sample were
described and correlations of the control and dependent
variables were made. |

| Table 25 summarized the means,'adjusted means and
the number of students in each source of variation. Table
26 summarized the analysis of covariance for all sources
of variation..

The resﬁlbs ih the two tables indicate that there
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Table 24

Analysis of Covariance of the Polynomial Test Scores
for Combination Effect of Age, Sex and Treatment

Degree of Freedom- Mean Square
Tests — : F
between within between within
Addn. & Subt. 2 6l 21.21 45.42 L9
Mult. 2 64 15.88 61.64 .26
Div. 2 64 .22 50.83 .00
Total of Tests 2 64 63.6h 377.61. .17

The table value of the F ratio at the .05 level of
probability is 3.1l4. )
None of the F ratios is significant.

are no significant differences traceable to treatment effects,

-gex effects, age effects, or interaction effects. 'Therefore,

all null hypotheses were accepted.
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Chapter 5

' SUMMARY AND CONCLUSIONS
e SUMMARY

The purpose of this study was to examine the
effectiveness of traditional homework and post-homework
discussion on mathematic achievement in polynomials. A
secondary purpose wss to determine whether age and sex of
the students were factors that affected achievement. The
questlons ralsed in thls regard were: |

(1) Is there a significant difference in the achieve-
ment of,students withrhomewgrk;compared to those who have
‘none? | o -
" {2) Is the process of doing the work at home the sig-
‘nificaht'factor<ohAachievement?" |

(3) Is fhe post;homewak discussion at school the more
1mportant process7 7 o
| (4) Is it the combination of "doing and discussing"
»?that is essentaal’ . i ' )

(5) Is the age of a student a factor 1n mathematic

ach1evement°' N ':"‘ - . L
(6) Is the sex of a student a factor in mathematic

achievement?

\72
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A review of literature indicated that a limited
numbef of experiments had been done on the effectiveness of
homework. Some of the studies were incondite, others were
outdated, and those which were recent and welllaesigned had
contradictory findings.

A sample_of‘seventy;nine grade IX students were
involved in the study. These students were members of three
intact classes taught by the vice-principal. One class was
" assigned to be the control group receiving no homework while
the other two were the experimental groups. One experimental
group received homework with answers while the other received
homework with answers and extensive discussion in class.

Thé foilowing control variables were obtained: I.Q.
scores and scores on the Ariﬁhmetﬁc Test and the Structure of -
Number System Test from the Coopefative Mathematics Series.

The independent variables were the threeAtreatments,
age, and Sex, while the dependent variable was achievement
in polynomials measured on three teacher-ﬁrepared tests.

To allow for variation that existed among the groups
in I.Q. and mathematic achievement and to allow for intact
groﬁps, the analysis of covariance statistical design was

utilized.
SUMMARY OF FINDINGS

1. Achievement scores did not differ significantly
among the three treatment groups.




Th

2. Sex of the students was found to have no sig-
nificant effect on mathematic achievement.

3, Age of the students was found to have no sig-
nificant effect on mathematic achievement.

L. The combination of any two or three of the

above factors had no significant effect on
mathematic achievement.

LIMITATIONS

As mentioned in Chapter 1, generalizations from
the findings of this study are limited by the non;random
sampling and intact classroom groups, the population from
which the sample was chosen, the independent variables
that were used and the mathematical topic used. The:
validity and reliability of the measuring instruments
used must also be considered as limitations.

These limitations must be considered with respect

to any conclusions based on the findings.
CONCLUSIONS

A1l studeﬁts were taught the same concepts, with
slightly varying amounts of work assigned to each class.
The following conclusions are apparent:
1. A comparison of achievement scores in polynomials
jndicates that those students who had homework did not excel

those who had none, and vice versa. The comparison suggests:
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a) Doing the work assures the student of a higher
degree of success in the topic; whether or not
the assignments are completed at school or at
home is inconsequential.

b) An educator can be flexible; he may assign home-
work to vary his instructional programme or to allow : o
for differences of character among the classes. e

¢) A teacher has some justification in telling parents
that if assignments are done in class, homework
should not be necessary. The teacher can suggest
other forms of homework (enrichment) if parents
insist on homework. '

2. The results of the study also show no level of superior-

ity for either the homework group with answers or the home-
york group with answers and extensive discussion in terms of
mathematic achievement. Thus, extensive discussion is not
necessary in the homework prbcess§ the availability of answers
and brief student-initiated discussion are all that is needed.
3. There is no significant difference in mathematic achieve-
ment between boys and girls. Thus, within the homework pro-
cess there is no evidence to support a common belief that

boys are more mathematically inclined than girls.

L., The fact that younger students did as well as older

students on the tests in polynomials suggests that the topic e

of polynomials is appropriate for grade IX students.

RECOMMENDATIONS FOR FURTHER RESEARCH

- 1l. A repetition'of the present study to include
more than one topic would perhaps support or
clearly negate the trends suggested herein.

2. A follow-up study involving a lafger sample
drawn from a more inclusive population would



likely yield results that would enhance the
reliability and validity of the present study.

The present study could be modified to treat
I.Q. as an independent variable. JSeveral
researchers have suggested that high 1.Q.
students do not need homework while low I.Q.
students require it.

Another investigation could examine the effect
on achievement of homework patterns other than
the traditional one.

A fifth possibility for research would be a

study involving homework groups that receive
more practice than the non-homework group to
determine whether extra work enhances achieve-
ment.

The present study could be duplicated for a
variety of topics in mathematics, for several
grades and for other subjects.

A similarly designed study could be madevusing
suitable standardized tests to measure the
dependent variables.

The present study could be enlarged to four
groups, the extra group being a non-homework
group which receives no work at all. This
design would determine with greater reliability

that the doing of the work is the most important

factor for success in the topic.
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A LIST OF ASSIGNMENTS
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Addipion and Subtraction

85

Baxter: - P. 153 Nos. 3, 6, 7, 8
P. 156 Nos. 4, 9
P. 157 Nos. 10, 16 | i
Nichols: P, 103 Nos.'8;26
: P..109 Nos. 22-55 N
P. 154 Part B, Nos. 21-40 | i
P. 157 Nos. 1-12 o
P. 401 Nos. L, 5, 6 ;
Multiplication ‘
Monomial by monomial | ‘
Nichols: P. 109 Nos. 38, 40, h2;5h, 57, 58
P. 113 Nos. 13-17, 28-31
P. 1-5.3 Part A, Nos. 1-10
Exponent Thebry:
Nichols: P. 70 Nos. 1;55, 38-52

P.

72 Nos. 1-17

P. 74 Nos. l-44

Monomial by a polynomial

Nichols: P. 109 Nos.
"P. 119 Nos.

P. 147 Nos.

;57' Nos.

P.

% et >
45-52
74-87
13-20



30

1.

86

P. 158 Nos. 51;60
H P. 159 Nos. 66, 67
Polynomial by a polynomial
Nichols: P. 572 Nos. 1;4
P. 374 Nos. 2§§24, 4146
: P..é?? Nos. l;iﬁ |
Baxter% P. 174 Nos. 4, 5, 6
| P. 177 Nos. 7-12

*
extra questions done by homework groups only.

Division and Rational Expressions
Monomial divided by a monomial
Nichols: P. 182;5 Nos. 27;53

P. 189 Nos. 27;29
(a) Multiplication of Rational Ekpressions
Nichols: P. 174 Nos. 17-28

P, 178 Nos. 1:24

| P. 189 Nos. 33;36,,59-h1

(b) Division of Rational Expressions
Nichols: i P. 188 Nos. 1-22, 26
(¢) Addition and Subt;action of Rational Expressions

Nichols: P. 194 Nos. 23-57

(d) Complex Rational Expressions
Nichols: P. 198-99 Nos. 1-42
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2. Polynomial divided by a binomial as per worksheet in
Appendix B.

3. Polynomiai divided by a binomial as per worksheet in
Appendix B.
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SUPPLEMENTARY EXERCISES
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1)

2)

3)

o g) —3m2d + (-11m2d) + mid

89

ALGEBRA WORKSHEET NO. 1

Circle 1ike terms in each polynomial
a) x + 3y - = +y

b) 2ab - 3ac + Ldc ; be

¢) ab - 2ab + 2cd - cd

a) y? - 2x% + L2 - by?

e) 2a2bc? 5a2b2 2 4 8a2b2 2

£) 3m2n2- hmn2 + 5m2n2 - 2men?

g) L cot - 9 cott + 6 cot _

h) s5monkx3 - 6monkx? + 3m’+ Ly3

a) 8s b) -2mo c) 12342 4) <3n2 3 e) 17x%y>
-3 s -8mno -10c3d2 | ,-m2y3 -6x2y3
12 s 5mno —03d2 . 5m 3 x2y3

Add following monomials:

a) 5a + 2a + (-ka) h) 1lm + 1m + (-1lm) =
’ 2 3 [

b) ;322 + (412x2) = i) %pzs + (-%pZS) =
¢) <3my + llmy = ©j) -3mn + (-2mn) + 1_mn =
7

k) O.Sm + (;2.3m) =
1) 2. 32ab + (-k.lab) =
m) 2.57a + (-l 37a)

d) 15rs? + (17rs?)
e) -l7x2yh + 13x2y3
£) Tm + ( 3m) + 2n




ALGEBRA WORKSHEET NO., 2

Simplify: Add where possible

a)
b)
c)
- d)
e)
f)
g)
h)

i)

- 3)
k)

10x + 5x = 7 =

3R - hm? - 3b2 =
-8mn - 6mn2 - 3mn2 =
;éd + 7c --6d - ke + d
%d +7m - ém + 13 d =

0.5mm + 0,13mn + 1.7mn =
0.25m*n + 0.5mn? + 0.63mn =
-3md + 4md? - 5md? =

<im + 1m - 5m =

A

6m2d3 - 5m3d2 - Lm2d3 - 3m3d2 =
7m?n - 6mn? - 5men - 8mn? =

90




ALGEBRA WORKSHEET NO. 3

Polynomlal Addition

I

II

1) 3x+4 2) -B+c 3) hr+7s L) a -3a

91

2x - 1 3 - 2¢ - 4r - 7s 5a - 2
5) 25x - 10y + 22 6) x3 - x% +2x 7) af + b ;. c?
-12% + v - 3% 3x° ~ 4x -a% - 2b§ + 3c2
- 8a2 + 3b° - 7¢%
Add: ’ |
a) (25x - 10y) + (5x - 2y) + (-3x -5y) =
b) (3 +x% - 3x) + (32> - 5x° + 4) + (-8x° - 5x + 10)

c) (10y° + 5x - 6x + 8) + (8%x2 = 7x - 5yR - 7) =
d) (AX-5y+6)+3x-7y-7)+(10x+12y-2)

e) 5m2n - 3mn?) + (6mn2 - 3men) + (-hmzn - 6mn?) =

£) (3y2 +5y) + (y° - 8y + 5) + (77 - 10) =

g) (2y% + 13y + 5) + (y® - 8y + 5) + (=3y° - 7y - 6) =
h) (%x"'%}’-lz)'*(%x--_gy'-%_z)+.2_x-_3;Y+%_z)#

3 2
i).(_:é.-!-%-%)+(%x-_.gy+%z)‘+(I§-‘%y+gz)b

3) (L.asx + 2.7y) + (3.2x - 8.3y) + (by - 2.02x) =

k) (L.45x2 - ) + (3x% + x ~ y) + (-1.5x% + 0.5x +
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ALGEBRA WORKSHEET NO. L

Polynomial Subtraction (all "-" signs are "negatives")

I

IT

IIT .

a)
g)
a)
d)

a)
b)
c)

a)

e)

£)
g)
h)
i)
3)

;3xy b) -3x2  ¢) xgy d) 15m e) 5mn f) -3x§y

5xy -7x2 8x“y =7m =7mn -X°y
10352 B) -15xb 1) 9x3  §) m2n k) -x2

-2x3y2 -18xH -17x> ’ -m“n =x2

3xy - 7x - 3y b)  9x3 +4x® +x ) lhx - 15y + 3
-bxy + 5% - 2y -12x3 - %2 + 9x -3x - 3y - 1}
x - 7y + 3z

=3x + 5y - 23

(bx - 7y + 32)
(bm + 5n - 3p)

(3x + 5y - 23) =

(-ém +;4n + 2p) =

(5k2 - 7k + 8) - (3Kk2 + 5k.- 7) =

(332 - 5x - 3) - (7% + bx - 5) =

(-4m + 8n - 5p) - (3m = 7n + 5p) =

bm - (én +2p) - (2m + 3n) = (2p - 6n) =

(45%> - 32y) - (176 - 83y) = |

1 - (6x - 5y) - (-4y - 32z) - (z - 8y - 6x) =

(5a - 30b + 71c) - (ka + 3b - 5¢) - (60a - 3b + 4Oc) =
(6m + 50 - 3k) - (5m + 5n + 2k) - (m - 3n - 5k) =




. IT.

93

ALGEBRA WORKSHEET NO. 5

Subtraction (all "-" symbols represent negatives)

a) 3.7x b)) 0.57x ¢) 3 576% da) 1.007x
+4 . 82x | 3. 7x .

e) %yB £) fgx . g) 0.3x - 0.6y h) 3x+ 2y - %z
)

1 +1x 2x + 1 -4x - Ty + 3z

g I ¥ 7 2

Remove Parentheses and Simplify:

a) (5% - 3y) + (3x - 2y) + (7x + 2y) =

b) (5x -3) - (3x -2) + (8x - 5) =

) (733 - 3x% - 5) - (6x3 - 3% - 6) + (7x3 - 10) =
d) 5% - [Fx -3 - (3% - 5)] = |
e) 7x - [5x - 3x = 7) +2x + 77 =
f)..5x-7-(3x-7)-—(8-10x)

g) 9y -9 -/[F-6y-(7-27)+6 -3)=

k) 10x - (l?x + [8x ~ (5% - 30)7 - 5?== _

1) x-fF-27-L--27-5-(z-x)



ALGEBRA WORKSHEET NO, 6

Remove Parentheses and Simplify:

1x + 1y - 1z) - (2x - 1y - lz)=
a) (Q'X §y §Z (3x zy 22

b) (3 bx - 7. 5y-3 AZ) -~ (-2.8x + 2.5y = 3.4z) =

Ok

O x5 x - x-) -

d) (_y-lz) (1z-2y-1x)='

e) [-p-(l;q+z_7 [P"(-ZZ-BqJ [§p+(q-z_7—
£) [f-(-c)]-/[6+(c-a)]-[C-(a=-D)]=

g) [X - (y - z)7+ [Tsx + (10y - 42)7 - /30y - (3

Z -2x_)7=$




Division of Open Expressions

I. Simplify all answers: Reduce to lowest terms if
, answer is a fraction.

a) 50a3bc? = d) _7abRc = g) (=3a%b)3 =
-5a®be 21ab 9ab?
b) 75x/y52% =  e) 2hmpx = n) =(-8b2)° =
~15x3yh23 20xmy —hb3 ‘
c) -6Oahb8012‘= f) 8x229 = i) ;§-2a2b7) =
hazbzc2 -hx5yh - =3a%p7
II. .
a) 6x + Lx = £) 12 + 18x =
2x -6
b) 14t + 42 = g) 7xoy3 - uxyP o+ 21xy =
- 3 - Ty
c) ZC‘- 1hkd = h) 5lx3 - 34x2 + 17x =
: ~7 17x
Q) o’y - 18570 = 1) oyl + 52y0 - 39 =
-3 13y
e) 3x° - 6x + 27 = j) 3% - 2x)03x - 3)
: 3 - 3x -

Hint: Multiply numerator out first.

95




Mathematics IX: Long Division

Copy and do the following questions in your notebook:

1)
)
»
L)
5)

6)

7).

3%
Lx

2%

. .

22X

2x

3x

-7

15%% - L1x + 1L

>

12%° - 28x2 + 8x

hxz + 2x - 30

6> - 23%° + 20x - 12
2x3 - Ox +A5x +'7
o 6

12753 + 125
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REVIEW WORKSHEETS
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98

Review:

I. Substitute in and evaluate according to ORDER OF
. OPERATIONS s

a) (B3x -y) -2 -y)= when x = =1 and y = =2

b) (3x - 2y +4z)2.= when x = 0.1, y = 0.1 and
: z = 0,2
. . )
c) 3x(x-y-z) - (x-y)° = when x =1, y= =1, z = 1.
2’ 2’ 3

TII. Subtract

a) 3.7x b) -é.Sx . c) 1x da) -%x
1.95x .5.73%x - 2
MmOk

III. SlmEllfI _
- a) (BX-y+z)-(2x-7y-9z)+(x-z)

b) (70x - 83y + 101) -~ (=22x + 71y + 129) =

c) (lx-%y - 2. BZ) + (1X+2 +l.1+52) =

a). 3x {7- [Ty = 3x + ( 7-83’17"'33{; =

e) Zx - [ﬁx - (3x + 1)/ + [75 - (7 - 8xl7 =
f) 35x - (-75y). - (36x - 17y) + (-18y) =



Math Grade Nine:

1., Simplify: Leave no brackets in answer. Perform

II.

h)

i)

3)
k)

1)

If A = 0.0L and B = 0.2, then 3A%

x -y (z +w)

necessary operation.

99

(-0.4)  (0.3) (0.2x) =
- (-2) = *

(A +2) A=

5% - (3x - 2)

5x + (4x = 3)

w (x +y + z)

- (x =-3)=

(x +2) (x +3) =

(3%) (2y) () =

3 (x - 3) =

(.2;x2 y3)2 =

- 2AB + B® =

(Substitute in values of A and B and evaluate)




Slmpllfy fully: Perform necéssary operation.

a)
b)
c)
d)
e)

f)

g)
h)
i)
3)
k)
1)

m)

n)

;-3x ) (2x9) (=7 @ ¥) =

100

3 x* y3 (hx - 2y)

-2 (6x) (hx) -x (7 ~3x)

3x% - x (3x + 2)=

(2x - k) 3z - 5) =

("§ x>) (-5 x?) (2 x*) =

(2x - 3)

( 2 x2)3

(21 *2) ( oL x3)

% (8a + 12b) -2 (3b + a) =

(X-Z) (3X -2x+3)

3+ 2 (3 - Lx) -4 (~x -1) - (2x +1) =

[(2x - 3) (2x + 517 -.[Kk + é) (x + 4)7 =

[a - h(5a - 56)] + [F2a - & (a = B)] =




Review of Rational Expressions and Division

1.

Simplify

.
d
c)
o
e)

£)

g)

h)

15x6 9,12 _

3xydak

Wy

+

L {g} ;
il

M

D

Hols
-l
IN

§

-3 «x+ 1 =

N
]

]
]
]

. .GNIINN!I

3 _ 10x° + 5x =
.= 5x

2w

o
5

i).

3

k)

- 1)

m)
n)

o)

-2&x Y
-8x10yy

6

gAéx322)2 =

Lx"y
38x3 6

L

,2x + gzx -3}

>19x4 g _

2y -.3x |8y2 - lixy + 3x2 =

19X2 4
3x-5 llhx

101

- 5hx + 15 =

2% - 3
oy N
l"‘s (l-g
r r
2 + S 2 + z
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TEACHER PREPARED TESTS
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Algebra Test 1 Name

1) An open expre531on like 12x2 + 3X = 3 is called '
a(n) | | . An expression like -2x2 -2y2
is éalled a(n) __ . The sum of these
two expressions is ‘ .
g g 3 - .
2) The polynomial -3x = (-2)x - 3y + 7y - 13 has
. terms.
3) The opposite of -2.3 + l1lx is o
: v 2
L) Simplify: (leave no brackets in answer)
a) 3x - (26 - 4) = '
b) 3~ (-7x +y) -2t =
¢) 17x + (=7y + 3) =
d) 8x° - 2x + lhx -8 =
5) Add: |
_ -y o _ |
a) 3lxy b)  44.03 c) -3x3 d( 3x -y + z
: -82x2y ~20.092m 5 - X +y -1z
<2 - %3 =10x ~ 5y + 7z
6) Subtract: _
a) 18.3x - .OOly b) -3y + 13z - 2

7.92x - 8.2y

ix
2
-l_x..By-l5z+2
2 :




7)

8)

104

Simplify fully:

é) (30x - 29yA+ 28) -~ (27x -~ 26y - 25) + (24x + 23y - 22) =

b) (x - 1y - 1z) - (7x = 2y) - 2x + lz) =
2 3 5 3k

o) Tx ooy - BT -ty - o - 2x) -

Evaluate: "Remember Order of Operations™

a) 3x (x-_—y)2 - 2xy when x = 0,1 and y = =0.2

b) (3X " Y)z "" (Y - X)2 when x = -% and y = ...2,-
} . ] . 3




Multiplication Test 2

Simplify fully

11)
12)

13) 5

15)
15)
16)

17)
18)
19)
- 20)
21)

L
(2)" =
3

(.05)3 =

(mnh)(mn5)(m2n) =

[S-0)45 =
_32

a.a2a3 =

32 =

@)
3(2x)(-5) =
(x - 7)% =
(7 -x)3 =

-3x y3 (5x v - 2xy

2)

[T-.2) (~a) (-b)7%

-B(X-Z) =
(2% -1) (3%
1b (1c'+ 1b)
2 3 3

2(a +b + he) - % (be - 2b + 8a)

3x - 2(3x + 2)
(

l

2)( BX)(x + 2)

- 5% +7)

(c +n)(L,,n + 2nc - ¢ )

[75 -2x (3-x)7 - [Tx 2)(3 + 2x)] =

(.01x%y>) (-.

2)2

Name

- 105
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Algebra Test 3 ' - Name

Test on Division and Rational Expressions

I. Reduce the following fractions:

a) 40x3
- 60x°

b) §-2x223 _
(4x)?

IT. Simplify fully by performing indicated operations.

a) 12 .h.d .
d 3 n*
b) _88° &+ 128°  _
oy X%y
c) _7 % b? =
v’
d) 5a - 2a-9 =
3 3

e) x+5 -1 -x+7x -4
3x - 3x 3x

£) ath-2-ka
3 2a

g) 3x + __5x =
- X =2 x+2
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ITII. Simplify following complex fractions fully:
o “h) x -1

IV. Divide following expressions:

a) 27xy-l8y2-9y =
9y

b) 2x - L|8x° - 10x - 12 =

e) 5x + L {125%° + 6L =




APPENDIX E

COOPERATIVE MATHEMATICS TEST
| ARITHMETIC '
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Arithmetic | 40 minutes

1 The result of a computation using only the
numbers 8 and 7 is 15, In this computation, the
number 15 is the

product

sum

quotient

difference

average

HOOW>

2 Which of the following describes how to find the
average of a group of scores?
F Find the sum of the scores and divide by 2.

Find the sum of the scores and divide by the
number of scores.

H Arrange the scores from lowest to highest
and select the middle one.
J  Take half the difference between the highest
score and the lowest score.
K None of these
3 . 6428
974
86
. 7280
N 763
5407
A 19,838
B 20,828
C 20,838
D 20,928
E 20,938

4 What is the inverse operation used to check
division?
F Addition
G Subtraction
H Muitiplication
J Division
K None of these

5 What is the ratio of 1 inch to 1 yard?
Itol

1t03

1to 12

1to24

11036

mUAwE>

Copyright © 1962 by Educational Testing Service. All rights reserved.

6 Which of the following is mot evenly divisible
- by 8?

LEE TR
ER8wa

1

7 Each of the numerals listed below represents a
number of feet. Which numeral most nearly rep-
resents the height of an average American man?

A 059
B 0.59
C 590
D 599

E 5%

Questions 8 and 9 refer to the line below.

w X Y
0 2 4 6 8 10 12

.8 The point halfway between W and X would corre-
spond to

F 4
G 4
H S
I 5
K 6

2] v [

9 What number would correspond to point P if it
is placed on the number line so that

P is between X and Y, and
W is between P and X?

A6
B 11

3
Cc o9
D 10

E No such point can exist.

Go on to the pext page.




10 What is the greatest common divisor of ‘24, 40,

1

12

and 120?
F 2
G 4
H 8
J 10
K 12

Which of the following is net equal to g'?
2
A3
20
45
8
18
16
36
12
27

m v 0

For which pair of the following operations are
the rules for placing the decimal point in the
answer the same?

1. Addition
II. Subtraction
III. Multiplication
IV. Division
Tand II
Tand III .
IIand IV
I and IV
The rules are different for each operation.

ReamOm

13

14

15

R @

110

Three of four identical measuring containers are
filled as shown above. If all the liquid in the three
containers is poured into the empty container on
the right, what fractional part of this container

will be filled?

A

B

" U 0

-

1

i
12
35
7

10
9
10

5
10

40
60
80

of 20 is the same as 1 of

‘What is the smallest number which can be divided
evenly by each of the following numbers: 4, 6, 8?

A
B

C .

E

. Go on to the next page.
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.4-

16 G + %) X1=( 20 ' 36
52)1872
F 1 To make the answer in the example above four
6 times as large as it is, you could change the
G 3 number 1872 to
8 F 208
2 G 468
H 3 H 936
3 J 3944
I3 K 7488
8
- K 3

21 Which of the following will produce an even whole
number no matter what whole number is put in

' place of A?
17 A bank clerk reported that the number of $100 L 2XA+1
bills in the vault was 10,003. About how much L 2XA+2
money is this? oL 2XA +3
s o A Loy
C  $100,000 B 1 only
. D s 000’000 C 1II only
E SI0,000’OOO D Iand]II only
e E Iand Il only
18 % is the same as , 22 Which of the following shows the correct meaning
of 4077
F .0075 " F (4 Xten) + (7 X one)
G .0133 : G ' (4 X ten X ten) + (0 X ten) + (7 X one)
H 075 ’ H (4-+ 0+ 7) X (one hundred)
J 1333 J (4 X one) + (0 X ten) + (7 X ten X ten)
K .75 © K (4 X one) + (7 X ten)
1 o 1
5 23 If the scale length of 45 inches represents an
+l3—l- - actual distance of 72 miles, how many miles does
. 4 the scale length of 7 inches represent?
A 225 A 2
9 _ . B 56
B 2% ' c
cC 23 D 112
|
D 2}2—0 E 504
l .
E 233

Go on to the next page.




27

T 6

456.7238 : 28
td ttt
FG HIK
In the above numeral, which arrow points to the
hundreds’ place?
F F
G G
H H
J J
K K
29
Which of the following is between g and %?
5 .
A3
3
B 3
4
3 30
6
7
3 .
£y .
1340292 + 482 = ()
F 706
G 76 31
H 70.6 .
J 7.6
K 7.06

Jim started mowing the grass at 1:45 p.m. and
finished at 2:15 p.m. How many minutes did Jim
take to mow the grass?

A
B
C
b
E

30
70
90
180
240

112

To reduce a fraction to lowest terms, what should
be done to both numerator and denominator?

F Each should be divided by 2.

G Each should be multiplied by 2.

H Each should be multiplied by the least com-
mon multiple,

J  Each should be divided by the greatest com-
mon divisor.

K The same number should be subtracted from
each.

, 3+ V64 = (7

A1l

B 19

C 24

D 35

E V7

Between 8 a.m. and 3 p.m. the temperature rose
25°, If the temperature at 8 a.m. was 10° below

zero, what was the temperature at 3 p.m.?

F 25°above zero
G 15°above zero
H 5°above zero
J 5° below zero
K 35°below zero

A boy saves 18 dollars in 8 weeks. If he continues
to save at the same rate, how many weeks will it
take him to save 81 dolars?

A 13
B 36
C 40
D 71

1
E 1823

Go on to the next page.
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32 When one whole number is divided by another
whole number, which of the following is always
true?

The divisor is smaller than the quotient.

The remainder is smaller than the divisor,

The quotient is smaller than the divisor.

The remainder is smaller than the quotient.

The dividend is smaller than the remainder.

Reama=

33 Which of the following will nev‘er.change the

value of a number?
I. Multiplying it by 1

II. Dividing it by 1
1II. Multiplying it by its reciprocal
1 only

II only

III only

I and II only

I and III only

HTOW»

34 Which of the following equals 7 X (3 + 9)?
IX3)+@TX9

(IX9+@3X9

TXH+EBXN

7 X27

21 +9

Remam

35

ok

A

Sl

C D
In the figure above,

length of AB _ *
length of CD )

A3
B3
.Cg
D3

36

113

Which of the following is not in descending order?
F 4.04, 4.004, 404

G 21, 1.2, 1.12

H .06, .009, .10

J  13.2, 12.3, 12,03

K 736, 631, 367

Questions 37 and 38 refer to the graph below.

37

Population of the United States in Millions

!
L
|
[ } ! 1
| i | |
| ] | i
70 | ! | !
800 1910 1920 1930 1940 1950

According to the graph above, the population of

- the Unit--d States in 1935 was abcut

LA 127,000
B 1,270,000
C 12,700,000
D 127,000,000
E 1,270,000,000

What was the average increase per year between
1900 and 1950?

F 1,500
G 15,000
H 150,000
J - 750,000

K 1,500,000

Go on to the next page.




39 What is the ratio of 2 gallons to 3 quarts?

41

42

O AW

What per cent of the figure above is darkened?

BT

A cutting edge .004 inch thick is four times as
thick as a second cutting edge. How many inches
thick is the second cutting edge?

A

B
C
D
E

1’
209, is equal to the fraction—:;'—g

R &« ma ™

8to3
3108
3t02
2t03
1to6

12
25
48
50
52

.001
0032
004
016
.04

8 o WIN

150

-

&
W

114

-17-

—_ W dPmo N ﬁ'o

et

A1 Ay A4S

I I I KN

In the figure above, the two bars whose lengths
have the ratio 2 to | are

HoAw>

II and 111
IVandI
IV and II1
I and HI
IVand II

The advertisement for a sale reads: *“All books

reduced more than 20S7.” If two books each have
the same sale price, which of the following must
be true?

F

The original prices of both books were the
same.

G- The original prices of both books were

m & m

different.

The per cent reduction for both books was
the same.

The sale price of each book is less than 809,
of the original price.

The sale price of each book is more than §0%,
of the original price. :

Go on to the next page.
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47

Which of the following multiplications will result
in an odd number?

I, 3049
X 6431

II. 7002
X3485

L. 6543
X3456

IV. 8765
X3497

I and III only
Iand IV only

11 and 1V only

11, 11, and 1V only
L 1L, IIT, and 1V

HOOW>

A movie opened in a theatre on April 6 and was
shown every day through April 27. On how many
days was it shown?

20

PGt )
)
~

None of these

A student has an average of 80 for three tests.
What must he score on the next test in order to
obtain an average of 84?

80

84 .

88

92

926

HOOW»>

Reamam
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48 Of 28 students in a class, 25 contributed to the

Junior Red Cross and 16 to the March of Dimes.
Every member of the class contributed to at least
one of the two organizations. The number who
contribut.d to both is

F 3
G 12
H 13
J 16
K 25

On an arithmetic test, Bill got 32 as an answer to
one problem. In working this problem, Bill’s only
mistake was multiplying by 4 in the last step when
he should have divided by 4. What is the correct
answer to the problem?

2 -
B 4
C 8
D 28
E It cannot be determined from the information
given.

>

Each of two whole numbers is greater than 1.

If their product is an odd number, then their

sum is
an odd number less than their product
an even number less than their product
an odd number greater than their product
an even number greater than their product
a number equal to their product

Look over your work on this test.

G1l4P10QX « PRINTED IN U.5.A.

st v o e
gt
L4

Boimilol oy we waon
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COOPERATIVE MATHEMATICS TEST:
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Structure of the Number System | 40 minutes

after it and slightly below it.

Note: In this test, if a numbe.- is expressed in any base except the usual base ten, it will have its base written

For example: 235...,.. means that 235 is the expression in base seven for the number being used

in the question.

If a 3 by 4 by k rectangular box has the same
volume as a 5 by 4 by 3 rectangular box, then

=(?) .

HUAWH» *
“

Which of the following are true?

1. 15736 + 7243 = 7243 + 15736
II. 15736 X 7243 = 7243 X 15736
IIL. 15736 — 7243 = 7243 — 15736
IV. 15736 + 7243 = 7243 =+ 15736
I and II only
I and III only
Il and IV only
Il and IV only
LI I, and IV

RemOm

The greatest number which divides evenly into
6and 10 and 15is -

HOO®>
Y R

Which of the following multiples of 13 is also
a multiple of 77 .

F 352
G 65
H 78
J 9
K 104

P

5 Which, if any, of the following numbers is

greater than all the others?
8§ X1

23

42

V64

None of these is greater than all the others.

HOOW»

oy $ n 3 3 n + 3 3 N
T T T ¥ ¥ t

-4 -3 -2 -1 0 t 2 3 4

If we represent two numbers, r and s, on the
number line above, r is greater than s if

r lies to the right of zero

s lies to the left of zero

r is farther from zero

s lies to the right of r

r lies to the right of s

o Q)

If the two middle digits of 6248 were inter-
changed, the number would be

made smaller by 200

made smaller by 180

unchanged

made larger by 180

made larger by 200

HOAOW >

If x, y, and z are positive integers, which of the
following is (are) true?

L&x+N+z=x+(+2
ILGxXy)Xz=xX(y X2
M. x—yY—z=x—-(y —12)
I only
{1 only
I only

I and Il only
1, 11, and- I

Go on to the next page.




10

1

12

13

HoAw>

How many of the integers from 1 through 20
which belong to the set of multiples of 2 also
belong to the set of muitiples of 4?

A 2
B 3
C 4
D 5
E 10

If a and b are the same or different prime
numbers, then which of the following may be
concluded?

a X b cannot be a prime number

a — b cannot be a perfect square

a + b cannot be a whole number

a X bis an odd number

a + bis an odd number

RN N R

How many factors does 24 have, besides 1

10

The problem 8 — (—5) can be interpreted on
the number line as the distance from

F 8to5s

G 5t 8 *
H —5to —8.

J —8to -5

K —5to8

The inscription on the cornerstone of a building

has the date MCMXXVIIL If the building is’

rebuilt 53 years later, what should the new
inscription be? C
MLMXXV

MCMLXXXI1

MCMXXXV!

MDCCCLXXV

MLMXXXI

14

15

16

17

M o

118

Express 26 as the sum of powers of 2.
F 21

G 274 26

H 242242

J 244 23422

K 24425422421

Which of the following numbers in base three
is even? .

A lo(hree

B 10lie

C  llpree

D 10!lree

E 1110

Rowl « «+ &
Row2 « =«
Row3 « =«
Rowd « « =

Rowl « « o o
Row2 « « o
Row3 ¢ ¢ o

In the figure above, on the left there are three
rows of four dots each and on the right there
are four rows of three dots each. The fact that
the number of dots in each set is the same is
an illustration of which principle?
Commutative principle of addition
Commutative principle of multiplication
Distributive principle of multiplication with
respect to addition-

Associative principle of addition
Associative principle of multiplication

Which of the following is true of the sum of any
three consecutive integers?

It is divisible by 3

It is divisible by 5

It is odd ’

It is even .

It is divisible by either 2 or §

HOOW»

Go on to the next page.




18 Consider the sentence: “%(x +7y) = g + %_"

19

21

By which of the following properties is this
sentence true?

Reamam

In

Houows g

Distributive
Associative
Commutative
Closure

It is not always true.

which base is the fraction %

3?

Six
Eight
Nine
Ten
Twelve

written exactly

What is the difference, expressed in base ten,
between 7zwe1ve and 14twclve?

F

G
H
J

K

6
7
8
9
10

3423

Above is an addition problem of six 3-digit
numbers with the center digit omitted. What
is the center digit, if it is the same for all six
numbers?

BmOUAw>
0N WN

B gaow»

119

5006
7009
45054

ABCDE

A student has just finished multiplying by 9 in
the multiplication problem above. Which of the
lettered arrows points to the position in which
he should write the next nonzero numeral?

F A

Rema
moOw

If (987 X 234) + (987 X 573) were divided by
987, the result would be

0

a number between 234 and 573

the sum of 234 and 573

the sum of 234 and the product of 987
and 573

the product of 234 and 573

Which of the following sets of whole numbers
is (are) closed under addition?
I. All those greater than 7
I1. All those divisible by 5
HI. All those less than 100
I only
I only
1 and II only
1,11, and 111
None

Remd=

1 1 1
2X3 2XS 3X17
What is the lowest common denominator of
the fractions above?

moOw>

Go on to the next page.




26

28

29

If3.5.7-17.29.31.5=3.5.17-29.31.77,
then j = (?)

F 7

G 11

H 15

J 2i

K 33

A number is a multiplicative inverse of another

number if the product of the two numbers is 1.
Which of the following sets of numbers is the
same as the set of its multiplicative inverses?

A {1, 2, 3}
B {1, %}
c {1, 2, -;}

11
D {2, 35 3}

) :
E {2, 3, 3}

Which of the following does not represent a
whole number?

F8—4 -,

o
|
PN

G

o &
£ 1]
NS

H

00 &
+ 1]
E O 8

J

OO&'

+
Y

K 2*2

[ ]
+
N

In base five, what is the unit's digit of the
product 3gve X 3gve?

HOOW >
R )

30

31

32

33

120

x4+ 3
2

If x is an integer and is also an integer,

then x could be

any negative integer
any positive integer
any even integer
any odd integer
any multiple of 3

W@

In the product 3 X 4 X 5 X 6 X 7, a decrease
of which factor by 1 would result in the greatest
change in the product?

HOAOW >
NN AW

Consider the set of all positive even integers

and the set of all positive odd integers. Which

of the following is true?

F Each set is closed under both multiplication
and addition.

Each set is closed under multiplication and
neither is closed under addition.

G

H Each set is closed under multiplication, but
only one set is closed under addition.

J

K

Only one set is closed under multiplication,
but each set is closed under addition.

One of the sets is closed under multiplication
only and the other is closed under addition
only..

When the sum of thirty numbers is doubled,
the result is 344,806. If one of the thirty num-
bers is changed from 17,232 to 15,232, what is
the result when the new sum is doubled?
304,806

340,806

342,806

344,406

345,806

HOAW»

Go on to the next page.
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35

36

37

If p and q are negative numbers, which of the
following is true?

F p - qis negative

G p -+ qis negative

H p X qis negative

J p = qis negative

K None of these

If 5 is added to both the numerator and denom-
inator of a positive fraction which is less_than 1,
its value is

A unchanged

B increased by 1
C increased by 5
D decreased

E nearer 1

Foghorn A sounds every 12 seconds and foghorn
B every 14 seconds. They sound together at
noon. How many seconds later will they next
sound together?

F 24
G 26
H 72
J 84
K 168"

If the remainder is 2 when the integer n is
divided by 6, which of the following is a multiple
of 6?7 *

A n

B 2n

C 3n

D 4n

E 5n

38

39

40

121

What number can be divided by a third of itself
to give 7 as an apswer?

F 21

LI« - ]
NWw O W

No number

In which of the following bases is the com-
putation 11 X 101 = 1111 correct?
I. Two
II. Five
III. Ten
I only
IIT only
I and IIT only
II and III only
I II, and I

RO AOW»

If m and q represent integers, it is possible that
i q
m m
one of the following pairs of numbers illustrates

is an integer when - is not an integer. Which

F m=2andq= 6
G m=3andq= 5§
H m=4andq= 9
J m=7andq = 21
K m=9%andq = 12

Look over your work on this test.
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HISTOGRAM OF AGES OF
STUDENTS IN THE STUDY
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Histogram Representing the Ages

of the Students in the Study
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COMPARISON OF MEANS AND ADJUSTED MEANS OF THE
POLYNOMIAL TESTS FOR COMBINATION EFFECT
OF AGE AND TREATMENT
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Comparison of Means and Adjusted Means of the

Polynomial Tests for Combination Effect
of Age and Treatment

125

Homework Homework with
No Homework .t} Answers Answers and
Tests ;
A€, L |A210 4 [|A <144 JA 2100 (A 144 A 2104
Adgn. M 24.85 | 17.75 27.32 | 21.72 | 24.29 | 21.79
Subt. AM 25,28 | 21.47 23.6 22.36 23.96 | 23.25
M 12.32 | 16.00 || 26.71 | 20.11 || 21.64 | 21.33
Mults. : ' '
AM 21.75 | 19.38 22.95 | 21.16 21.58 | 22.58
o m | 21.2n | 15.35 || 22.12 | 16.60 || 16.18 | 17.46
1V, h ’ ’
AM 21.91 | 18.36 18.84 | 17.75 || 15.93 | 18.07
To?al M 66.27 | 49.10 76.09 | 58.44 I 62.11 | 60.58
o H 7 |
Tests AM 67.86 | 59.59 65.08 | 61.23 61.36 | 63.97
o I.Q. [110.35 | 99.60 |l118.82 |112.44 J112.36 |103.75
viri- A-AT | 30.29 | 25.00 37.59 | 31.44 l 33.86 | 30.25
aves i ’
SNS-AT| 17.29 | 12.90 22.24 | 15.78 16.29 | 14.50
M -~ mean
AM - adjusted mean
A -~ age




APPENDIX I

COMPARISON OF MEANS AND ADJUSTED MEANS OF THE
* POLYNOMIAL TESTS FOR COMBINATION EFFECT
o ' OF SEX AND TREATMENT -
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Comparison of Means and Adjusted Means of the

Polynomial Tests for Combination Effect
of Sex and Treatment
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N-HW Hw-A Hw-AD
Tests
Boys Girls Boys Girls Boys Girls
Addn. M 28.13 19.74 26.35 ‘2h;h2 22.05 23.93
& :
Subt. AM 25.98 23.03 23.79 22.51 22.31 24,.58
M 22.4L4 18.05 25.35 23.50 22.50 20.77
Mult. '
AM 20.37 20,97 23.10 2;.78 23.04 21.22
M 22.19 17.74 20.35 20.08 16.64 16.87
Div.
AM 19.90 21.00 17.95 18.93 16.73 16.96
Total M 72.81  5L4.47 71.96 68.00 61.18 61.57
of
Tests AM 66.18 64.28 6L.50 63,07 61.93 61.87
N I;Q. 112.00 104.00 116,08 117.15 112.55 105.33
Co~.
vari- A-AT 35,38 25.37 36.85 34.08 33.91 30.93
ates ,
SNS-AT | 19.38 14.11 19.54 20.46 | 15.00 15.80
M - mean

AM - adjusted mean




APPENDIX J

COMPARISON OF MEANS AND ADJUSTED MEANS OF THE
POLYNOMIAL TESTS FOR COMBINATION EFFECT
~ OF SEX AND AGE
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Comparison of Means and Adjusted Means of the
Polynomial Tests for Combination Effect
of Sex and Age

129

Boys Girls
Tests :
A< 14,4 AZ1L.4 A<1h.l AZ 14,4
Addn. M 26.75 22.92 24L.71 18.92
Subt. AM 24.34 23.10 2L .29 21.98
M 24.93 21.50 22.18 17.84
Mult. . ‘
AM 22,68 21.72 22.77 20,68
5 M 20,05 18.67 20,09 15.18
iv. '
AM 17.81 18.49 19.98 17.82
Togal M 71.70 63.08 66.27 51.95
o _ , e
Tests - AM 64.55 63.24 . 65.32 60.77
I.Q. 116.50 109.42 112.11 102.11
Co- . i .
vari-  A-AT 36.90 33.08 31.79 26.26
ates S o v T
SNS-AT 19.35 15.58 18.32 13.58
M ~ mean

AM -~ adjusted mean

A - age




