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ABSTRACT

The purpose of this study was to exa¡nine the effec- 
,.,ì.,,

tf.veness of traditional homework and post-hornework discusslon ','".','

on rnathenatic achieveneat in polynomials. A secondary pur-

pose nas to determÍne whether age and/or sex of the students

yrere factors that affected achlevement, The questLons ,',t'.1
':,,'.:

raised in thls regard ürere t ,,,.,,.:,

L) fs there a significant difference in the achieve- 
':":""

ment of students with homework compared to those
who have none?

2l Is the process of doing the work at hone the
significant factor on achievement? 

,

3l fs the post-homework dlscusslon at school the
more irnportant process?

l+) Is it the conbination of ndoing and diseussingr
that is sigrrificant? :

5) fs the age of a student a factor ln mathenatic
achlevement?

6) fs the sex of a student a factor in mathenatic
'; 

',;'r,achievement?..'|'.
A review of literature lndlcated that a linÍted , .,,

number of experj.nents had been done on the effectiveness

of homework. 
. 
Some of the studies ÌÍere incondite, others

were outdated, and those whlch Ìrere recent and welJ.-deslgned .:.,.:.1

11, . ,',

had contradictory flndings.
A sanple of seventy-nlne grade IX students was

lnvolved in the study. These stud.ents were members of



three intact classes taught by the vlce-principal. One

class was desj.gnated to be the control group receiving no

honework, while the other two were the experimental groups
..:.:,,,' Both groups dld honework; one recelved the answers only, '.: ,: ::,.:,1'

whlle the other received answers and took part in e:ctensive

dlscusslon in class. .

, The following control variables lrere obtalned: f .Q. ,.r,,,-,....:. 1..........,.

j scores and scores on the Arithmetlc Test and the Stmcture
'-:::: :"- '

_ 
¡,,,,,.,.,...-.-.

'i.

. of the Nu¡nber System Test from the Cooperative Mathematics ' ''

I SerLes.

. The índependent varÍables $rere the three treatllentst

, .g", and sex, while the dependent varlable was achievement

I fn polynonials measured on three teacher-prepared tests.
To allow for variation that existed among the groups

in I.Q. and. nathematie achievement and to allow for intact

groups, the analysls of covariance statisÈlcal design was

:::' 
':- ' 

t',.,., 
utillzed ' 

;-¡;¡;;;:1.;;.!.,;....

Mean achievement scores did not differ significantly "
,:..

,', among the three treatnent groups. Sex and age of the ;' '::¡:,::

students were found, to have no significant effect on

mathematii achievement. the conbinatlon of any tYùo or

, three of the factors (sex, age and treatment) ¡aa no slg- 
..,.,.,.,,,..:,',,,':. ..-

Several conclusions aPpear warranted :

11



1. ït is the doins of the work that assures a student
a higþer dãEFã of success in polynomials. The
location where the work is done is inconsequential.

2. Extensive post-homework dlscussion does not enhance
achievernent 1n the homework process. The provision
of answers and student-initiated discussion, if
âDIr is just as effective.

3. The topic of polynomials ls approprlate for grade
IX students.

[. Boys are not more nathematlcally inclined than
girls.

11i
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Chapter I

TIÌE NATURE OF THE INQUIRÏ

ÏNTRODUCTION

A renark was mad,e at a nathematics senlnar that, to
date, there was no conclusive evidence that assigning honne-

work in nathematics was of any educaüiona1 benefit (Ir).
'Slnce the writer had always thought that assigning honework

wâs a sound educatj.onal practice, this statement both sÌr-
prised and tntrigued him.

A review of literature was nade and the validlty of

the above statement appeared to be lrrefutable. the writer

was further stinulated to undertake thls study as a result

of his own etperience as a teacher. Ðuring parent-üeacher

lnterr¡iews nany parents had asked the writer to give their
son or their daughter more home assignments, the ratlonale

being that homework lncreased. aehievement 1n nathenatlcs.

Slnilar situations have been reported by others.

nMany people are urging a panacea to the problen--that more

and ever more homework wlll help to solve the problens

related to scholastic achievement in tbe classroomn (Z:l+61 .

Lacking knowledge of homeworkrs effectlvenessr 8D

educator faces a dLlemrna. -To agree to a parentts request
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2

for honework meatls üo adopt a practlce whLch ry have æ
educatLonal value whller oD the other hand, to refuse means

to reJect a Practlce which ggg have beneflt.

In our educatlonal system, homework for reLnforcement

1s an accepted practicer Yet, nft ls surprislng that research

evLdence concerning lt i5 so llnit"¿tt (16: 20)' Students

spend hours conpleting assignments; teachers spend furtber

tLne and, energy correcting then and adnonlshlng homework

delinquents. Tet, lf üradltional homework is 3gþ effective

Ln lncreasing acbievement, then we should look to honework

to fulfil]. other obJectlveg.

Eomework asslgrrments, for example, could be used for

the eonpLetion of class work (1, Li¡ t|l, for background to

class discusslon (1, ].l2l, for the provision of lndlvlduaL

dlfferences '(I , L2, 13, l?1, for suppLenentary information

pertal.ningtoc].assroonwork(12,13)'andforenhancement

and enrl,chnent of the general learrolng process (1I, L2, 1l+).

The lim{tatlons of these obJectives should be reallzed and

our ed.ucational practices and expectatÍons altered accordingly.

r.EE $EED FOB THE STIID1

The relatlonshlp betrçeen homework and schooL st¡ccess

lE stlll a proninenü issue Ln education today. One author

(5) foun¿ that the Education Index llsts 500 tltles on the

åubJect of honework in the forty-year perlod 1928-L969. Of



. :t::,..
ËL"-..*à

?

these only twenty-four are experimental studies, while the

rest nay be described as anecdotal or polemic in nature'

June Mulry states that nvery few experÍmental studies

on the problen of homework are rePorted and many of ühose

reported are linûited in number, scope and qualityn (8:49).

Ruth Strang, ín the Engyelopedia of Educational

Eesearch, conments that nexperimental studies fn this field
have been meager; they have also been faulty in research

designr (1526751 .

Some of the studles that were we1l-designed have been

nisinterpreted

. o,," å"å" ¿ 
"ff 

'å":' # å i;, "if;:;"u 
":;; "í3 !u rtå :ilü;*

preconceiveá notions about the benefits or harmful
èffects of homework. The conclusions of these
studies, usually unfavourable to hoinewo1kl- are often
cited ráther ühân the actual findings of the
researcher (8;49).

since Lg6g onLy three experimental studies have been

carried out and their conbined results have not added sÍg-

ni.ficantly to our knowledge of the effectiveness of homework.

The statement nade by June Mu1r,y is stilL trtre today--there

is a dearth of well-designed homevrork stud,ies: nin general,

research Índicates that greater study is needed before home-

work as an educatlonal tool ean be fully evaluatedn (8:l¡9).

The urgent need -of research and the evaluation of

the effectiveness of homework was apparent in 1960 when the.

Educational Policies Conmissiqn (3 ) classified honework as



one of the ten contemporary issues 1n elementary educatlon.

In 1966 the NEA Research Ðivision (10) reported that

research on the effectiveness of homework was sttll- incon-

clusive. Four years later, 1n the thÍrty-thÍrd yearbook of

the NCTM, it was stated that nperhaps the weakest area of

the teacher planning is. the homework assignmentn ():j26).

Today, the need, to evaluate the homework practi.ce is as

pressing as it was in the Past

Ear1y experinents on homework were broad-spectrrrm in

nature, covering many academic subjects and many gradest

whiLe the more recent, studies, which are fener ln number,

tend to cluster in the elementary and higb school grades.

Homework at the junior higþ school level is an area ühat has

been neglected in research.

Finally, most studies make no mention of what treat-

ment was glven the honelrork when 1t was returned to school.

Only three of twenty-four experiments mentioned what was

d,one. fn two studies (5, 6) homework was corrected by the

experÍmenters, and 1n one (?l the answers were províded by

the parents as the pupils flnished the questions.

- Thus, in these experiments, it is dlfficult to eval-

uaüe whether homework alone was the d,eterroinant for any

improvement 1n nathenatic achievenent. Furthernorer only

one study (5t examined sex as an independ.enü variable in

the homework process, and no study has yet researched age

t+
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es a factor.

STATEMENT OF TTIE PROBTEM

,ì:.

The purpose of. !,his study was to compare experinrentally ";-'

three instnrctional approaches as evidence of the effective-

ness of homework and post-homework discussion on mathematic

achievement, A control group received, no homework whlle two ,,,,' 

,,

experinental groups received, homework assignments; one of ,,

the Latter participated ln extensive post-honework discussion 
:':

while the other did not. For the remalnder of the study,

these three instructional approaches w1Ll be referred to

as nthe. three treatmentsn and ühe three groups invoLved as

nth; ühree treatment groups.n

A secondary purpose v¡as to determine whether age and,

sex of the students were factors that affected achievement

ln the homework proc€ssr

The questions of interest to the study ïtere the fol- ,":.,,'
t 

,t,i,t a.

Iow5.ng: 
,

1) Does traditional honework enhance the studentls :

nathematic achievement ?

2l fs the process of doing the work at hone the
significant factor in achievenent?

3l Is the post-honework discussion at school the .','.
more inrportant process?

4) Ie lt the combLnatlon of sdof.ng and dlscussf.ngn
that is most necessary? .

5l Is age a factor ln the homework process?

ó) Is sex a factor in the homework process? i_'-



HTPOTHESES

The following hypotheses were tested Ín thfs study.

I. There is no significant difference in the mean score of :

achLevement among the three treat¡¡ent groups with respect to
their performance:

(a) on a test of the addition and subtraction of
polynonials;

(¡) on a test of the nultiplication of polynomials;

("i on a test of the division of po3-ynonials;

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

2, There is no signiflcant dÍfference between the mean score

of acblevement of students who are older than or equal to the

mean age of 1t+.4 years and that of the students who are

younger than.ltl.4 years with respect to their perforraance:

(a) on a test of the addition and subtraction of
polynonials;

(U) on a test of the nultipllcaüion of. polynomial-s;

(c) on a tesü of the dlvision of polynomlals i

(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 fenaLe students

wlth respect to their perfornance:

(a) on a test of the additioa and subtraction of
polynornials;

6
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a test of the nultiplication of polynornials;

a test of the division of polynomials;

a total of the three preeeding tests.

l+. There is no significant difference in the mean score

of achleveneirt among students of one parbicular age-and-

treatment combination and stud,enüs of anothêr age-and-

treatment conbination with respect to their performance:

(a) on a test of the additíon and subtractLon of
polynonials;

(U) on a test of the multiplicaÈion of polynonials;

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

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

5. There is no significant difference in the mean score

among students of one particular sex-and-treatmenü combina-

tion and stùdents of another sex-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 nultipLfcation of polynonlals;

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

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

6. There is no significant difference in the mean scor:.

of achievement among students of one partlcular sex-and;age

conbinatíon and students of another sex-and-age conbination

wtth respect to their performance:

(b) on

(c) on

(d) on



I

(a) on a test of the addiüion and subtraction of
polynomials;

(U) on a test of the nultlplication of polynonials;

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

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

7. There is no significant difference in the mean score

of achievement among students of one particulât sex-and-

age-and-üreatment combination and students of anoth€r sêx-

and-age-and-treatment combínation with respect to their
performance:

(a) on a test of the addition and subtraction of
polynornials;

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

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

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

, DEFINITTONS

''.-::.:...:;.

For tbe purposes of this stud.y, the folLowing :::1:ì:::ì::

'.,.,1..1

definitions apply: ,,,.' .,

homework --describes the activi.ties. assigned to and undertaken
by the pupils outside the

- regurar class period 
:).;:t::.::,:..1:1

tradltional homework--refers to homework for rein- :';";"';''''

forcement--questions or drill
designed to revlew text mate-
riaLs or concepts taught in
the classroom,



ÐELI¡{TTATTONS

The experiment was designed within the bounds of the

following delinitations :

1. This study was confined to one Junior high school and

involved one rnathematics teacher.

2. The results can only be generallzed, to the grade II
student population in that one school.

ASSUMPTÏONS

' Tbere vrere several assumptions that had to be nade in
I this study relating to studenüs, instmments and procedures

i that were folLowed:

f-. Stud.ents answered all questions on p""-*ests and,

2. Occastonal absences from class did not affect the

criterion score of students significantly.
:'. 3, The students in this study were not sÍgnlflcantly

',,', different from other grade IX junior high school studenüs

who study polynomiaLs in Manitoba schools.

l+. The studentst responses on the various adninistered

,., tests were not signiflcantly affected by the time of day at

whlch they Ìrere administered or ühe days on which they were

tested'

9
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LTMTTATTONS

ThÍs study is subject to the following lfunitations¡
,, L. I.Q. tests t{ere adninistered to most students when 

..,

they were in grade VI at two different schools. Students

who came into the district after this were glven f.Q. tests

under different circumstances. Therefore some of the I.Q 
,,

' 
"cores 

used herein do not have exactly the sane basÍs for .

:

comparison.

Z. AchÍevement neasurements during and after the unit

on polynomials are limited by the validity and reliability
of the teacher-Prepared tests.

7. Sinee three classes presently in exÍstence were

chosen for the three treatments, true randor¡ness of the

samPles was noü Present

l+. The measr¡.rement of achievement in nathematics is limí-

. ted by the validity and reliability of ühe pre-experimental- :'' :'
achieveme'nt test adninistered to the three groups.

j. Home cond,itions, if substanti.ally dlfferent for two ,

i:. of the three groups, would have an effect on the study,

6. The general atnosphere of the school and any idio-
syncracies of the teacherrs personality in the classroom ','

\.
' must be considered,.

OBGANIZATION OF TIÍE STUDT

In the remaining portlons of,this study, the writer
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will revieyr the literature in Chapter 2; describe the popu-

lation, the research procedure and the experinental design

1n Chapter J; present the experimenüal findings in Chapüer 4i
and discuss the conclusions and implications of the study in
Chapüer 5. The significant appendices and references are

included at the end of the study.
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Chapter 2

A BEVIEW OF TITERATURE

Hone¡vork is one of the most widely used and contro-

versial teachlng techniques. A controversy about its

effectiveness has continued from the 1930fs and stl}I
remains today

In the late Lg3}rs there Ìras a reaction against the

tradLtional practices of excessively long homework assign-

ments, rote tasks, and the use of honework as punishnent'

There was aLso the concern about indications that homework

fosters copying and necessitates Parental help'

In the 19I}Ots opinÍon agai.nst all honework crystal-

I1zed, particularly at the elementary level. Thls was

brought about by educational theory which enphaslzed the

deveLopment of student interest and initiative ln lear:ring

(20).

By the Lg5}ls many educators opposed conventional

homework and advocated thaü homework be optlonal and of a

recreational varlety (L2). Ilowever, when Russia Launched.

sputnik tn 1957, the tlrenty-flve year trend towards less

homework was reversed (1?). In¡nediatply aft", tglfZ¡ â Eove-

ment back to an enphasis on subject matter ensuedr and home-

yfork was viewed as a means to gain academic excellence (14t

Zl+1, pressure from teachers (35, 521, from parents who felt

! ".. -:.:,:-ì: :.:

ÉÈ¿*"r*á

rI



that honework asslgnments reflected na quality educationü

(8rl+2) and fro¡¡ colleges (40) Ied Bond and, Snith to report

ühat homework assignments were increasing in length and number

at an aLarming rate Ín seventy-nine New York school districts.
ft). Thus homework, along with other educatlonal practices,

came under publlc and professíonal scrutlny.

Surveys of public school students (2, 10, 25t l*8, 52l-

and college students (5 ) reveal that the naJority of the groups

surveyed favoured homework as belng helpful 1n thelr studies.

leachers (IO, 35, 521 and college professors (10) surveyed

were strongly in favour of homework. fn tbe 1961 NEA survey

of teaehers (351, 83.5 percent of the elementary school

teachers were in favour of homework at the eleuentary l-evel.

Parents who were surveyed (10, 2?, 52l, were also Ln favour

of homework. 1ïo of these surreys (27, 521 revealed, that

many parents were also wÍI1tng to help studentÈ with thelr
assl.gnments.

ÌrlhiLe the surveys strongLy approved homework and the

need for lt, there ïras no agfeement as to übe amount, typer

or process of assignnent. Many erticles on homework can be

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

general subJect of homework in the Education fndex but moet

of these are polenic in nature. Sone of the topics, for
example, are the amount of homework that shoul,d be asslgned

Go different grades (t+, 16, 3Qr iJ-r 35, l+2, l+h, I+9, 531 , the

k"oÈ: t

t5
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type of homework that can be asslgned (2t7, 361 41, iOr 60lr

the @E ln whieh iü is assÍgned (16, 3L, 52, 60), the

establfshment of þonework, PoLicles Ln a school or school

dlsrrlcr (7, L?, 37, h4, 591, the @ that are

cond,ucive to the doing of homework (9' 251 ' and ühe teacherfs

roLe in asslgnlng honeYrork (?r 16, )3r 38, 39, 451 . These

examples are not exhaustive.

There are twentY-four experimental studies that have

been earried out in the perlod L933 ¡o LTl6. These can be

divtded lnto two groups, thirteen earLy studfes (pre-1950)

and eleven modern studies (post-1950).

The early experinents span a broad spectrun¡ êllColtr-

passing many subjects and grad,es. Most of the modern studies

are not only better designed and statistically nore sophls-

tlcated. but elso more limited ln their investigation of

specific grades and toPics.

Three of the studLes from the thtfül.es as descrlbed

by Goldsrein (18, L5¡ 51) are of sp19ia1 Lnterest:

1. 'The Dl Napoli experiment (L%51 , the most e:rtensive

study of honework, covered grades five to seYen, aine sub-

Jects and three sscÍ.o-ec6¡emiC groups. The results on

achlevenent were statlstícally stgniff,cant to a snall degree

!n favour of the homework group tn eiglrt of the nine. srebJects

at the fifth and sfurth grade leve1s. In grade seven' the

ror-homework group had a slight ed,ge.
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2. The Crawford and Carnichael experlment !91+7 ) encom-

passed grades flve througb elgbt ln eigbt subJects. The

results showed, 1n the two comParisons carrled out anong

four classes one year apart, that trenty-nine of tblrty-tlro scores

and twenty-elgÈrt of thlrty-tlfo scores favoured the honework

group. Perhaps the nost'signtficant findtng was that the

hlgb schooL grades of those pupils who had attended El Segundo

Elenentary School after homework was abollshed dropped nore

than the grades of the students who had honework at El Segundo.

3. Stef.ner (L934) carrfed out a llnlted experLment in a

slngle seventh grade class, He found that the honework grcup

had made clear gains in aehievement Ln arithmetic and gramnart

but in literature the two grouPs rrere the game.

One of the early studles, Foran and ltleberts experiment

(I9) speciflèalIy exanlnes arLthnetlc honework 1n grade seYen

l,n seven perochl.al schools. The study was of a CroSS-oV€I

desf,gn: Group Á, had no homeÌrork Ln the flrst term whlle

Group B dtd. The reverse ¡úas true ln the second tern. The

results on the achievement test ln problem-solvlng reveal-ed

that both groups showed greater galns wit'h bome¡rork than

wlthout, but these gains were smaLL. In conputatlon the

dlfference was not as c1ear. Group A achÍeved htghêr'CoD-

putational. leve1s of achlevement when they had no honework,

whlle Group B peacted Just the opposite.

Anderson (3 ) studted tvro classes of elglrth-grade



puplls In arlthnetie, English and social studies' The two

classes in a glven subJect had the sape teacber' Achievement

was measured on fLve tests adninistered afüer each unit of

work was comp]-eüed. the results clearly shov¡ed thaü achieYe-

ment was higþer for the honework gfoup 1n all three subjecÈs

on all flve tests. 
'

The renainlng early süudies (lI, L2, Jt+, tn6, 55, 56,

5S) reveal very Ltttle concluslrre evidence about homersork and

achievement. Al-I of them are open to serLous critlclsn (20)

relative to the experf.mental design or to the fragnentary

datar or both.

Of the recent süudies (post-L950), four were eonducted

at the higb school level. È1cG111 ßZl dtd a study to deter-

mfne whether. homework affects (a) Eocial studies achievement

and (b) achievement in economics and Anerlcan hlstory. He

deslgaated eaeh of s$cteen classes in a New Tork Ctty schooL

as eLther an experf-nentaL or a control group'

l{one of the differences obüal'ned from testlng social

studLes ablLtttes vfas süatlstically signJ.ficant' In econonÍcs

the honework classes had hlglrer mean scores than the non-

homevrork groups. HoweYer, 1n hlsto\yt the homework classes

dld better during the first term but poorer ln the second'

The dlfferences were not statlstLcal.ly slgnj-flcant.

Schneidgr (49) perforned a slmilar experinent Ln

economlcs at anotber New Tork City hlgh school. There

r

L;osn
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appeared to be no slgnificant dlfference between the honework

class and the non-homework class on the same test.
Another study in Anerican history was caried out by 

.,:.::,,,,

Schain (471 uslng a single elass in a Netr Tork Ctty blgh ':. ::

school, IIe used â cross-oyer desÍgn wlth trùo groups fron the

sane class equal fn I.Q.. The honework group in the flrst and

second part of the experlment outperformed, ühe non-honework ''"""'.'
':l

group both in dally short-ansr{er questions and on essay ,,,,,;,,,,,,,

tesfs.
. An ana}ysis of the results revealed that the brighter

süudents did welL witb or without homework. The average

studenüs scored much better when they were Ln the homework

group, whlle the poor students were rlostn when they dfd no

homework.

The only study ln mathernatLcs at the bigþ school

Leve1 was done by Hines l22l who investigated honework and

lts effects on achLevement ln plane geomet4¡ wlth seventeen ',,',,1,'.:'.t_.:'_l

',,',,.', t..,'palred puplrs 
. .,,,,,

He found ühat ever:f one of the conparlsons favoured

the honetuork group, thougb only nlne ïrere statistlcall.y slg-
nf.ffcanü at the ffve percent level, whlle three more became 

;i:....,,.
stgn1ftcantetthetenpereenÈIeve1.Heconc1udedthaü
wrltten homework increased achlevement in plane geonetry by

about one grade seorE.

, I\ro experiments at the JunLor hfgh school level are
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described below:

l. Baughman and Prult conpared tyro kinds of homework--

homework for reinforcement (rdulI-typen assLgn¡nents), and

homework for enrichment (experimental, ereative, or research

asslgnnents). Their findlngs revealed that the nature of
homework nade no appreciable difference in achlevement gains

for junior high school students in soclal studies.
'2. Peterson (h3l suggested four different homework

patterns:
' (a) vertical or traditlonal,

(u) obliquer*
(c) spiral,
(d ) semi-ob1f.q.r".**

He conpared the vertical (traditional) homework pattern with
the obllque. -His findings showed that grade VIII students

assigned'homework by the obJ-ique pattern achieved. significantly
better in nathematics than those students asslgned traditlonal
homework.

In the elementary grades there are five recent

experiments.

20

oA pattern of homework whereby a teacher provfdes
exploratory.woik on a future topic, lnneälate practiôe over
the toplc under discusslon and reinforcement fór still a thlrdtopie previously taught.

**-Às oblique but no effort Ls made to provlde rein-
forcement of prevlous topie



1. Koch Q6l compared the achievement oì ,n""" groups

of grade slxes i.n conputation and problem-solving. The

flrst group had thifüy minutes of honewonk per dayr the

second only fifteen minutes, whlle the third had none. He

found that only the homework group wlth thirty ninutes home-

work had statistically higher achievement scores ln computation

than the hon-homework group, a fÍnding which suggested that

longer homework assignments were necessary for lncreased

achievement. Achievement in problem-solvingr however, was not

Lncreased by homework of any length.

2. Ì,laertens (.?Ùl carried out an..experinenü ln grade III
arithmetlc with ühree groups: a non-homework group, a teacher-

assigned honework group, and a group whÍeh received its home-

work from the experimenter. He found that homework made no

statistical difference on computatíonaI achievement and

problem-sol,vÍng abillty. Also, be_found that honework did

not have any differential effect upon achievement with higþ,

niddler or low intel-ligence groups.

3. Gray and AlLLson (,2L) studied the effect of homework

on acbLevenent in the four fund.amental operations of frac-

tions Ln grade VI. Îro groups nere forned, one homework and

one non-honework. At tbe end of four weeks, treatments were

reversed. No statistical diff"""o"" in achlevement in com-

putation and fracüion concepts was found beüween the two

grouPs.

2L
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l+. Irfaertens and Jobnston (291 carried out a two-fold

experinent with grades W to VI. They investigated a home-

work pattern which invorved the parents. Three groups were 
,,,:...,.,¡.,¡, , 

1,

established. One group of child.ren received knowledge of the 'i:.:j::": ':: i

results from their parents after completlng each problem,

whlLe a second group reeeived knowledge of the results from 
,,,.,, r.,.

thelr parents only after conpleting the entlre assignment. ::.. ' ,,ì '

The third group was the non-homework group. After a slx-week .: .1.,,,., ,

period, achievement in conputatlon and problem-solving was

tested. The two homework groups out-performed the non-

homework group. The difference bet¡reen the two homework

treatments,however,showedIitt1econsistentvar1ation.An
attltude test adninistered to each group revealed no signlfi-
cant difference in attitude anong the chiLdren. The causatlve

factor for the success of the homework groups over the non-

homework one is not clear. Perhaps it couLd be attributed
to the ho¡nework practice aloner or to parental Lnvolvenentr 

;.¡:',,,,.",",',,'li',':',',1 

,,,',
'":: .: .

or to ühe conbinaülon of both factors.
Finally, an experinental study (50) was conducted :.: '.': .::

to determine whether the klnè of homeryork a teacher assigned

nade a difference fn acadenl-c achleve¡nent ln elenenüary

school children, and whether homework such as collecting,

observing, ltstenLng and constructing nodels inproved read-

tng abtllty.
' 

The experlment was carried out ln twenty-five schools
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1n Tanpa, Florlda with a total sample of 700 students in

grades fV to VI from all socio-economic backgrounds. lwo

groups were organized: a control group with tradLtlonal 
:......

homework and an experinental group which received lndividual-- ','lr',

ized enrichment homework. The experinental perlod lasted

sirüeen weeks and homework was student-structured Ln the

following subjects: reading, spellingr language, arith-metic, '';:,

.': ._

social studles and science. 
l,:,.,,

It was reported that the reading abllity of the

experimental group improved over that of the control group.

However, 1t is not reeorded what statlstical treatment Yras

used, in the comparlson, nor vtbether the gaÍn in readlng

ab1l1ty was statistically significant.
At this tlne it is still unclear whether the

assignnent of homework is an eduiational practice that will

enhance achlevenent in nathenatics. titerature to date

provides twenty-four studies in homewãrk. Eight of the 
,,,.,,

thLrteen earLy studles (1r. Ll , L2, 34, 116, 55, 561 58) fron 
,

the tpJOrs have serlous flaws 1n their design. The other :j

five (3, L5t 18, 19, 5L) are by nature broad-sPectrumr

eovering many subJects and, grades. All five support the

premise that homework will increase achieveuent ln arith- ',:,;"

metic. However, the results are staüistlcally significant

only to a small degreeo
' Of the eleven recent experiments, three support the
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effectiveness of homework, one in American history (l+71, one

in plane geometry 126I, and one in grade TI arlthmetic (26).

Four studies found that homework has no effect on achievenent,

two in American history and economics l3Z, \91, and two in
elementary arithmetic (2L, 28). One study (291, because of

design, yras inconclusive concerning honework or another home

factor belng responsible for the gain in student achievement.

The remaining experiments Ìrere concerned wiüh the kind of

homework that was assigned. One found ühat achievement is

not enhanced by enrlchment' homework over the tradÍti.onal

kind (51, while another (ll3 ) indicated that a semi:oblique

pattern of organization of homework was more effective than

the traditional kind, and the thitd (50) suggested that

lndlvidualized enrichment homework in grades IV t'o VI

Lncreases reading abllity.

SUMMABY

Thus, research to. date has not piovided enough

evidence for educators to accept unilaterally the effective-
ness of honework. Early wld.e-ranging, nulti-grade, nulti-
subJect'experinents show some support for honeworkrs

effectiveness, but weLl-designed recent experiments which

nzero inn on specific nathematic concepts are not unanimous

ln their findings.
' üost partici.pants of homevrork surveys (students,

2lt
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teachers, parents, professors) felt that home assignnents

for reinforcement enhanced, achievement, yet research has not

borne this out. Thls anomaly--the difference between per-

sonal- experience and experinental results--is dlfficult to

explain.

Althougþ many articles of opinion are published on

homework, research ln this area continues to be meager.
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study in detail. It wiLl includ,e a description of the school,

the popuLation and saraple, course and. treatment, d,ata collec-

tion procedures, and method of analysis.

THE SETTING

The stud.y ?ras conducted, at a suburban junior high

school in the St. James-Assiniboia School Division. The

school- ls located in a nid.dle and lovrer-ni.dd1e class cotiltrtlr-

ity. The organS.zation of -the school was of the standard

graded form. The school timetable operated on the basis of

a six-day cycS-e with elght forty-minute perlods a day.

The department of nathematics consisted of the

vlce-principal and two teachers nen to the school. The study

involved only the vice-principal who üaugþt three of five
grade Il classes in the schooL. Prior to becoming an

aduinistrator, he had taught rnathen¡atfcs in high school for

many years

At the time the.study was conducted, the principal

had been in the school one year and was beginning his second

yeâr, The atmosphere whlch he created refleeted an orderly and

3L

chapter I
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businesslike conduct in the school. '

POPULAÎION AND SAMPTE

' :'::

The popuLation of ühe school was four hundred forty- :

onêr One hundred thirty-five students were enrolled in grade

IX, of whon eighty-two Students r{ere in the sarnple 
.:.

Because the grade IX classes had already been

established for some time, the selection of a random sample ,;';t;,,

was not possJ.ble. Ilowever, 1n this school the students had

been randonly 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 vÍeret

therefore, grouped üogether.

The three grade IX classes taught by the vice-

princípal wère designated. to participate in the experinent;

one of these classes was the band-option class mentioned

above. The stud.ents in each class in the sanple ranged from .'.,.,,

Low to high in terns of I.Q. and nathematic achievement. l
t,'' , t

COUBSE DESCRTPTION AND TREAT¡IENT

The factors conmon to the three treatment grouPs
' 1.--.:.

! ì...

are outlined below.

f.. Each class was taught the same r¡athematic
, content 1n the sane Period of time.

2, Each class had one doubl-e period. every six days , --

the second period beÍng usèd as a work period:
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3, Exerclses ïtere trYo textbooks:
Geo_netry, by

ayne Kerr,
A list of

Appendix A.the assignments nay be found ln
l+. Aleorthe. teacber devised suppJ,ementary work-

sheets which were assigned tó tf¡e stuôents;
these sheets nay be found in Appendix B.

The topic npolynomiaisn was d,ivided lnto three
sections:

(A) addLtLon and bubtractLon(Bl nultiplication
(C) division and rational expressÍorsr

After the concepts in eacb of these sub-topics
were taugbt, a revLew followed and then a test
was administered. The revielu sb,eets nqy be found
1n Appendix C and the tests in Appendix- D.

Below is a list of the concepts emphasÍzed in
each of rhe seerions (A), (B), aña (c)i

(A) Addition and Subtraction of Open Expressions

. I, Addlng and subtractLng monomials2. Addf+g ang.subtracting polyaonLals
ta, verrLcarly(b) horizontaity(f) additlon of opposites(1i) several expreËåions within

Darentheses(iff) èxpressions with integral,
fracülonal and decinal
coefflcients;

(B) MuJ-tlplf,catf.on of Open ExpressLons

1. Mult,tplLcatlon of nonomials(a) any number of factors
{b) exþone?t theory covered(f) definition of power,

exponent and base
. (ff) pofter of a power({ri| þower of 'a þroduct(fv) þower of a iuotient;

5.

6.

MathenatÍcs by Davld Keith, A.-
ãn-ffiffi-räy- ücPherson (tgZOl .
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2. Mul-tiplication of a nonomial by a poly-
nomi-aI

(") monomial by a binomial(b) siraplifyinþ expressions involving
addition or subtraction. for
xample , 2x (x-3 ) - 3x2' (Z-x) ;

3. Muluiplication of a polynonial by a poly-
nomlal

(r) binourial by a binonial
(b) .square of â binonlal(c) binomial by a polynonial of three

(c) Di

or four terms(d) after students had mastered these
products, they were incorporated
with additipn and subtraction, for
exampl.e, z+" (-3x) - zx (x-3)'+
(x-2J ßx-5);

ion and, Rational Fxpressions

divlsion of monomials involving a
reduetion of fractions
multiplieatj.on and division of rational
expressions
por¡rer of a quotienü
quoti.ent of a pov¡er
addiËion and subtraction of rational
expressions
division of a polynonial by(i) a nonõmiäl(Í1) a blnomial.

VARTABIES T'SED TN TEE STI]DT

Covariatqs or Cgntrol VarÍables

Because the selection of a random sample was not

possfble in the study, the equivalence of the groups ¡{as in
doubt. Thus, the foflowing ïrere used, as covariates:

1. I.Q. scores as measured by the Large Thorndike
Non-Verbal Tests adninistered to the pupils in
grade VI obtained from school- records. To the
few students who entered the division after grade
Vï, the Otis Quick Scoring lvÎental Abiliüy Test
Was admÍnisüered;

vis
(a)

(b)

(c)
(d)
(e)

(fi



2, echj.evement in nathematics as measured by two
standardized tests of tbe Cooperatlve ldathenatics
Series:

(a) Arithmetic test
(¡) Structure of the Number System test.

The Lrithnetic test may be found in Appendix E
and the Structure of the Number test in Appendix F.

Independent Variables

The foLlowing trrere used as independent variables in

the study:

No llomework Instructional Approach
The control group received no homework. Students
v¡ere assigned questÍons lvhich 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 sane concepts
ãs the two experimental groups, did not do as many
questi.ons as the latüer.
Ilomework-with-Answers Instnrctional Approach
This experimental grogp received homework, Ihich
was coriected the following day in class. The
comection of the questions involved only the fur-
nishing of answers by the Ëeacher. Ïf a question
nas asked about the assignment, it was dealt with
in the shortest possible way. At no time was there
any teacher-initiated discussj.on of the honework
assígnment.

[I omewo rk -with -Answ e rs -and -D i s c us s ion Ins truc t ional
Approach
The final experimental treatment involved assigning
homework, which was comected the next 4"y. Furthe{-
more, coirection involved an elctensive dj.scussion of
each question assigned.

Sex
Sex of the students was determined from the school
files.
Age
Añ analysis of the ages of the süudents in the sanpLe

35
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revealed that eigþty-six pereent were between 14.0
and 14.8 years. The histogram in Appendix G shows
the age distribution of the students in the 5a.mple.
Because of the clustering, the experinrenter decided
to treat this variable nominally. I\so groups were
forsred on the basis of mean score of the group
students who were less than the mean age 14.& years
became one group, and students who weré older thanr of

.equal to, the mean age formed the second group.

The design of the study'is elucidated in Table 1.

Tab1e I
Besearch Design

Tests in
Polynomials

Control

Erperinental f,l
:...-

ExperiraentaL fiZ

No homework

Homer¡ork wÍth
answers

Homework with
answers and.
discusslon

ïes

ïes

ïes

ïes

ïes

Dependent or Crit,erion Variable

Ttre criterion variabLe ln this study was the mean

aehievement score obtained in polynon:ials. Measurement of
this variable was accomplished by three teacher-prepared tests,
the first on the addition and, subtraction of polynomials, the

Pre-lest
for

Control
Variables

Treatment
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second on the multiptication of polynonials, and, the third

on divisíon of polynomials and rational expressiorls. The

three tests rnay be found in Appendix D.

COITECTTON OF DATA

Infor:natÍon about â8êr sex and I.Q- scores rüas

obtained fron student records in the school. The Cooperative

Mathenatic SerÍes tests vrere ad¡ninistered to all groups

Ðecember 18 and December 19. Students who had no I.Q. record

were given the Ûtls QuÍck Scoring I.Q' test on December 22.

Students who had missed any of the above tests were asked to

write then on December 22 and 23. All tests ïrere conducted

under close supervision and. conplied. with all test require-

ments. The experiment began on January ó when school

resumed aftèr Christmas vacation.

DESTGN OF THE STUDY

Because the study involved intact groups, the

experinenter decided to use the analysÍs of covariance for

the statistical treatment. This is a useful nethod rfhen

studying the relation between a d.ependent variable and two

or more groups represent,ing an índependent variable. This

technique all-ows the researcher to equate statistÍcaIly the

lndependent variable groups with resPect to one or more

eontrol variables which are relevant, to the dependent vari-

. '.."-' - jü:.:.::i..: :..; :
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iable. fn other words, analysis of covariance allows ühe

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 '
Ïn the experiment, the effect of the three treat-

ments and the effect of age and sex on performance on

polynonÍaIsÏ{ereunderscrutiny.Thelneanl.Q.andnathe-
matic achievemenü scores y¡ere unequal for the ühree groups.

Analysis of covariance statistically renoved the effect of

'I.Q. and nathematic achievement of the three groups by

adJustfng the means of the dependent variable (achievement

in pol.ynomials). Thus, the effect of treatment, sex and/or

age on the dependent variable can be studied without I'Q' and

mathematÍc achievement confound'ing the results.

EaÞh of the three classes was assigned' to a üreat-

ment. Each of the treatnents was further divjded into trfo

sub-groups, boys and gir1s, creating six sub-groups

altogether. Then each of the six sub-groups was divided

lnto-two cells based, on the mean age of the sanpl-e' Thus,

twelve cells were forued. The composition of each cel-I

lable 2.

ANAtÏsIt oÏ ÐArA

For each student in the study the following inforna-

tion was transferred to punch cards for computer analysis:



lable 2

Cell Composition

Sex Age No
Homework

Homework
with

Answers

Homework with
Answers and
Discussíon

Boys

Girls

Age( Lh.l+

age à 14.4

ïl: 5

n: l+

n=10
IÌ: I+

Il: 5

¡1 = 7

Age( Il+.4

Ageà 1lr,4

n=12
11 = 7

n- 7

n= 6

Il: 9

tl: 6

Sub
TotaIs 28 27 27

1. treatment identífication,
2. SeXr ..::::: :.
3 . I. Q. score , :.r:,:,
i. códperat,ivé Arithmetic test score,
5. Cooþerative Structure of Number System ,',,'

test score , ...,
6. addition añd subtraction of polynomiaLs

test score,
7. nultiplicaiion of polynomials test scoret
8. divÍsion of polynonials test scoret
g. totaL of the three porynonlals test scores. 

,,..,..,,,.

A programnerassisüed in the preparation of all data :':; "

and control- card.s required for the computer programning. The

data was analyzed by the computer at the University of Manitoba

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

This prograrune yielded F ratlos for each lndependent variable ':,,':'

39
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and for each possible conbinatlon of independent varlabLes. The

F ratlo indlcated whether or not the adJusted, means of the

dependent variable were significantly dífferent anong the inde-
pendent variables. The .o5 level of signiflcance was chosen

as the reJection region for the hypothesis befng tested..

Pearson product moment correlatl-on coeffieients were

arso obtained between the covariates and the dependent vari-
able. These values indi.cated whether or not the covariates

used ln the study were related to the dependent variable or to
eaeh other. A two-tatled üest at the .OI leve1 of signifi-
cance was chosen for the decislon-naking process.

SUMMARY

A sanple of eighty-two students was drawn from the

grade Il populatlon. These students were already part of
three lntact classes taught by the vice-princlpal.

gaàh class was assLgned to one of the followlng
üreatments:

l. a control group wlth no homework,

2, a homework group wlth answers, \

3. a homework group wlth answers and discusslon.

AIl groups covered essentially the sa¡ne work in the

same tlme. The duration of the experiment was approxinately

etght weeks.

Ðepend,ent and, independent variables and the co-

varl-ates srere described; the collectlon of data and the deslgn

of the study were outlined.
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Chapter lr

ANALTSIS OF DATA

INTRODUCTTON

In the first part of ühe cbapter the sanpLe is d,Ls-

cussed, the correlation coefflcients between the depend,enü

varlable and the covariates are compared, and the covarÍates

for each source of variation are examined. Each hypoühesis

given ln Chapter I 1s resËated, and the related data analysis

(neans, adJusted means and F ratio) follows. Finally, a

sunnary 1s provided whlch includes tables of means, adjusted

neans, and. F ratlos.
The followlng abbrevlations will be used throughout

the remalnder of the thesls:
l. N-Hw l{o honework group,
2. Hw-A Honework-with-answers B?ouP,
3. [w-Á,Ð llomework-with-âDSvlêrs-and-dlscussion groupt
'l+. A-AT ArÍthmetic Achievement Tesü,
5. SHS-AT Structure of the Numbers System Aehieve-

ment Test.

DESCRTPTIVE DATA CONGEANTNG THE SAII,IPIE

lable 3 records the nunber of students lncluded in

the study, and, ¡rlthln each treatmenÈ, the dtstrlbutÍon of

students by sex and age. Durl.ng the course of the study,

the original sanple of elgbty-two was redueed by three

..;.,::r-.1'.'Þi'iaiiå

h2
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students. Each treatment grouP lost one student over 1I+.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 oyer an extend,ed period of time.

TabLe 3

The Distribution of Stud.enüs by Sex
and Age in Each Treatment

Sex Age No
Homework

Homework
¡vtth

Ans¡cers

Homework
wlth

Answers and
Discussion

Boys

a< 14.4 5 IO 5

A :1ll.r+ 3 b 6

GirLs
A <11+.L L2 7 9

A 
=ilÞ.4 7 5 6

Sub;
totals 27 26 26

The treatment of data enployed the analysis of covariance

deslgn with three covariates or controL varfables. Table 4

compared. the means of the'covarlates for students in each main

source of variatLon. ft shows the folLowing:
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Table 4

Sunnary of the Covariates of Students Grouped
According to the Main Sources of Variation

Matn sources
of

variation
No. of

students

Covarlates

I'Q' .â,-AT SNS-A1

Treatmeut

N-H¡c

Hw-.4

n -¡P

27

26

26

:.:os.,lz

LL6.52

106.38

?8'3'3
35.46

32.L9

L5.67

20.00

L5.46

Sex

Boys

Girls
33

l+6

113.84

Lo8.06

35.1+7

29.55

L7.91+

16.I+0

age

A( L4.tl

A: rt+.lr

lt8

3t

r13.94

101+.94

33.82

28.9o

L8.7 5

Ll+.35

Treatnent

The mean scores on a1I three eovariates for Hw-A are clearJ-y

higher than the mean scores in the other tno treatments. The

meen scores of the covariates are about equal for the Hvr-A.D and

N-H¡r.

,); ?



ig"r;.åà-

+5

Aæ.

The mean scores of the younger students surpass those

of the older students.

Sex

On aII ühree independent variables, the

higher mean score than the gir1s.

SlmiJ-ar1y, the means of ühe covariates

grouped aecording to the conbination of any two

found in Tables 5, 6 and 7.

TabIe

Covariates of the Stud.ents Grouped, Accordlng to
the Combinat'ion of Sex and Treatment

boys have a

of the students

effects are

Source of
VarÍation

Boys ln N-Hw

Boys in Hw-A

Boys in IIw-AÐ

Gfrls in N-Iiw

GlrLs ln Ilw-A

Girls in IIw-ÂD

I
ltl

11

1g

L2

L5

112.00

116.08

LL?.55

1O4. OO

117.L5

LO'.33

Covariates

35.38

36.85

33.9L

25.37

34.08

30.93

SNS-AT

19.38

L9.54

15.00

1l+.lL

20.l+6

15.9O

No. of
Stu-

dents
r.Q. I A-AT
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Sex and Treatmept

Table 5 indicates that boys and girls of the fts-A

have hlgher mean scores than in the other groups. The girls
in the Hw-AD and N-Hn obtained the Lowest mean scores on the

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

N-Hw are between these tvio extremes.

lable 6

Covariates of the Students Grouped .A,ccording to
the Combination of Age and Treatment

Ase and Treatment

Tab1e 6 indicates ühat younger students in the Hw-A

group have the highest mean scores on the three covariates,

whereas older students ln N-Itw have the lo¡rest. In the other

four groups the mean scores on the tbree covariates range

between these two values.

Source of
Variatlon

No. of
Stu-
dents

CovarÍates

I.Q. A-AT SNS-AT

Students < Ll+.[ It N-Hw

Students < Lb.l+ in Hw-A

Süudents< L4,4 Ín ÌIw-AD

Students > 14.I¡ in N-H¡v

Süudentsì11¡.4 in Hw-A

Studentsl 1l+.4 in Hw-AD

L7

L7

L4

10

9

L2

]-LO.35

118.82

LLz.36

99.60

LLz.l+l+

LO1 .7 5

30.29

37.59

33.86

25.O0

3L.I+l+

30.25

L7.29

22.2b

L6.29

L2.gO

L5.78

Ll+.5O
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t,
Table Z

' Covariates of the Students Grouped Accordlng
to the Conbination of Age and Sex

Sources of
Variation

No. of
Stu-
dents

Covarlates

I.Q. A-AT SNS-AT

Boys < Lh .l+

Boys ¿ ]-.l+ .4

Gir1s< Il+.1+

Girls > l-4.1+

20

L3

28

I8

116.50

109.[e

112.11

102.LI

36.90

33.O8

3L.7 9

26.26

L9.35

L5.58

r8.32

L3 .58

Age and Sex

Tab1e 7 indÍcates that the younger boys and girls trave

higþer mean scores than the older boys and girls. The boysr

mean scores in each case are higher than the girls f mean scores. :. , ,,

,,,-,:,'.,1.,

In Table I, the cells reveal broad differences. For . .,

f.nstance, younger gi.rls Ín Hw-A have the higþest scores in :::::':

f .Q1 A-AT and SNS-AT of 124.86, 3g.Uj, and Zl+.5T respectively,
whereas older girls Ín N-lIw have the lowest mean scores on the 

:::::::::.' three control variables ol )).2), 23.OO and 11.2p respectively. :¡;,;"''1;;;,:

The data in Tables L, 5, 61 7 and I indicate that there

\ are dlfferenees among the compared cells.. To eompensate for
the above d,ifferences and to accommodate intact classroom groups

the analysis of covariance design was employed . .,.:,:,.:
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Variation due
to GombínaüÍon

of
Three Effects

Table I
Sunmary of the Covariates of
According to the Conbination

Students Grouped
of Three Effeðt,s

Covariates

38.80
26.67
26.7 5
23.OO
36.30
38.67
39.4.3
27 .83
36.2O
32.OO
32 .56
28.5O

Sex and Age
Treatment

Boys ( I4,L
Boys È LL.l+
Girls ¿ ]-l+.1+
Gir1sì 14.1Þ
Boys ( 14.t+
Boys ì 14.¡f
GirLs( l-4.¿l
Girlsl It+.t+
Boys I LI+.I+
Boys ì l-4.1+
Girls < LI+.h
Gir1s Z Ll+.1+

and

in N-Hw
in N-Hw
in N-Hw
in N-Hw
in Hl.¡-A
in Hw-A
in Iiw-A
in Hw-A
in Hw-AD
Ín llw-AD
in I{w-AD
in Hw-AD

11g.OO
100.33
LO6.7 5

99.29
114.60
121.00
l2I+.86
108.L7
117.80
108.17
LOg.?3

99.33

SNS-AT

21.00
L6.67
15.75
]..]-.2g
20.60
16.O0
2l+.57
L5.67
L5.2O
14.83
16.89
]..b.l7

5
3

L2
7

10
I+

7
5
5
6
9
6

CORRETATION COEFFTCÏENTS

Table 9 presents the correlatÍon coefficients anong:

1. three covariates,
2. the ühr"" "ãiã"Iåt"" and the dependent 

\

vai^i.able.

All the correlation coefficients are significant at the .01

1eveI.
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The correlation coefficients among the three

covariates are high. For example, t.h" correlation between

I.Q. and A-AT is .780 and between A-AT and SNS-AT is .788.

The higþer value of the latter pair 1s to be expected

because both tests belong to ühe Cooperative Mathematic

Test Series.

I.foderately hlgþ correlation coefficlent values

erlst between the depend.ent variable and each of the

control varÍabIes. This indicates that the control

variables are signÍfieant independent varÍables in the

study, and further confirns the necessity of equatÍng

these variables for the cells by the use of the analysls

of covariance method.

Finally, the correlations among the achievement

tests and the dependent variabl-e are higher than between

the dependent variable and I.Q. this finding indicates

that a greater parb of the variatÍon 1n the dependent

variable can be accounted for by the achievement tests

rather than by I.Q. In lab1e 10 the percentage variance

of the correlations results are presented,. The A-AT

and SNS-AT account for J0.55/, and 5L.4L% respectively

of the variabllity ln the scores on the tests of poþ-

nonials, while f.Q. accounts for only 28.9/,+1" of the varia-

billüy of the scores.
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Table 9

Srrnnary of the Correlation Ivlatrices for
PolynomLal lests and Control Varlables

I.Q. A-41 iNS-A1
Addn.
and
Subtr.

Mrlt. DLv.
TotaI
of

lests

r:Q'

A.AT

SNS-AT

1.000 .780

1.000

.726

.7Ê8

.ooo

.55.8

.6gL

.700

.l+72

.615

.62L

.39)

.580

.606

.538

.7LL

.7L7

All corelation coefficfents exceeding r = ,285
are significant at the '01 leveL.

Table 10

Sun¡rary of the Percentage Varianee Aecounted
for by the Control VarÍab1es

I.Q. ¡,-¡,7 SNS-AT
Addn.

and
Subtr.

Mult. Dlv.
Tota1
of

Tests

I'Q.
A,AT

SNS-AT

100 60.8t+

100

52.70

62.09

100

31.11+

l+7.75

Il9. OO

?6.3tr

37 ,82

I+t+.L5

2L.ll+

33.6h1

h3.og

28.91+

50.55

51.lt1

However, Ít should be noted, that 6}.8hfo and 52.7q" of 'the

scores 1n the A-AT and SNS-AT respectively can be accounted for
by r.Q.
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ANATTSÏS OF COVARTANCE FOR TREAT¡/IENT,
AGE AND SEX

The hypothesis of each main effect is dealt with
'.''.]''

'''' ' bglow

Hvpothesis t-#qqatment

. There is no significant d,ifference in the mean scores
''.: of achievement anong the three treatment groups with respect ,., ,.

.. to their performance .. .

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

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

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

(d) on a total- of ühe three preceding tests. 
,

TabLe 1I gives the mean and adjusted mean scores on

the polynomial tests obtained by each treatment, group.

.:...:meansinthetests.The1argerdifferencesinthemeanS '''..'.-.-..'.'
., ,:, rt.:': . t t: .:

can be accounted for partly by initial dÍfferences in I.Q,
:.,',,' and nathematic achievement of the groups and partly by dif- : ,:-

ferences in treatment. As can be seen, Hw-A means were

adJusted down while N-Hw and Hw-AD means were adjusted up

,,,,, by the analysis of covariance, in order to equate the : :11 :.

.:1.: : . :'

I inltial differences of the groups. Thus, the differences

remalning in the adjusted mean are differences produced only

y the treatments. ltre differences in the adJusted means

are small anong the three treatments.
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Table lLlndlcates that the scores on the adJusted meens

for the I{-Hw exceed the honework groups except on the muJ-tip1i-

cation tesü. 
.:

TabLe 12 su¡nnarLzes ühe data basic to the F ratio. Since 1:'

none of the caLculated F ratios exeeeds the table value of 3,Il+

at the .O5 Level of probability, the above hypothesLs must be 
l

accepted. In oüher words, the non-significant F ratÍo lndicates r

that ühe differenees among the adJusted means can be aceounted .1.',

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

Table 12

AnaS-ysis of Covarfance of the Polynonial Test
Scores for Students fn the Tlrree Treatments

Tests
Degree of freedoul Mean square

F
between within between withln

Add.n. & Subt.

MuLt.

DLv.

Total of Tests

2 6l+

2 6l+

2 6I+

2 6ll.

2,53?

t3:285

80.581

3L.L56

l+3,1+21+

6L.6110

50.827

377.6]-2

.06

.22

L.59

.08

?he table value of the F ratios at the .05 level of
probabllity ls 3.L4.
Ñone of the F raüios shown ls signiftcant at the .O5
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 Uhere it is

done. Also the fact that there is no significant difference

between Hw-A and Hw-AD suggests that post-homework discusslon

is not important for the enhancement of achievement in poly-

nomials.

Hypothesis 2--AEq

There is no significant difference between the mean

score of achievement of students who are older than or equal

to the mean age of 14.I¡ years and.that of the students who

are younger than Lt+.I+ years with respect to ühej-r performance

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

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

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

(d) on a total of the three preced^ing tests.

Tabl-" fi contains the means and adjusted means for

the tests on polynomials for the two age groups. The adjusted

means indicate that the younger students dld better than ühe

o1der. students. in all tesüs.

Table 14 indlcates that there is no significant dif-

ference in the adjusted mean scores at the .O5 probability

tevàt since none of the F ratios exceed, ühe table value of

3.gg. The nuIl hypothesis, thereforer must be accepted,.
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Tabl-e l-t+

Analysis of Covariance of the Polynomial Test
Scores for Older and Younger Students

Tests

Degree of Freedom Mean Square
F

between within between within

Addn. & Subt.

Mult.

Div.

Tota1 of Tesüs

1

t-

I
I

6l+

64

6l+

6l+

57 .ol3 43.42b

L7.575 61.640

L6.793 50 .827

u1.180 377.6L2

r.31

.29

.33

.45

The table value of the F ratio at the -O5 leve1 of
probabllity is 3.99.
None of the F ratios is significant.

Hvoothesis 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 t

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

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

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

Table 15 contains the means and adjusted means for the

polynonial tests. TLre adjusted means indicate that boys tended
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to outperform the girls to a snall d,egree in polynomials.

Tab1e 16 contains the data basic to the F ratio. None

of the F ratios is significant. Therefore the nuIl hypothesis

must be accepted.

TabLe 16

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

lests
Degree of Freedom Mean Square

F

between within between within

Addn, & Subt.

MuIt.

Dfv.

lotaI of Tests

I
I
L

I

6l+

6h

6l+

6l+

h.O3l+ 42.1+3/'+

14.418 61.640

L5 .L6g 50.827

5.609 3?7 .6L2

.09

.23

.34

.01

The table value of the F ratio at the .01 level
of probabÍlitY is 3.99. -
Nonä of the F ratios is significant..

ANATYSIS OF COVARIANCE FOR THE COMBINATÏON OF
TWO FACTORS

Each hypothesis for tbe combination effect of t'$Io facùors

wtII be discussed in turn beIow.

EvÈotheçÍs 4-:Combination of AEe and Treatment

there is no significant dlfference in ühe means scores

of achievement among students of one partlcular age-and-
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treatmenü combination and. students of another age-and-

treatment combination with respect to theír performance

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

r.:,.,.r';,

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

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

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

TabLe L? provid.es a geometric interpretation of :::::r:'

adJusted mean scores of the polynomial tests for student :,:,: 
,,,.

groups of a par-bicular age and treatment. More complete

informatlon of means and adjusted neans may be found in
Appendix H.

Table L7 shows that interaction effects occurred on

two of ühe tests, multiplication and division, and on the

üotaL 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- 
':.::::.;.1::laction is not significant at the .O5 level as revealed by ,f.,::ì''r

the data in Tab1e 18. This table shows that the cal-culated ''ir;,,';,:,:.:

F ratios do not exceed ühe table value of 3.14. Therefore,

the nulJ- hypothesis must be accepted.

' ',. :::..

Hvpothesis J--Combination of Sex and Treatment ;::::'::r
:-'._" 

"'.:'

There Ís no significant difference in the mean scores

of achievement among students of one partlcular sex-and-

treatment combination and students of another sex-and-



..... .;':.'..:.1,:...ì--.... j-- 
....j.r...':..:i ....:.'.:. -...1.... --.:' :.:'

60

Tab1e 17

Geometric Conparison of Adjusted Means of the
Polynonial lests for Conbination Effeet

of Age and Treatment"

Additton &
SubtractÍon

çi
doã

€
c)
P
tt,j
'r¡
d

Multiplication

25

2l+

2)

22

2L
N-Hw Hw-A H¡I-AD

Treatments
N-Hw Hw-A Hw-^AÐ

Treatments

'20

1g

18

L7

I6

65
F¡
qt

g 6lt

'lt

Ë63
¡t.f?
rt<62

6r

60

59 N-Hw Hw-A IIvr-AD
Treatments'.

- Aà L4.I+

*t"*., *. ropr,a*, ,i"."ii"".t tr"rt=tt..." use
a¡d Ïttt"rprätátioW

x

23

22

2L

20

L9

67

66

22

2L

tr
qt
o
E
€o
+)o
áI?
'tt

Ê¡
6
Ë
<to
1)qt
Þ.tr?
€

N-Hw Hw-A Hw-AD

Treatments
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treatment combinatlon 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 polynomlals,

(a) on a total of the three preceding tesüs,

Table 18

Analysis of Covariance of the Polynomial Test Scores
for Conbination Effect of Age and Treatnent

Tests

Ðegree of Freedom I Mean Square

F

between within between within

Addn. & Subt.

Mult. 
.

Dív.

Tota1 of Tests

2 6l+

2 6l+

26h
26h

L8.52 I+3.1+2

20.81 6]-.61+

h8.?5 . 50.83

185.86 377.6t

.h3

.34

.96

.I+9

The tabLe value of the F ratio at the .O5 level of : 1;

probability is 3.1.l+
Ñone of the F ratios is significant.

Table lp provides a geometric interpretatlon of adjusted 
:,._::.::

means of stud,ents of a partlcular sex and, treatnent,. A complete .'' ''i

table of means, adJusted means and, covariates nay be found__in

Appendix f. Table 19 indicates that there are three j.nter-
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actLons. 0n the addition and subtraction test and on the

toüaL of the three tests, the girls had higher mean achieve-

ment scores than the boys in Hw-AD. The oüher interactÍon

occumed on the multipllcation test where the gÍrls did

better than the boys in the N-Hw treatment.

However, these interactions are not statistically sig-
nlficant at the .O5 level of probabil1ty. Table 20 presents

the calculated F ratios. None of these ratios is largeù than

the tabLe value of 3.1&. Thus, the nuIl h1'pothesis must be

accepted.

Hypothesís 6--CombÍnation Bffect of Sex and AEe

There is no significant difference in the mean scores

of achievement among students of one particular sex-and-age

conbination and students of another sex-and-age combínaüion

with ""un"", to theír performance

(a) on a test of the addítion and subtractÍon of
. pglynomials,

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

(c ) on a test of the division of poJ-ynomials,

(¿) on a total of, the three preceding tests.

Table 2L is a geometric interpretation of ühe adjusted

means of studenüs of a particular sex and age. FulI informa-

tLon pertainlng to means and covariates may be found in
Appendix J. lable 21 shows that there are tr¡Io interaction
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Table IP

Geometric Comparlson of AdJusted Means of the
Polynonial-Tests for Combination Effect

of Sex and Treatment

26

25

2l+

23

Additton &
Subtraction

T{-Hw Hw-A I{W-AD
Treatment

N-Hw Hw-A Hw-/tD
Treatment

2l

20

t9

18

23

22o
Éõ
oE2L
õo
Ëzaj
.r?
õ

u,
É
(ú
o
E
Éo
+)o
5
''ló

66

65
u,ç
$64
E
õ
36¡
v,
5.|ì
E, 6z

v)
É
rú

.rutì
€o
P
g)
u
'rå.tt

L7

L6

N-lÌw Hw-A Hw-AD

Treatment

61 iL-
N-Hw Hw-A Hw-ÁÐ

Treatmenü

l{rrltlpS-ication

Tota1 of
tests

------ GiflS

- 

Boys
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Table 20

Analysi.s of Covariance of the Polynonial Test Scores
for Co¡¡bination Effect of Sex and Treatment

Tests
Degree of Freedo¡o Mean Square

F

between wÍthin between withín

Addn. & Subt.

Mult.

DLv.

TotaI

2

2

2

2

6l+

6l+

6l+

6l+

,+8.1+3

6.69

-l+.65

16.18

l+3.U2

6L.6Il

50.83

377.6L

1.12

.LI

-.49
.05

The table val-ue of the F ratlo at the .O5 level of
probabillty is 3.LI+.
None of 

.the 
F ratios is significant.

effeets: one on the divlsion test, the other on the total of

tho tests. Ïn each ease, the older boys did better than the

younger boys. These interactions, however; are not statls-
tical-Iy signiflcant at the .05 level,

Tab1e 22 presents the calculated F ratios. None of

these exceeds the tabLe value of 3.99. Thus, the nulL

hypothesis nust be accepted.



65

Addition &
Subtractlon

o
F¡
cto
E
õo
+t
qt
5.r?
õ

25

24

23

22

2L

Tab1e ZL

Geonetrle Conparlson of AdJusted Means of the
Polynonial Tests for Connbination Effect

\
\"

cs\:-_

-.rl

A à 1I+.4

v,

ã23
oã
ø22o
{)
u,¡lrn2L
õ

20

Multiplication

of Sex and Age

Divislon Total of
tests

A < ltl"t+

- A<14.1+ Aà14.4
Age

: = = === :

:---- Girls

65

6l+

63

.ql
F:
d
G'
E
õo
Pg,

.n
6

:;l

ïl

a
É
do
E
rto
{)qt
á.r?
õ

I

4

Age



66

Tab1e 22

Analysis of covariance of the porynomiar Test scores
for Combination Effect of Sex and Age

Tests
Degree of Freedom Mean Square

F
beüween within between within

Addn. 8¿ Subt.

Mult,

Div.

lotaI of Tests

1 6t+

t6h
1 6t+

1 6l+

4. l¿l hj ,l+2

-1.01 6]-.6/+

37.h9 50.83

Iþ5.7L 377 .61

.Lo

-.o2

.74

.L2

The table value of the F ratio at the .O5 level ofprobability is 3.99.
l{one o$ the F ratios is significant.

ANALTSTS OF COVARTANCE FOR THE CO¡IBTNATION : , .. .:0F THREE FACTORS ,,,,:,,,,';.,,,,,,,,,

Each hypothesÍs for the combination effect of three '',.'':,,:', "'''...:..t ...

factors will be d,iscussed, i.n turn below.

Hvpothesis ?__cornbinatlon of se>L Age and rrea_t,ment 
:,¡,r,,,..¡,:,;:,

There is no significant diffgrence in the means !'.,iì,'.,'.ì.'

. scores of achievement among stud,ents of one particular sex-and-age-

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

treatment combínation with respect to their perfornance
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(a) on a test of the addition and subtraction of
polynomials,

(U) on a test of the nnultipl-ication of polynomials,

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

(d) on a total of the thtee precedihg tests. '

Table 23 provides the means and covariates for all
cells of a particular sex, age and treatment. None of the

adjusted mean differences is statlstically significant
. at the .O5 levelo

Tab1e 2l+ presents the analysis of covariance of the

adJusted mean scores of the groups. None of the F ratios
exceeds the table value of 3.14, Therefore, the null
hypothesis must be aecepted. .

SI]MMART

The size and distribution of the sample nere

described and corelations of the control and dependent .....,:.,
.':': :: :'.:

variables were made.
''.'

Tab1e 25 summarized the means, adJusted means and, .'

the nunber of students in each source of variation. Table

26 suramarized the analysis of covariance for all sources 
.,., ...,...of variation.. .

The results in the two tables indicate that there

ì
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Tab1e 2Ir

Analysis of Covariance of the Polynonial
for Combination Effect of Age, Sex and

Test Scores
Treatment

Degree of Freedom Mean Square

Addn.

MuIt.

Div.

TotaI

Tests

of Tests

2L.2L

15,88

.22

6j.6t,+

I+3.1+2

6L.6h

50.83

377 .6L

2

2

2

2

6l+

6lþ

6\

6lþ

.49

.26

.00

.17

beüween within between within

The üable value of t,he F ratio at the .O5 level of
probability is 3 .Il+.
None of phe F ratios ls significant.

are no slgniflcant dlfferences traeeable to treaüment effects,
sex effectsr âBê effects, or interactlon effects. therefore,

all nul-l hypotheses were accepted.
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Chapter I

SUMMART ANÐ CONCTUSIONS

SUMMART

The purpose of this study was to examine the

effectiveness of traditíonaL homework and post-homework

discussion on mathematic achievement in polynomíals. A

secondar), purpose was to determine whether age and sex of

the students were factors that affected achievement,. The

questions raised,in this regard were:

(1) fs the¡e a sígniffcant dífferenee in the aç:_hievel

ment of students with ho4ework -compared to those who have

none ?

(2) Is the process gf dþÍng the work at home the sig-
nif-icant factor on achievement?

ß) fs ühe post-homework dÍscussion at school the more ,i,
._:_ rr.-.t..

important process ? -' : :,
1: .'

(r+) fs Íü the combination of tfdoing and discussingn

that is essenti.al? ,

it.t,t-'

achlevement ? '-:"-':

(6) Is the sex of a student a factor in mathematic

achievement?

72
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A review of lÍterature indicated that a limÍted

number of experiments had been done on the effectiveness of

homework. Some of the studies were inconditer_others were

outdated, and those which were recent and well-desÍgned had

contradictory findings.
Ä sanp3-e of seventy-ni.ne grade IX students were

involved in the study. These students lÂrere members of three

intact classes taught by the vice-principal. One class was

'assigned t,o be the control group receiving no homework vrhile

the other two were the experimental- groups. One experimentaL

group received homework with answers while the other receíved

homework with answers and extensive discussion in class.

The following control variables vùere obtained,: I-Q.

scores and scores on the Arithnetic Test and the Structure of

Nunber System Test from the Cooperative l¡lathematics Series.

The independent variabl-es Ìtere the three treatments,

âB€r and sex, while the dependent variable was achievemen't

in polynomi.als lleasured on three teacher-prepared tests.

To alLow for variation that existed among the groups

in f,Q. and mathematic achievement and. to allow for intact
groups, the analysis of covariance statistical design was

utilized. ,

SUMIIART OF FÏNDTNGS

1. Achlevement scores did not differ significantly
among the three treatment groups.
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2. Sex of the students was found to have no sig-

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

4. The conbination of eny-two^or three of the
above factors had no significant effect on
¡nathenatic achievement' .

TIMITATIONS

As mentioned in chapter I, generalizaüions from

the fÍndings of this study are limlted by the non-random

sampLlng and intact classroom groups, the population from

which the sample was chosen, the índependent variables

that were used^ and. the mathematÍcal toplc used. The

validity and reliability of the measuring instruments

used. must also be considered as limitations'

These limit,ations must be considered with respect

to any conclusions based'on the findings'

CONCTUSIONS

AIt students t{ere taught the same concepts, with

sLigþtly varying amounts of work assigned to each class'

The following conclusions are apparenf:

1. A comparlson of achievement scores in polynomials

Lnd,icates that those students who had homework did not excel

thoSe who had none, and, vice Versa. The comparJ-son suggests:
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a) Dolng the work assures the student of a hfgher
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 progranme_ or to allow
for differences of character among the classes . ':.

c ) A teacher has some justification in telling parents
that if assignnent,s are done in class, homework
should not be necessary. The teacher can suggest
other forms of homework (enrichment) if parents
lnsist on homework.

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

ity for either the homework group with answers or ühe home- "'

vlork group with answers and extensive discussíon in terms of

nathematj.c achievement. Thus, extensive d.iscussion is not :

necessary ir.l the homework process; the availability of answers

and brief student-initiated. dÍscussion are alL that is needed.

3.There1snosignif1cantdifferenceinmathematicachieve-
ment between boys and girl-s. Thus, within the honework pro-

cess there is no evidence to support a common belief that

boys are more mathernatically ínclined than girls. 
,,,,,

l+. The fact thaü younger students did as well as older 
:. ::

süudents on the tests in polynomials suggests that the topic

of pol-ynomials is appropriate for grade IX students.

RECOM¡.MNDATIONS FOR FIMTHER RESEARCH

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

2. A follow-up study involving a larger sample
drawn from a more inclusive population would
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Iikely yÍe1d results that would enhanee the
reliabÍl:.ty and validíty of the present süudy.

The present study could be modified to treat
I.Q.'as an indepändent variable. Several
researchers have suggested that high I.Q.
students do not need homework while low I.Q.
students require it.
Another investigation could examine the effect
on achievement õf 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
variäty of topics in mathematics, for several
grades and for other subjects.

A simÍlar1y designed study could be made using
suitabl-e standardized tests to measure the
dependent variables.

The present study could be enlarged !o four
grouþs, the extra group being a nol-homework
þrouþ wfrictr receives no work at all' This
ðesiþ would determine with greater reliabil-ity
that ühe doing of the work is the most importanf
factor foFFccess in the topic.

'.'./..'.,..:.'..:.' .,:'.. 4 .

3.

4.

5,

6,

7,

8,
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A. Addition and SubtraetÍon

Baxter: P. J.53 Nos. 3, 61 7r 8

P. i-56 Nos. 4, 9

P. L57 Nos. lO, 16

Nichols: P. L03 Nos. 8-26

P.. 109 Nos. ?2-35

P. 154 Part B, Nos. 2L-t+0

P. L57 Nos, L-Lz

P. t+01 Nos. 4, 5 , 6

B. Multiplication '

1. Monomial by mononial

Nichols: P. 109 Nos. 38, 40, 42-51+, 57, 58

P. 113 Nos. L3-L7, 28-3L

Þ. L53 Part A, Nos. 1-10

*Oon"oa Theory:

Nichols: P.?O Nos. l-3i3r38,;-,52

P . 72 Nos. l--17

2. Mononial by a polynonial

Nlchols: P. IO9 Nos. 38, 37, 3,9, .l+L, 55,
59! 59, 61-81

'P. 119 Nos. k5-52

Þ. Lt+T Nos. 7tt.-87

P. L5? Nos . ]iS,-ZO 
\
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3. Polynomial

Nichols:

.¡,
f

Baxter

Division

Mononial

Nichols:

*extra questions done by homework groups only.

P. I58 Nos. 51-60

P. J-59 Nos. 66, 67

by a polynomial

P. 372 Nos. 1:4

P. 37 4 Nos . 23 -21+, 4L-l+6

P..)77 Nos. l-16

P. L74 Nos. I+r" 5, 6

P. 177 Nos, 7-12

and Rational Expressions

dlvided by a monomial

c.

I.
P. L82-3 Nos. 27 -53

P. 189 Nos. 27-29

(a) Multlplicatíon of Rational Expressions

Nichols: P. L7l+ Nos . I? -28

P. L78 Nos. L-zh

P. 189 Nos. n-AO, 3g-t+L

(b) Divlsion of Rational Expressions

Nichols: P. 188 Nos. L-22r 26

(c) Additton and Subtractlon of Rational Expressions

Nichols: P.:-.9l+ Nos, 23-57

(dl Complex Rational Expressions

Nichols: P.198-99 Nos. l-42
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1n

in

2.

3.

Pol-ynomial divided
Appendix B.

Polynomial divided
Appendix B.

bya

bya
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ALGEBRA WgR[SgEEq N0. I

I) Circ1e like terns 1n each polynonial

a) x + 3y - ?, + y

b) 2ab - ?ac + 4dc - bc

c) ab l¿þ+?cd cd
-t^tl?d) y._Zx.+t+. jy'

e ) 2^262"2 5^262ç2 ¡ 9^262"2

f ) 3m2n2- 4nr¡2 + Jm2r,2 2m2n2

g) 4cot gcott+6eot
h I 1¡g,5nt+x) 6^5nhx2 + )nh¡tl+x3

, 2) a) 8s b) -2mno c) tzcïaa d) -3^2y3 e) L7x2r3

-3 s -8nno -t0c3¿2 -^2Y3

Lz s 5mno -"3a2 5^2yj

Ð Add follbwing monomials:

-6*2yj

a) 5a+2a+ (-4a)= h) Im+lm+(-1m):TT6'-

d) r5îs2 + (17rs2) = k) o.5n * (-2.3n1 =

e) -L7x2{+lJxzy} = I) 2.32ab+ (-4.Iab}= 
,ì,.,

f) 7m+ (-ir) +zn= n) 2.5?a+ (-1.37a):

g) -3^2d + (-nn2¿) + 62¿ =

*2yj

b ) -8x2 + (-¡;Zx?l =

c ) -3my + IlnY =
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u,-"--; .

ALGEBRA I,IIORKS¡{EET NO. 2

SinpJ.ify: Add where possibJ-e

a) tOx+5x-7-
b) jn? _ ho,? _ 3bz :
c ) -8m2n 6rvß - 3mrt2 =

d) -8d + 7c - 6d - 4c + d -
e) åa + 7n - 6m + 1å a =
f ) O.5mn + 0.13nn + I.7nut :

;i î::':";: ':::a 6'3^2n:

i) -Im+Im- 5ø=TZ6
j ) 6n2a3 5n3a2 - hn?ai - im3d2 =

k ) Tn2n 6mn? jm?n _ gmn2 =
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ATGEBRA.hIORKSHEET N9. 3

PoÌynoníal Additlon

f 1) )x+t+ 2't -8+c 3l l+r+7s 4) a -3a+5
Zx-l 3-?c hr-7s -5a-2

jl z5x-Loy+22 6l xi -*l*2x 7) ^Z+ b?
-LZx + v - 3z 3¡'--: 4x :.ai - ?bi + 3c3

II Add:

a) (z5x - tov) + $x - 2y) + (-3x -5y) =
. b) (x3 + x2 - 3x) + (3*3 j*2 + I+) + (-8*2 5x + 1o) =

. c) (fOy2 + 5x - 6r¡ + 8) + (8xe - 7x - 5yZ - 7t =

d) (l+x 5y+6)+3x-?y-7) +(-Lox+LZy-2) =

e) ¡im?n-î,*rr?) +(6rnn2-3nzn) + (-4n2n 6mn2)=

f) ßv2 + Jyl + (yz 8y + 5) + 0y - 10) :

s) (zyz + lJy + il + (v2 - 8y + 5I + t-.lvz - ?y - 6) =
h) (1* t 2y - Lù + (l* - Iy - l") + 2x - Iy + Lzl =E-T Z Z F T 7 T 6

1) (ä*t-:l +9x-y+y)+ t6-y+'3t =



ALGEBRA WoRKSHEET N0. 4

pglv"o*i"f S"¡t"""tiS!, (all n-n signs are nnegativeso)

r a) -3xy b) -l*7 c) *7v d) 15m e) 5nn f) 4*7v.5xy. -7x" 8x'v fu -7mn -x'T

s) tw\v| h) -lã*l i) %2 i) ^3n k) -xf,

.

rr a) 3xy-?x-3y bl %2+hx?+x c) Llr.x-L5y+ 3
-5x:¡ ! 5x - -2y -]..2x) - x. + 9x -3x - 3y - l4

d) 4x-7y+32
-ax*5v-22

IfI a) (l+x - 7y + 3zl (3x + 5y - 2z) =
u) (l+n + 5n - 3p) - (-,Zm + ln + Zp) :

'^
c) $uz _ 7k + Bi

d) (3*2 5x-3') (-Vxz +[x- il =

e) (-4n+8n.5p) ßø-7n+5pl =

f ) 4m - (ln + 2p) (2m + 3n) ;- (zp 6n) =

s) &5xj - Szyl - (-t?x3 8¡y) -
h) I (6x-5il -(-4y-32)-(z-8y-6x)
i) (5a - 30b + 7rc) (4a + 3b 5c) - (6Oa - 3b + ttoc) =

j) (6n + 5n - 3k) - (5m + Jn + 2k) (m - 3n 5kl =

92
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ALGEBRA I4IORKSHEET NO. 5

I. (alL n-n synbols repíesent negatives)

a) 3.7.x b) o.51x c) '3.576n2 d) l.oozx+h,gzx 3. 7x _7.2 m? .ggox

e) Ui f) -.1x s) 0.3x-0.6y h) :rx+zy-:rzl^ 7 ¿-- 
z

W3 +rx ?x+ r-y -I+x-Ty+Lz ,' ,,

26-E-Tr_
fI. Remove_Parentheses and Simplify:

, a) (¡x-3y)+ßx-zvl +(-7x+2y)=
b) (sx-3¡ (3x-z) +(Bx 5't =

c) (7x3-3*2-51 ff)x3-3n2-l, + Qx3 -10)=
d) Jx-fzx-3 (3x 5)J-
e) 7x-þx ßx-7)+2x+Ù:
f) 5x?? (3x-?) (8-10x)=

'' as) ey -[e - ß - 6y - (7 - Zyt + þ7 - 3) =
h) tùc - {v"+ ff,lx (5x - 3o)J - jl:
f) x - fr - z7 - E - (v z)J - E - þ - xl/
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ALGEBRA hIORKSHEET NO. 6

I. Renovq Parentheses and Slmplify:

a) (!x + ry - lu) - (?x- ly - Lz)=ZT9T7
b) (3.6x - 7.5y - 3.42) - (-2.8x + 2.5y:3.1+z) :' ' t .-rlc) x - b - þ - trp)J - lap - /p - x - (x - yüj =

d) lx -/to -t"l -iu -ty-rx\=v (í 77 \t- 7 r-
e) øo- (4q+ uÜ-Ep (-zz-lq)J-Ep* (q -r)J:
f,) 6- (u -c)J-fi+ (c:^)J-Lf - (a -b)l:
s) ß- (v-z!7+/T5x+ (roy-+")l-õov ßz-Zx)J=

''. '.:, -'.: : :



il"-t

95

Dlvision of Open Expressions

f. Simpllfy all answers: Reduce to
answer is

a) 5oa3bç5 : d) ?ab2c =

lowest terms if
a fracti.on.

s) (-3a2vl3 =
9a5a2-5a?bc

b) -75*7v8r9:
-ISxiYt+23

21ab

b) 24to* =
?Owrry

f ) 8*2y9 :#
-tr*)y+

h) -(-8b2)2
-4b3

i) -(-o.2u7)
4a2u7

f) ]-2+ 18x=---:r-
. .?? 2?g) 7x'y' - ]-l+x-y* + Z]-xv

_Try

2'2h) 5Lx) - 3hx- + L7x =
I7x

i ) o1.r7 + q2v? - aov3 ==

13y2

^j) ßx" - zxl(jx - 3l
3x

Multiply nunerator out flrst.

II.

c) -60"4b8.12 :
h^2a2"2

6x + l+xT
Lht + 4z

a)

b)

d ) 9*2o3 - L8*5u6 =
-3

ô
e) 3xÉ-6x+?,7:

-3
Hint:



Mathematics IX: Long Division

copy and do the following questi.ons in your notebook:

1) 3x-7 lrs*t -41x+14

zl lrx-8W

31 2x+6 l4*" +2x -30

E*+i;!iiü.ij 1. .

96

4)

5l

3x-l+

2x-7

6l zx-h

?I jx + j

2t6f -zjx'+zg*-Lz

zx3 -9x +5x+T

B*3 - 6t+
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Revf_ew:

I. Substitute
, OPERATIONS

a) (3x -

b) (3x -

2(x-y) =

u)2 .-

when x-: -I

whenx:0.1, y
z = O"2

when x = l,z'

c)

andY=-2

= 0.I and

v)

2y+

a
c) 3x(x-y-z) - (x-Yl' =

II. Subtract

b) -3.8x
-5.73x

V=-1 . Z=L.-2'T

a ) 3.7x
1.95x

d) -7x
6',

lx
E

1x
z

-5x
o

ÏIT.
(3x - t + z) - (zx - 7y - 9z) + (x - zl =

(?ox - 83y + 101) - (-zzx + 7Ly + l29l =

E* - ?2y - 2.321 + (¿x + br + l,t+5zl =ZETT
* -{z - frv - 3x + (7 - sùJ + 3xì =

2x - ffx - (3x + t)J + frs n - *x)J =

3,5x - l-ZSv) - ß6x - 17y) + (-r8y) =

Sinplifv

-

a)

b)

c)

d)

e)

f)
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Math Grade Ni.ne:

L. Slnplify: Leave no brackets in answer. Perform
necessary operation.

a) (-O.l+) (0.3) (0.2x) =

c) (A + 2) A -
d) 5x - (lx - z) :
e) 5x+ (4x - 3) =

f ) .x - y (z + w) =
g) w(x+Y+z)=

i) (x+2) (x+3)=

J) (3x) (2v) (-t+) :
k) -3 (x-3)=

ô 212
1) (.2x'y)l =

II. ïf A = O.ol and B = o.2r t,hen 342 - 2AB + 92 =

(substitute in values of A and B and evaluate)
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Simplify fully: Perform necessary operation.

a) (-jx?'l Qxy'lGz å f I =

b) j*2yi (t+x-zy):
c ) -2 (6x) (¿rx) - x (z -3x) =
d) 3*2 - x (3x + 2l':
e) (2x-41 ßx-5) =

^r) G?*31 G5 xzl (2 x&) =j2
e) Qx - 312 =

n) (-z *213 =ã
i) Qlt*2) (,04 *3)2 =

i) t (8a + L2b) -2 (3b + a) :
4

t<) (x-z)(3x -2x+3)=

n) ßz* - 3l (2x + 3)7 - ß* * l) (x + 4LT =

n ) fia - I+(5a 5b)7 + fiza - t+ (a - b)J =

:.:.:.::':,:i¡..-
;.:-" ' r': 

::; -:' t,:



r) 38Q"6 - r9*&y8 :

¡n) 3x

n) 2y-3x

o) 2x - 3
Ilr¡p, r o ãe E
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Beview of Rational Expressíons and Dlvision

1. Simplify:
. A o 12a) -LJx"Y>2" : i)

3x2"3 
^tt

b) 2 + ä =xt
c) b* g=

:'x
d) æ-. -8.;=

?x+3Júë;åL:
3 ,.ìì 5

-r,rufr-=
-8xloyr

j)

k)

xz cj

f)

e) 2x - 3 - I-L!:
23

I t[x¿ - 3l+x + 15 =

(1 -5)

2x

-7i--x¿--Ã-
c"

?)l5x' - lOx- + 5¡ =
5x

3+2=x-2 x*2

s)

h)
z +I z+\SS

=,zx3vl12 
:

Jg*zyh

-5
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Aleebra Test I Name

1) An open expression like L2x2 + 3x - j fs called

a (n) . An expression like -?x2 -ZyZ

is calLed a(n) . The sum of these

two expressions is

z't The polynomi rt"-.3*2 (-e)x - 3y3 + Ty3 - 13 has

terrns.

3 | The opposite of -.2.,1 + Lx is
2

l+l SimplÍfy: (leave no brackets in answer)

a) 3x - (2t - 4) =

b) 3- (-7x + y) -.2t' =

c) I7x + (-7v + 3) =

d) 8x2 - 2x + lt+x - I =

6) Subtraep

a) 19.2T :091y b) $ - iy + LJz - 2
7 .9?x - 8.2v Z

-lf-3Y-L5z+2
2
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7| SimpLifv fullv

a) (3ox - ?gy + eB) - (z7x - z6y - 25) + Qtrx + Z:.¡y - zzl :

c) Tx -(t" - fr + 0 - 8yt - zl - r*) :

S) Evaluate: nRemember Order of Operationsn

a) 3x ,*-rl' - Zxy when x - 0.1 and y :'-o.2

22u) (3x - v)- (y - x)- when x = -1 and y = -?ZT
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$impfi-fv fully
r) (z)h =

T

zl (.o,rl3 =

3l (mr¡4) (rnn5 )(r2r) .:

4 ) FGtl?5 =
at

t) -j" :
6) a.^2"3 :
7') .(r3 )5 :
8. t Qx) (-.sl -
g. (x-7)2 =

10. (7 -x)3=
rr ) +*2y3
tzl ß-,2)

Name

ßxzy - z*yZ) :
(-a) Gb)f

3t ) (.oux2o? ) (- ,zxrz )2 :
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AlEe.bra Teq! 3

Test on Division and Rational Expressions

I. Reduce the following fractj.ons:

a ) tt},x3.''_¡r

6Ox'

ff. SimpJ-ify fully by performing indicated operations.

a) W. þ.dz =d3:h2

b) '8A5 + LzAzw&
c) J*bZ:

b3

d) b.-2a-9 =

33
e) x*(-1:x+7x-l+ =

3x 3x 3x

f) a + 4 - 2 - 4a :
32a

g)?x*{x:
x-2 x*2

b ) (-z*2 )3 :
(Itx)2
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ro7

rïï. SÍmBlÍfy following complex fractions
h) x - L

2T

Divide foLLorrying expressions :

a) 27y,J -:.;8v2-W =
w

-

2x - 4f8x" - 10x - Lz =

5x + l* l].,ZSx' + 6b =

fu1ly:

i) x-x
7F

I
7

ïv.

,b)

e) +
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Arithmetic | ¿O minutes

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

A product
B sum
C quotient
I) difference
E average

2 lühich of the following describes ho\Ã¡ to find the
average of a group of scores?

F Find the sum of the scores and divide by 2.

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

H Arrange the scores from loivest to highest
and select the middle one.

J Take half the difference between the highest
score and the lowest score.

K None of these

6 Which of the following is not evenly divisible
bv 8?

F6
G8
H ¿10

J72
E 104

7 F¿ch of the numerals listed below reoresents a
number of feet. Which numeral most riearly rep-
resents the height of an average American man?

À .059
B 0.59
c 5.90
D 590
E 590

Questions 8 and 9 refer to the line below.

The point halfway between W and X would corre-
spond to
F4

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

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

A6
IB 7'=zc9

Dl0
E No such point can exist.

&28
974
86

7280
763

ffi1
19,838

20,828
20,838
20,928
20,938

What is the inverse
division?

F Addition
G Subtraction
H Multiplication
J Division
K None of these

operation used to check

5 \{hat is the ratio of I inch to I vard?

tol
to3
to 12

to 24
ro 36

c4
H5r+
K6

A
B
c
D
E

A
B
c
D
E

Copyright @ 1962 by Educational Tcsting Scrvicc, All rights rescrved,

Go on to tbe next page.



l3t0 What is the grcatest common divisor of )4, 40,
and 120?

F2
G4
H8
Jr0
Kt2

Which of the toltowing is not equal to 
f,.?

A?
B#
cå
Dåå

E#

-3-

ililillf
iÈ*&o

Three of four identical measuring containers are
filled as shorvn above. lf all the liquid in the three
containers is poured into the empty container on
the right, what fractional part of this container
will be frlled?

IA iit
ItB3;
1c iit
oDm

EI

110

lilhat is the smallest number '¡'hich can be divided
evenly by each of the following numbers: 4, 6, 8?

448
832
c24
D16
Et2

l1

IM )of 20 is the same as i of

F5
Gl0
H ,f0

J60
K80

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

I. Addition
U. Subtraction

ilI. Multiplication
ry. Division

F IandII
G I and III
H II and IV
J III and IV
K The rules are different for each operation.

15

Go on lo the next page.
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t6

IFå
IGã
)Hã
IJ;
RKã

A bank clerk reported that the number of Sl00
bills in the vault was 10,003. About how much
money is this?

A $r,000
B $10,000
c $100,000
D $t,000,000
E $r0,000,000

I
ft is the same as

F .0075
G .0133
H .075
J .1333
K .75

4
+r3å

,r]

,r*
23

,t*

,t!

111

36
521î-1872

To make the answer in the example above four
times as large as it is, you could change the
number 187.2 to

F 208
G 468
H 936
J 394/.
K 7488

Which of the following will produce an even rvhole
number no matter what whole number is put in
place of A?

I.2XA+I
II. 2y.A+2
III. 2XA+3

A I only
B II only
C III only
D I and II only
E I and III only

Which of the following shows the correct meaning
of 4072

F (4 X ten) * (7 X one)
G (4 X ten X ten) + (0 X ten) * (Z X one)
H (4+0+ 7) X (onehundred)
J (4 X one) t (0 X ten) + (7 X ten X ten)
K (4 X one) * (7 X ten)

IIf the scale length of 4i inches represents an
1

actual distance of 72 miles, how nrany miles does

the scale length of 7 inches répresent?

A2
856

Ic 74;
¿

D tt2
E 504

m(3-Ðxå:(Ð

2l

t7

22t8

l9
23

A

B

c

D

E

Go on to the next page.



ß24 456.7238
f1 1t1FG HJK

In the above numeral, which arrow points to the
hundreds' place?

FF
GG
HH
JJ
KK

Which of the foltowing is between | *a lf

3&.292: a8.2 = (?)

706
76 3r
70.6

7.6
7.06

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

LTz

. -5-

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+\ß=e)
Ail
B19
c24
D35
ErÆ

Between 8 a.m. and 3 p.m. the temperature rose
251 If the temperature at 8 a.m. was 10" below
zero, what u'as the temperatu¡c at 3 p.m.?

F 25oabove zero
G 15"above zero
H 5oabove zero
J 5o below zero
K 35obelow zero

f, boy saves i 8 dollurr in 8 rveeks. If he continues
to save at the same rate, horv many rveeks will it
take him to save 8l dollars?

a13
836
C ,t0

D7l

29

25

30

A?
Bl
c3
D+

E;

2r;

F
G
H
J
x

27

Aæ
870
c90
D r80
E 240

E ttrå

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

F The divisor is smaller than the quotient.
G The remainder is smaller than the divisor.
H The quotient is smaller than the divisor.
J The remainder is smaller than the quotient.
K The dividend is smaller than the remainder.

Which of the following will never.change the
value of a number?

I. Multiplying it by I
tt. Dividing it by I
tII. Multiplying it by its reciprocal

A I only
B II only
C III only
D I and II only
E I and III only

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

(7X3)+(7xe)
(7xe)+(3xe)
Q'x3) + (3 x e)
7 X-27
2l+9

35
2A-B
3'
4c-D

In the figure above,

length of AB _ ,r.,
iëñlth o-rcP - t'r

113

36 Which of the following is not in descending order?

F 4.04, 4.004, .404
G 2.t, 1.2, r.r2
H .06, .009, .r0
r 13.2, 12.3, 12.03
K 736, 63t, 36'Ì

Questions 37 and 38 refer to the graph below.

Population of the United States in Millions

37 According to the graph above, the popularion of
. the Unit.'d States in 193-< was abcut

. A 127,000
B 1,270,000

c t2,700.000
D 127,000,000

E 1,270,000,000

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

F 1,500
G t5,000
H t50,000
J 750,000
K li500,ooo

Go on to the next page.
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F
G
H
J
K

A

B

c

D

E

I
2
I
3
2
-3

3
1
5j
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4339 What is the ratio of 2 gallons to 3 quarts?

A 8to3
B 3to8
C 3to2
D 2to3
E lto6

What per cent of the figure above is darkened?

Ft2
G2s
H48'J50
K52

41 A cuttine edee .004 inch thick is four times as

thick as ã secónd cutting edge. How many inches
thick is the second cutting edge?

A .001

B .0032

c .004
D .016

E .04

42 2ftois equal to the fraction$

)F:
J

G6
H60
J 150

K 600

In the figure above, the two bars whose lengths
have the ratio 2 to I are
A II and III
B IVandI
C IV and III
D I and III
E IV and II

The advertisement for a sale reads: "All books
reduced more than 20Çf." If two books each have
the same sale price, çhich of the foliowing must
be true?

F The original prices of both books were the
same.

G The original prices of both books were
different.

H The per cent reduction for both books was
the same.

J . The sale price of each book is less than 80/e
of the original price.

K The sale price of each book is more than 80/¿
of the original price.

¡O

Erutr

4

Go on lo tbe next page.
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45 Which of the following multiplications will result
in an odd number?

I. 3049
x643¡

Ir. 7W2
x3485

ilI. 6543
x3456

Iv. 8765
x3497

A I and III only
B I and IV only
C II and IV only
D ll, IlI, and lV only
E I, II, III, and lV

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

F20
G2l
H22
J23
K 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?

A80
884
c88
D92
E96

115

Of 28 students in a class, 25 contributed to the
Junior Red Cross and Ió to the March of Dimes.
Every member of the class contributcd to at least
one ôf the r-wo organizations. The number who
contributç.l to both is

3

t2
l3
l6
25

On an arithmetic tcst, Bill got 32 as an ànsu'er to
one problem. In working this problem, Bill's only
mistake was multiplying by 4 in the last step rvhen
he should have dividcd by 4. What is the correct
answ€r to the problem?
A2
B4
c8
D28
E It cannot be determined from the information

given.

Each of two whole numbers is greater than l.
If their product is an odd number, then their
sum ls

F an odd number less than their product
G an even number less than their product
H an odd number greater than their product

J an even number greater than their product
K a number equal to their product

Look over your work on this test.

48

F
G
H
J
K Ftu

49

¿t6

50

47

Gl¡rPloAx. PRINTED lN U.s.A.
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Slructure of the Nu¡nber System 4O minutes

Notc: In this test, if a numbe:' is expressed in any base except the usual base ten, it rvill have its base written
aftcr it and slightly below it.
For exanrple: 235*""n means that 235 is the expression in base seven for the number being used
in the question.

I If a 3 by 4 by k rectangular box has the same

volume as a 5 by 4 by 3 rectangular box, then
k=(?)
.À3
B4
c5
D6
El0

Which of the following are true?

I. 15736 + 7243 : 7243 +
ll. 15736 x 7243 : 7243 x

IIr. 15736 - 7243 :7243 -
IV. 15736 + 7243 :7243 +
I and II only
I and III only
II and IV only
III and IV only
I, II, III, and IV

3 The greatest number which divides evenly into
6 and l0 and 15 is

AI
B2
c3
D4
E5

rrVhich of the following multiples of 13 is also
a multiple of 7?

F52
G6s
H78
J9l
K t04

5 Which, if any, of the following numbers is
greater than all the others?

A 8XI
B2t
c42
D \/64
E None of these is greater than all the others.

6

-4-3-2-101234

If we represent two numbers, r and s, on the
number line above, r is greater than s if
F r lies to the right of zero
G s lies to the left of zero
ltr r is farther from zero
J s lies to the right of r
K r lies to the right of s

lf the two middle digits of 6248 rvere inter-
changed, the number would be

A made smaller by 200
B made smaller by 180

C unchanged
D made larger by 180

E made larger by 200

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

I.(x*y)fz:x+(y+z)
II.(xXÐXz:xX(yXz)
tlf.(x-y\-z:x-(Y-z)

F I only
G lI only
H llt only
J I and lt only
K I, l¡, and III

r5736
t5736
15736
15736

F
G
H
J
K

Go on to the ncxt page.



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

A2
B3
c4
D5
Et0

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

concluded?

F a X bcannot bea prime number
G a - bcannot be a perfect square
H a + bcannot be a whole number
J a X b is an odd number
K a * b is an odd number

How many factors does 24 have, besides I
a¡d 24?

A4
B6
c7
D8
Et0

The problem 8 - (-5) can be interpreted on
the number line as the distance from
F 8to5
G 5toE
H -5to-8J -8to-5
K -5to8

The inscription on the cornerstone of a building
has the date MCMXXVIII. If the building is

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

A MLMXXV
B MCMLXXXI
C MCMXXXVI
D MDCCCLXXV
E MLMXXXI

118

Express 26 as the sum of powers of 2.

F 2tt
G 27 +26
H X+2t+21
J 2. + 2t.+ 22

K 21 +23 +22 +2t

Which of the following numbers in base three
is even?

A lOrre
B l0l*,,æ
C lllrro
D l0lltr'-
E lllOm,o

1.1

t5

t0

lt

16 Row I
Row 2
Row 3

Row I
Row 2
Row 3

Row 4

12

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?

F Commutative principle of addition
G Commutative principle of multiplication
H Distributive principle of multiplication wi¡h

respect to addition
J Associative principle of addition
(. Associative principle of multiplication

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

A lt is divisible by 3

B It is divisible by 5

C It is odd
D It is even
E It is divisible by either 2 or 5

t7

t3

Go on to the next page.
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lvv
Considcr the sentence: "j(x + y) - ; + ä."
By which of the following properties is this
sentence tfue?

F Distributive
G Associative
H Commutative
J Closure
K It is not always true.

In which base is the fraction I written exactly
J'

as .3?

A Six
B Eight
C Nine
D Ten
E Twelve

What is the difference, expressed in base ten,
between 73e¡ç ând l4¡*.¡".?

F6
G7
H8
J9
Kt0

9_7
. 8_ó

5_8
7_5
6_8
4_9

1113
Above is an addition problem of six 3-digit
numbers with the center digit omitted. rùr'hat

¡s the center digit, if it is the same for all six
numbers?

A2
B3
c6
D7
EE

5006
7009

150-9"

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?

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

AO
B a numlrer between 234 and 571
C the sum of 234 and 573
D the sum of 234 and the product of 987

and 573

E thc produc¡ of 234 and 573

Wh¡dh of the following sets of whole numbers
is (are) closed under addition?

I. All those greater than 7

II. All those divisible by 5

Il¡. All those less than 100

F I only
G lI only
H I and lt only
J I, tl, and III
K None

¡ltEr îvr tt7
lrVhat is the lowest common denominator of
the fractions above?

A 2X3
B 2X3X5
c 2x2x3 x7
D 2x3x5x7
E 2X2X3X3X5X7

22It

FA
GB
HC
JD
KE

t9

23

n

u
2l

25

Go on to the next page.
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If 3. 5.7. 17.29. 3l.j : 3. 5. t7.29 - 3t. 77,
then j = (?)

F7
Gil
H15
r2l
K33

A number is a multiplicative inverse of another
number if the product of the twó numbers is l.
Which of the following sets of numbers is the
same as the set of its multiplicative inverses?

¡ {r, z, ¡}(r
¡ ir,lÌ( ¿l

c {r, z, -L}l¿l
o {2, t,5, I,l}( ¿¡.t

u {2,¡,3}tÐ

rilhich of the following does not rcpresent a
whole number?

" 
t-4- 2-2

n 8-4
" 4=,
w 8+¿" 4-2
' E*4' 1+2
* 8*4^ î11,

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

AO
BI
c2
D3
E4

_-:,,.: .. : .

120

lf x is an integer and 
* 

1 ' ,, also an integer,

then x could be

F any negative integer
G any positive integer
H any even integer
J any odd integer
K any multiple of 3

In the product3 X 4 X 5 X 6 X 7, a decrease
of which factor by I would result in the greatest
change in the product?

A3
B4
c5
D6
E7

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.

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

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

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

K. 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. rvhat is
the result when the new sum is doubled?

A 3M,80ó
B 340,806
c 342,806
D 344,406
E 345,806

n

30

3l

32

28

33

29

Go on to the next Page.



38v lf p and q are negative numbers, which of the
following is true?

F p-qisnegative
G p+qisnegative
H pXqisnegative
J p+qisnegative
X None of these

If5 is added to both the numerator and denom-
inator ofa positive fraction which is less.than l,
its value is

À unchanged
B increased by l
C increased by 5

D decreased
E nearer I

Foghorn A sounds every I 2 seconds and foghorn
B every 14 seconds. They sound together at
noon. How many seconds later will they next
sound together?
F24
G26
H72
J84
N t68

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

T2T

7

What numbcr can be divided by a third of itself
to give 7 as an aoswer?

F2l
',Gå

H0'
?J;

K No number

In which of the follor¡ing bases is the com-
putation ll X l0l : Illl correct?

I. Two
II. Five

IIf. Ten

A I only
B III only
C I and III only
D II and III only
E I, II, and III

If m and q represent inregers, it is possible that
g2. o.: rs an rnteger when -: is not an integer. Which

one of the following pairs of numbers illustrates
this?

F m:2andq: 6
C m:3andq: 5

II m=4andq: 9
J m:7andq:)1
K m:9andq:12

I¡ok over your work on this test.

35

36

39

40

37

An
B2n
C3n
D4n
E5n
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Comparison of Means
- Polynomlal Tests

of Age

and AdJusted Means of the
for Combination Effect
and Treatment

L25

Tests

Add.n.
&

Subt.

Mult.

Div.

TotaI
of

Tests

Co-
vari-
ates

ï.Q.

A-AT

SNS-AT

1L2.36

33.86

L6.29

LO3 .7 5

30.25

1I+.50

M

AM

M

AM

No Homework Homework
with Answers

Homework with
Answers and
Discussion

ì t4. ¡*

21.79

23.25

2L.33

22.58

L7.h6

18.07

60.58

63.97

M

AM

M

AM

M
AM

A

mean
adjusted mean
age

à rl+.4A < 14.1{. A'à 1¿+. t+ A <14.r+ A < 1l+.4

24.8,5

25.28

17.75

2l-.lþ7

2L.72

22.36

24.29

23.96

26.71

22.95

20.11

2L.L6

21.61+

2L.58

L2.32

2L.7 5

16.00

19.38

1ó.1_8

L5.93

2L.21+

2]-.91

16.60

l.7.75

66.27

67.86

49.10

59.59

76.O9

65 .09

99.60

25.OO

L2.gO

LLO.35

30.29

L7.29

r18.82

37.59

22.21+

LLz.t+l+

3L.Ll+

L5.78
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Comparison of Means and Adjusted Means of the
PolynomiaL Tests for Combination Effect

of Sex and Treatment

Tests
N-HW IIw-A Hw-AD

Boys Girls Boys Girls Boys Girls

Addn.
&

Subt.

ÞT

AM

28 .I3 Lg .7 4

25.98 23.O3

26.35 2l+.1+2

23 .7 9 22 .5L

22.O5 23 .93

22 .3r 2b.58

Mult.
Þr

A¡{

22.1+l+ 18.05

20.37 20.97

25,35 23.50

23 .LO 2L.7I

22.5O 20.77

23 .Ol+ 2I.22

Div.
M

AM

22.19 L7 .7 4

Lg .go 2L.00

20.35 20.08

L7 ,95 18.93

L6.61* L6.87

L6.73 L6 .96

Total-
of

Tests

I{

AM

72,8L 5h.l+7

66.18 6l+.28

7L.96 68.00

6l+.50 6).o7

61.18 6L.57

6L.93 61.87

I.Q.
Co-
vari- A-AT
ates

SNS-AT

112,00 lO4.O0

35.38 25.37

19.38 1¿+.11

16, 08 ]..]-7 .L5

36.85 34.08

L9.51+ 20.116

LLz.55 IO5.33

33.9L 30.93

15.00 15.80

M - mean
AM - adjusted mean
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Comparison of Means and Adjusted Means of the
Polynomial Tests for Combination Effect

of Sex and Age

Tests
Boys Gir1s

A< 14.1+ Aà1&.4 A < 1¿|.t+ A3 14.¿l

Addn. M
&

Subt. AM

26.7 5 2? .92

24.3t+ 23.LO

2l+.71 L8.92
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