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‘KBSTRACT
The purpoee of the etndy was to develop a metery learning
etrategy ‘and to 1nveetigete the eftecte ofsthe etntegy on etndente ,
and their learning. Poeeible tenete of a netery learning theory “
a.nd cha.ra.cterietice of nstery leaming etrategiee were identified
by revieving the related literature. Baned on these chamterietice.
"a unit of content 'aa selected and beeic les.rning task ob:)ectivee ‘
defined 'for that unit. j‘omtive teete and corrective experiences
R ‘were developed for uee in a mastery etrateg,y. ) \i ‘ ‘ ) o
Six grade nine claesee in’one school were gdven various
' mequences the matery treatnent and a nonmetery:lreat.ent. over
"8 4 week pZiod. Mastery of the content waa defined for each basic )
lea.rning taek, e?ch subunit, and the entire unit. 3 |
The ‘results indicated that & higher ‘proportion of etudente |
who received only the uetery treatnernt attained netery at all .
levele than did the proportiOn of etudenta who received only the  ‘~
nonmetery treatlent. Both of these gronpe attained a greater
proportion of A gradee tm\n:a prevtonely ‘the case with these . _
etudente. ) :
The reeulte ot the etndy in general eupported the tenets of
| mstery 1ee.ming theory 1den“1fied in the review of the literature.
Achiev'enent tended to clueter eround the . oriterion for mtery. Ae;‘
tine vas inereeeed »OTS etudente mdiee.ted uetery of the taeke and :
individnel differencee betveen e’cudente end gmupe of etudente becne
enlh Studente ueing the -utery etrategy beoue lore efficient in
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thefr luming as {hey pi'ogrened through " the unt, Achievmnt o
| a.ny ‘point in the sequcnced unit uu mt predictod by achieuuntzon
the previoul point. Dch of those ruulta was in agreenent with |
metery loaming theory. ‘ 3

| The {indings repor@ed in thiu thests indicl.tcd that more
atudonts can 1eam what 1- taught “in the nchools than 1: pronntly
| the case. It was concluded that mstory learnigg atmtegieu uaing :
4fomtive toating techniquu nnd tﬁe use of - tine as & variable are

: viable onea for use 1n me\schools. '
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CHAPTER I
g

THE PROELEM .
| , -
" I. INTROUCTION
. That "jpdividual differences” exist between g = ?
@

‘ ,lcarners ifMndisputable. What is disputable is
that these variations must play a role in stident’

T . learning and mst be reflected in our learning

standards and .achievenent or, tcria. ‘The fact that
they do play ?\*ole in atud learning and are .

-'“?r - reflected in the standards is due to present - :

. exte éive research on such concepts as progrinmed inatruction. /

: Deeplte this concentration Qf attention on the {ndividual st at,

P
c

‘for only about one-third of our learners.

‘and rewarding learning experiences now aitained by only a few. Using

this mastery learning approach 1n a group-baeed claesroom, Bloom (1973a,

policies and ‘practices rather than the necessities - -'l" .
of 'the case- (Bloon 1971b),- . . | .

A
. fe—

During the preaent century nany studies have been undertaken

and many prograna devised which have attempted to meet the~ind1vidual

néeds of studenta in our &choola, 'Recent efforta(have included

Py

- nongra, ednesa. tgam teacbin&. and computer—aaaiated lnstructlon I

together 'lth the efforts of 1nd1vidual teadhers, achoolq. and school

systems: to devﬁiopfkheir own methods qf ind}vidualized instructlon.

from theapuplic for providing succesaful»ahd'rewa:ding'cxpefie

!

‘Bloom (1968) propoaed a mastery approach fo‘etudenf learning

"whlch He clalmed can provide almoat all atudenta with the succesaful

uJ 3

kD |
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1973b) 1aimed all or almost all Btuggnts can master what is taught in '

[

our scnools,'students can learn more material in 1ess tiﬂe, nnd they

will sHow greater interest 'in and attitude tovard the- Bubject learned.,

‘Tﬁis report together with a companion report prepared by’igmes Jeffrey

preserts the resulta.of a project in whick a maatery learhing strategy

w18 developed and carrieg'out ip the schools to examine the qiaims

stated above.

E . ‘9_' ’ ) .\(

D i.- ST;mEyénT OF THE PROELEM .

The main purpose of this study was to develop a mastery

'h ,J

: 1earnlqg straegy 1n ninth grade algebra and to- investigate the effects

of the strategy on students ead\theirYlearning. With respect'to this .

[ 4 .
_.purpose .. fo owing questions were asked. ' -

, instruction to the'suﬁmative test, to the postsummative test? Ao, T

I \the groupg under the mastery a;d nonmastery treatnsnts
dev1sed fHor this study differ with reapect to the proportion of
a;udente who attain mastery on-' o (&A

(a) the basic learni—_—thak object1ves9
S (v) the squnit objectives°
. (o) “the unit objeotiveo?
-~ 2e Areﬂ%herejdifferences_in'achievement betWeen studenta} o
underfthe méstery treatnent and atudents underfthe nonmaatery’
treéfnant on: > | | -

&0

-

(a) the basic iearning-tasks?

.7b)...the subunits? .
> subunit p

Le) ‘the unit?

N ' o ¥ : .
. BF\ Do changes -occur in achievement from the subunit of
. $ : . .

O .



.

‘44 Dnesa.relationship exist hetween.studentlsptitude and'the
attainment oi'msstery and if so, ‘isﬂthis relstionshiphconstant over .
‘the series of subunits? . | A

5'- Do -students-involted'wir the mastery treatment become
more efficient in their learning over the series of subunitsr

. A gecondary purpose of the study was 1o compare the results

obtained in this stugy/;ith accepted msstery learning theory. —)‘
s
-~ III. ‘THE NEED FOR THE STUDX

*’ .

The chances of success in the modern world are highly dependent

»

on both the quantity and quality of educstional experiences an

' _.individual has had together with the degree of success in these~

qxperienc%s. Bloom (1968) suggested that presentIy in our schools,
one-third of our students learn a great deal of whst we offer.
one-third adequately learn the material. and one-third either faif or.
just barely pass in our system. Many of. the adninistratcra. teacher
parents, and students involved in education accept this as a way o
qife, If our educative system is to kindle a genuine interest 3y
rurther learning and success in life, school 1earning must not e
regarded as_rrustrating and even,imﬁossible by a sizeable pro rtion
of-educators dnd-stndents; ‘There_existsva need to‘conrinlé all those
" involved in education thst uostfyouné people can learn almost allhof.

what is taught in our‘schoole'and'can’have successful educational
- ' . 3 . . - - ' .
experiences. . h _ ‘ '/ :

— Stra.tegies of teaching must be developqd which allow the

@

maiority of our students to attain success in the educational system.

These strategies must incorporate procedures where the teacher can

_ . , N
] . - . . .

*.
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‘ | o | : .
" concern himself with thehnanagement‘of learning.ﬁ Carroll (1971)
advocated the functions of a good teacher ae-'.
(a) to specify what is to be learned,
(b) to .motivate students o ‘learn it,
(c) to consider individual differences 'hile eupplying'}
instructional materiale and administering them at a rate suitable . -

" for each‘pupi'l,

. - S
(d) to ‘monitor student progress,

e

(e) to diagnose and rem}dy difficulties,

(£ ) te supply- praise an encouragement for good performance,

-

(g) } provide opportunitles for review and practice to
ensure retention over lengthy periods of time.' | -

The second need for this study then is to provide a strategy
where the te cher may exhibit these functions and where . most students
can dearn mo2t of what is taught in our schools. .

Seve 1 studies are discussed in Chapter II- which report
results -in support of mastery learning syrategies. However, there still
exists a need to replicate theee studies at different grade levele,v
over different content areas, in different~environments, and by using
. different methodologiee vithin the‘maetery.learning concept; The
third need of the present study is to provide a test of general results
‘of previous research on mastery learning strategies. ,

-« To eum-aride; the need of ‘the study is threefold.
1. To convince all those involved in education that most of
Lthe students can_iearn eimost elllof'whnt is taught in our schools, |

3

LR ' To provide an example of a working strategy where thiz

.- : ’
learning can be shown to occur.
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3. To provide a test of gene%al resulta of previous

—

' reeearch on -astery learning etrategiee.
|~
Iv. 'DEFINITION OF TERMS

a ,

Iaetegx: the attainment of a predetermined criterion.

5

Mastery Learnigg: learning defined in terms of naetery of.

o apecific aets of objectivea.

g;pgrience Oriented laetegz earning: mastery 1earning'-v

involving’ a classroom eetting in which the 1earner develops -

mathematical concepts hy means of active participation.

.Eg;ggtixg_ﬁgglngjjgn; a proceee of‘diagnoetic testing which
| provides imnediate and regular feedback to the atudent and the teacher
regarding the student'a progreaa during the course of inntruction.
| e Su-native Evaluation. teeting procedureo uaed R aeseee the
achievenent of each student for the purpoee of deternining a grade.
- Unit: the entire mathemstical content dealt with during the
»_courae of this study

Subunit~ : eubeet of the unit couprieing one-third of the
v

content ot the unit.

Basic Learning Taek~ a learning task, whoee-naetery ii;_p

fundanental to the maetery of the subunit.

Modei“

of School Lea v
Lg_;gigg_gg__; the behaViour required to proceed from
ignorance of some specified fact or concept to knowledge or- under4
etanding of it, or from incapability of performing some specified »
act to capability of performing it. _. :

Aptitude: the amount of time an individual pupil will need to

w
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N : !

'learn a 1earning task under optimnl leoruing conditibna.-

gggrtunity: the tine the learner is alloved for learning

anlity or Instruction' the degroe to which the presentation.‘

explanation. ‘and ordering of elemente of a’ taak to. be learned approachﬂ

thelopti-nn for aigiven lea:ner. Hf m}“j 'A."‘f 1’ s X

. o - %
. N . . ~ e

the nbdlity of;the
learner to understand the natnre of the t&ek he is to learn and the

.procedures he ig to follow in the learning of the taek.'-

ol Pereexerance-' “the" time the learner 1s willing to epénd

actively engaged in learning. B L ’ ' ¢ |
L S ‘ L

!

V. _nm.‘mmﬂxons"

1. The study vas delinited by involving only 1 junior high

echool. 1 grade level, 2 teachere. and 153 etudente.v -'c!

2. The study was delimited to the atudy of- polynomial ' -

eipiessions as preacribed by the regular program of studiea of the

o rovince of Alberta., S

S~

3. The study was delinited to the length of tine spent in

the school (4 veeka). et "

VI. oim.mE\op THE mnsis o

Thie firat chapter has given a brief 1ntrodnction to the'
“problem and the context in which it will be diecuesed._ Chapter 1X
discueses several attempte at the development of naatory~leatning .
- strategies anf euggeete characteriatica of such etrategiel together
. 1th poenible elements of a lsetery learning theory. Chapter III

describes the developnent of the muteri&ﬁs uaed in ‘the atudy together



‘ o A : \
wlth the rationale for their developmept.A The design oﬁ\the
} \ h/?
experiment. its procedurea. and the mathoda uaed to analyne the da
. are discuaaed in Chnpter IV. Chapter V reporte the reaults,
' interpretations, and conclusiona of the study.' Chapter VIlprovidee

,’h summary of the atudy. discussea the results and implications of C

the stndy. and auggents poaaible further reaearch areas to be atndied'

’

-/



_'CHsPTER II
THE RELATED LITHRATURE
1. NmomcTON Y
* The purgose - of tgls literature review is to consider excerptis
.from the history of mastery. ‘learning with the intent of identifying
characteristics of mastery learning strategies and the theory of
learning related to them. This provides a theoretical framework within
‘which the results of the present study are interpreted. Seversl
“attempts at mastery learning strategies developed throughout this
icentury are discussed as is Carroll's model of school learning and
BIOOm 8 interpretation of this model to a particular mastery learning
strate;r. Bloom 8 work and related studies are exsmined in gome. detail
'since the present study was.closely related to them. Pinsily. since
the present study attempted to incorporate an experience learning

approach to a mastery learning strategy, a brief section on activity

~1earning is included in this review."

II. ATTEMPTS AT MASTERY LEARNING STRATEGIES

ly attempt at teschingéfor mastery was the Winnekta Plan
initisted by Dr Carleton Wsshburne in 1919, Washburne (193?) believed
that a systém which required every student te progress. at the same rate
eonstra;red the'better student and frustrated‘the weaker one. His
.. plan divided the tasks ef,the school into two categories. The'first

consieted of subjects where mastery was considered to be



o

necesaary and included reading. ari%hnetic. Ianguage arts, and

. social studies, Thc second consisted of group and creative activities

- such as dra-a. art, and physical edncation.

In those classea where nantery‘waa essential, a yaare work
was defined as; "vhat the slowest, nornéi diligent child could
» accomplish. in one year". The child who learned faségr was thus able
i to learn at h18 own rate and could accomplii.gmuch more than this
minimm in each year. Sequences of inatructidnal objectives were
" written by the teachefs in the Winnekta uyttem and mastery was defined
in ferms of‘fhose objectives. Learning materials were also develbped
by the teachérs which wéré naually both self-instfuctive and
self—corrective. Commercial textbooka were eeldom used.

., A student worked t rough the naterials and when he felt he

~ had attained maatery on/a set of objectives,.he was'giv;n set of
exercises completg wit ansver;. If he attained f@g% of
the answers correct he wrote a unit test, otherwise he was required
.to do another qgt of eierciseb; The student always waé required,to
: éttain 100% mastery before pré}ressiﬁg to the next set of.gbjectives.
During auccessive sets of objectives, réviews were essential to keep
the facts fresh. |

Under the 1eadership of Washburne. toachers in the Winnekta
system acoonplished the many tasks required‘of them to keep the syatenv
functioning, howeve:;after hia departure ﬁany nﬂdifieationa occurred
‘in the syéfeu. Carroll (1970) pointed out that the systém was not a

completg aucceaa. probably becauae an adequate technology of

instruction 'aa not then availahle.

-,

-

A aecond attempt at developmdnt of mastory learning tecnniques -'

San
IR



wasg nndertaken by Profeesor Henry Morrieon at'the‘Universityiof

Chicago'in 19 6, ‘Morrison (1931) described his nastery formula as

"Pre-test,

it _ch. teat the reeult. adept procedure. teach. and teet

‘aga%%bto the point of actual 1earning . To Morrieon. like Washburne

befare him,. there was no question as to what: constituted nastery.

either you

" short of 1

- any glven

had acquired a piece of learning or you had not. Anything ,

00% achieVement on any learning task was not maatery.

Whereas Waahburne s concept ;of mastery was concerned with only

cognitive

objectives

objectives, lorrieon.s included affeotive and peychonotor

a8 well. To him life consiated of unit 1earninge each

.of 'hich had to be nastered before any adaptation was nade. Morriaon

differentiated between nastery and perfornance by describing‘the

applicatio

nof a learning product after mastery, in ita appropriate

use, as performance:

Mo

" a given bo

rrison recognized that if we expect each learner to absord

dy of content in a fixed amount of time, then we should

expect a wide range of perfdrmance. Thus Morrison allowed 8ll the

time a teacher required to bring almost all etudente to nastery on

benefited

task, .For the most part. all etudenta participated in the

~teeching process. es lorrieon felt that even the euperior student

by reteaching. At other times voluntary projecte end

other techniques were used to enrich the experiencee ofathe etudent

who‘had.at

‘used to as

tained mastery. A variety of reteachiné»proceduree were

sist thoee etudente who hld not attained naetery. These

included retedching the samne nsterial to all, individuel tutoring.

,).;,reetructuring activities, and redirecting etudent study hebite.

Morrieon'e techniques included many that later reeurfaced

AR EOR : “t

.....

Vs
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: with Bloom's theories. ‘l‘he pretest ne ueed to orient the teacher :

P2

and gave hin grounds for an 1ntelligent epproaeh to the roblen. It

also esta.bliehed in the minds of’ the pnpile a connection between -

R S

prospective lea.rning and preeent attninnente. As we ehnll eee later.~

Bloom 8 use ‘of&predeterlined objectives a.chieved sinilnr relmlts.

norrieon enphaeised that thc(\reeults of teeting were purely for

deciding whether the leerning task hn.d been mtered or vha.t |

" modification of teaching was l}'Leaded if the taek had not been metered.

The results were not used for a fiml‘""eppmiul of the atudent'

' 1earning. 'l‘his was consistent with the 1dene of Washburne end thone

| of forna."cive telting techniques’ to be diecnued la.ter. // - |
Skinner (1954) euggested that for an ind:l.v:ldnal become

' conpetent in any field, the knowledge a.vailable in that field mst . .

be Broken into large nun‘ner of very emll atepe and’ reinl‘orcenent

_ must be contingent upon the acconpliahnent of each step. Skinner

reasoned that with en.ll steps the le;.rner should giv faw incorrect

reeponsee thus the frequency ef cox:rect answers, and hence poeitive

reinforcenent would be a neximn. By nking the . steps enll and

v providing immediate reinforoenent, a teacher could. with the aid of.

v nechanical devices, aupervine an entire class yet allow ee.eh chnd to

progreaa at hia own rate, conpleting as mny problm as he could "

«

within the claee period.
v

Skinner produced several teaching mchinee. ‘611 of which
p‘rovind_ed.three min‘tea.tnnes: (a) small learning unity (b) imediate
' feedback, and (c) ‘al'lou.nce for sach leamer to progress at hj.a own
'rate. mrly teeching nchinee required the ltudcnt to select a

l
‘ -comct answer {rom a liet. Skinner dweloped a pachine where



' "vrite in" his omn’ mwer. «ma ‘machine ns' -

)

) nodif,%ed to provi ‘s -ecns where thc lea.rner could comct his -

re'-ponaes as he 'pro ssed- throug-h a unit mther than vait unt:l.l he

had conpleted it. | _ , i : e~
'mo chaructoriatioa of teach:lng nchinermntioned above a.re
11, 18 some extont. chancteristic or -utery leaming. 7'1‘he degree

| to which 1oarning taaks need %o be broken into- eiu.ner steps in a*'
) -hieﬁrcﬁiéal ftshion. and thn tine and frequency of positive
‘reinforcelent thtt is neceeury. renin as untmwerqd questiona'.v
Skinner appeared at one end of the contim\m. in that he advocated i
that the steps uhould be: aa smll a8 pouiblo and reinforcmnt .
" immediste and often.’ 'rh{s extreme stand, together with & very
‘ 'different <roie of the toacher, my h&vo resnlted in a reluc'umce to

~

accept Skinncr'ﬁ conceptu.
‘Bruner (1966) propoaed that any theory of instrnction has
"' - four njor feetuxea.f Briefly, & theot& of - hutruction should apccifyz
1. tho exporlencon which effoctivoly inplant in the
: individm.l a predispoaition tonrd leo.ming
‘2. the weys in which ‘body bf knowledge should be stmetured' '
so- that it can bo most retdily grasped by the loamer. oo B
"3 the nolt etfectivo nquonoes in 'hieh to preaent the‘ .
?uhrial to bo learned. . ' N
4 the naturd nnd placing of rewlrda and puniahunt in the

pMC” of 10‘1‘!\1!1‘ i.m wind i B - B i

.

-“"3’*‘_ Tho firlt featuro above vu diseuue@ by Bruner on the

: pred:lcpoaition te exploro altemtins. 'l‘hree upecta of this

-~

hxplor&tion. o'pnnist of activation, nintentme, a.nd direction. In



-
-

[
. k

‘ matery 1oaming stntegiea aotivation is a reoult of the learner

B having knowlodgo of who.t ho io expected to know and the auurtnce

.repreaqntation,of thq concept.

' schemeo ihich provide feedha.ck to the student.

3

that ha can lucoood in loarning the porticular tl.sk. Thue sane \{&

characteristics serve to keep the loarner nctivo in the process of

leaming a taak. ‘Diroction is given b} means of fomtive teating
-n l' ‘
Ror the learner to master a learning task it luut bq

R vt - ‘
stmctnred in such a way for _"y X ory to occur. aner indicated

n

- that any leaming tagk: oan be prmnted in/a form ai:ple enough so

+

tha.t any particular learner can underotand it. 'l'he ourriculnm
should involve the mltery of ukilll. in particular in nathm)ntica,
and those skilla in turn ahould lead to the ustery of still more

powerful skilla. Thio lod Bi)'\mor to. lmggest a spiml curriculum /'f' ‘

vwhere the tom uaed in any instance mut consider the mode of

present tion. its economy, and its ef'fective pover, with these facto&'a

diftering vith reapecf. to- thaages ‘and atyles ‘of .the learnera and the

A 'subject matter being coneidered.

Bruner recognized that.- tho aeqnenoe in which aw"indi\]'idual

\leamer encountefa mterialqmaffacte the difficultiea which he will’

have in a.chieving -ute#y Hﬁ%ﬁggvoted thot the optimn sequence

1:
‘ »«

for: most students, pmgrensq%; ome‘tin through iconic to synbolic

% a lotrner reachea Piaget's

- level of formal operations he my»ne_ed only.m‘bqlic repro’uhtation‘

- ) I ' : ’ . » e . . ‘
to master & learning task., Schulman (1969) poi'nte'd out tl'(at ‘Bruner

places the e-phooia in learning on procou and contmeted this
We .

"ponitio‘n to that of Gagné’ who sdggelto the enphasia be on productu.

. It ie with regard ;,to_t)'\i,o. poin:t tlig.t B;une:,'e bolief‘a oppoar to



diverge from’ those of maetery learning theoriate. !oet naetery

retrategi&e have attempted to use a hierarchihal notdon with respect -

g ,to the structure of the content and as a result the enphaeis has been'

. on prodncts of learning.v If Bruner 8 noiion tha% any learner can’

)
MR

acconnodate any taek at any ti-e as long as it is in a euitable forn ‘
” s
ie interpreted to mean that a learner -net poeeese some prerequieite

y \behavior then the application to naetery learning would be a more

. Y
g direct one. e

. 4
&

SR L .
Bruner's final feature of aftheory of inetruction indicatee
'the inportance of the knowledge of results. He pointed out that it

ie important. not only”to know- whether one hae naetered & taek. but.

also if one is actually proceeding through the hierarchy of goale one

is eeeking to achieve. Thia infornEtion ie received by the student
in mastery learning conditione through ‘the use of fornative teeting
.,tecm-&ques. - g ’
“ Inherent in the four facete of . Bruner's theory of instruction

.ie the notion that no -one. approach to any faoet would bring about
naximuh'benefits for all students. Bruner etated that if a curriculum
is to be effective in the claeerpom it unet contain dLSferent wnye of
activating children. different 'aye of preaenting eequencee. different
opportunitiea for Bome . children to skip parte vhile others work their:
way through. different waye of putting thinsﬂc Hence, if ahnaetery
learning strategy is to becone effective for each and every atudent.
”,‘an important function of the teacher is to prepare for theee different
‘neede of activationl\of/:equences, of corrective nateriala. and of
typee of reinforcement and . to diagnoee and put into applicetion thoee

which are neceeaary for each etudent to attain mastery. -

14 _' _
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| _ “The".;[ndividuelly'. Preecrilded Inetruction (1P1) Project ia}v"
developed et the. Univereity of Pitteburg in 1965-1964 by Glaeer.’/_; -
Bolvin, and Lindvall underfthe direction of Robert Scanlon. Bolvin
and Glaser (1968). lieted the eime of the project to be- (a) to
provide for'reliably aeeeaeable individual differences among learners,
Gb) to develop neetery of subject matter, (c) to develop 8 lf-directed

and self-initiated learnere. and (d) to provide opportun es for

the child*to become ectivély involved in the lea process, To
achieve theeelaine IPI propoeed to uee availeble information about

individnal differencee to preecribe an appropriate educ&iional

environment for each‘etude?t.

-

" For each subject the content to be covered was stated in
: h su : s _

sequential order by behaviorally stated objectives, the objectives

[l

being grouped into smll units for purpoeee of inmtruction. A
etudent's initial contact with the ‘program was a placement teet

which indicated where he was to be placed on the continuun of

[

objectivee. The student then completed a preteet on the unit of
R 0
objectives ndicated by the placenent test. Thil provided him'with

more epecif?c inforustion 28 to where he reqnired aeeietance. On
the basis or theae teete the teecher prepereﬂ a preecription for . s

each stndent each day coneidering }‘mich factors as the studént's

[

general’ ebility in the eubject. the etudent's degree of mastery on
each 8kill eeeigned, infornation related to the student's previone
work, spacific information related to~the pupilfs progress as he
~moved thrcughithe taeki, and the general learning characteristicu of

the studentﬁ Ae the studont moved thxough the preecriptione. meetery

A .

‘of objectives was; indiqeted by ahort curriculun enbedded teete which f’t‘
S Sy



/

proVided specific data on the naetery of each epecific-objective.
At the completion of a nnit a posttest was adminietered which was a

N

parallel form of the-preteet., A minimul score of 85% was required
‘for progress to the next unit. o | : -'«;*7
The procedures descriped aGOVe_iere carried out in ‘

self-containedvclee;roone whe e‘pupils were heterogeneously gronped.
The curric;lum taught in an IPI echool was similar to tnat taught in

| any other school howeVer most etudents worked independently and moved
'at their owm learning pace. The role of the teacher became one of a. ‘
; counselor, a dingnoetician, and a preecriber of individuilized learning

experiencee rather than a diepenaer of content. IPI recognized the

need to re-educatleeachers to perform this new challenging role. <::;

Bolvin (1969) and Lipson (1967) discussed the results of IPI

programa. Bolvin pointed out that the findings indicated that IPI
‘wag in fact meeting its goale.”;bhe project had been adaptive to the
indlvidual learner as indicated by etudente in_ the same grade and

same- claee working at a variety of levele in a variety o; units, all’
doing differentfpreacriptione. The time to attain neetery varied
‘within claeeee and between c}aeeee. Although the achievement 1evele
~of students enrolled in IPI schools were similar to thoee of students
Pi‘rom other schoole. it was pointed out that the eaults were obtained
in a eyaten where etudente worked at their ovn ability level and

were actively involved in learning.- Students _beci&e» more i
eelf-direoted. 'Self;evaluation and motivation usually were not
problems, Retention over the—eunner was reported to be high and this

.
wag attributed tc the required maatery criterion. The rate of

greesion in the program wasg found not to be oerelated with I.Q.
. A4

o
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and transfer of learning was found to occur more frequently when the
objectives were required to be maetered than when mastéry was not

requiréd.v | - - ' -
,(— . ~

Divoky (1969) suggeeted the’ IPI materials were too. complicated .

" for most students and the ‘Program in general was too expenﬂive. She
claimed there was a lack of student interaction and healthy competition
was eliminated from the schools. o @ .

The IPI program illustrates the effective nse of several
oharaeteristice of a mastery learning stretegy. Thed!%“ps,of.the use
of beha‘vioral'objectikves, fomtive testing t‘gchniqnes.- -p:eacriptions.'

and the se&tlng of high 1evela of mastery are.all relevant to the,

present atndy. The program also serves to illustrate alternative uees

of theoe concepts within a mastery learning strategy when compared with

uses in-: the present study Whereas the IPI program involved alnost
complete
to individuzlize vithin the framework of the same general topic for all

etudente. he prescriptione uaed in IPI were made specific to the

’__,——-J
ereas tha correctives used in this study were gimilar for

9

t not maetering a given objective. "To aummarize. the IPI1

. project i ustratee the use nany of the concepte basic to the

‘The Ha iety Project. done under the direction of Mortlock

@)
and reported by Westrom (1971). Sunde (1970). and te Kampe (1970) made
, use of flexible grouping proceduree in an attenpt to 1ndividualize
instruction.‘ This projeot was an extension of previous ‘work by

*:)Mortlock (1969). Basic, internediate, and advanced objectives'15re

-

® o \

i) dividualization of. instruction, the preeent study attempted :

17



written for the content covered in these studies. The -basic objectiiee '

defined -the minimal behavior required to’progreca through the unit.
The intermediate and advanced objectives involved more difficult
behaviors wnhch were not reéuired of all atudante.A"
In the Hardisty Projectlthe studente receifed.inetruction

initially (Phaee'I) at the intermediate level, eere_given a test, and
_ on the banie of that test assigned to a basic, intermediate, or ; |
_advanced group.. Each group was involved vith activities relevant to -
the particular objectivee of that. group (Phase II) A third phase

was avajlable to further correct difficulties of’to provide enrichment
' activitiee as was neceeeafyr In Mortlock's original etudy the
instruction was initially given by the ‘teacher to the-entire class in
fhaee I and to small groups or individuali inAPhaae,II.“ In the N
Hardiaty Project instraction was: given through the use of nateriale
and handoute fo the etudeqﬁe. Independent atudy occupied a more
central role in the Hardiety Project than in Mortlock'l original
study vhere thie procednre was used only by the advanced group.

: Both of theae etudiea repotted no eignificant differences in
., achievement between the cxperinental group and a control group when
achievenent was measured on a etandardized test. Hovcver. the _ g;;lf"
Hardisty ProJcct reported higher achievelent by the experihcntal o
group on teacher -ade teete. Sunde reported that in the Hardisty \\
" . Project nearly two-thirdu of the students attained -aetery of over

80% of all interuediate objectivee. It‘wae concluded that the

grouping procedures ueed vere efrective in that they allowed each

-__'etudent to receive. inatruction and achieve obdgctivee at s level ¢

¥ 0 n.)l l

- lifvcorreeponging to the nee&a and abift1138 of that. etudont, n both -

18



l!ox‘tlock's .etudy and the Hardisty stndgjgei‘:-le<‘in eehie;eﬁ;;t ie:e

reportedf from the test after Phase I to. the test after Phase II.

This illuetratee th’e effect:lve use of fomtive telting techniques. o
_As with the IPI proiect. ‘the above studies illuatra.te o [

several of the characterietica of a naatery loerning strategy.
Ahowevar. they aleo serve to point out ditferent 'tye in“which

, charecteristics are used when. conpared to the 'ays used in the
present etudyf Again in the above .studies, the ule 34 ob,jectivea‘.
.the grouping of the ntudente on theIZaeil of. perfornance on a
fornative-type teat, and the use ofacorrectives to remedy deficiencee
—ip'the etudente pfiorllearning, all have anelagous.counterperta in
the present study. One major differ-nce is that in the present ‘e
study. the level of naatpry was the same for a1l students 'hereas i,

. in the above stndiee, the criterion for neatery was dependent on the 2

’group membership, and henoe the naatery criterion was lo'er for some

etudents than othera. This was not the case with the preeent atudy.

III;- CARROLL'S MODEL | o -
Traditionally. edncatoru have treeted measures of etudent
. aptitude as indicators or how much muterial a student could learn
and hence they allowed aohieve-ent to act as a variable in their‘
tesching processes and treated tine as a constant for all atudenta.
,é%rroll (1963) disputed thie view by euggeeting that aptitude is a
peasure of. the time needed to learn a task apd stated that any
learner can succeed in learning a given task to the extent that he .

spends the anount of time that he needn to lolrn the tl!k. Cerroll ' e

~-aaauned~that.the work of the echool cen be eepertted into a series of

’
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learning taeke. pla.cing no reetrictiona on these tasks: oﬂmr than.

~ that they can be uneqnivocally defined and neans found to detemine

) if the leamer has a.chieved them. . Carrol’.l utated that the nodel was,
not intended to apply td*Qe.le euch as those having to do vith

| ;a.ttitudee and dispositions which do hot lend««theuelvee to bei

| conaidered as learning te.eke. - He believed that the e.cquieition of

attitudes follove a different paradigl fron t.he.t ’involved in leerning
tasks. This reetriction did not howevg"r eli-intte higher level -

cognitive goa.le from being inclnded. J : : ..
The variablee involved in Carroll'e nodel ey be summarized
Ae followa: o & - . o L,
| 1, D'etermi'xnnte of tine‘yeded for, iearning
(a) Aptitude | DR |
" (b) Ability to understand inetruction SN
| "(g) Q\mlitﬁ’r Instruction -

- |

2. Determinants of time :epent in learning

(a) Opportunity\- ' o -
(b) Pereev.re.nce _ o /

_Aptitude is derined as erneuure oi‘ the amount of ti-e needed -

to learn a given tuk under optinl leaming oonditionn. Aptitude
ie specifie to each individnal task and ny dqpend upon other

: oharacterietice of the 1earner end in pe.rticu].ar upon prior lee.rninge

‘relevant to the te.ek under conaidera.tion. Cronbe,ch (1961) eupported de

the poeition the.t mte of learning is inconeietent fron one task to
another while l(im (1968) found thot porticnlar aptitudee were related
to leaming rates for individnal tuke. F'or exanple.r a test on |

. reeeoning and munber fe.cility aptitudes best predioted leerning rates’



'j_rfor etetietical concepts ;nd operationc. Aptitudea beet‘predicted
-learning rates for the initial and lower revel skills and theee .
' leerninge were in turn predictive. of letrning ratee of- hi;her level
'akille. Bloon (1973b) suggested that. genertl aptitude and
intelliépnce teats a;e ‘good predictors of time to achisve Iactcfyv
' although Yeager and Kissel (1969) found that I.Q.. had 1ittle .
"predictive power. The.letter'reforted that ‘the student's freteet‘
score, the mumber of skills to be mastered in the unit, and the
student’a c;;onological age were better predictors of the rate of B
learning of a pnrticular task.
The ability to nnderstand instruction is a general aptitude-
applying to all academic eubjecta and was referrcd to as’ :
'combination of general intelligence and verbal intelligence; Carroll
.(1971) included listening ccmprehension in this cctegor? and Bloonm
'.(1971)'suggcsted that~iecding_co-prehensiec is also a factor. Bloom
further suggested that the factor waich nost in‘rlﬁencé; the ability
of any student to undefatehd instruction dependslupon‘the node of .
instruction ueed to teach the taek. thus making it necessary to
. 'cue;ide; ;arioue modes of inetruction for different students.
Quality of instructidn, the third fector used to deteruine
the time needed for leaming a task, is the most difficilt to _ '%
meaaurc.‘ Carroll (1971) suggeated that for the quality of instruction
to be optimal, the material should proceed from the eimple to the ‘
'conplex,ieach'basic task uuet‘be‘nesteted befofc proceedihg to the
next, and the etudents unat undcrstsnd the objectives of the leseon.

The notion that instruction should proceed from 'inple to co-plex .

tasks euggeste a hierarchial atructure of the objectives of a unit.
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Gagne (1962&, 19@?b. 1965). Herrill, Barton and Wood (1970). and
Airaeian (1969) all found that more complex objectivee could not be
mastered before their component parts. Other factors which affect
‘-the quality of instruction included the teacher 8 knowledge of the
subject, the quality of inetructiondl materials. and the teacher 8
ability to diagnose difficulties and preecribe‘curee. Carroll and
Spearite§K1967) found that by providing a poor quality of '

: instruction. high, as well as low intelligence studente were affected

on time to criterion, perseverance, and learning efficiency.

Usually there is considerahle interaction betveen the quality

8. l s
‘;}J

of instruction and the ability to understand instruction. Blooné,'ﬁf“
(1968) stated that the student with high ability to underetand ;i
inetruction probably ‘learns under less than optimal quality of
_inetruetion*with'few‘effects. however the-etudent with low ability

to understand inntruction has coneiderable difficulty under less

than optimal conditions, Again this illult tes the need to vary the
mode of inetruction for different learners and different taske and

to provide a high quality of instruction for all etudente.

’Opportunity is the time allowed for learning. Most schools

“offer“all studente the same opportunity to learn a task, hence some
'Aetudente have. more than'enough tine‘to ettein naatery. others have

an adequate anount of time. while others’ hnve too little time and
fail to master the learning taeke. If student: are expected to attain
' magtery on a taek. the opportunity given-iﬁat?te at least equql to -
that student's aptitude for that pdrticular'taek.y This becomes -

"especially eignificnnt in a field such as mathematics where mastery

'of one task ie a prerequieite to mantery of other taeks, and where
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failure becomes certain without ample oppértunity. _ " : - I | o
Perseverance, like opportunity, muat be at least equal to the . ;‘.‘
atudent'a aptitude for a particular task if the 3tudent 15 to attain
mastery of that task. Perseverance is partly a function of motivation
"and may depend heaviyy on prior succeses’ and failures in tasks similar
to the one under consideration. The other variablea in the model may
also have considerable effects on perseverance. in particular quality
of inetruction. Carroll (1971) pointed out that 1t is much more E

important to enhance perseverance than }o attempt to measure Or predict

- §%. The model may be summarized by the equation:

time actually spent i
time needed

, Degree of Learnlng = (

1
. Time needed is the time required to learn undet- ideal conditions,

increased by whatever extra time is necessary in view of less than
optimal quality of instruction, and ability to understand inetruction;
The time actually spent is the least of the time need:d. Qnenopportunity
given, and the perseverance of the student on the task. The following 4

time line may clarify the model.

5 BT Sy S S gr==m"
- ‘ time :

0C represents aptitude, the time in which the task may be
‘learned under optimal conditions. When quality of 1natrultion and
ability to understand instruction are lesa than optxmal. this time is
.increased to OC. OA representa the perseverance of the Btrdent'and (0):]
the opportunity-given to him to master the task. For the task to’be .
: ,mastered both Ok and OB musf be greeter than or equai to OC under -
optimal conditions. or grg;ter than or equal to OC ‘under lees than <

optimal conditions. ,Ln.the diagram the task’ would be mastefed under -



. optimal conditions butxnot'pnderilessIthan‘optimsl oonditions.

g; . _IV. 'BLOOM'S ADAPTATION OF;CARROLL'stm,
‘ift'l . : Bloom 8 (1968) strategy for mastery learning wasg built

. }
. specifically on Carroll s model and drew from the works of Washburne,

-

LV Morrison, Skinner. Bruner, and Glaser reviewed earlier. Bloom stated
thaQ@if students are 1 Q;y dlstrlbuted with respect to aptitude for

a learning taak and receive exac&}y the same instruction (in terms of
‘\

quali%y oP 1nstruction and opportunity) then . the amount of learnlng

will also be\normhlly distributed - However, if the instruction and

time are mrde approprlate to the needs and characteristios of esch _
B

student the magority of students may be expected to’ achieve mastery..

’

These situationsﬁmﬁyrbe represented as in Figure I.

Bloom tested his‘strategy‘initiallvaith college students.

\
-

Later studies done under his sunervision including those by Kim (3968),
"Block (1970), and Kersh.(1970) applied the strategy to elementary and

secondary sohool children. The disonssionlon the foilowing pages -

w3

presents an overview of the stirategy and the tesults which were
reported to be siﬁiiar for various’aéeflevels'and edncational settings.
Bloom (1968) described his mastery leafning~ strategy as
follows:. o | o - -

The approach has been to supplement regular
) classroom instruction by using diagpostic procedures
.  and alternative instructional methods in such a way
’ as to bring a large proportion of students to a
redetermined standard of achievement. In this
approach the goal is for most of the students to
reach mastery levels of achievement within the
'regular term, semester, or calendar: period in whirh
“‘the course. 18 usually " twught '

. 4

" The strategy began with’ the not;on»thnt most students can
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Aptitude for task - Achievement on task

Optiml Instruction Per Lesrner

A' Aptitude for task , Achie-v@nent on task

Figure I o
msa'nnmmn OF APTITUDE AND Acumvm N
' POR UNIFORM AND OPTIMAL INSTRUCTION o h

attain a high levél of lei.'miné if mtmction is épproached
systemtic&lly. if stndente are helped when and vhere they have - .
difficultiea. if ;hey are given lufficient tine ‘to achieve -etery.
and 12‘ there 18 a g@ar criterion of what conatitutel mastery. In
Bloonm's otudies. the mterial to be covered was broken into smell
unita of 1-2 weeks :rork and this work was broken do'n 1r:to leaming
tasks using*the ideas of Ga.gno (1965) to form & hiererchy. Studentnv,‘
were made aware of exactly what theae loa.rning tasks were and what

constituted mastery of the leaming tasks. One oriterion of naatery

v

i oA by Bloon was to defino matery as the level . ot success required
| yw

to acP m a grade of A on the same tasks during a previous yea.r.

J ‘ After the atudent had received rogular olauroom instruction -
Sm o o]

'on the unit, fomtive tests were: ad-iniatered whic}g provided both



.

the gtudent and the teacher with information as to vhere and how uuch
_.aaaietance the atudent required. The fornntive teets were not in any

1» wny ueed to deterline 8 grade.for the student. Bloon suggeuted that
students best reaponded to the telta when the diﬁinoaie was “

accompanied by a epecific prescription of alternativo materiala and

| proceasee that the students could ‘use tp overooue their lesrning

difficulties. -In the studies reported by Bloou, small group study

\ueoaions Vhere studente»worked,'ith each other in groups of two or

26

- three ior,periodl,of appfo#inatoly-oﬂo_gouf were used effectively to

(4730 N
Novercome difficultiea. Other alternatives used vere'to reread .

previously used material. alternate textbooke. wo;kbooka.‘programmeu

haterials.‘or audio-viaual'materials. In a;l'caaes these alternatives ,

were used outeide the regular claearoon period. o

7’

A sunmative test adniniater6§ at the concluaion ‘of the unit

and after the student was given ample opportunity to re-edy his ~ | *.;‘

difficultiea.-ae constructed?on the basis of the objectivee fornnlated
. prior to the group instruction. Using that teet each student was
given an opportunity to achieve the maximun grade available by

meeting the previously establiahed criterion for mastery. The
emphaaie was on encouraging a cooperative type of behavioﬂ rather

than a competitive one by giving all atudenta this opportu%ity.

‘ The concepta of fornntive and sum-ative evaluationl ag uaed
b&xBioon. were borrowed_fron Scriven (1967) Scrivon recognized the
. necessity to mako the diotinction betveen the rolee and goala of
"evaluation and auggested thut‘fornative evaluotion be usded as a neaue
of - evalunting for the purposee of determining the present et&te of

bf affairs and hence deterlining where‘hnd how ilprovenente‘could be _5

¥
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A

-_nede. Sumtive mluation. on the other hari&, ould be ueed to

| evaluate the ffnal product. ‘!‘he concept of fomtive evalua.tion is

the ‘beckbone of Bloom's matery learning etrategy.

“;15(1971L s student of Bloom, explained that formative
4 .
evaluation ‘shown!’ <§l appear frequently during inetruotion endf,ehould v

provide mnem(te feedback 1o both teacher and learner. Although

‘mch~ infoml foruative evaluation ie done by ‘the teacher via- every

t/

'q.ay claﬁeroou obeemtion, 1t was suggeeted that ehort diagnoetic

. teete my be nore va.luable to the student to aeaiet hilg‘ with hisn '

wea.knepeee. Aimeien euggeeted three etepa to Be utilized in defining

a hi\ro.rchy of outconee and t}me to detetnine 2 ba.eis for fomtive

evaluation. They were (a) identify content elenente to which

studente have not been introduced previouely, (b) defhxe the level of

" . cognitive. fum:tiohing “ndceuury f‘or B etudent to master each ne'

’content element, and (c) epecify relationehipl between%‘ﬁntent

elenents at different levele of cognitive f‘unctioning T@ee three

etepe allov the teeoher to. amlyze the typee of behavior he™ ie E

' expeg:ting of hie etudente and hence rovide a nap fgr plenning ‘and

snpplenenting instrnction. In a.ddition, the three etepe provide a

blueprint for the conetruction of- mn.luative inetrulente. both

. Y
fon)etive and eumtive .

Ebel (1971) rejected the mstery lee.rning approach diecueaed

.above and wu critical of the use of criterion-referenced ERE \~

'neasurenente euch u‘.fmtive tg,j.l Three njor linitatione A

euggeeted by Ebel are that these teete tell us little of what we ¢

'need to know e.bout echievenent, they are difficnlt to: obtein on a

eound beeie. a.nd they are neceeeary for. only a enll fmotion of
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' 1nportant educational achievemente. Ebél concluded that mastery
'h‘learning strategies eonsider only the eimplest of abilitres and are-
therefore of 1ittle use. Block (1971b) responded to Ebel s criticisms.

by claining that these fornative instrunsnta, though not providing us '

with all we need to know about aehievement. do provide us with the
only relevant information we do have on pupil learning. Block accused.
. Ebel of exaggeration in his other claims and further argued that the

R

objectives can help transform group instruction into optimal 1ndividus1 ;

1netruction for eacn‘learner.: The learning of ekills forme the bulk - ‘f .

- of each child's early school experiences nnd these%skille are 1earned

eequentially ovér eeveral yeere, the 1earning'of eech 8kill being

required of each etudent. . '

' b ;" Cronbach (1963) stated, *the greatest service evaluation can ;“'

' perfonm is to identify aspects of the course 'here revision is necessar&";

Carroll (19]1)Jsuggested the two main purposee of fornative testing are .
- to find out how much pupils have 1earned in n restricted area of

Lfi’ content. and to aeeess whether the instruction had been properly g ', _'

designed and conducted. Impllgd in these commente is the notion that

the evaluaticn may determine that the inetruction had been of no use

mnd muet be replaced by alternate nethods. This has 1np1§%ations in a

maetefy learning strategy'as to- the type of‘correctives to be ueed. _ S
Bloom (1973&. a913b) discussed the results of studies conpleted

“under hie directign, these results generally being consistent with the

theories discuseed previously. Sinilar resulte were obtained with

‘studente from elementary achool through univeraity. "The eyidence

;indicated that approximately 80% of students Jghieved under naetery | i;

conditionn what only ROA did in nonmnetery conditions. Initially in

4 »



a sequence of learning tasgk students needed one to five extra. unifs
'of'elapsed time to atta n mastery whereas later in the sequense only
one go three extra ynits of time were necessary. Elapsed time was
the record of time when the student was able to work on the task. A
more valuable measure of time was time on task which gave a measure of
t tme the student actually epent on active learning. In Bloom's -
studies the learner initially required one to three extra units of

_ time'and ater in the sequence of tasks this reduced to one to two
extra unii ts’ Bloom tbus concluded that ‘the learner not only achi\ved -
mastery, he also became ‘more efficient in'his learning. The correlation
‘between aptitude (usually an I Q. score) and achievement at the
beginning of a sequence wag qudte high in the order of 0.5-0.7,
whereas later in the sequence this correlation‘approached O.‘

Formative tests given ‘at the end o&.she task in the sequence tended
to be predictive of achievement of theynext task in the same sequence.
Bloom‘also found that underxr high quallty of instruction. students
were more willing to. persevere. ° ﬂé o 1-='

- Several other studies spanning several disciplines and age
groups were based on Bl om 8 work and. lend support to it. Airasian
(19]?) concluded that the combination of frequent nongraded feedback

. and the criterion-referenced grading standards greatly 1ncreaseg the ‘ .d‘

nercentage of students who attained mastery inian'dntroductory graduate

. ‘ ,
Testing Methods gourse. Airasian reported that 80% of his studsnts

received antA grsde whereas only 30% received an. A the previous yeary - 5
LR
under nonmaqtery conditions. but using the, same criterion for an A.' //é?
- % Y S d" ,
Airasian also concluded that substantial initial digferences in a '

. . —~ e,
o k‘studem.',s‘prior exposure to course-related 8kil1} were\;iped out a]ﬁh



,_:etudente neceiyed specific feedback about their individual learning

o v

progress.
Block (1972) defined nastery for Btudents in a grade eight

érithmetic class to be either 65, 15, 85, or 95% correct on a teet,

,He fourid the gigher the criterion for mastery was eeir the higher were

both immediate achievement and retention aehievement 2 ‘weeks 1ater.l
The higher mastery levels tended to honogenize student achievenent .
around these hiéh gcores a8 well A8 reeulting in higher scoree on a -
transfer test._ Mastery groups tended 1o need more time on the tasks
than the nonmaetery groups, however there were minimal differences in
time required between mastery groups with a different criteria for
mastery. Some loss of interest and attitude occurred at the 99% level

of mastery, hence Block concluded that in this experiment an 85%

mastery level was more desireable when both affective and cognitive"

/
¢ - .

outcomes were desired,
Q. Biehler (1970) found that a high percentage of etudenta

attained mastery on an undergraduate educational peychology course

while using a mastery Approach. Collins (1969) reported similar

results on a freshman mathematics course. Other similar results were

 reported by Collins (1970), Kim (1967,1970), and Kersh (1970) with

mathematics topics in the elementary and junior high schools.
Coilinﬂ (1970) also reported thkt~a higher percentage of students
attained mastery as first, objecti;:e-were added to the stretegy,
then-diagnostic hroblens, and finally specific revien/prescriptiona

o . ’

based on diagnostic measures. - .

V. ACTIVITY mem ~ ' !

Crucial to guccess in the nttainnent of’mastery is the

willingneee of the student to pereeVere. Kieren (1969).nnd Kieren

-
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and Vance (1971) reviewed rblated literature concerning activity ‘
learning and 1a%oretory eettinge for -athenatice learning and reported
that etudente enjoy an active learning approach and are willing to
work actively in theee situations. Lov ability students in particular

ehowed an improvement in acﬁieienint in activity learning eituatione,

vhereae other stndente learned at/s rete conparable to those receiving;

v

instruction in & regular claeeroon situation. - . 4
Bigge and MacLean {1969) enphaeized two thinge about active
learning. OFirst, a child sue’ be allowed to do thinge over and ovef*
. again and secondly. the prnctice should be enjoyable. Dienee (1960,
1964. 967) suggested that each concept should be enbodied in several

different perceptual contexts and within each perceptual context.

‘every féature should be varied that can be varied 'ithout destroying

‘the manifestations of the concept. The~wcrke of Dienes are eepecially-

relevant at the elementary and junior hign levels where most etudente
are still wcrking below a forlal operatione level.

The activity learning approach gested that learning shculd
be child-centered vith the teacher s fu:zﬁion to aeeiet the child inw
- his learning. not to divulge -ideas directly to him. Ronle (197?)
pointe‘ out that in laboretory eettinge, ve are teaching the child.

not £hildren, THe tine needed for any individual child to attsina

oncept maYy depend on thet child'e developnent with reepect to that

concept., It is the teacher s role to identiﬂ&rthe etage and euggeet

. . ‘*,‘- _‘,'\,L i} .- . \ }
appropriate ectivitiee for the student. . o //
; , ' - /

. VI. SUMMARY g /

' This review has presented an historical overview'of/leverei

39
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attenpt: at 4;; developnent\or neetery 1earning techniquee. 4Many‘o£ ~
~ the early'qttenpte ‘were successful under the guidance of their o E é;;,;
originatori but. thie success was short lived due to inadequete ‘\ : '
technology and nethodology for putting the plene 1nto wideepread' -
practice. The etrategy developed by Bloom using the Carroll lodel of
| echool\aearning overoamé the difficulties of earlier attenpte in that
new technglggiee and methodologiee provided correctives for the
earlier deriedenciee. The use of the ooncopt of for-ltive testingﬁb’
-techniquee was of par{icular inportance in thfh regard. The reeearch
reported tended to support the Bloon etrategy o{ nnetegy learning, in (/gj—
particular where the etndente were willing to peraevere and take an o
‘active role {n learning the ta.eke at hand. I e
- Ueing the literature reviewod in thie\leotion. aeverdi
!

characteristics of a;y naetery learning etrategy were identified as
ware aeveral tenets of a maatery leerning theory. Characteriatics
of a maetery learning strategy !Uuld 1nc1ude ‘the rolloving:

'1. The coptent area is arranged hiernmchioally and ' y ed dntdi”

ehort unite of instruction. . _ g.

2. Objectives are written for each learning task the'unit;

3. laetery‘e defined in tem of these’ object:wee and- eet v
at a high criterion level (greater than 80%)
4. Progress to the next unit. depende on meetery ot the

‘previous unit. v \ "‘ _ . _ ; L y

. g W~ t

5. Extensive use of formative teeting techniquee ie ueed to .
a1 se difficultiee and preecribe correctivea. »~ A: vﬁ
> .agnQ\§§; Different type of correct;ve'prooederee are ﬁeedqfog
4different.etudepte;- | /5 |

. t
[
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Y Tine ie ueed a8 & variable throughout the strategy.

A

\<\ In addition to the above\eherecte:ietice. other coneiderations

.\\

N

vould include the size of the etep _tequﬂred in each unit or taek, the

I)
‘pature and frequency of reinforcement given, and the type of thinking

denanded. whether convergent or divergent. : if”" B :;3‘;;
Given a etrategy which exhibite a11 or moet of the ahove; the

'literature indicated eeveral effects :Pich would occur among the

students, hence the following are presented as poeaible tenete ofna-

-

naetery learning theory.

’

1. A high percentage of studente can maeter the learning
-taeke taught in the schools. ’
2. The higher the criterion for mastery is set, the higher
l&il be the achievement. | - . | /
3. After a series of sequential units, etudent aphievement
‘'will cluster aronnd the criterion for naetery.
4. The correlation between aptitude and achievement will
decrease oveT a eeriee of eequential unite and original differences
- in achievenent will become less.
Se Studente will become more efficient 1n their 1earning,.
‘learning more material- 1n lese time. )
| 6. The best indicator of etudent achievement at any given
time will be hie performance on ti# last formative test?
| Te Studente wili e}hibit increeeee effefta; perseverance,
end‘cooperetion in'their 1earnin&« -

One pu&poee of this etrdy was to develop a mastery learning

etrategy poeeeeeing the above characterietice and to use this etrategy :

" to examine the terfets of 2 maetfry learning theory.

. ~ .
- 2 ) ’

.
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THE PmAmiioiv OF WATERIALS

* I mmmcrrmn' oy

One main purpose of this etudy was to provide a etrategy

_where & teacher could concern himself with the management of;etudent
_.learning in such a way that he . would exhibit the fuhctione of a "good
teacher" ag advocated by Carroll. Theeé functione were reported
‘on page 4 and incllded the notion that moet students can learn almoet
all of what is tdught in the achools. Bloom (1975&) stated that all
naetery learning strategiee begin with the idea that noet students
can achieve a h(gh level of learning if instruction is approached
sy:%ematically, if etudente are helped when and where they have
learning . difficulties, if they are given sufficient time to achieve
l-mastery. and if there is a clear criterion of what conetitutes maetery.‘ﬁ
Block (1971) suggested that any mastery learning strategy wauld .

include the_following\charecteristics

.

1

1.. l(aetery defined in terms of the pa.rticular educational v

_objectives each student was expected E%) maater.

7. Inetruction organized into qell defined learning units.
3. Mastery of edch unit required-before proceeding to the

i

eucceeding unit. o “" v ot o —_—

__4; Ungraded diagnoetic tébte adninieteredvat the completion :
\ “ | | ,» | . \‘ B . 34 | ‘ v - v- o
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of each unit to provide feedback on the adequacy’of utudont lolrning.;
: 5, Originll 1nntruction aupplenented with corroctivea on the
basis of the diagnostic testa.q
6. Time used as 2 variable in the 1ndividualizing of

1natruction. ) - A ,c’f

- " The materiala described in this chapter were prepared.with
utmost consider&tion to these ideas of Carroll Bloom, and Block 88
well as to aghieving the purpose aa.preyiously stated.

II. SELECTION OF>CONTENT ARBA

Block (1971¢) suégeated that nastery,learniné techniqﬁes
; which have produced the best reaults have worked vith content»
possessing some or all of the following chardbtcristice°-

1. The oontent required minimpl prior learning or prior
learniné which,nostAlearners already_poaaplaed.

2 The content was sequentially learned.

"3, The content area was closed and enphaaized convergenl
rather thaﬁ,divergant thinking.

In addition to theae requirements the reaoarchersirequirod .
that the content area for the present study be one from -athenatica
‘which could easily be adapted to experiance oriénted methods‘of
instruction. The tapic of finding the produotl ‘of algsbraic
polynonials togothax vith the simple factoring of theso polynomials
was considered by the reaearchere to pdesess all of the above
. characteriatica. ' i

' Appendix I preaente an outline of Unit III of the grade ‘nine ={3@¢‘

mathematica prod!an at Sir Goorge Sinpaon Junior High School.
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15ectipn C, aubsectioﬁg'B and 4,éon§£;tute the content used in this
\stpdy. | _ |

| AOn‘obeer;ing thigyéutline. ft can.be seen that the.prirr,
learnings necésrary to the content se}ectéﬁ for this study were
" minimal aﬁd'of;such,a natﬁre that moar students.shduld have mastered
‘;bhem. Also, the content which followed the selected content was for
_ 'the’nogt pert an application of the selected contegt, The concepts
| in elementary Algébra are aequgutially learned ‘o a ﬁigh dégree and
“since mach emphasis is placed 6n the develbplent of‘theaq basic
algebmaic Qkills; the area tended to emphasize cohvérgent thlnkipg.'
The area was Blso easily adaptable to an experience orientéd approach

cOR

to learning and instruction. ;
III. THE MATERIALS:

,Preparation of the. Objectives

The only restriction placed on the baaic learning tasks

" defined in this atudy wes that each taak could be unequivocally
defined and means found to determine 1f the learner had adhieved the
‘task. Mager (1962) has outlined a nethod for preparing inatructional
objeétives which satisfies the above restriction. An ins;ructional
objective was defined as a atatement_df educational content which
vcomﬁunicaxes what fhe learner will be able to do after an
"instructional sequence, the’ conditiona under which he must go it. and
the vay mastery of that objective willl be determined. A;’Qestrom;
(1971) haB pointed out, dlrect application of this method often glives
rise to such un'teldly statements that junior high students cannot. be

expected to underutand them.

~



"Westrom devised a more practical form of stating the

objectives which still relied on Msger 8 principles but could be more

easily understood by the students. It is that form of stating the
objectives that wag used in this study The form consisted of
presenting each ‘basic learning task as one objective consisting of a
‘bsimple,statement of educational intent followed b¥ two sample test
questions together with complete eolutions to those teet questions,
Westrom also included a statement oé how the question would be marked,
however in the present Btrdy this was unnecessary since each answer
.would B//greded only as correct or‘incorrect. N
’\ ~ The total content selected for the unit of study was
" gubdivided into three subunits of instruction. An attempt was made,
based mainly on the past experiencgs of the researchers. to make
each subunit equaliin both difficultyazﬁh length and one which could
be mastered by ‘most of the students ‘within six class periods of
instruction. Each class period was apprﬁximately 40 minntes in
length._ Each subunit of instruction wag further divided into ten
i‘ssic learnlng taska. each learning }ask again being more or_less
equal in difficulty and length. T%y tasks in both the subunits and
unit were arranged in such s way that each task depended on mastery
'of one or more of the previous tasks. An objective, as described‘
-above, was written for each basic learning task. These gbjectives
can be found in Appendix I1.
* As will be seen in the following sections, these s:atements

of objectives were used as akbasisOior all'other<materials prepared

for and used in this study. o Lo B
' ~ K :
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Prepg:ation of Worksheete

The purpose of the worksheets was to provide the studente
with some practlce questions on each basic 1earning task, This was
necessary since the only other expoaure to the ﬁh!k glven tol the
‘student prior to the first: formative test was the initial instruction.

One worksheet was prepared for each subunlt of inetruction.
with each worksheet coneieting of two queetions on each task in that

. subunit, The iteme were presented in the same order as the

~ corresponding ebjectivee and were parallel forms of the.sample

questions-on the objective sheets. Correct answers ‘were provided for:

v "1
the students so that-they could check their own work. Since the

A% .
student could use ‘the sample questions on his objective sheets as

models for the correeponding queetione on the worksheets. and since
answers were provided, moet atudente could anewer the worksheets

without further teacher assistance. Samples of the sworkgheets are

provided in Appendix III. Y

Preparation ‘of Formative Teets

A
Bloom' (1973a) stated that the success or failure of maatery

learning work is clearly related to the degree of efficiency of the
fe}mative tests in-pinpoihting the learning needs of each etudent.'
Block (59710) and Airasian (1971) both have identified the'purpoee of
formative evaluation teube one of guidaﬁcefof the.teachlng-leareieg:
- procese in whinh 1medie£'§4-and continuoua ’_infox;mtion regardiqg a

etudent 8 progrees during inetruction is provided. Hence the

fornative tests became an integral part of the instructional proceee.'

Airasian presented a three-step method of analyzing short

enite of learning with the aim of i&éntifying not oely the dbjectives

“

.\ W
q
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‘%o be learned, but also the relationships between objectivee. Thie
method provided a basis for the preparation of the formative,tests.

These'three steps are summarized as follows:

~ .

e Identify content elements which have not been introduced

(5

vto etudente in prior leeeone.

2 Deffhe the level of cognitive functioning necessary for
a etudent to master each new content-element,

3 Specify relationships between content elenente at
different levels of cognitive functioning which indicate which
_ content_elenente at einpler levels are prerequieite to learning -
content ;t more complex levele. |

In the framework of thie etudy these three steps occurred in
the eelection of the taske and writing of the objectivee diecueeed
‘ earlier. The haaic learning taeke for which the objectivee were .
written constituted the new content elenente:p The sample problems
defined the level,of cognitive functioning, recalling that the
content selected was treated in'a\convergent feehion. The .
»relationehips between content elenentewerealeo implied in the sample
queetione and in their eolutione, ag well as in the order in which
they appeered in the eubunit and the unit. Henoe. the objectivee as
written served to provide 8 blueprint for the oonetruciion of the
formatixe tests, , Ty ’

Four formative tests were prepared for each subunit with the
“:teete for a given subunit being perellel in nature._ The first
fornative test was designed to be adninietered following the initial
iinetruction of the subunit and the succeeding ones,’ labeled A, B, and

C to follow the use of eiperienoee A, B, and C reepectively. These

39
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,experiencee vill be deacribed in the next section.

Each test contained two items on each ohjeotiVe in that
subunit. The jtems were. poralleI forna of the correeponding exanples
on the objective sheeta. and "appeared .in the same order as the

objeotivee appeared on the objective sheets, Blanks were left

,following each queotion to allow the etudent aufficient space to {
_:exhibit hie anewer. No space was left. for acratch work since only V
_the answers were marked. To the right of eech succesnive pair of ?_

: -blanka was the label of a particular experience. Henoe, if a stu&ent '

' had either queetion on a partioular objective incorrect, the,label of

an experience which would aeoiat the student in overcoming hi@
f \

difficulty was circled thua directing the student to that equrience.

 These directiveo appeared on all fornative tests except the C ones.

- No experiences followed the C formetive teste.

° ! . . -

The design of ‘the formative tests exp&ained above provided

for quick and easy marking of the etgdent reeponsee. and thus allowed

,for~iumediate feedback in most cases, Aleo, ‘the presence of the

v,‘;

experience labele provided the student with a clear indication of

. which objectivee he hed naatered and on which ones he needed to -do

more vor&u Bach item was merked only correct or incorrect and. no
""q

totel apore was given on the formatiVe teeta. The teats ‘were

}?0 ninutea. Thie ellowed a maximum amount of ti-e for

'atudepta to correct their diffioulties. These tests were not used

’for &he purpoees of obtaining marks for grading purpoees when uoed in

the mastery treatment. Aa'mentioned previously they were for purely

"diagnostie purpooee and were an integral part of the teaching-learning

A
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T 1 ;Sanplesrcf formative tests can be found in Appendix IIT.

 Preparation of Experienées

The formative tests described in the'preyious_eection had as.
the;r main purpose to diagﬁﬁsecgtneent difficultiea and also' to assist
with the preecription of learning correctiiee ror-thoae'difficultiee.
Blcck (1971b) has atated that the sole function of the correctivea in
‘a mastery learning etra;egy is to provide each student with the
instructional cues and/or the active participation and practice
“and/or the ;J;unt fnd type of reinforcemente he requiree to complete
hig unit 1earﬂ&ng The experiences described in thie section verE'
deaigned to serve thi# function and in particular. attempted to
emphasize actiye participationiby each student. | o
, : '

v Block (1971¢) deecribed';iveral ways of providing correctives
ineluding ematl group'problen sessions, individUal tntoring,
aiternative textbooie; gamee and puzzles, audiOé;;auel methods,
workoooks‘and programmed inetruction. and reteaching. He empheeized‘
~ that these correctives were intended.to;aupple-ent and not to replace
.the original inetruction and further suggested that they might be
; vieved as crutches to be used by a student at points where hie .
original instruction was not of optimal quallty. In thie study the
original instruction conaisted of the teaching of a conplete subunit
. -within one to one and one-half clase periods and the use of the -
vworkeheete described earlier. It was expected thut nost students
would require correctives for aeverai individualvtaeke.

Three experiencee were prepared for each basic learning taek

and labeled A. B, and C. BEach type of experience was constructed »



&\»:é’ . . - ) L - . - .‘ V .' »
folloving certain guidelines. The A-eiperiencee'were used first; the
B~exper§encee second. and the C-experiencee last. The nulber of

‘experiencee, if any. conpletednby the student on a given objective
£
depended on when he exhibited V\}tery of the correeponding task. If

&

he did not exhibit mnetery on’a taek during the eubunit the number

6
of experiencea which he conpleted was dependent on his perseverance '

and the opportunity given to him.

" The A-experiences were conetructed to foiloi the firet
.'formative test, They attempted to give the student more practice on

the basic learning taske with which he had expetienced dirficulty.

i

It was felt that the extra practice -would rectify the difficulties

of moet students © fice ther nly previoue work with‘the taake had been

: - .u'. . )
on the worksheet. o e s

- s . - s

The B-experiences atteupted to preeent the etudent with a
more detailed explanation of the eteps inwélved in mastering the teek

and in most cases provided ‘One Or More. ext&% mle& ennplee.,

Most experiencea of type B encouraged the.st‘r

if he could not comprehend these extra examplee.i,j; B~experiences

also served to give more practice to the student in inetancee ihere«a

llt was needed.
The C-experiencee were concerned with the student who \

heving coneiderable difficulty in naetering the taeka. An attenpt LN
b
- made to reeort to the very baeic principlee in explaining the taskl.

giving the etudent encouregenent that he could master the particular
2
task. In eeverel instencee ehort cuts were preecribed as it was
]

thought that might be the only method by which the student could

master that partf%ular taek in the/ time evailable. The C-experiencee

Q.
I N
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,experienoe.

. R ) N
. . »\\\o . . _ . ]
~ were also able to neet the ‘objectives of the A and B experiences when

v

applicable to individnal etudents.
i
* In all cases, the experienceo were conetructed with the notion
b . [

that the student could complete them on his own by active ¢
participation and reference to the appropriate objective with its

sample questions The experiences often encouraged the atudent %0
-

seekX help from a clasemate or the teacher if he was having difficulty.

-

inswers were always available in some form on the experience sheet and

hence &he student could determine if his’ solutions-vere correct or

) incorr/pt. An attéépt was made to make the experiences interesting to

the stud@n%a and hefice. encougage active part101patiqﬁ This was done
‘ by using such devices as magic squares. games, anagrams, stories,
dialogues, and the.fiiling in of tables as integral parts of many

erperiences, These devices were uged at all three levels of the ?\

experienced. The experiences iere‘written so that most students were

able to work through each experience in approximately five minutes.

This time ried vith the particular task and the student uaing the

-
“

~ e

. ’ _ '
Each experience provxded spaces where the etudent could -

indicate the time at which the experience wa.s begun and the time at

which_the"experience was completed. The. purpoee of obtaining thie
%

x

information was to determine the amount of time spent §£ each:
) , Pk
experience, and -hence the amount of time required. to attain mastory

A complete gset of experiences for subunit I is given in

\ ‘ ._ . o . ‘ '_a é'r s . a. .
Appendix I1I. = ‘ ) v 3"
Preparation of Review Sheete .

"

One review sheet was prepared for each subunit of instruction

~
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andtqf\luded two queations on each objective in thst subunit. The
questions were not presented in the same order as the objectives.
They were of a parallel form to those examples on, the objective P
sheets. Answers were provided to the questions on the reviev sheet.
The rev1ew sheet was designed to be given to ‘the student at
the. end of the sybunit of instruction and served different purposee,

depending‘on the student. For the student who had mastered one or !

more, or all of . the objectives early %n the subunit, the reviewesheet

- provided an opportunity for him to determine 1f he was Btill. able to

attain mastery criterion on those tasks. If he could not, then he e

could correct the deficiences. »For the student who was having

considerable difficulty the review sheet provided him with still more

4 e . .
examples which he could work where the solutions were available.

S

An example of a review sheet appears in Appendix III.

a

Preparetion of Sumnative and Postsummative Tests
-

-~

The purpose of the summative test wasg” to determine the overall
[

achievement of the Btudents on the- 30 basic 1earning 1asks studied in

the unit of instruction. The test was administered at . the conclusi;7 /

of the 1nstructiona1 period)//The postsummative test determined

achievement on the same tasks and was agministered 2 weeks after the i

instructional period had been completed. Both tests were used for

the purpose of obtaining = grade on the unit of inatruction.

The summative test congisted of 30 questions and included one

i question on each learning task. The questions were presented on the

teat in.the same order as Lhey appeared on the’objective sheets and

L

were simil%r'to those examples on the objective sheets. Space was

- provided for the answer on the tesi paper, however no space was

/
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vprovided for'khe scratch work siﬁce }nﬁners were only mnrked as

correct or inoorrect. The postsummative test was a. parallel form,gf
s

the aﬁnnative,test. ®

‘Item analyses were performed on both testa. The Pearson- ©

product moment correlation of scores on the two tests waB found to be

"~ 0. 86 Table 1 gives the mean, variance, and Kuder-Richandson ?0

Reliability Scores for both the aummative and postaummative t ta as
K4

determined by the scores obtained from all students involved in the study
- TEBLE I - -
MELNS, VERIANCES, AND KUDER-RICHANDSON 20 'RELIABILITY
" SCORES. FOR SUMMATIVE AND POSTSUMMATIVE TESTS™ ~

-
I

e =

TEST N MAXIMUM MEN VARIANCE  K-R 20 |
' SCORE : . : REL* ’
. . . — 4
]Sunnnati've"ov . 152 30 18,2 759 .92 :
(?oetsummative 153 30 20,4 T 69.1, .92 L
—— — - — T <
" Grades of: A B, C D, and F were assigned corresponding to ‘
the percentages recommended‘in tKéIJunior-benior High,School Handhook,
1973 74, published by the Government of" Alberta. Hence a score of
. .',,,./ ’
24-30 received an A that of ?0-23 a B, 15~ 1? a C, 12- 14 a D, and
- those below 12 a grade of F. : S _ v ;'?'

Copies of both the aummative and postsummatiVe de@ta can be

o - , 25 SR
Iound in Appendi; IV._ N ) S o

2
i

? q'_ »"v : R, R PRI .
y IV, SUMMARY 7 : /
, S e , R
Tbia chapter has presented~the reaaoging behind the preparation

9 -

of thé materials used in this study.,-The mﬁteriala were prepared

e d
forlowing the guidelines sugpested by Block and Airasiqn for the
. ,'/., , : 200.‘ ‘f‘o o R - . . - B :j v'v" »,/ —
T 5 o S A ' . - oR S . .
‘; ) <7\-‘“ a“‘ ' ) o ."' :" . ‘. K R . e 7 4 ’JDU ?\ € - N \

“
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' and gerved both diagnoatic and preacriptive functions. gThe three

) . . 46
: : - ‘ . . 4 N
d ; : 7 . : o : : %

vvpreparation of materials for mastery Ieerding ttrdta;ies;

The materials desafnﬁbd posuessed the majority of 'ﬁ
cha.racteristica describe&l\ *pter I1. ’i‘he \mit of content was -
divided into three eubunita ot materialy each requxring six claas

periods ot Aime. ., 'I‘heue meunite were further divided into besic

P
fg
O ag

1earning taske and behavioral objectives vritten for each taak. e ‘“ - 2

Mastery of the  tasks, subunits, a and unit Iere all defined in terns of

" these objectivea as explained later in thia theais. The-formative

¢

testing inatruments were designed 80 as not ‘to affect the final grade

types of experienced provided for a variety of corrective procgdures
dependﬁng on the- need of the etudent. The workaheets and review
dheeta wers ala& considered to ?e a form of corrective for the
students. The summative and poetaumnative teats were criterion-i
referenced tests and provided the basia for the assignment of a grade.
‘ The movement of the student through the various materials s
and the use of time a8 a variable in the strategy will be described ) h

o\

invdetail in the\next chapter in conjunction with the design of the

r
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 CHAPTER IV
. , : Sl »
v 'THE EXPERIMENTAL DESIGN
:‘2 I M ) | ‘4;:;". . . . .
i'The main }mrpﬁbb of this study was‘io devoibp a mastery
1earning straiegy with 'hioh it could be shown- that most atudents ”
coulq learn almoet a11 of what is taught in the schools, By

?

developing a succeaaful strategy all thoae involved in education

¥

might be fur@her conxinced that the -astery learning ‘concept is a
;

viable one, The previous chapter preeented a deacriptlon of the
materiala uaed in: the atudy based_on th:)rationale given there. Thel
preaent chapter deacribed the setting’ 1n which the materials were
used together with the nethods of uaage. The questiona which the
study attenpted to answer and the methods used to analyse the data

are also stated.

I. THE SAHPLEf
bThé sanple'coﬁsiéted of all grade'ﬁineiatudentsAenrolled in
sn- George Sinpson Junior High School in St. Albert. Several factors
which inrluenced thevnelection of this school were: (a) a large
nunber of studenta were available at one grade level in one school

(b) only two teachers taught nathematics 1o the grade nine students.

v

‘, each teaching,three classes, (e) the claeaes were heterogeneously

J
grouped and students had notfséen assigned to" claauea in any
particular manner- (a few students had been aasigned. to particular .

claases in an attemyt to avoid discipline problems). (d) both teachere
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were highly recounended by several sources aqn eiﬁ&eeeed a willingnesa

to participate in the atudy, and (e) an area ofa%oﬂtent was avallable

'

which was adaptable to a maetery 1earning strategy uaing aﬂsexperience

criented approach. ) S -
II. ASSIGNMENT OF CLASSES TO TREATMENT
The content considered in-the study was the multiplication
and factoring of eimple algecraic expressions as expiaihed‘in more
vdeteil in the preceding chapter. This unit was d;vided into three
' : ]

gubunits of instruction witﬁ'each subunlt representing content of

equal difficulty.

1The time allowedlfor:meetery of eacﬁ eubunit was six class
periods”coneieting cf,cnevclase period per day fer gix successive
'8chool days. The CIaseee‘iere assigned to one cf four treatments.
The MMM classes recelrea the mastery treatment for each of the three
subunits of instruct1on. The NNN claeees receive%)thq»nonmeetery _
treatment for each of the euhunite. The NMM class received the
nonmaetery treatment for the firatweubunit of 1nstruct10n and the{
maetery treatment for the second and third eubunite while the NNM
>c1ase received the nonmastery treetnent for the first and second
subunits and the naatery treatment for the third subunit

In order . to minimize the effecte of quality of instruction

eech teacher was assigned to one IMI class and one NKN class as well
as either the NMM or NNH‘clase. Itlwae deternined by the flip of a
coin that teacher X wce}d'ﬁeve the NMM class, ‘and teacher Y would
have the. NNM claee. Each of tﬁe'teechers'-three claeeee wasg aeaigred

to one ‘of the three eequencee of treatments assigned to the teacher

by means pf-drawing slipe of paper from a hat. The assignnent of -
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tre m:;§? is summarized in Table IIT . o P
ﬁ o e Y
- | TARE II | S
- mmm'rs ASSIGNED T0. BACH CLASS
| SUBUNIT.CLA'SS A | B fc | |'E F
‘ 1 n | w | N | % } N | N
‘ I M | u N | v |'s |w
111 __Lx | M L[N LM | v |}
| TEACHER x x Jx ty ]y |y

" III. DESCRIPTION OF MASTERY' TREA TMENT -

The purpose of this Je;tion is to describe in de£a11 the“g;‘
mechanics of the m;;zsiy treatnent for a subunit of 1nstruction. -
Each subunit consisted of six class perioda of learning .
experiences, each period being approximately 40 mlnuteu in duration.
Each class met for one period on each day except in upecial cases
where the ‘regular class perlod wasg missed due to other activitiea in
 the school. In these few cases it was nccesaary to have two class.
periods in one day. |
On the firat day of the spubunit, the format of the nastery
_ treatmsnt was explained to the students as it is outlined 1n thie
‘report.- Special care was taken to enphasize the role of formative
'teating in the progran and the fact that the results of the formatlve
teaténg would not in any way be used’ to deiernine a grade for the
content covered. It wag further enphasized that the final grade
- would be derivedlfrqn the aum;ative and postsun-ajive tests and that ‘
each and every student would be judged only on hdw Qfﬂpersonqlly

achleve@ on thoee instruments. Every atudent. or poaeibly none,

i
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‘could achieve an A.,

The above ot&entation took about 10'minutes,~after'which the

students were given the objective sheets for the«particular subunit.

teacher felt it necessary,

. The reéular classroom teacher then presented the objectives to the
~ students one by one by referring to the objective sheets and making

‘use of the samplq,exercises on those sheets. In some cases, if the

the-sample exercises were supplemented by

other exercises. In this first class period, six to eight of the ten

Y

objectives were ususlly presented.to the students.

o

. - ht the conclusion of the first class period each student was .

given a workshest consisting of two guestions on each of the learning

tasks in the subunit, It was suggested that the student attempt each

of the 20 questions before
1ast few objectives may no
class period. the students

uestions on the objective

worksheet were answered.

e 1ast half of

done, T -

administer :

the next class period. Even though the
t have been dealt with during the first
could have made reference to the sample

sheets and hence should have been able to

nsidered and any minor questions concerning the questions on the

No formal checking of the worksheet was

the second period. a formative test, was

to all students in the class. BEach student worked on

o
Y

the formative test independently and without the assistance of notes

or the obaective sheets, After the student had attempted each of the

questions the formative te

o

"~ In csses where the class 1

st was handed-~in to the teacher for marking.

ime e)@irod vefore a student had completed

the test, the test was taken in and returned to the student the next

~
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day for completioﬂi o CL }i L Y d
e Sk v
At the beginning of ‘the third %lasp period the fornativ ~9°
teete wereigeturned indicating which tasks in the subug&t had not
been mastered. Attached to the formative tests were A-experienceeﬁ
which would provide the students with experiences on the tasks on
which they had not indicated mastery. An experience.was provided L
for each task not mastered. The students worked on these experiences : iﬁf
independently seeking aeeietance,from the teacher, researcher, or -
- - other students when neceseary.
If a/etudent attained mastery of;all ten basic learning tasks
on the first formative test, or on subsequent formative tests, he
was directed to an activity corner set up by the researoners where
he could work on mathemati€al protlems;vplay mathematical ganes, or
engage in some other mathematical activity. "These aetivities were ;:‘.
csoaen 80 as not %b interact with the mathematical content considered
in the experiment. -The purpose of the corner was to provide activities
for the students who had mastered all objectives ‘before the completion
of the.six day period. v
~ After a student hadcvorked through the.i-experiences and
completed them to his own satisfaction he was givenAa second formative
test (A). Onvcompletion'of this test and as soon as poesible the
questions were merked correct or incorrect, and the tasks not yet
masteréd vere indicated on the(test;paper.- The student was then
.provided a B;exﬁerience for each tesf;not yet mastered. If a student
indicated -mastery of a-particular task on the first formative test
but ha?,the questions to that particular task incorrect on formative

" test A, then that tagk was Btill. considered to have been maetered d



R : _.
This fact was indicated to the etudenf'together with the suggeation

that he might wish to work through the B-experience for that task.

After completion of the B-experiencea, the etudentavrotd

another forma%ive testﬁ(B) ‘He then continued vith C-experiencee in‘ )

3

a fashion gsimilar to the above if he had nofadndicated mastery on all
_objectives, If- he ‘had obtained mastery on all objectives he worked
l»in the activity corner. ,

A formative teet C»lfollowed the C-eXperiencee and if mstery
was 8till not attained the student discuased his situation with the
" teacher., Overalkythen. it was posaible for a ctudent to obtain three
experiences to assist him in the mastery of a given task. Whethegior
not he attained maeiery wasvindicated to him by,his results on the

formative tests. . o — ' e

Since the opportunity given for fhe mastery of the objectives

of any subunit waa six class periods, several studenis were upable to
work through all the experiences available to. them. At the beginning
of the sixth class period of the cycle. the studente who had attained
- mastery of a1l t?ske earlier were given a review sheet on the
robjectives in that subunit. The remaining atudenta were given the
reviev gheet at the end of the period. The studbnts worked on this
:review sheet onm their own time and no checks were done to see if the

students had done the questions.

L}

Figure II givee a flowchart of the activities completed 4
‘\during a subunit of instruction in a claes which received the mastery
treatment.. It ahould be indicatedethat if the six perioda allotted
for the subunit ended before a student had completed maatery, the

¥
atudent still received the review aheet at the end of the eixth

E 52

>



53

-

7/

| LNORIVEYL ANISWA EHL SNTSO NOLLONKISNT
40 LINNEOS FNO HOd JMVHOMOLL

IT FUNOIJ

NOILONHLSNI

Cowa
) ud ot

14"

HSINId

T

| JEIHS YHOM

WANHOD
ALIAILOY

MWMu g/ L

T

! NOTLOOMLSNI

TYILINI

ASNHS
SAILOE GO




responsible for the clsssroon; ' ' ' o

by the student.

15

] . ' A, : 4

' period and any furthegswork d;ne~on the subunit “was his own

reeponsibility. ‘.9;‘1 ?t," . A. g B - ' o v

.

One or both of‘the resesrchers was present in the mastery

A

claserOm for most of thea ahs periods. The role of the . researcher

in the- clsssroongsss to aseiH’. the teacher with individusl help,»

- mark the formative tests for immediate réturn, snd record data

pertinent £o- the study., The regular teacher was at all times -

- ) g

Iv. ,.DFBCRIPTION OF rioms'rnm TREATMENT
R ' )
The ‘purpose of this section is to describe in detail the
mechanics of the nonmastery trestment for a. subunit of instruction.
Both the length of time allotted to a subunit of instruction
and the content to be covered during the subunit were identical to

that involved with the corresponding subunitlwith the mastery

-treatment. The differences vere withd&he type of instruction received

On the first day of the subunit each student who received the
. “?
nonmastéry treatment was given the'pbjective sheets for that subunit.» ‘
e
These objectiye sheets were identical ﬁb ‘those given to the atﬂﬁents

f‘who used the mastery treatment, ﬂﬁe regular classroom teacher then

P

‘ presented one or more of the objectives to the students by doing

several examples and using thiee exsmples as a vehicle to explain the

t

concepts. The siudents ' then given teacher-prepared exercise

sheets on thoge particuipr objectives. The students worked' on these 4
exercise sheets both in and out of class. During the next class

period these questions were corrected by such means as students 'orking

at the board, students recitingianswers, or’ students checking answers

- x4
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" from a prepared answerasheet;;ASucceeding-objed%ives 'ere then tsuéht
‘;and ‘the process above repeated. This type of activity. occurred during .
_the Tirst five days of the subunit and hence all ten tasks of the®

'f‘subunit were taught.‘ T » i' | -

-On the sixth day. the first portion of the class periodﬁi:s

used for short questions ahout the subunit'and‘this was followed by =~ °
a test on the subunit The test was the same as the first formative
test used in the mastery treatment for that subunit with some
{modification occurring in the instructions. The tests were graded.
‘the marks recorded by the teacher to be used for the purposea of

obtaining a grade, and then returned to the students as goon as

possible.

The approach used in the classes which reéeive tﬁgﬁnonmastery

treatment described above was similar to the approach;ussd regularly

" by their teachers. . The ma jor difference was that the students were
given objective sheets indicating the taskg#ﬁﬂﬁbh they were to learn.
Also. as in those classes which received‘té% tery trea;ment, one -
ior both of the researchers attended nost offuﬂn» clssses which

received the nonmastery treatment Their‘role was one of sssisting
: ol

students when-they requested individual help. Figure III presents a.
.flow chart repressnting the activities completed during one subunit

 of instruction by a class which receiVed the nonmastery treatment.

. .'.. C . g , . i o
- B ; . o

V. AIMINISTRATION QF SUMMATIVE AND POSTSUMMATIVE TESTS

A1l studenﬁb were given the summative test on the finﬁt claés
period following the conclusion of the third subunit of instruction.*

" ‘Each student was allowed as mich time as he needed to complete, the L

'test. In sone instances students used more. than one class period of
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time. The tests were graded and returned to the students. Students
who missed the summative test were given the test at the next p0831b1e

opportunity. -

-292, During the two week period following the summative test, the
first period was spent in discussion of the summative teét while all
remaining periods consisted of the teaching of new material. This
new material made extensive use of the tasks taught during the three-
subunits of instruction, however no new instruction was given on those
tasks. The researchers were not present in the school for this two ¥
week period and had no infinence on what was taught. »a | |

Two weeks after»theAsdministr&tion of the.summative test, the
pdstsummative test was administered in a similar fashion. The tests
wgre graded and returned to ‘the students. As with the summative tests
the nu!fg were’ used for the purpose of obtaining a grade for the

student.

VI. LIMITATIONS OF THE STUDY

Because of the mdteriais.used.;nd the designtof the study,

<

several essumptions nad to be made concernig&,the use of those

materials. The assumptions included the folioiing:

t r

M. Each of the subunits contained equal amounts oi work, -
.'2: Ttems on the fornative‘and summative tests measured the
stated basic 1earning task objectives.
3. Formative tests within each subunit were parallel.
4. The quality of instruction was consistent‘for each -
teacher as well as between the two teachers.» ; ?

5. All‘subgects intd¥preted the items on the testing

‘

~
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instruments in the same way. » \

6; The time spent on the experiences could be'neesured‘by
the pumber of experiences undertaﬁhg and the imee»recorded on the
Lexpgzzence sheets. v o ' '\

7. The presence of the researchers in the classroom

affected student behavior in all claesg%rin a 8imilar fashion.

|

V1. SOURCES,OF DATA

Eacﬁﬁstudent in the experiment was: aBSigned an identification

number which included a means of identifying the class and treatment
‘\/

to which that student had been aseigned Cooperative School and

College Ability Test Scores (SCAT) and Sequential Teats of Educational
s

Progress Scores (STEP) were obtained for each student from the school

record.. Also obtained from the school record was. the grade received

; by each student on the last home report,

N

Durfﬁg the experiment records were kept on eacn etudent to

indicate whether each reaponse he made on a formative test wag correct

"_ or incorrect as well as to indicate ‘the total score.qf tpe test.

+ !

From thia 1nformation it was determined which tasks had been mastered._

Pt

Y A record was also kept of each experience completed by a student
together with his recorded\time for that experience.
The total scores for each student on both the summative and

postsummative tests ae well as the correctness of the reaponsea'to
‘ ' ' @ ' . o
each i{em were recorded, The score for each subunit dn each of these

tests was also noted. ¥ ¢

Appéndix V contains a record of the SCAT ecore, STEP acore,

previoue achievement Bcore, total acore on the last formative teet

- r" '0
4. _ . P
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duténg ahch aubmnit. and total scores on the sunmative and
poﬂteunmative teet for each atudenﬁgy : -
o VR
,“*‘Cl.. : ’ L . : .
VIII. NULL HYPOTHESES AND STATEMENT OF ANALYSES USED' ‘/2

n 9 This study was concerned with five.main'ﬁueationa together
with their relation to mastery learning theory. These questions with

the correaponding hypotheaes whioh were tested to indicate hog the

queetions snould be answered are liated below, The statistical

analyses used to test the hypothesesiarebalsolgiven,A~

-
N

3 L P N, \
" / QUESTION -1 . \

4

Do the groups under the mastery and nonnastery treatments
deviaed £or this study differ with respect to the. proportion of

etudents who attain maatery n (a) the ic 1earning tasks, (b) the
o

.,subunita. and (c) the unit”

ﬁ,ﬁ . ‘ . \'
¢ This question was answered by considering the three aspects

of . the nastery treatment where 2 mastery criterion was defined.
‘These three aapects consisted of naetery of the basic learning tasks, -

‘mastery of the subunits,band ‘mastery of the unit itself.

lastery of a basic learning taek was conaidered to be achieving

two out of two items correct on a formative test administered during

the subunit of inatruction containing that task.

Hypotheais 1.1
‘ {Niﬁfkno significant difference between the MMM group and
. thé group in the proportion of students who attain . the
masiery criterion on each of)tpe basic learning ‘tasks,

This hypothesis vas repeated for each of the 30 basic 1earning_
tasks and each cage tested by use of - a proportions z-test in which the

statistic z is defined by:



This statistic has a unit normal distribution and is described by
‘ ‘ ’ o

walker and Lev (1953).

o @aetery of a subunit’ was considered to be the achievement of

[ 5

- all ten/baeic-leafning tasks occurring in that subunit. .

Hypothesis 1,2 v

v yfhere is no significant difference between the MMM group and
the NNN group in the proportion of students who attain the
mastery criterion on each of the subunits of instruction. ’

- -

This hypotheeie was tested three times, once for each of the

eubunits using the statietic 2z defined By the formulas

»

o~ . - pj_p2

. | ]PQ(%‘*‘%) | ?, S
. ! T2 : Coo e
It snould be noted that for z t% apprcximate tpe un&t normai 'VEW. o
. distrlbution using this etatlstic the product of the minimum oﬁ _ @‘,4
"p1, Uys p2. % and the minimum of N and N, should exceed ©r be equal
.to 5. This statistic is-described by Fergueon (1971) - ﬁj

A second method of determining differences of attaining

‘mastery of a subunit was to consider the mean nuinber of tasks maetefed

during that subunit. , - . o .

Hypothesie 1.3
There is no-significant difference between the~ group and
the NNN gpoup in the number of tasks mastered during each
subunit. ‘. .

'Hypotheeis 1 3 was tested ueing a t- teet for testing differences

.

in means between independent samplee.

Mastery of the -unit was considered to be a score of 80% an the



summative test, Any score exceeding or‘eqdal to 80% iag assigned.a

grade of A. The following three hypotheses were - tested yping the same

siatisfic ag was usedjfor:hypothesis 1.2, Hypothesis 1.4 was designed

to determine if there were differences -in the proportion of gtudents
‘attaining a grade of A prior to the experiment while J.S_and”1.6’

considered if there were differences in the prqul'

“ .

o
o

>

;hgvMMM and NNN groups on both the summatiyg an§?26§¥%§§!étive testé.

Hypothesis 1.4 7 ,

There 1s no significant difference between.the MM group and
\ NNN group in the proportion of students who received a grade

of A on thé last home report prior to the experiment.

Hypothesis 1.5 o .

There is no significant difference between the MMM group and

NNN group in the proportion of dtudents who attain mastery
. on the unit as measured on the summative test. ' Lo

<

. Hypothesis 1.6 ' _
R There is no significant difference between the MMM group and
* NNN group in the proportion of students who attain mastery
on the unit as measuted on the postsnmmat;vé teat.7wn

The following four hypotheses were'tested'td,deierminé if
, , o ; Oy o

oy -

either or both of, the mastery and nonmastery treatments .produced:
significant differences in the proportion of A grades sttained from

that previously attained by the students. f théﬁe fréatments were

g %’g 's : befveen .

J

to produce a significantly greater proportion of A grades they could

?Eg_said to exhibft‘that quality of a mastery learning gttategy. The

four hypgtheees were tested using the proportions z-test as before,

Hypothesis 1.7 : ' ‘

There I8 no slgnificant difference between the proportipn cf
students in the' MMM group attzining mastery on the unit as
. measured on the summative test and that receiving a grade of
L on the last home report. ' ’

Hypothesis 1.8 o _ s 4 -
There 1s no Bignificant difference between the proportion of
students in the MMM group attaining mastery on the unit as

.-

\\ / of A on thé last home rqport.

measured on the postsummative test and that receiving a grade



The first six hypotheses of this section were tested to

It

thesis 1.9
There is no significant difference between the proportion of
students in the NNN group attaining mastery on the unit as
measured on the summative test and thst receiving a grade of
on the last home report

gxpgthesis 1.1 - o , N
There is no significant difference between the proportion of
gtudents in the NNN group attaining mastery on the unit as
measured on the postsummatiye test and that réceiving a grade
of A on the last homs report. .

—_—

(

determine if‘the treatments given to the NMM 'and NNN groups. produced

different result

mastery.

It was expected that significsnt differences would result_in

the majority of cases and that those differences would indicate a

higher proportion of students in the MMM group attaining nastery thsn

in the NNN group. The last four hypotheses were designed to test if

b.

either or both of the mastery and nonmastery treatments produced a

greater

groupB .

proportion of A grades than wss previously attainei‘by these

In order that the Questions which follow have meaning

it was necessary that the treatments be different and the mastery

treatment exhibit some or all of ‘the characteristics of a mastery

_ learning strategy.

that the nonmasiery treatment would also resu

of students receiving a grade of A than was previously the case,

g

\ QUESTION-- II

Are there differenceﬁjin achievement between students under

the mastery trestment and students under the’ nonmastery treatment on

(a) the

»

basic learning tssks. (v) the subunits, and (c) the unit'

In this study there were three times at which compar!sons in

achievement could be made, These were during each subunit of

[y

8 with respect to the“prOportion of students attaining

The 1ast two hypotheses above tested the possibility

1t in a greater proportion

62
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instruction, on the suunative test, and on the poatauunative test.

Hypothesea were atated using one or more of theae three times
. e .
depending on which of the baaic learning tasks, aubunitg. or unit

w.

was under consideration..

. Hypothesis 2.1 SRR
There 18 no significant difference in achievement on each
basic learning task between the MMM group and NNN group ag

’ maasured on the summative test.

Hypothesis 2.2

There is no significant difference in achievement on each -
_ basic 1earning task between the MMM group and NNN' group as

measured on the postsummative ‘test,

These two hypotheses tested for differences in achievement on

each of the 30 basic learning tasks as. mej

postaummative tests. These 60 hypotheaes";’igﬁiested using a .

»

-propbrtione‘test as used previously—to teat hypothesis 1.1.

_Differences in achievement én the tasks during the subunit of

BN

instruction were not considered since the testing of hypotheais 1. 1

-already indicated any differences in the proportion of students

attaining mastery of each task., To attain mastery on‘a task during

the subunit, the student was given two questions on that task and

required to answer both questions correctly.' The student could anewer.g/

one question correctly and one incorrectly andvhence not exhibit

mastery. Therefore. the proportion'of students attaining mastery of .

a task was not equivalent to the achievenent on that taak but only

-

: provided an approximation of the achievemeﬁt.

Hypothesis 2.3 ‘

There is no significant difference in achievement on each .
. subunit betwsen the MMM group and NNN group as measured on

the last formative test written during the sudbunit using

STEP scores 28 a covariate,

ﬁypothesia 2.4 S S

There is no significant difference in achievement on each
subunit between the MMM group and NNN group as measured on
‘the summative test using STKP scores as a covariate. '

prgs on the summative and:,s

63.



.Hypotheais 2 5

There 1s no significant difference in dchievement on each

: subunit between the M group and the NNN group as measured
. on the postsunmatlve test using STEP scores as a covariate.

- Bach of the hypotheaes 2. 3. 2.4, and 2.5 was teated three

\7£imee; once for each subunit of instrnétion. lnalysis of covariance

2

A. 2

:’vés‘pqéd to test each hypotheais with STEP scores being used as the

I

- coﬁariape, thus taklng into consideration the existence of pre-arranged

.
s

clapses in the study.

Hypothesis 2.6 3 : 4

There is no significant difference in achievement on the upit
betweea the MMM group and NNN group as measured on the
summatiwe test using STEP acores as A covariate. '

Hypothesis 2. .7 , .

Thereg;is no significant difference n achievement on the anit’
y between the MMM group and NNN group as measured on the

'postsummative teat uaing STEP scores as.a covariate.

Theoe two hypotheses were tested using an analyais of

covariance procedure as used to test the previous “three hypotheaes.

. .
- . ! !

-~ -

QUESTION TIII
Do changes occur in achievement frpm'the subunit of

instruction to the summative test, fo the p‘oatsuma'tive test?

P
Thls questlon was considered for. the MMM group and NNN group

independently. To determine the’ poasibility that changea did occur in

25
level of achievement,the proportion of students achieving each task

during the subunit on the’ summative test, and on the postsumm%iive ~ »Ef*

test were further examined. The number of proportlons 1ncréas¥ag.

decreasing, and remaining the same frpm the subunit to the summative

test, from the eubunit to the postsummative test, and from the

summative test to the postsummative‘test were determined. If this

analysis,revealed'the majority of changes were’ either increasing or
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"

decreasing; the following hypotheses would bg'teéted to detérmine the
gignificance of the changes. _ G ,

Hypothesis 3.1 : :

There is no significant difference in achievement within' the

MMM group on ‘each subunit between the last formative test

written during th:dpubunit and the postsummative test,
. : . »

Hypothesis 3.2 ' T ;
There 18 no significant difference in achievement within the
NNN group on each subunit between the last formative test
written during the subunit and the postsummative test.

Hypotheées 3,1 and 3.2 were tested for each of the three’

subunite of instruction using a t-test for correlated sambles (Ferguson

’

1971). This t-test was also used to test the fqllowing two hypotheses
and thus determipe if changes occurred in achievement on the unit as

measured on the'éuﬁmdtive and postsummativ%;fﬁgﬁﬁﬁ

‘Hypothesis 3.3 . .
There is no significant difference in achievement within the
MMM group on the unit between the summative and posisummative
tests.

/

Hypothesis 3.4 .

There is no significant difference in.achievement within the
NNN group on the unit between the summative and postsummative
tests. ' ‘ . .

QUES%ION Iv
Does a relationship exist between aptitude and'attaihment of
: mastery and if so, is this relétionship constant.over the series of
3ubunité? 3 ‘ o . : .
Three measures of aptitude were availﬁ%le to this study
including SCAT scores, STEvacoree,ihnd the previous-graae attained
by the student on his 1ast home report. Pearson-product moment |

- .
correlations Qere calculated between these measures and the qcmievement

gcores obtained by each student on the 1ﬁst formative test written

during each subunit as well as on the ‘summative and postsummative tests.

65
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coefficients were developed to determine if trends did.“ﬂhpar to exist,
Two other: questions are diacusaed briefly in this section.

Which of the three measures of aptitude beqﬁkpredict puccess on the

subunits and unit? Do the scores bn formative tests predict results

on subsequent tesis in later subunits? &8 with the main question of
\ . ,

this section, no-rigorous hypotheses were constructed, however the
tables of correlation coefficients nentioned above were examined to

~aiy

determine if trends appeared to exiad with reapect to .these queations.’
) \
q\\u : QUESTION V )

-

Do the gtudeAts_involved with the nastery treatment become
more éfficient in their learning over the series of subunits?

An attempt was made to anaswer this question by comparing the ‘
number of experiencea completed during subunit III by those studente
who attained mgatqryion subunit IT1 in th® NNN, NMM, and MMM groups.
in addition to comparing the nunberzéf experiences required t? attain
. maétéry, the times spent on these tasks as indicated bj.the student
on each experience sheet were also compafed. No atatistical‘hypotheseg

were construcked with‘regard to this ﬁueation.

66



CHAPTER V
THE RESULTS OF .THE STUDY

A In this chapter the results of the analysis of the data
relating to the five ma%n questions are presented with respect to the
- corresponding hypotheses stated in the p}evioué chapter,

1 y ’ . : .
( . The purposes of this ‘Eudy were to develop A masiery learning

4

strategy under which most sty#nts could learn most of what was

. taught and.also to provide Qvi;st of -the results of previous ;eeearch
fzm{_ concerning mastery learning B;E}tegiea aﬁd”theories. The flrst main
question considered here determif d if the mastery strategy devised
for this study whé different from‘the,nonmastery strategy and‘if a
differences'did éxist, did they conform to mastery theories, The_
remainiﬁg four questiopa atfempted fo determﬁpe the deg;ee of learning
using the strategies, es yell aa'to further investigate the tenetq of
a theory of mastery learning. A
- ‘ o  QUESTION I

~

Do the groups under the mastery and nonmasteiy treatments
‘deeised for this study_differ with respect to the ;;oportion of )
students who attain mastery on (a) the basic }earhing‘taaka, (b)‘the
suburdt:, and (c) the unit? ' N

The hypotheses below were tested to indicate whether there

mere differences f/'the propertion of stndentn who attained‘mastery

on each of the basic learnlng tasks, each subunit, and the unit as

. ' T 67
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 measured on both the summative ‘and postsunmative tests. If there

~ SN

- were aigniﬁﬁcant differencea between the two groupa it could be

concluded that the nastery treatnont was in fact different fron the

- ’/

i nqnnaatery‘treatment. Further if the nasteryggroup showed a
gignificant higher proportion of students attaining mastery, then the

master?\treatment would exhibit some of the tenets'eateblished in /o
e A - : P L .

Chapter TI.

- Hypothesis 1, 1 . ' ‘
‘There is no aignificant difference between the MMM group and -
the NNN group in the proportion of students who attain the
mastery criterion on each of the basic learning tasks.

Theué%dve hypothesis was fested for‘eaeh-béeic_leafning taak‘.
‘using a .proportions z-test. The proportion of eagh group who attained'
Maetery on eaéh task together with tﬁe-eorreaponding z-statisiic are
presented in Table II\

Thé 0 group was favored in 26 out of the 30 differences.
‘The differences for itemn 1, 4, 6, T, 11. 21, 25, 26, 27, 28, and 29
were significant at the .01 level and those for items 3,9, 12, 22, | g
25, and 30 were sigﬁificant at the‘;OS 1eyel@ﬁ'Hence. hypothesis 1.1
was fejected for those 1f {tems. i -
Hypothesis 1., é . '
There is no significant difference between the MMM group and

. . . the NNN group in the proportion. of students who attain the
mastery criterion on each of the subunits of instruction.

Thia hypotheeis was tested uaing a z-statistic for proportiona

defined by:
~

and having the restriction that the producilof the minimm of Pys Qg9

Py and q, and the minimum of N1 and N2 nﬁst be'greater than or equal



TABLE ITT -
PROFORTIONS OF MMM AND NNN CRUUPS ATTAINING ~ 5
MESTERY CRITERION ON EACH BASIC LE*RNING T#SK

—

ITEM PROPORTION PROFORTION = =z
MASTERED IN MASTERED IN
MASTERY CLASS NONMASTERY CLASS .~

1 .96, O 3.2
2 > .94 84 . 1.63
3 .84 A2 S Ru53%E
4 .82 .30 L 5.31%

5 .71 s 0 0.06

6. | - .65 28 R R L
T .69 Y S 7 2.69%
8 .75 " 66 . 0.94
9 563 38 .49
10 .57 ", 38 © 21,90
11 63 - .33 ' T 3,.01%
12 .47 2T e
13 R & <13 , -0.32
14/ 51 .61 -1.03
15 49 - .51 " 0,20
16 A7 .41 . " d.69
17 ) .47 .55 © 20,60
18 .43 41 oz
19 .43 .43 ) 10,03
"0 *.43 .31 130
N .13 .30 o 4.28%
22 1% 4B 2,52k
23 .86 N7 I 2,79*
24 .78 g6 0.29
25 .80 .58 ').v,ui*{ .
26 T .34 L 5.6R%
27 59 .18 Y S A L
8 .57 .10 4.98%
2+ .61 .30 | NETRRL
30 - .69 44 | 5.50%%

———r

* gignificant at .01 level
»* gignificant at .05 level

4 \
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to: five. The low valnes or P, for each of the. subunits @s shown in

»

Table IV w0u1d have cauaeg thie reatriction to have been violatedvi
!
hence for the purpose of oalculating.the value of z, & valpe of ’

P, = 10 was,useiiiq,eaep case.

W o

TABLE IV
' PROPORTIONS OF MMM AND NN GROUPS
LPTAINING MASTERY ON FACH: SUBUNIT

-

o - : < ) ' :—; ——
sU Mo Mww Fron Frow
I, 51 50 37 .04

voo. 11 5t 500 - .33 - .06

x5t 5 35 . .06

5 — )
* gignificant at .01 level

A ' & {

=¢’ The z—statiatics were significant at'the O level and hence
all three mll hypotheses of the form 1.2 were tejected. It should
be emphasized that the rejection of theae hypothesea did not imply
that the achievelent of the MMM group was auperior to the NNN group ”
but only that t number of students who attained mastery on the ’

subunit during each subunit of instruction was algniricant1y greater.

-~

Hypoihesis 1 3

There is no significant difference between: the MMM group and
, . the NNN group in the rumber of taska naatered during each.
R subunit.

-/

’»‘ﬂv

Table V presents the diatribution of the number of tasks
uastered in each subunit for both the IMM and NNN groups, The means ¢

- '~ and standard deviations for each group on each subunit are alao given

together with the t-statistic comparing the differencea in the means

. o
» o

for each aubunit. - ' ’ o . e N
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s e TABLE V .

'DISTRIBUTION OF NUMBERS OF TASKS MASTERED

IURING EACH SUBUNIT, BY MMM AND NNN GROUPS
‘ v o8 o

o N

e ——

|

Moo OF  NUN@JR OF SUBJACTS
‘TfSKS - SUBUNIT I . SUBUNIT IIx - SUBUNIT III
MASTERED . e NNN .MMM p NNN MM NN
P - : do .
o 1 2 [ 9 e 4. ¥
1 T, 10 4 1006
IR 3 (AR S S ) 7 "
B 3 -7 2 5 1 4 e
4 3 6 2 3 7 -5
. & [ BN
5 4 6 1 8 ey * - 8
e 6 7 g0 0 4 5
- . o RN S o "
L 7 4 .8 - 1 3 4
8- & T 2. 6o 3 1
9 5 5. 5'?_ 7 1,
‘ 0 ) 19' - ' 2’ "'118'." . q. 1%@% B _5‘_ ‘
. mean: 7.41 . 544  5.00 - 4.4_6 7,08 . 4, 16 |
279 2.68 4019 3033 308 - 2.75 ,
. - _ . .y o
t 3,62% . TN A2 7 SRR .05%
. y 3 LA 5.05
o * significnnt at the .01 level , - ' N
< | The t—statistica; for subiinits 1 and III were significant at
t\.he .01 level in favor of the MMM grou'p and hence the cot‘resyon&fmi
. w A .
nug. hypotheses were rejected; Null hypothesia 1. 5 LEY:! not rejected
. for aubunit I_I._-_g R ) J C ' | T,
[ o . LY . ‘{'f}“" , » . .
/‘:?"*' C o Hyp’oth'eéis 1.4 \
- - There.i8 no wignificant difference betwedlt the MMM group and
the NNN group’ in the proportion’of students who, received a
' g'rade of A _¢n. tne\list home report prior to the experiment
~ o
) Hypothesis 1.9 : A R
o 4 . 77" There is. fio significant dif{ rence hetween 't,he MMM group and
! .'the NNN group in the propoxy ion of students “who ‘attain mastery
on the unit as measured on the summative test Co L
' e ' °l "

i . [ ) v L e . J )\
R : .
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Hypothesis 1. 6

There i8 no significant difference between the MMM ‘group and

the NNN group in the proportion of students who attain mastery
" on the unit as measured on the poatsu-mative test.

, _ Table VI prcsents the proportion of atudonts in both MMM and
A} -

NNN groups who “%tained a grade of A on the summative teat.

' poatsunnative test; and on the laat hone report prior to the

"

experiment. The z-st?tiatics obtainod by teatihg th differences

in_bropoftiona between the two groups are also report d.

TABLE VI > R
PROPORTION OF MM AND NNN GROUPS OBTAINING A GRADE .
" OF A ON THE SUMM:TIVEWsST, POSTSUMMAFIVE /PEST, AND "
- THE,LAST HOME REPO T PRIij?o THE EXPERIMENT
P ) - . :
. .’ : T - i- }MIM [  _ .

B LAST HOME RPT .16 .08 1.26 .
/ . ST a4 22 2.21% -
ST 51 N 99 ’

* significant at .05 level -
. e N .

B

A Hypotheeis 1 5 was' rejecced sinée the z-statistic was

T4

\
s,f eignificant at the .05 level. Slgnificant differehcea betWeon the tVOs
{
e groups did not exist in the proportion of studente who ﬁad attained a 3
48" :_ \_u' /. * ,"j“’
- grade o@ A on the laat report prior to xhe txperinent nor did they

. exist in‘Q;e pfoport"on who attained mastery on the poutsumnathve tesv-

\. S R "-"“ °
Hypotheses 1.4 and 1. were not rejected., B

Hypothemis [;1 * T - R :

There -1 no aignificant dffference between the proportion of

students .in the MMM group attaining mastery bn the ynii as '
. ‘measured on ‘the summative test and that receiving a. grade of
. “ii on the last h?me report ' , s !

« -~ . T . - N

9



Al glggtheais 1.8 ‘

‘ ‘There is no significant difference befween the yroportion of

studenta in the MMM group attsining mastery on the unit as

measured on the postsummative test and that ‘receiving a grade

:/;? A on the Laat honegfeport.-

-~

T g . ‘

ypothesis 1.9 : ’ . - o

There is no aignificant i feronce between the proportion of
students_ in the NNN attaining mastery on the unit as -
measured or the summe®{ve test and that receiving a grade o

A on the last home réport. .

prot&eaia 1.10 : 1 ' -

There is no significant difference betveen the proportion of
students in the NNN group dttaining maatery on the unit as
measured on the postsummative teat and that receiving a grade
of A on the last home report. ' . _ . Wi

. ’ ’ N : / '
These hypotheses were tested using a proportionn z-test., It

is ootedlih‘Table VI that the proportion of students in the NNN Eroup

o attaining a grade of A on the last home report waa 0.08 vand as ./; ///
. before, thlq Vjo]ated the asoo;ptions of the test hence i - k(~"
"\.‘consi\dere.d ' 0. 10 of the students had obtained an A grade for ' (
(the purposes of testing hypqtheaee 1.9 and 1. 10. . The z—stahistios

T 1 ‘
obtained corresponding to jhe four po heses are tound im Table VII.

. - l\ » : » *
) . TABLL VIT .
Y 2= STATISTICS COMPARING PROPORTION OF A'S REGEIVED ON
 LAST HOME REPORT WITH PROPORTION ATTAINING MASTERY ON - B
'I'HE UNIT AS MEA‘SURED/ON SUMMA TIVE- ANDwsTvaIVE TEEPI‘S 1

Q"

- I L .', ' P
. . .

AR = — R N
. , - 5 - - - T —— T ) - i ,do“‘,,h\, .
Sle « \..G@UI}’ : ".‘ . & Ve K - _“"

.

, '. ‘-;‘,-: .‘%",o-‘ TFT | m { “‘ | m S ”,”- ) C | '* |
. T ] T Al

ST . 2.80% ., 1.59 ‘ , _'.
pST 3.72% 3.58%

* sighifioént_ai'.01 level*
\ . L . !

The z-statiatics correaponding to hypotheses t.7, 1. 8. and

1.10 were significant at the .01 level aﬂd hence those hypothesea'

N - ._‘
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were rejected. Hypotheais 1. 9 was not rejected.” In each of the KNN
and MMM groups 2 greator proportion of students attained a grade of
A on both the 'anmtive and postsummetive tuto than “had previously
attained a grade of A ‘on the last home report. |

‘Figures IV, V, a.nd VI show reupectively the disiribution of |
grades in the m and NNN groups on the last home report prior 'ﬁo the
experiment. on the mmtive teat. and on the postsumtive tent, ‘{ L

Pigure IV indicatea that the diatributi:; of grades on the

1aat hone report was sinilar for both groupa. approximmting a nornal

type of distribution.‘ The diatributions m;;

g des on the a\mmtive

test for the tvo g'rov:pa were einilar

-

m distributions indicated more A gradea%nd -; er B and C gredes.

. ¢ =t

°.'!‘he MM digtribution was bimodal in nature with modes occurring at

~

4
F and A. The NNN distribution was more rectangular in appearance. .

.6 L. o !
. e .
r@ 1'5' . £ { . R
3 al : YR
1‘4. . )
© 1 = 4 ' ‘ .
R C T o s .
5 510 a —
;"':" 2‘ ] ‘?';A’ ; ‘) h i :'.. t ' ‘} ’. *
. A.', I & ’,‘ 1;{ - " LR k-3 R \
g O
o - 1 » - '
X E . [ L
< - 777 . Y
S /a d 7.
. 4
GRADE.
PIGURE IV"

DISTRTBUTION OF GRADES ON LAST.
HOME REPORT PRIOR TO EXPERIMENT

-
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‘The diatributionu of the scores ‘on the poatsumnative test were very L

similar to. edch otner with a modal 5rade of A, In botn group

s

-

A

8 when thé

75

-,



. . T :'.i:g
diatributions for the poltsnnnativs test were compared to those for
the sulnative tests the peaks which rcpresented the F grsdes decreased

and those representing A gradea increased fron the sunpative to the

’poeisunn311ve tests. ,“ SR e

'/

10 The results repiil « 'is acction pzve indicated that ‘the
¢ o : 1 P

.- did produce differences in the

the MMM group. the differonces favored this ‘group. oxcept for four 5:

the basic, learning tanks. The reaults also indicatgd that the
uastery treatnent had sone characteriptice of a maatery learning
atrategy and suggeated that the same was' true of the nonnaigfry
‘treatment. These,: posaibilities will be discuased in Chapter VI of

K

’the study. Sinoe~th& tteatnenta werc found to be. different the

¥

remaining qnestions,yere considered.,p v . 2 . R
A RS t . - TR
. : N o Lt "‘-;\._ h -~ __,'% . N . . AN
Lo et ,
™ QUESTION II - :
sy ' 4 : ST

e e b il g

Are there differencea in adhievenent-bétweén students under

Vo
6

' the nastery treatnent anq atudonta undzr the nonmaéteryatreatment on..

”

(a) the. ’baSic leaming« mxa. %), the subunita. and (e) the unitv .

‘« 7
!

' Hypothesis 1 1 connidered previoualy. teated whether the

t o

proportion of students injthb IIM group who attained nastery on. the
© basic learning tasks was different fro“that in “the NNN group. That
4
analysia'aleo served as an indicator of differences An achievement on

the tasks during the, subunit. "The following two hypotbesen vere ’

tested to,determine ir there were differences in achievement on each:

t




)

e

T e

- 27. For items 1 and 8 the difference favored the NNN group whiTe the

w

4 A

~

7

of the basic learning taakq,on the summative and.poetsumnative tests.,
. . . . o 3 .

Hypothesis 2.1 . ‘ -
There is no significant difference in achiovenent on each
basic learning taakgbetween the MMM group and 'NNN group as
| measured on *he enmnative teet : - N

Hypotheaie 2.2 §
There is no aignificant difference in achievement. on each
ing task between the MMM group and NNN group ag '
e postsummative test.

« measured on

These hypotheses

- .

tasks using-e proportions =z test. The proportions of each group
* ‘

gE&ing correct answers togeth with the corresponding z-statistic

are found in Table VIIT and Table

Hypothe51s 2.1 was rejected fdr items 1, 8, 15, 16, 18, and

remaining four B gnificant differenc favored the MNM group.

f_or items 14 and 16.  In‘both
group. It was noted that with
1 difference‘out of‘ZO wonld be g

significggﬁ by nce when the .05 level of eignificance was used.

- Table X;B;gggnje\imcompariaon of the number of proportione

"

favoring each group on both the sunmative and postsunmative tes{s.b

Proportions favoring a gtoup. 1though ‘not Bignificantly,'ae well
as thoee eignificantly favoring a group are. included in-the table.'

The table 1ndichtes that the proportion of the Mll group who gave

correct’ responeee to the baeié 1earning taak wag greater than the

proportion of the NNN group in 18 cases ‘on the sumnative*%eet and in .

3

17 cases on the posteummative tast, whereas the NNN group wae favored_

in 9 and 10 cases respectively. The pro;'gtions were equal in }
Q

cases on each test. - ,-é-

»

ere tested for‘each of the 30'besic learning

A
'.‘;("."3" "
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PROPORTIONS OF MMM AND. NKKN GROUPS GIYIM} \
CORRECT RESPONSL ™0 ITIMS ON SUMMFTIV}B TEST

e ———————— e
e —— e S iSSSS haaa

[ I S A 1

N

D~

_PROPORTION PROPORTION
CORRECT IN. . CORRECT IN
MASTERY  CLASS NONMASTFRY CLfSS
' .75 .90
.94 905
73 .86
LT3 .69
ST .86
. .55 - .61
.67 _‘.'.61
.57 .18
.49 " .53
.57 .57
53 .55
AT .45
.80 .86
LT .63
.61 »39
.57 | ST
.6 63
* .45 26
.45 A
.53 3T
e W67 61 b
.h9 65 !
.59 .63
.53 .53
.80 .11
59 .53
' .61 59
.39 .26
.59 .43
40 .59




k!

{

1
) \ - ‘.‘.
v | - . o
- TABLE IX
PROPORTIONS ‘OF MMM /ND NNN CLASSES GIVING
CORRECT HESPONSE TO ITEMS ON POSTSUMMATIVE TEbTS
- Jo
ITEM PROPORTICN - - PROPORTION . z,
" CORRECT IN CORRECT .IN ' ,
MASTERY, CLASSES NONMASTERY CLASSES &
s
1 e .84 \ .94 : -1.59. &,
Lo . ) - ) £
2 .94 - .92 0.39 -y
3 . .80 ¥ .80 "0 h
4 o 77 ©.18 -0.24
5 Co .80 A .90 ©-1.40
9 ) 61 65 . 0.21

7 a7~ 0.67 .
i LT ' T Y
9 . 69 . .65 0.42

10 63 e 0,20

11 51 ' 67, e
12 A7 5 65 . .. . =1.30

N NG S s i -3

", . .82 RS T L -r-

5 ér- o 0.62
P16 ;65 ; .43 ’ IR 2

7o e L9 . T o0.82

18 N S I e

L 2 A S R I W
U S L N W
21 ey T .67 S -0, ?1 N

P SN R SO ues o TN a.08

23 .73 o L 87 : -1.18

24 / S Y C o3 -

25 v . ,82 L o900 '/ ’ 21,15

A B5 . . 02

27 I .’ .67 47 . 1,81

28 : a9 e 1,80 4
o9 5T - .45 . 1,19

50 I o, 65 X P
’ . - & )

* sign}ficént at .05 1evei



© TABLE X | X
PROPORTIONS FAVORING THE MMM OR NNN GROUP.ON I
' ACHIEVEMENT OF EACH BASIC LEARNING TASK.

~ ———— —_—
NUMBER OF ITEMS WHICH THE PROPORTION FAVOR§ .
'SOURCE ' YO NNN SAME ‘
ST o 18 9 -3
PST e 1T y 10 3

fTaéle XI presents the mean achie&enent on each subunit for
each ogjthe ¥MM and NNN groups as measured.during the subunit, on the
+ summative test, and om the b@sksﬁmmative test.  ‘The me;ﬁ ﬁchievement
during the subunit was baged on the achievement on the test written at
the end of each shbunit for the NNN group, and on the last fétmagéve

. ) . /. t o -
test written by each student during the subunit for the MMM group.

y . .- l‘ v i
: \ TABLE XI .
" ACHIEVEMENT MEANS OF EACH SUBUNIT AS MEASURED IIIRII(} THE

SUBUNIT ON THE SUMMATIVE TEST, AND ON THE POSTSUMHATIVh TEST

- N s’éﬁﬁ; _x(.m?a) SD(Md)  X(NNN) ‘bI-)(NNN) | /
SU'l ‘during SU' - 20 ' 14.2° 5,00 13.0 . 4.63,
o enst U 5 T &1 e T3 T209
onPST 10 1Mer. 2.657 - 7015 1.9 )
. . DR .y 4
SU II during SU . 20 . 1Q.3 - T7.45 T 10.9 6.53
4 on ST e o573 5 312 . T 490 2.9
| »onﬂ'PS'T 10 64 U339 594 1310
S SuTIIT during sU 20 <~ 1441 5.68 - 10,1 - '5.52
7 4n ST £10 -+ 7 5.94  3.49 - - 512 3. 11 |
- '_‘,~9n‘Psq'l | 10 6.76 3,05 6.35 2. 93 ' i
" ’ AL -

-
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The table indicated that dérihg subunit I the megn favored
the MMM group during the subunit but favored the NNN group on both

the summative and postsummative test. Duaigg subunit II the NNN
. ‘

group'was favored during the eﬂbunit but the MMM group was févored on
the sumative and posfsumﬁative.teeter All three means favored the
MMM group during.subunit II1. Hypotheses 2.3, 2.4, and 2.5 test for
significant differences betweeﬁ fhose means., A

-~

Hypothesis 245 \E

There is no significant difference in achievement on each

subunit between the MMM group an nd NNN grour s measured on

the last formative test during the subunit using STKEP scores

as a covariate. ‘
_This hypothesis was tested'for‘each gubunit using analysis of
covariance with STEP scores used as the covariate. It should be noted
that the NNN group wrote only one test during each unit and for the
purpose of the testiné of thie‘hypotheuis and the succeeding ones,
this teat w&% referred to as the last formative test. Table XII
Bummarizq%‘tbe results of analysis of covariance used to teat hypothesis

ﬁégheiadauﬂted means are reported ir Appendix VI.
¥ ;{ypoi’hesig 2 3 was rejected.at the .001 level for aubunit‘iII

aincé the achkgVement of the MMH group was aignlficantly gzeater than

ﬁﬂ@gfﬁf tg%&hﬂﬁ’group. ' q‘ﬁypotheais waa not rejected for subunlts

\

<1 dﬁdi%lzﬂ.The effect of the covariate was eignificant 1n each’ caae.z‘

e 4 ' .
St 1eono Bignificant dlfference in achievement on each
1" be tveen;}he MMN group and NNN gro‘E as measured on

tive tegg.uaing STEP scores 38 a ovariate.
Hmthesi?; RS ~ )
There ia no. signiflcant*dlfference in achievement on each o

subunit %etween .he’MMM group and NNN group Aas measured on !/
the poatuhmnative test,qaing STEP scores as a covariate.



L o
| ' TABLE XII
SUMMARY TAELE FOR ARALYSIS OF COVARIANCE RESULTS FOR
. ACHIEVEMENT ON EACH SUEONIT AS ME#SURED DURING THAT SUBUNIT

SOURCE _ . 58 S “F-RATIO
Effects (SU I) ° 34.8 1 34.8 1.80*
Covarinte 421 ) 1 4,421 21.7*
Errors ~ ’ © 1800 93_' §£9.4

‘ . . - }

Effects (SU II) o102 1 . 0.02
Covari~rte i :531 -1 ‘ o 9.TE
'grrors - 4370 93 47.0. ‘
Bffects (sU 11I) . * 3T 1 B A & 0L o
Covariate . - . 421 T SR VI L r
Errors . o 2650 93 28.5 o

» gignificant at the .001 level |
** gignificant at the .01 level : Ty

Hypotheses 2.4 and 2.5 were also tested for each subunit using  *
. P - : S
analysis of covariance with STEP |scores as a covariate. The .results -

for the two hypotheses are summa zed in‘Tableu”XIII and XiV

~
e

“ireapectively. The adjusted medqgm_fe reported in Appendix'VI.

' Neither hypothesis 2.4 nor 2. 5 was rejected for any of the
three supunita and it was concluded that there was no significant
difference in achievement on the subgnita between the MMM and NNN
' ‘groups. as nea‘lured on both\the mmla?kiive and postsummative iests.

The effect of the covdriate was significant in each case.

Hypothesis 2.6 :

There is no significant difference in Q;hievenant on the unit
between the MMM group and NNN group as measured on the 5
summative test using STEP. scores as a covariate.

82
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TARLE XIII A
‘SUMMERY TABLE POR ANALYSIS OF COVARIANCE RESULTS FOR
ACHIEVEMENT ON EACH SUBUNIT AS ME/SURED ON THE SUMMATIVE TEST /
" ‘ ] " ” X
~ SOURCE SS P M F-RATIO
Effects;(SU;I) 10.8 1 - 10.8 ;7é.16
Covariate 140 1 140 27.9%
Errors 467 . 93 5,02
%:ffecta‘ (v 11)  8.48 1 8.48 0.98 o
ovariate . C 271 1 271 e 31.1% , :
Errors ¢ - ' 809 \ o 93 ; 8.70 = . -
Effects (SU III) 0.5 -1 - 105 22 v -
gdvafiate o we IEEE T RO o990 334 /
Erfors - C197 93 . 8457

* significant at the .001 level
| " TAELE XIV Lo
SUMMARY TAELE FOR ANALYSIS OF CQVARIANCE RESULTS FOR ACHIEVEMENT

ON EACH SUBUNIT AS MEASURED ON. THE POSTSUMMATIVE TEST
: . |

_SOURCE - ss - DR - MS  F-RATIO
Effects (SU I) 1.03 T 1,03 0.21
Covariate TS5 0 1 515 11,5%
Errors.. 483, 93 4.80
‘ Effects (SU TI) . 1.45 1 " 1.45 0.17
Covariate 198 R 198 23,0%
Errors ) 793 93 8.53

: 7 , |
. Effecte (SU TIT) 1,17 1 1.17 0,18 ’
- Covariate ' 133 1 133 17.9% .

Errors ' o .691 93 7.43

* significant at the .001 level



sy ‘ ) - o .
L mothesis 2.7 ' ' R , :
here - i8 no significant difference in aohievement on the L

t between the MMM group and NNN group as measured on tha
postsummitive teat using STEP scores as a covariate.

:_ These two hypotheqss were also tested uaing the»analysis of

covariance procedure with STEP scores used as’'a covariate. The

\

results are reported in Table XV, T&E}adjusted means are reported ‘

.in Appendix VI, s B : . //‘ .
\?,' - Neither hypothesis 2. 6 nor 2. 7 ‘was rejected since the F-ratio§§
= i
' weTe not aignificant at the .05 level, The unadjuatgg group means

—_——— e

‘we re 8 3 and 17. 3 for the MMM and NNN groups respectively on the

RN

s ive thst and 20, 7 %&9 20

postefggg¢i!:\test.d

g  mean although‘not‘-

.0 for the MMM and NNN groups on the "'_'

‘ waa‘éignific, ’

-

. — .
: l
¢ SUMWARY THELE B }E amws oR' ACHTEVINGNT )
ON THE UNIT AS MY r 'svmtrzm TEST AND POSTSUMMATIVE TEST /
v) .‘ ~r e A i : - B - ~ N N
“ - - 7 2y - - ‘ = ~x:=;;=========== /
or* SOURCE 'SS ¥ MS F-RATIO . /.
- : _ L {
Bffects (ST) 16,5 "1 16,5 0.31 |
. . . [ A /
Covariate . - 2150 S © 2150 40,7+ /-
Errors - - 5070 96 52.8 //
;i ‘ : - : ) 4 -
Effects (PST) 10,3 1t 10,3
Covariate - * 1140 1. Mo T
Errors . 4960 96 " 51,7
'/ * slgnificant at the .001 level | .7
v ' QUESTION III”

Do changes occur in achievement from the subunit of instruction






-

-

to ‘the sunnatlve teat. to the poetsumnative test” o

v -

" Tables III, VIII, and IX preaented in conju

Queations 1 and II gave the pr0portion of students

nction with

o
1n each of the ﬂMM

b J

* and NNN groups who 1ndicated mastery on each tabk durimg the subunit,

©on the ‘summative teat. and on the postau-native tes

g

_ proportiona ihich increased. decreased. and remaine

the subunit.to the sumnative test. fron the aubuq}t

ostaummative test. and from the sunmative tost 't

for each of the MMM and ‘NNN groups. It was not det
change was significant;iaince it was‘the_purpoue he

a trend did appeaf‘to exist.
S e .

‘TLBLE XV

t. The nunber of
d the sane from
to the

the poatkummative

 test are’ presented 1n Table XVI. This data wAS given independently

ermined 1f %ach

ge to determine if

‘ HANGES IN PROPORTION OF EACH GROUP ACHIEVING BASIC LEARNENG
TASKS FROM SUBUNIT 0 SUIMATIVE TEST, FROM SUBUNI¥ TO »
-POSTSUM!ATIVL TEST, AND .FROM SUHMATIVh T0 PObTSUIMATIVL TEST

Lo

o

e ————————————T
e

" INCREASED 'DECREASED =~ CONSTANT

RN

'PROPORTION  PROPORTION . -PROPORTION
 wmesymosT 10 - 1654
Zsgmopst 1T . W
sr 70 PST . ?4 - ¢ 4
NNNSUTTO 8T - 24 6
SU TO PSR 29 : 1
ST 10 PST) - 25 -3

. The data/presented

increased on a’ majority of the taeks from the aubun

‘%n Table XVI indicated that aohievonent

it to the sumsative

test, to the postsummative test. An exception to this generalization

€

‘s—

g

1%

85,

‘
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8 in the lul group fro- the aubunit to tne summative test. Since
changea did occur in aéhievenent, the following hypothesea vere ;ostéd
‘dntermine the: significance of those changeu.~

glpgthesil 3,1 ‘ | o ——

o ‘ There is no significant difference in achievencnt within the
- MMM group on each sutunit between the last formative test
: r  writien during the sutn t and the postauunativo teet. )
: L . .
H eis 3.2 ‘ t

There is no s8i ificant difference in achievenent within the
NNN group on ch subunit between the last formative test
written during the subunit and the postsumnative test.
¥ .
& t-test fo correlated sanplea vas used o teat ‘each of these
. ¢ &
hypotheseg-fon,eaé

subunit of instruction. The means.‘standard
deviations, corrgiations,. and t-ratios for differences in achievenent
nnfeacn subunit withinfench group 28 neasured during the aubunit and
on the postsummative tbst are presanted in Table XVII. For the o
ﬁnrposnvof'conputing‘tne values of t, the means and standaid dgviaiiona
on the postsumsaiive test raportedlin the table were incfoaaedvby}n
 factor of two. _ |

JHypbthesil 3.1 was réjeéted for subunits I and II since the
t-ratios were significant at’ the .01 level. Eence, a significant;-
gain in achievement on enbunits I and II occurred within the MM
group from the subunit to the pontsunnative teat. The hypothesis was
vvnot rejected for subur it T*' 'here the achievgnent'van less on the
poatnunnativevtea. thar. ¢u!1mg the subunit. ‘

\ nypothests 20 was rejected for all three subunita with the
level of achievenont being greater on the poatsnnnative test in all
three.caeps._ The levels of aignificance were 01 for subunita I and
11X and . 5 for subunit II. .

t

\ ppendix VI presents tablee indicating differences in

A



P ;f ) TABLE XVII = . ,
DIFFERENCES IN ACHIEVEMENT ON EACH SUBUNIT BETWEEN
THE LAST FORMATIVE TEST DURING THE SUBUNIT AND THE

POSTSUMMATIVE TEST WETHIN THE MMM AND NNN GROUPS

e Lt

N ' X(SU)  SD(SU) X(PST).'SD(PST) r b

 (max=20) - (yaxf10)
W SUT 5T 142 5.0 T.6T 2,65 W67 =1.83%%
s I 5 10.3 7.45  6:24 . 3.39 .63 -2.59%

sy TIT 51 4.1 5.68 . 6,76 3.05 .71
NN SU I 50 13.0 . 4.63 7.73 196 .42
suIr - 49 10.5 6,53  5.94 , 3.11 T.57
sy 111 49 10.1 5.52 . 6.35 2.98 .80

* pignificant at .01 level -
»# gignificant at .05 level - o ' ' LT

«

achievement on each subunit between the last formative test during
the subunit and the summative test and between.the summative and ’

boatsuunative tests.
 Pypothesis 3.3 : :
/ There is mo significant difference in achievement within the

MMM group on the unit between the summative and postsummative
tests. o .

; thesis 3. , . : ‘ .
There is mo significqnt difference in'achievement within the

NNN group on the unif\ between the summatyve and postsummative
tests. ‘ : ‘ :

« ot
a

N o
tisted using a t-test for correlated

samples and the means, standapd.deviations, correlations, snd t-ratios

These two hypotheses w

for both groups are reported in Table XVIII, All students who
roohived;the two treatments wrote boty testsn and were included in
thevanaf§sil. - L

Both MMM and NNN groups exhibited signifiecant gains in
achievement on the unit frompthe summative test to the postsummative

I _ f | -

) )
¢



- were significant at the .01 level’

_.correlation coe

_groups rqspect§vely bgt'een the following va:iablea; SCAT scores,

o . o A
, TABLE XVIII - N
DIFFERE!CES IN ACHIEVEMENT ON THE UNIT wﬁm THE sum'rm
AND POSTSUMMATIVE TESTS wxwxxn THE MMM AND NNN cnonps

N ¥

- ". o : . '.

N - N ,:X(S'T)- S‘D‘(ST) X(PST).SD(PST) . t

SN 51 184 948 20.7. 8.45 .88  -3.57%
L NNN 51 17.3 7.34  20.0 7.28 .80 - -4,12%

* aignificaht at .01 level

‘test. Hypotheses 3.3 and 3.4 were both rejected since the t-ratios

b N
-

Qinmmn 1v-

?oes a relationship exist bet'eon aptitude and attainnent of

~

nautery and if 8o, is this relat%ynahip conatant ovor the aeriea of

subunita? ' v

: 1(1Ies s XX, XXI, and XXII present Pearaon-product moment
icienta for each of tie lll. NEN, Nul. and NNI

STEP scores, previous gradea.~sc6rea on the last formative test [during

\
nubunits I. 11, and III, and the scorea on sunnative and post

s testa. Whether ox nbt tho correlation coefficients are signific nt

is-also indicatod in the tabloa.
The above queation was conaidered uaing STEP scores, SCAT

acores. and previoua achievement as measures of aptitude whereas the

" 'total score attainod on the last formative test duting a aubunit was,

-

N

uaed as an indicator of attainment of lnatery on that aubunit. The

" aqprea on the aulmative and poatlunnntive teat were used as 1ndicatora

of the degree of -astery of the uﬂit.
Table x1x 1ndicatoa that the correlationn between’ each of the

[

tive

88-
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ptitude measures snd each of the achievenment measures were

.bsignificantly different from zeTo sinceé the probabilities of the

coefficient being zero was 1ess than .001 in all cases. Hence a.v'd

‘relationship did exist within the MMM group between each of the f:.

aptitude measures and the attainnent of maatery criterion ‘on the

gubunits and the unit. rﬂé correlation between SCAT scores and )

‘ .achievenent on the subunits decreased fron 0.64 to 0.57 %o 0.53 for ‘

subunits I, II, and I1I respectively. Using STEP ‘secores as the

measure of aptitude the corresponding correlations were O. 65. O, 53.

'and?o.4s'-h11e aptitude measured by

previous achievement had

correlations of 0.64, 0.54, and 0.54. Whether the decreases were

significant or not ses not determined. Howevsr it was noted that the

coefficients decreased fron subunit

for all three aptitude neasures.'

I to subunit II to snbunit I11

—_t

R 2

The correlations for the NNN group’ reported in’ Table XX

tended tq’be lover than the_corresponding ones for the Ilu gronp.

-~ With previous achievement as a measure of aptitude, a significant

relationship existed with each or the achievelent neasures in that

the probability that the correlations were not significantly different

from zero was less than .01. When SCAT tests were used as the B

measure of eptitude the correlation with achieve-ent in subunit I had _

a 0.39 probability ‘of not being significantly difierent from zero.

”The tendency for the correlations between aptitude and achievement to

deorease from subunit I to subunit I

I to subunit III did not exist for

the NNN group, ‘The tendency was toward increased correlations with

‘4eacnlsoccessive subunit.

Within the HMM and NMM groups, Tablee XXI and XXII suggested

93
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resulis einilar to that described ol the. NNN group above. The-

‘ correlations of achievelent vith previoue achievenent had lov
probabilitiea of not —being significantly dii‘ferent from zero whereae oL
when SCA'I‘ and STE were ueed as ueasuree of aptitude many of the
correlations had a gzggteiaprobability of not being different

.zero, The correlatio in tended to increeee a8 progress_ was made

) through the subunits in the NNM“{ | in particular when SCAT and

Prei‘lous achievenent were uaed' kasure of._aptitude. The- |
correlations for the NNN grou;' di _vn(!t’appear to exhi/bit these same | >
charaoterietics, ' | |
Briefly, %o sunnarize the above. re‘lationshipe d1d appear. to
exist between the nealureu of. aptitude and achievement -described. . .‘
' The probabilities of the correlatione not being significantly |
different ‘from zero were very low for the m group for all neaeuree
of aptitude and for the other "kroupe when previoue achievenent wAS
the measure. Generally. SCA'I‘ and STEP ecores as measures. of aptitude
did not give high correlati(‘:"ni/:lth achievenenﬁ -on the eubunits or
- unit testa. . - | I
/’ Twoﬂquestiona related to’ Queetion IV are nentioned but areb
nort diaémaed in detail. The first of theee aakgd which of the |
three neaeurea of aptitude ‘best predict succese on ‘the subunit and .
o unit o‘b;jeetivea. By obsming Table XIX it was noted that the
corre%ions be'tween each of the three -eaeuree of aptitude vith th .
measures of achievelent for the MMM group did not vary to any. éxtent.
vFor vthe other three groupi, the correlations are found 4n Table XX
for _the NNN group. Table XXI for the Nllf group, and Table 2(11 for the

NNM group. The correlatione of previoue achieve nt vith the -



%

G .  :.?_
achievenent measures of the subunit and unit were conaistently higher
than those obtained with SCAT or STEP ecoree as the measure of ~
cptitude.’ The tandency for thaee laet three groups was for previoua p}/,5
achieve-ent to be the beat predictor of achievelent on the.subunita_. :
“and the unit followed. by SCAT scores and STEP scores. . To teet these
aesertione the appropriate hypotheses. could be constrncted and reeked' “; {i
using a't-test to - deternine the aignificance of the difference

between tvo ccrrelation coeffieiente for correlated ealples.

The eecond queetion asked whether or not. the acoree on

,fornoeive teste in a, subunit are good predictore of scores on
| eobeequect tea@n._ Again by observing the tables the correlati:; . i' 7
betveen achievenent on aubunit I and on subunit 11 was greater in ‘all |
' four instances -than the correlations betveen any of the three aptitude
neaeuree and achievenent on aubunit II. The same relationship wae
ohaerved between subunits II and I1I, with the exception of the .18
clase where the correlation was higher than with the aptitnde nnasuree N
' but less than with- eubunit 1. The same relationahip also exieted

between achievement on the-tbird formative test and the lu-native teat
| nd finally betveen the eunnative and goetaul-ative test. The above
indicates that achievelent on any subunit or the unit consistently
| coyrelated higher vith achievenent on the previoue teet written In the

' nequence than on anw ‘of the aptitude -pasures The bost predictor of :

guccess then vue achievenent on thé previonn teet.

QﬂEbTION V

Do studente“involved with }he -netery treat-ent becone more
s RN "_,z/«. . ’

efficient in their learning o¥

e

L ) . ,_,"” - d _‘
~The students in 9‘°n”¢iﬁz"



_attained mstery ’-on'

e

of experiencqs and nean

' qalculated.

'j nit III wére identified and' the mean mmber

4 nimtee spent on the experiences were

'I'hese remlta are reported An Table XXIII. _'

N

TABLE XXIII s T

- MEAN NUle OF. mmmmr.s LRD MUN’! OF TIIE RBQUIRED 0 l‘l‘@AIﬂ
NIT III BY STUDE!HS IN THE m, m. AND m GROUPS

" MASTERY OF SURJ

D

'CROUP WO IN Mo WHO 'MEAN N0 . SD MEAN TIME. S
.. GROUP- ATTAIKED . OF XP - “REQ (min)
S ©* MASTERY . .
oW 24 oM " ‘3.55 3,01 24.8  19.4
S0l 27 5 4,80 4.1 26,2 11.8
o 51 18 3,50 . 2,18 . 16,6  12.9

~—

’

!

The rean mlber of experiem:ea in sthe le and MMM groupu ‘was

355and350res

arge variation between the m group and the other two groups

e been a result of the l,lall‘mlber of stndentl who attained

pectively with that in the Nlnl group being 4.80.

—

mntory in that group.

'rhe noan tine in nimites for the )nu students to attain

XA
" mastery was 16 6 nimxtes vhile that for the le and 0 groupa was

24. 8 ‘and - 26 2 -hmtea roapectively., This suggested that the w0

grmxp may have been more efficient in their leaming than the other

groups, .

-

e

T
®

A}
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. CHAPTER VI =

* COMCLISIONS Amsfmnm'rions’-. -

. o
, » ‘ i .
} lmeh e-phaeie on neeting the*’needs of individnel stndﬁnis o

.h_iu been placed on the teaching techniquee naed iﬁ our - echoelm ?ver Ly
‘ 'ihe pa.et decade. This a'cddy. while recognizing that *bhepe individual';
differencee do exist, attelpted to show that they need not be the “‘
t'actor deteruining hov much the etudent leame or wha.t hise grade '11’
. _be. A treatment was. do&p\ed unger which 1 1T was clamd that most

. . of the students ccmld meter £he , ority ‘of the ideae presented to .

*

'tne-'. 'mm mnery treatment provided etudents with romuve

.

f"%euting techniques ‘where they eonld datemine their difﬂcultiee and

v ﬁ

receive directione .on how to cvercome :thoee difficnltiel. Opportunity

Lo
e » -

¥ ’\‘ vas then made a.vailable 1o’ each student to take. advantage of

g _ . . . . .
‘ ‘»)‘_lg”—'\‘)’ corrective proceduree. T o T , T
1'. THE s-mmr.v o
: . ‘ 4 |
'!‘he unit of oontent selected for the etudy was mbdivided
1nto three lubunite of :oqtent. each of which was further divided )

° - 1nto ten ba-ic lesrning tuks. Beh&viorel objectivee vere written

for mh led mi tuk. and three u:tivity ex;perj.encee deeigned for

T A l

each objenive. A workeheet. four forntive teets\ and & review _
~
eheet were eleo n:itten for each eubunit of :lnltmction. A mmtive"

a.nd ponteumtive teet were: conetructed on the oonplete unit. '
| Both the mtery tnd nonllstery treat-ente devised for thie h

v, . 1y
X S O g' B

7t
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-"‘*experiencee on each ta.ek and eix cla.ee periode of tile per subunit.

- 98

v&

Astudy co?ered the same content &uring each subunit, Both treetnentn >

presented eheets of objectivee to all students at the beginning of

the mbunit. o S RN - » : C
J\ In the mstery treatment. all objectives were presented

duﬁng the first period and a ‘half of the sub\mit with the studente

'aleo given a worksheet on the objectivea. All studente then wrote a .

formtive teet vhich directed each student to experiences ‘which @ ‘

-aeei*_ted him ﬁth his difficulties. mch student &en worke t his
&

own rate throughe gequence of forma.tive tests and corrective

expertﬁncee until he had s.tta*ed mastery on the subunit or until
:17 oo
opportunity-‘ had-expired. Opportunity included three sets of

”

lhch stndent wag given a reviyn\__}j\at the conclusion or the

Euh\lnite i

."‘ o

" In the nonmestery trestment, the cbjectives were taught to

”

‘7the studenta by the methods regularly used by the claeero7n teachers.

At the conclusion of each mbuxi;;j student ~uaing the nonnaatery

treatnent’vro/t} a test on that su !
P ]

3

"”!% classes receiVed the metery treatment for al]. three
\\

1
eubunite of instruction and two received./the nonmstery treatnent for

. all three subunits, - A fifth cla.en, received the nonmetery treatment

for the firat eubunit. a.nd metery tmtment for the .,aecond and .

third eul'mnite. while a eixth class received the nonmetery trea.tnent

_ for the first tvo subunitl. a.nd mstery treatnent for ‘the third., All

claseee wrofs a eumtive teet after the conelueion of the third
. , N .
eubunit and leo wrote a poata\nmtive t.eet 2 weeke later.

Two reporta were writtén concerning the mteriale, treat-ente.-

|
i
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i resultn.

. v -~
\ ~

and delign deecrﬂ)ed. One report, written by J . Jetfrey, reported
the effects of the treatments o@ student attitudee towards school,
mthe% tiee.\end other subjects taught in the echo:‘i‘l. An attempt was
also mde to detemine i€ the treat-entu affec ed the degree of
cooperation and conpet.'qtion among stu;.:n\ts. ;rhil éport ‘has deecribed
‘ehe preparation a’nd use of the mterials deve&oped for the etudy as
well as their efte“ct on the a.ttaimnnt of mastery and on achievement.

“The atucLy also teated various teneis of mstery leaxining theory

including rela.tionahipa,{etween student aptitude and achievenent. and.

the relationehipa between time and achievement

The study M undertaken at Sir George Sinpeon Junior ‘High
School in St. Albert. ﬁe aample comiated of all ‘grade nine stndente
L tha.t chool., Two tea.chere were involved in the’ study and the area

5!ocon \nt studied by the etudente was algebraic polynouials.

~ “—. :
I, mscnssm'u F RESULTS

The reeulte of thie atudy were preaented in dete.il in the
/(;vious chapter within the fra.-ework of the five queations atated in
‘Chapter 1. This diecu!bion will exnnine the reaulta" LY ] they relate

to partignlgf}enets of mastery leaming theory. Before discussing

4he results, some comments will bo made with respect to the mnterials

used in the study and the design of the study as theyninfluenced the

K

e

'l'he study attempted to provide an ennple of’ a working -
mastery etrategy where most of the atudents eonl& leam alnoet all
¢
‘of\the oontent- preaontgd., 'terialu prepered for any metery 1earning

strategy include statements of what is to be;.:leernod. formative

;

- 99. .
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and used them as 8 ‘road to more Qneceaafnl oxperioncu. .

2

‘tosting instmmnta which are both diagnostic and presci-iptive,

comctives which assist studenta in attaining ustery. and summative
testing instmonts baséd on the atatenentn of what iu expected.‘
The nteriala prepared for this study véro judged by the\rosearchcra

to have -pouened these cblractorilticl on the basis of the guidelima

! vundex which they were prepa.red as well as on obaemtion of their

-

use in the exper:l-ent. ]

'rhe two single most important chancterintioa of & mutéry

t

' learning strategy aré the effective use of : the formative toeting

instmlenta and the use of time os & variuble. Awn- 'z-.eationed above

the formative temts prepared were judged to be both d.ia.gnottic and
prescriptive in nature and were used to advantage by many students in
theAexpcrinent. A concerted effort was mde by the resetmhers to
u:xre the students that the f-omtive teata would not be used‘ for
grading- purposes, however many students remained akeptical of so much

teating. An ain of any mstery learning strategy is to show all

students that they can mster most of the tasks and hence be succeuml

in most of their ednoat:loml experioncea._ The resulte of the forntive

_ tests indicated many atudenta needed nor; auistance on nost or all

of the taaka. W of tho students 'who did not understand the purpose

of the. for-a.tive teate jooked upon the results as o/h:rther indication

~ of their imdqu&oies and not as &n opport\mity to have successful

experiences., Many other students underatood the role of the tests

2

Although tile was used as a variable in the et‘udg it was

‘necessary to restrict the ?nonnt of clau tilo avaihble for each

‘gubunit to six class periods.. As #ill be seen as the results of the

100



~

. - study are discussed, this' reetriction ronltod in a situation where

some atudcntl did not have ample opporttnity to take full advanSage

of all avuilnble mtoriull. Studentl withont ample opportunity
were unable to atta.in -ltery.

" Mamy studen tn who fa.iled to attain nltory did not, in the. ~

opinion of the researchers, take full advantage of the availa.ble

mterials, Fevw students who reqnired more experiences ‘r£ohed s

\
point whero they could work on c-erperionoos. As oxplained' above,

 opportunity may not have been adequato ‘for some students. Other

stﬁdenta were unwilling to persevoro the neceuary length of time,

‘either dufing or, outaide of olass. ;Sm studontl fa.iled to nn the

experiences to full’ adva.nta.ge by cttenpting the exercise portion of”

the orporiences vithout giving udoqu&to atteution to the suppleuntary.

pxplamtiona an exan'plea. Many other students nood the experioncaa
ei‘fioiently and in -sw‘ of these cases were sble to attain the
mmstery criterion. h L .

Neither the vorkahootn nor review ‘shests were used ofi'octively
Yy &ny students. These inltmnents were designed for student use |
outuide of regular class time and no fornl check was done to
detomine whether or not students colplotcd them. These two fa.otoro

appos.red to result in only the highly notiva.tod o'budent taking

‘a.dvantage of these instruments 'hereaa other ltudenta failed to mmke

' 'any use of them.

. Both ‘the nltery and nonmastery treatments deviaad for this
study exhibitod properties of a nltery loaming stntogy as will ‘be

suggested by the aiscussion of rmlta which follov. This result
N \
was e_xpected for the mastery treatment, howevcr,m not foreseen for

R -

o

.*1 _'4
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,the nonmatory treatnent._ The nonmstoi'y treatlent includod giving '

thc studento ob;jective ahoota and a tut at the concluaion of each
,su'tmnit. 'I‘his tut. ulthongh contributinc to the fj.nal gmde of the .

aﬁdent and not: nea.nt to be form.tive. provided the studontl with an

; 'opportunity to di&gnou Yhoir owvn difficnltiea and take sone

appropriute action bjforo the onmtive test. ‘The mmtivo test wae
based on the objectivoa u for the mstery group, . These nodifications

of the techniques nsually uaed by the cla.uroon to&chers reaulted 1n

the nonnastery trea.tnont having characteristica ainil&r- to those of

a. motery atrategy.

' Mnatery learning theory indicates that vhon a mastery learning

-~ gtrategy is used achieveunt will cluster around the criterion for

mastery. Otherviae. achievement would usually be nomlly diatributed.
The digtnb\kmn of grades for both the Joe and KNN groups on the last
home report prior to the oxperinent closely resenbled a normel
distribtution. There were few F and A (g'rades and & njority of C gmdea.
The dietribution of gredes received by these groupa on the su-ntive v
and poatsumtive teetn"m quite difforent{ The dintribution for the
group on the nu-stive test was bimodal 1n that many recoivod an A
grade a,a expected, homer many others recoived a failing grade of F. _
The NNN distribution also revealod a ro.ther h:l.gh proportion of F grades
with a rectanguhr shSpod diotribution overoll. On th&matmmthe
teat. the diatributiono for tho two groups were alnoat idontical. Both

indicated a -odal grsde ‘of A. A o-.ller peak also ocourred at- I" but

this had decre n'aa from that of the n-ative tolt distrivutions.

Close oba tion of these distributionn is essentisl to the -

>discussion of the tenets of the vthe‘ory which follov, Briefly, the

102 5
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high proportion of A gredee was evident. ee wee the.inereeee 15 thie
proportion fron the en-nntito teet to poetedl-ative teet for both
groupe. The cluetering effeot around the A'grede was aleo clear )
elthough eelewhat c10uded by the large nu-ber of feiling grades,

If the F gredee were ignored in the dietrihutione for the -

MHM group on both tests and for the NNN group on -the poeteunmut ve
likﬁteet, the remuining portion of theee dietributione would be in als most
total agreeeent with neetery learning theory. ‘The' cluetering effect
around the neetery criterion. the A grede. becomes ‘very epperent with
’pthe diatribution being highly skewed to the low gradee.

Severel factore nay have been reeponeible for the high
‘-;proport;on of F,gredee., The corrective p:oceduree used 1n ihe gaetery

' treatment mey not have been consistent with the methods by which some
individnale teet learn. For thoee otudente who experience;:a great

deal of difflculty. the c-experiencee my have been a better first -
‘@xperience than the A-experiencee which all etudente encountered. An
aeeumption of the study was that all etudente had already mastered
.‘the necessary prerequieite ‘behaviors. For many students who fuiled.

this aelu-ption uey well ‘have been violated. Por thoee etudente who
;feiled. the theory would indicate thet either opportunity or

perseverance was leee'than eptitude for the given»taeke wunder the

given conditione. It was.implied eerlier th:t many etudente diad not
nake nexilu- use of the -eteriale. Obeervetion of the classes

'indieated that thip was’ true of many of the railing students. ' One

final reason -ay have been the nature. of the content 1teelf. .The
etudy_ofvelgebre was 2 reretively new endeevour for these etudents.

ien‘ etudente no doubt needed.nore opportunity to adapt to this new .

o
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field of etudy vith its extensive terninology and uee'of‘vnriablee.
’Both treatmente resulted in too many failing gradee.' Whatever the
reaeons for thie phenomenon. a much cloeer and more detailed look at
;the individual students receiving thoae grades ia eeeentia}t//’]
In this study mastery of each basic learning taek required
?correct Tesponses on two out of two iteua on any fornative teet
j during the subunit. Iastery of a subunit required mastery of all ten
A,baeic learning;taeke in that subunit. Students nsing the maetery
“étrategy could/indicate mistery of a task on any one of a maximnm'ofr
four formative teste. Those stndente ueing the nonmaetery treatment
~ had only one opportunity o indicate mastery ‘of the taaks. that
'lbeing the teat written at the conclusion of each euhunit. ;aetery of
a unit required a score of 80% or more on the eunmative test.
The resulte of the etudy indicated that a higher groportion
~ of the MMM group than of the NNN group attained mastery on 26 out of
:the 30’basic 1earning tasks, on all three subunite, and on the unit.
’Theee differences in proportione were significant at least’ at the: 0.05
level for all but nine of the basic learning tasks. The method of E
deternining maetery ‘of the baaic learning taeke ‘'and the subunite mRy
| h;we favored the MMM group since they ha.d a mximn of four
opportunitiea to indiohte naetery conpared to one Opportunity for the ‘
. NNN group. The results on the unit where 413‘ of the MMM group attained
'neetery compared to 22% of the NNN group are nore convincing since
all groups had covered the same enount of naterial in the same " amount
of time and had written the Bame - test. Iaatery learning theory

'indicated that as many as 80% of etudents cnn attain naetery.

Althongh the above>reeu1te fell far short of this figure, the tenet

v
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that -any’nore'students can attain mastery_thnn is pfeeentlynthe
‘case was atrongly supported. , |

On the lant home report 16% of the m group and 8% of,the
NNN- group received a grade of A which was equivalent to a score of
80% or more. Fer buth of—these groups, it was noted that the
| roportion of A grades on the summative teut was. aignificantly
greater. ‘When the grados on the postsumnative test were considered
51% of the MMM grQap and 41% of the NNN group attained mastery and
receiyed an Ak grade. Theae resulte indicated that ‘both treatments
| exhibited maetefy strategy chargcteristics. |
| A8 stated.hbove'nastery‘learning theory suggeete that a
higher proportion of students using a mastery atrategy attain mastery
-than those who do not use such a strategy. A corollary of this tenet
'4would be that achievement would alao be greater.. ~

Achievenent on both the aunnative and postsunmative testa
was greater for the Mll group than for the NNN group.- Both teets
also indicated greater achievenent for the NNN group on subunit I,
'and for the NHN group on subunits 11 and III. In all of these

cases an analysis of covariance indicated the differences were not

»significant. The MMM group 8180 indic&ted greater achievement ona

uajority of the basic learning tasks on each test. When achievement
Oon each aubunit was neasured during the anbunit. the achievement- on
aubunit II; was significantly greater for the MM group than for .
the NNN;group. The unu group 'as also favored on subunit I but not
on subunit II.

These resulis suggeated th7t achicvnnent for the HMM group

A S
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' e,;tended to-be greater than for the NNN ‘group. - The dietributionbef 2
grades previonely dieculeed revealed mny failing grades as well as
g high proportion of A gradee. The dietribntiona made cleer why the
'differences in achievenent between the gmpe were emll. 'hereae
the differences in attsinment of mastery were lu‘ge. _

'I‘he mastery treatnent allowed t’he teacher mch more
1nd1vidua1 contact with the student than did the nonmastery. treetment
where the contact was more between the teacher and the group. The
' opportunity for stuients to receive more individual auiate.nce on
problems unique to then may have gd‘luenced the high proportion

1 N

ettaining mastery and the greatqr achieve-ent within the 00 group.

l?’-‘,"

Thiu rait was examined in greater detail :ln the eecond report |
written concerning this atudy by J . Jeffrey.
| A m;)or tenet of any .mastery learning strategy is that given'

enough time students will master the mterial. 'I‘hin tenet inpliea
that the more tine allowed the students to lea the tasks, the more
students will attain mastery. In this. etudy//? weeks a.fter the
sumthe test was adniniutered. the postsummative teet wae given to
all students. During that .2 week period no e.dditiena.l formal
i'netruction‘was given on the tasks however the ~teeke were app).ied in -
various aituations. Both the MMM and NNN groups indicated an
increased proportion of students attaining a grade of A from the
summative to postsummative teete.‘ Sighiflce.nt gains were also made
in achieveuent on the ehit as a whole as well a.e on each of the three
subunits as neasured on theee tests. | |

| The results indicated that the proportion of studente

" achieving each task tended to {ncrease from the subunit to the_:ﬂf\ ST
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'eunmntive teet. end to the posfeuundiive teet;_ Similar trends also '

occurred for ac(fevenent on the subunite. This trend was especially

evident for the\NNN group. The achievement of the MMM group decreased

ffom the eubunit to the eumnative test in several instances, however

1ncreaeed on the poeteunnetive teet ﬁo where it was greeter than that

'1ndicated during the subunit.

This evidence supported the notion that tine is an iuportant
variableiin,learnihg. Time, together-'ith the opportunity to epply
the basic leaining tasks, appeared to be essential to.the attainment

‘

of neetery for many etudente. The decreases in achievement by the

-

MMM group fron the subunit to the sumnative test euggeeted that
althoqgh the students could neeter the tasks in a linited amoue; of -
time, application of those tasks was essential if they were to retain |
the. task for a longer period of tiue.

. It has been noted that as time increaeed. achievement of both
the lll and NNN. group tended to increase. Also the proportion of
students who attained lestery was lignificantly greater in the ~IM~
group and achievenent tended to be greater in that group. The reaulte{
aleo {ndicated that as time increased, in perticular rron the
eu-letive to the poe\huunative teete. the diffetencee in proportions
attaining mastery and in achievement between the ‘two groups ‘tended

to become Inch less. %his was in agreelenf.w;thvthewtheory which

anggeete that 1ndiv1dual differencel become -1n1nal'as-tile increases,

It has been shown previouely that this. occurred among 1ndividnala \

within each greup and it is now indicated that the phenonenon aluo

.

occurred between the groups.

Purther analysis of the eumnetive teats with reepect to

\
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achievenent on each subunit revealed that the mrther the subunif

'vaa into the

past, the ‘less the rumber or tasks on which achievenent

favored the MM group. On the posthumtive telt. the mnber of tasks .

 on which achiwempt favored each group on each aubnnit was conaiatent .

.. for V;ll,_,th,roe sgjpni‘t,s. These resulis mr‘ther mdiuted tmt as tine

-mcreaaed; am"‘lédv’antages 1n acﬁevenent previonaly held by the oM

group bocane

less on each subunit.. Also as previoualy indicated

the diatribntions of grade, achiavelent beha.vior on the unit also

becane consis

Iaste

~ i

tent betvean ‘the groups as time increued. -

ry learning theory also states that the rela.tiomhip

between aptitude and achievement ia Mgh (0 5-0 7 ) at the boginning

U

of & seduential unit of inatruction. _As progreu is nade through the

unitothe theo

finally a.pproaches zero. The ‘review of tho rehtod reuarch did not

Ty . further statu that this correla.tion docmua and ’

-~

reveal agreement 5.-' to what measure of aptituda bea pndicted <

achi evegoht .

'STEP scores, &

" petween each

This atndy ennined thrco ui 1tiea; SCAT ucorca.
and the previous aohieve-ont of the ltudent. Cortelations

of these measures of aptitnde }nd a,chievmnt at vatious

voints '1n- the inutmction sequence vere preunted in Chapter V.

Seversl trends emmerged fYom those comla“tiona ‘which reinforced

.tenets of mastery lnrning thcory.

‘
<

Por the MMM group it was found that the eomlat:l.om of each

of the aptitude mmrea with achievemcnt on oa.eh of the subunits ‘

»

decressed from aubunit I to subunit II to subunit ITT. This trend

was consiatent with that 1ndicated by mastery. ],nming theory. In

each case the decrease in correlationn 'u skall and tha comlationa

between aptitude and achicve-ent on the lnl&i subunit were relat:lvely

L]

’
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high, in the orderof 0.5. The theory would indicate a faster rate

of decrease in the correlationa. . With the NNN, NNM, and MMM groups
“this. trend‘tonrd dedreuins correlationl did ndt appear and in

' aeveral 1nstancu the revcra/e trend’ appured. e

attoupt was made to deterline whj\ch of the aptitude

ndasur'es st correlated with achievmnt./ In the m group all three

- meam.res. of. aptitude produced ainilar comlations with achievenent

" on the aubunitu. In the—othor groupu ho'ever. the record of previoua

achlevenent comiatently corrolated hig'her vith whievomnt tha.n did

leither SCAT or STEP scores. Correlations with STE?’ scores. exhibited

-8 low probability of being different»fro- ZeT0 fo: each of the last =

three grbups. Theqe‘resu'lts- suggested that pro'iiq\il achieie,jent,m_y

" be a better measure of aptitude than either SCAT or STEP scores.
re ( : _ Bcores.

laltery learning theorj indicatoi that aptitude correlates -

highly with. achievomnt early in a .equencgd unit of imtmction.-

vZ

however as progreu is mde through the unit. achievement at any
point in the uquence is best predicted by aehiwmnt on the

previana portion of the sequenne. In thln study. achionmt on any

' ~one subanit was conaistontly found to correlate hig-her with achieve-ent

‘on the next mbunit in the sequence thun did any of the measures of

aptitude. "I‘hj.- trend was found to occur from mhmit I to the

pqntmnati’ve test. This illustrated strongly that in a sequenced

unit of instruction it is most important that tasks ocourring early

in & sequence be mastered, if it is expacted that the later tasks will.

also be nastered.. The use of foﬁuntive‘testing téchniques.throughout

" the aequenco peraitted the student to correct his erroro a8 he”

-4

'»,.pré"gresud through the unit,” He th’e'n was bottor propared to indicate

’

~
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that he h&d mstored the tasks on the auiativg instiuments at the

—— b
cohclnaion of the unit.
A: a student is exposed to a mtery 1earning ltn(teg over
s pério‘d of tiu, -astory lcarnins thoory indicatea that he .becoml
_ " more efficient in his ‘lesrning. = He will in fact learn more in leu
“time, In thc study the MM group" roeeivod tho natery trea.tnont\ ror
) all three subnnita of inatruction. the Nﬁl group for only tho laﬂi
two mbnnits, gnd the NN! grmap for only the third nbnnit., 'l‘ife time
spent on the experioncea needed }o attain mtory on mbunit I1I
provide a buis to dotornine the viability of this tenet of the theory. .
The remltl indicated that of those atud\enta attaining ueiery 4

% of subunit III, the

| approximtely 30% len' nbe tha.n did tho unbers of either of the |
m or NI groupu. This renlt ltrongly supportl the theory. The
theory would also indicate that the NMM group would require leu -
tile than tho it group. In this atudy the two- mupa reqnired |
sililar anounta of ti-o. hovever it lhould be noted that only five
nenberl of the m group attained natory. The results for tha m
‘*ﬂmup may not be. reli&ble dne to this mll mmber. lu atudenta
becon more faliliar with s mtory trettnnt and accept the notion ‘
. ' that thoy can attain mntery. then it seems’ highly probable th,nt they
P

can a.chieve more in leu time; they can beco-c more ei'ficiont in, -

@

| _ their 1eaming. e L . o o f

The provimn i sion has' conptmd the reanlts round in
=T J,qg ‘: - .
this study to the° tonets% mtery 1ocrning thoory. The remlto.‘

Yo
Pl : i s a
N .



) 'during the additional tine, ‘he was glven opportunity to apply the

" _taske he was expected to neter.

R
~ il

- vere preeented in a rigoroue feehion in Glhpter v aqd additional

'--Presently the case. - 'v : A -

.
L
.

)

~

eupport or noneupyort of the tenets of the theory ‘may be fo\md there. )

The reeulte indica.ted that the netery treat-ent prepared for .

| this etudy did provide a 'orking emple or a metery leaming

. etretegy ‘where: noet students could 1earn noet of the content offered.

=7
The nonne.etery tmt-er:t including the. applioation period between the

. 'eumtive shd pouteumtive tests slso exhiiited many. ehencterietice

2

of .a metery etm&egy. It}'eeen clear thet uigniticently more etudente

P

can meter the nnterial which is taught 111 our schools ‘than is ”

L .
t

The resulte confined that the use of fomtive teeting

jechniﬁuel and tine as’ a va.riable in inetru'ction are effective

‘techniques 1n inet de “fhe more. tine ;iven 2 etudent, the .

higher ve cen expeet hie ach‘ievenent to be and the -more 11ke1y he

will ettain mtery. This appeared to be eepecially evident when
™~

e A

The fol],oting renﬂte enpported correeponding tenete or the
theory.

1. Achievenent cluetered around the -etery criterion.

]
2, Previcue Mdividnal differenoee in echievenent becane

small. (' | S - '
-3, Aptitude comleted highly with e,chi7veuant early in a

eequential unit \mt this correla.tion 'decrea.eed as. progreee s -ade

through the unit. \_/

e ' $
At"’ 4. Previoue nchieve-ent wae as good as or better neeeuré of

-

aptitude than either S'!‘E or SCAT ecbree.

v
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~theory. Argunente providing possible explanatione of the

other than the éne presented in—thie chapter-ndght in

- the -study. ) -

in taking teets than "did the nonnastery strategy. L

'biaeed the reeults in’ favor of the maetery atrategy.

N X L m._* T

fg .}5' Achievement at any: point in a sequential uNLjncorreleted

' :hfghly with achievenent on the eucceeding point. : : -

112 -

6. .rStudents became more efficient in their legf‘;ng as’ they .

progresaed through a unit using the naatery treatment.-

=i

 The’ reader of thia*report might wish to dieagree with the e

interpretat&on of-resulta which suggests euppcrt for maetery earning

3 v

\

fOllO'ingr

1. qufferencee‘may have eiisted“betgeen the groups prior to
: . i ) . '
2. The MM group‘received an indiiiduelazep fbrm of instruction,
vhereae the NNN group received group based instruction.
:;'3., The mastery strategy provided students with more practiee

(

4; The presence of the researchers in the classroom may have

/?v 5. The instrumenta used to evaluate achiewement nay have
favoreg,the mﬁstery etrategy.
- The support for the theory p; eented in this etudy has not
been overwhelmxng for any particular tenet of the theory.. However 5
alnost all the data obtained did support some tenet of the theory.

and -oet tenete wene supported to some degree. Thia writer is

-E\’\

prepared to suggest that maetery learning theory 13 oné with which

every educator shggggba quaint himself and nake use of in the

<lassrooms of our schools.,

E} ‘!' > } . o~
o

..
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III. IMPLICATIONS _
~ Th ‘discussion of the results has auggested that. the theory
of maatbry 1earning is a viable theory and one which offers a
framework within which strategies can be developed for iuplementation _ p
.in the schools. Easential to the success ofﬂsuch strategies ie tbe3v.
acceptance ofgthe netion.that most students oad learn.almeat all of
what 13 taught in our schools. *‘ |
’ | A mastery learning strategy is intended to supplement rather
than replace the regular classroom instruction of the teacher, however
the ‘roles of teachers and atudents may updergo fhaﬁge./ Teachers will
- have to select or‘prepare‘inntruetional neteriila which best meet
the 1earhing needs of the atﬁdonts in their classroena.‘ This means
the teacher mnst have extensive knowledge of each individual heA * ¢
* teaches in order to preecribe the best possible corrective procedures.
Pianning and preparation of~materia19 ia a .task demanding the :
> participation and Zooperation of several teac;erﬂ'te derﬂﬁby-axi-um
".. benefits. Eaeh teacher using such a strategy would need to exhibit
the characteristios of a good teacher described by Carroll and
.outli;ed in Chapter I. In particular. he must take care to specify
what is to be learned, to consider individual differences and to
) - diagnose and remedy student difficulties.
. The student muet become an active rather than passive
recipient of knovledge He must be willing to pursue the corrective
eii;;_\_“prgfedgree?indicated by the’ fornative inntrulents and peraevdre
| - until he haa'at&ainéd‘ﬁﬁntcry. If the strategy is in fact a mastery
) etrategy. the theory ciai-a t‘p student will essune fhiefaotive role.

Although the ﬁheory has been gpown to be a viable one, there ;;

o

)
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are many aspects where further research is needed. The naturejcflthe
'initial instruction could be inyestigated with regard to the nunber
as well as to the scope of learning taaka presented. How mch
instruCtion'shcuId beugiven before a fornative test is given to the »
students? How often and at what rate are these formativ: tosts given
to the studenis? Observation of the classes in the: present Btudy
jndicated that the strategy used may have include@ too much formative.
testing in a short period of time. §~ .

In order to be able to prescribe %’ltable correctivea to each.

individual student, ‘more research\neede o be done on hov atudents

posaessing certain characteristica best learn mathenatica. What 1 :

affecta the ways students le particular content under certaln
'conditiona? .What type cﬁtco ,ctiue-procednres best suits the needs
of what type of stident? | -2
A uaatery 1earning strategy requires the coupilation of A
great amount cf infornation;on each student. 'His past history, his -‘
‘home life, and ﬁié previous knowledge of the subject all become
ntral features in his present learning. The options available to
him are also mumerous; he can ‘contime with more instruction. write
formative teats, Oor pursue one of macsiposuible corrective procedures.
The use cf the computer would no doubt become a valuable aid in the
management of a mastery learning strategy. h |
One 1ast recommendation for research involves the applicability
‘ of the theorJ1to long periods of time and to several diaciplines
eiuuttaneously. What are the effects when all subjects are taught

using a mastery learning strategy° What are the long ter- effects

cbtained by using the strategy? These queations can only be answered

114 .
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" within large research“iﬁojecta over 1ong periods of tine._
In summary, recommendations for further research related to
mastery learning theory and strategiea inelude the following
1. Where_and how frequent ahoold formative testing techniques . v
- o I B ¥

be used in a etrategy? o Sy |

2. How do students pbsseasing certain characteristics best
learn mathematica and what types of corrective procedurea will beat
assist these students in attaining masiery”?

3, How can the computer be effectively used in mostery
learning strategies° ) | |

4. What are the long term effects of mastery learni

strategies?
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: {ﬁﬁ Integral Powers

UNIT“fiI: AIGEBRAIC EXPRESSIONS ‘POLYNOMIALS)

A’ Powere of ﬂuﬁbeIB; (Exponential Notation)

- 1. Review
(a) Powers of numberé,*e.g., powers of 10,'of 5, etcs
(») Base of ‘powers

. (c)vaxponents (indicea)

(d) Factors (prime, composite, comsion) .

1

v
b

J. Poaitive integral powers

o

‘ /¢¢ " (a) Introduce ’ )
y & L) MR | ~_  ' o L '
S e |
(b) Do
B ORNCHE
(1) )"
o, Zggg:éd;ers v
. (a)\‘Review o ! o '. )
. o (1) Non-zeto real numbers.f' :
. o %@’“ o h
. (1) o° o - '
3. Négative 1;tegra1Apbierﬂ’b.'  ' Qg';

.‘(a) Review
W B
'(ii)’ . xm%_xn
'(ui) (;‘"‘)"‘
(3v)  (xy "

4; Computation with powers

e ©i24
: *Yi“k.. : ) S : Ny



c.

D.

5.

Exgresalona ' ,
1,

,.\

o . Py

Applications of base 10
(a) Expanded form, e.8.» 400 74
(b) Scdentific notation. e.8es
f‘(;) 5321 = 5.321 x 10°
(18) 5.32 = 5.32 x 1o° SN
(111) .0053 - 2.3 x 107>
Language of élgebra

(2) Nar;able ¥

(b) - Term, constant term -
/ ) . .

(c) Coofficients

(d) Factors of producte

. ams

e 125

. SO

2 Operations involved 1n expressions (e ge» taking the

b

additive inverse of 2 number)

Order of operations (e.g.. 3 + 4x S,

VPolxgomials

..'1'.

2,
(b). Linear polynomial

--}’.,

_(c) Trinomial ¥

Meaning'of polynomiél

(a) Monomial

(b) Binomial

L

Degree of polynomial in one. variable

(a) Degree of polynomial

(c) Quadratic polynonial

similar terms .

(3.+4)vxs) -
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o - o 5.
Lo * ‘ ! . o i
. T . N ' o .
4. Replacement of’variables'with constants (evaluation
4 . : '

" of expressions) —

E; Operations with Polynomlals

1. Addition of}polynomials '

(a) Review

(i) - Similar terms

(ii) Properties ne;ded -in finding the eum
(b) Do addition of '
.:(i) Two monomials. e. g., (6e) + (13e)
(11) *Monomial and binomial, e.g., (5) + (Tx + 8)

’(iii)>,Two binomials, e.g., (7x ¥ 5) + (9x = 8)
_:‘ t

.;'

(7x + 5) N 81)

(iv),~ Other combinations of polynomials

25"Subtractioh of_polynbmials

(a) Review--addit;ve inverse
i(b) Same a8 above for addition
z. Produqts of polynomials ‘ ’
(a) . Two monomials |
(v) 'Moho@iala and binomials .  _> "{y;Vf
,£C)i Two b;nomials . - - : g§ }5
(1) Any two binomials (a'+ b) (c + d) ﬁfz

(11) Square of binomial (a + b)e, (a - b\?

(iii) Sum and differencé (a +:b) (a - b).& a? - b
N

4.V»?actoring-of polynomials - .
o R ’ . » ”le
o (a) Removing a common factor which is a\m

| eog;' ?a? + AQi . ._,,/
| ) N y o
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“
(85' Removing a commgn factof'which is a binomiel,
e.g., ~2ab + B8a + 6b + 24 ,
. (¢) Difference of squaree {as in B(c) (%;;) )
(1) < -y |
(d) Trlnomig} squaFee
(1) x?+10x+25-‘(x+5)
(i) X -6x 9 (x- 3)°

" (e) _Prinomials

(i) . Having 1 as the coefficient of the first .
. ‘ term, e.é.. 12'+ 5x + 6
. “(ii) ~ Where 2 common factor can be removed

-firet, €eley 4x + 20x + 24
(1i1) Having coefficient other than 1 for the
) first term, €.+, ?y% + 15y +
5; Division of polynomials »
[

;’ “(a) Review—-reduction property

(b) Do division by

A

(i) * The reduction property (factoring)

(i1) Long divielon

F.'jﬁational Eipressions .
1. Rational expreaaions
(a) Meaning of rational expressionv
"~ (v) Replacement of variables

(e) Meaningful replacements ,

_4(a) Reduction of quotients = . T~

S



2. ,Oﬁerations

(2)

(b)

(c)

(d).

Multiplication

(1) Product property of quotients

(11) Examples, problems..

Division

1) Reoiprocal.property of quotients
(1i) . Quotient property of quotients
(1;1) _Examples, problems

padition . X
‘(1)  Review of L.C.M.

(1i) vSum property of quotients
(£11) Ex;mples. problems

-

Subtraction

(1) Review of difference property

(i1) "Eximples. problems

K

&
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M mem TASK onm:'rnms
 QBJECTIVE L. | S

To find 'the product of tvo mononial expreasions.
© h. Find the prédnritv-f“f 2x and 3y .
B. Evaluste 1% « a2,

Isolutions 4‘ o o B A
Ao 2xe3y = 2°3e%"y . B.' 4lb 7a3b53-4 CRF A IR v
- 6xy - . 28t

-

OBJECTIVE I,2 . v

To express a monomial oxpreuion as the product of t'o fuctcrl.
Examples

A, Find the niuing factor 6x y = (3xy) e ( )

B. State two fact.ors whose product is 10a3b' e e

Solutions -

- (xy) « (2x) * o
B. T‘nere are many possible solutions. For example:
(1)  2a%y, sab |

(11) ;10a3, b2

(141) sab?, 282

BJECTIVE I.
‘To find the product of a nonomitl and a binomial exprcasion. :

’

A.v Find tho product of 2x and 3y + 4x. \
B. Evalua.to 4t (x Sl)

Solutions

A, 2xe(3y + 4x) = 2% zjy + 2x odx B. 41;?,_(: - 5m) _: 41.,2, X - “2_ Sm
™ Sx'y + Bx? _ ; ' E - - }4t'?"x - 20t2n-.
4\ s : L .

i
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ORJECTIVE L4 < AR

To express & binoniu.l as the, pmdnct of itl greatest monomial factor
-and. another binomial. )

H

Examples . < S
-7 A, Express Bm + 6nt as the pro«hcts of its greatest monomial factor
and a.not}ﬁ,t_: binomial. ST : ~ ‘
- Y : -
B.- Factor 4ab - ?bo ] . o N .'.~ A_- : - .

. W oo
: <o N ~
PO - )

Solutiona ,
. 3m +6mt-3m-m+3n~2t . B« 4a,b-2b-2b 2&-2\:-1
. = 3m(m+2t) S B o 2b(2a z. 1) '

GRERSTIVE LS o el BT /
To find the product of a monomial and & trinomisl expréseion. ‘
Examples L o . ‘
A. Expand 2z(3t - 4zt + 1) o Co L L

B. Evaluate 4'2(\0: -2y - 3v’7’).
\

Solutioms

Solutions

h. 2at - 4zt + 1) = 2z ¢ 3% - 2z.4zt + 2201

" - -62t-82t+?z . .

(n-w-%%-u-u-u-a4u;h’ ; .
-4w}x-8wy-12w5 ‘

&

.

OBJECTIVE 1.6

To express a trinomi 1 as the pm&uot of 1is greatesi monomial factor
and another trinomial. Cw o

» B. "Find -the greatest mononial factor of 69. y + 4&y + 2a and write
the trinomial as & p_mduct.

Solutions - , R . o ' .
Ay ¥3+3i -4!-1 12+x-31‘-x.4

v | = x(x? + 3% - 4) v

B. 6°y+4ay +2!-2&-}ay+?a.2y2+pa,1

3(3‘1 + 2Y + 1)
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OBJECTIVE L, , ,
h To express a binomial of the form s/b + c) + d(b + c) as the product
' of two binomial factors.

»

Exasples - =
A, Express  3q(y + 5) + 6(y + 5) as a ptodnct of two ractora.
'B. Factor 4x(2x = 1) .- 3(2x - 1).

-

Solutions , .
B 3a(y +5) 4 6(y +5) = (3q + 6)(y + 5)
&,uux-ﬂ-swx-ﬂ-(u-zxae1)

OBJEL‘TIVE 1.8 -

To find the product of two binonialn ‘of ‘the form (a + b)(c + d) where
b and d are positive integers.

A, Find the product of " (2x +5) and (x + 3y).
B, Expand (a + 2¢)(2m + 3t). :

Solutions

b, (2x + 5)(x + 3y) = 2x(x'+ By) + 5(x + 3y)
-Zx-x+2x-3y+5ox+_5'-5y
i = 227 4 6xy + 5% + 15¥
(a + 2c)(?m + Bt) - a(2m + 3t) + 20(?m+ 31;)

- A -2m+3&t+4cm+6§$t

OBJECTIVE I.

To find the product of two binomials of the form (a + b)(c + d) where
b and d are negative integers. ' ~

Enmples ’ |
A, Expand (x - 5)(m - 3)ee
Bn E‘VB].uzte (?a - 3b)(t [l a)r P

<

‘Solutions
(x - 5)(m -3) - x(m - 3) - 5(m - 3).
= xem=—Xxe3=5em+ 53
‘ '-n-ix-5m+15 o
B. (7a - 3b)(t - a) = 2a(t - ‘a) - 3b(t -a) R R e
" 28t - 787 - 3t + 3ab LR




OBJECTIVE I.10 :
7o find the product
either bor d is a

of two binomi&ls of the form (a + b)(c + d) where
negative integer and the other is a positive integer.

_Examples o ' ' et
A. What is the product of (Pq + 3t) and (a - b). T .

B. Evaluate (w - 6)(3 + 57).
PO A

)

‘ Solutiona
Af (?q + 3t)(a - b) - 2q(a - b) + Bt(a -b)
= 2qa = 2qb + Bta - 3tb - ,

B. (' - 6)(3 + 5y) = w(3 + 'Sy) - 6(3 + 5y)
‘ - 3' + 5yw - 18 - 307




BASIC LEARNING TASK OBJECTIVES
SUB-UNIT II '

OBJECTIVE I1I.1

¢

To find the product of two binomisls of the form (x+a)(x+b).

Exasples

.B. Expand (m-6)(m-});

- /
A. ‘Find the product of (x+5) and (x-4).

"‘Solﬂiions
e e - x(x-4) + 5(x-4)
' = x2- 4x + 5x = 20

-12+I-20

(m-ﬁ)(n-B) - m(m-i) - 6(m-3)
- m - 3m - 6m + 18
-‘m-9m'+ 18

.
Ao
s

OBJECTIVE IL.2 o
To find the product

Examples | )
A. Expand (21+3)(x+f?.

of two binomiels of the form (ax+b)(cx+d).

B. Evaluate (3t-4)(2t+5).

Solutions A
B (2x43)(x+1) = 2x(x+1) + 3(x+1)
- 2x%% 2x'+ 3% + 3

. . 2%+ 5% + @ b

B. (3t-4)(?t+5) - 3t(?t+5) - 4(2t+5)
§ - 6t2+ 15¢ - 8t = 20
= 6824 7t - 20

OBJECTIVE 11.3
To factor trinomials
are positive integers.

les

6

A, Pactor a2+ Sa. +

/ﬁ
/
l

2

of the'Torm ax2+ bx + ¢ where a8=1 and b and ¢

B. Factor yo+ 10y + 21.

2

Solutions

A, Two mumbers whose sum il 5 and
product is 1° .6uf are 3 and 2.

a2+ 5 + 6 = 82+ 32 + 28 + 6
= (a +3a)l + (2a+6)
= a(a4+3) + 2(a+3.)\x
= (ad2)(a43)

‘B. Two nn-bors whose.sum is 10 and
product is 1. 21-?1 ‘are 3 ‘and Te =

_y “+ 10y + 21 = y T3y + Ty + 1
| (y%+3y) + (Ty+21)
. y(y+3) + T(3+3)

(y+T)Hy+3)

[¢]
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. OBJECTIVE II. : . .
" To factor trinomials of the form ax°+ bx + ¢, Where b and ¢ are positive

iﬂtes‘r’. )
 Examples 4
A, Factor 6x°+ Tx + 2. Be Factor 2t2 134 + 15,

Solutions _ : S,

A. Two mumbers #hose sum is 7 and B, Two mmbers whose sum is 13 and
product is 6-2=12 are 3 and 4. * = product 18.2-15=30 are 3 and 10,
6x7+ Tx + 2= 680+ 3x 4 4x+2 2424 13t + 15 = 2t%4 3t + 10t + 15

= (6x%+3x) + (4x+2) , . - t(2te3) + 5(2443)
= 3x(2x41) + 2(2x41) = (145)(2443)
o " (3x42)(2x41) |
" v . .

QBJECTIVE IL.S ' . | | | ) |
T o factor trinomisls of the form ax’+ bx + c, where a1 and b i8 a neghtive

integer and c is a positive integer. ; o
Examples | )
‘A, Factor c2- 3¢ + 2, .« | B. Factor y2-—'8y + 15.
Solutions ‘
L. Two mumbers whose sum is =3 and B, Two mumbers whose sum is -8 and
product is 1-2=2 are -2 and -1. product is 1-15=15 are -5 and -3.
6%~ 3c + 2=0%=2c =0 +2 . Py + 15=y -5y -3y + 15
‘ - (c?-2¢) = (e-2) ' - (55-5y) - (3y-15)
) = c(e=2) = (e=2) ‘ : = y(y-5) - 3(y-5)
- (e=1)(c-2) _ = 6S)

OBJECTIVE 1I.6

To {actor'trinoniala of the form ax’+ bx + c, where b is a negative integer
and ¢ is a positive integer. ' ‘ ' '

[l

Examples . :

" A. Factor 5r'- 11r + 2. B, Pactor 6x = 17x + 5.
Solutions _

JA. Two numbers whose sum is -11 and " B. Two numbers whose sum is -17*and
product is 5-?«10 are -10 and -1.  product is 6-5=30 are -15 and -2.
5r’- 19 + 2 = 5f§-V10: ~-r+2 . 6x97 17x +v5 = §12— v - éi +5

| . (5v7-10r) - (z=2) ‘w (6x2-15x) = (2x-5)
-‘?r(r-?) - (re2) ‘= 3x(2x-5) - (2x=5)

5r-1)(r-2) R = (3x-1)(2x~5)

\
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BJECTIVE I1.

To factor trinonials of the form axz

integer and ¢ is a negative integer.

Examples.

A, Factor‘q2+ 2q - 15. B.

136

+ bx + c, where a-1 anddb is a poaitive §

“Factor 12+_10' - 24.

°

{Solutions

A. Two numbers whose sum is 2 and pro—
. duct is 1- (-15)-( 15) are 5 and =3.

q2+ 2q - 15 = q + 59 - 3q - 15 \\
= (a%5q) - (3a+15) V
= q(a+5) - 3(a+5)
= (g=3)(a+5)

B, Two rumbers whose sun is 10 and pro-
duet is 1-(-24)= (-24) are -2 and 12,

w2+ 10w =24 = WP~ 2w & 12w - 24
= (w -2-) + (12w=24)
. w(w=2) + 12(w=2)
o (w+12)(w=2)

OBJECTIVE II.8

To factor trinomials of the form axz

"and c . is a negative integer.

Exsmples

A. TFactor 4x2+ Tx - 2. B.

+ bX + ¢, where b is a poaitive integer
O

Factor 6m?+.5m - 6.

‘Solutions

A, Two numbers whose sum is 7 and pro-
: duct 18 4+ (=2)=(- 8) are -1 and 8.

4x + Tx = 2 = 4x - x + Bx -52
T o= (4x -x) + (8x-2)
= x{4x-1) + 2(4x=1).

- (e2)(ax-1)

. Two mumbers whose sum 1s 5 and pro-
dnct is 6 (-6)-(-36) are -4 and 9.

6m + Sm «f = 6m - 4m + 9m - 6
= (6m -4m) + (9m-6)
- 2m(3m-2) + 3(3m-2)
= (?m+3)(3m-2)

o f

B
d

BJECTIVE 11,

To factor trinomials of the form axQ

~ negative integers.
Examples

k.

Factor egozie.- 4. B.

+ bx + C, vhere a-1 and b and ¢ are

Factor y2- 3y - 18.

Solutions -

JA. Two mumbers whose sum is -3 and pro-
 duct is 1°(=4)=(-4) are -4 and 1.

?
e-

Je - 4 = e2- e + e -4
= (e -40) +. (e=4)
- e(e-4) + (e-4)

= (e+1)(e-4)

B. Two numbe - whose sym is -3 and pro~
&uot is 1-(-18)= ( 18) are 3 and -6.
y-- 3y - 18 = y + 3y -6y -.18

- (y%+3y) - (6y+18)
= y(y+3) - 6(y+3) »
- (y-6)(re3)
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OBJECTIVE II,10° . .~ . . T | &5$ n
To factor ,f{t:rimmials of the form axz+ bx + ¢, where b an& cva_re .ne'gativo
integers. : : - : A

- Examples . , ,
A. Factor 10t°- 11t - 6.~ B. Factor 48°- 6a - 21.

So‘iution‘s . | , : , . ‘

A. Two mumbers whose sum is -11 and pro- B. Two mumbers whose sum is -8 and pro
. duet is 10-(-6)=(~60) are -15 and 4. ~ duct is 4-(-21)=(-84) are 6 and -14.
10t2- 114 - 6= 10t7= 158 + 4t =6 4a2- 88 - 21 = 42 6a - U - 21 ¢

- - (10t2~15t) + (41-6) - ek - (1ak) |
- 5t(2t=3) ¥ 2(2%-3) - - 22(2043) - 7(?a+3)

(st+2)(2t-3) . T (2af7)(2a»3)




BlSIC LEARNING TASK OBJECTIVES
- .SUB-UNIT II1 ‘

OBJECTIVE ITL1 . .
To find the square of binomial. o
Examples o ' |
" _A. Square (x+5). , ' B. BEvaluate (2q-3)2.

Solutions o

- 2
-12+10x+25 o = 4q°- 129 + 9
You might also use the methods of miltiplying two binomisls.

L

A. (x+5) - x 4+ 2°%X5 + 5 ._' ‘ B. (2q-3)2- (2q)2- 2-2q-3.+'(-3)-2

—
OBJECTIVE IlI.2

To factor a trinogialcyhich is a perfect square.

) mgles _
A, Factor y2- 6y + 9.) . B, Factor 16m'+ 24m + 9.

o

()

Solutione
he yP- by + g = (y-3)° . 1607 24m + 9 = (4m3)?

e 4 m

OBJECT# II1.3 S |
. To the product of the sum and difference of two terms.

'Exngglesn : 7
AL Expendg(a+6)(é-§). B. Evaluate (21-3)(?x+3).

b (a+6)(a-6) - 2% ¢ L n (2x3)(emed) = (20)%- ()
. a2- % | Y

4

'OBJESTIVE I111.4 . :
" To factor a‘binonial which is the difference of two equares.

| : glee

A. Factor 2°- 4. B. Factor 9p°- 16.
Solutions _ _ : ' o '
. . N . ',.
A, 22— 4 = (2)2. (2)2 4 B. 9p%- 16 = (3p)°- (4)7
- (2=2)(m2) | = (3p-4)(3p+4)

A8



BJECTIVE III.5 S “ R - @‘ .
" \yo factor a polynomial of 4 terma by grouping where no rearrangemsnt of;
terms or sign alteration is necessary.

— e

Exam gles . Co < L ' o S
A. Favctor ax + 3x + 8y + Jy. B F‘afctcor 4mt - 2mx + 6yt - Jyx.

’ .

Solutions , ‘ . \
A, ax+ X +8y + 3¥ e (ax+3x). + (ay+3y)
= x(a+3) + y(a+3)
| = (x+y)(a+3) )
‘B, 4mt - omx + 6yt - Syx = (4mt-2mx) + (6yt-3yx) S
' ’ = 2m(2tsx) +'3¥(2t-x) ‘
e (2m3y) (Ptex) S

OBJECTIVE I1II.€

To factor a polynomial of 4 terms by grouping ard requiring sign alteration .
but not rearrangement of terms,

//Fix;mgles

A

‘A, Pactor 2t - 3tm - 4 + 6m. . B. Fa¢t0r74xy'+ 8xz. - y ~ 2z.

.'Solutions
A, 2t - 3tm -4+ ém = (9t-3tm) -»(4-6m) Be 4xy + 8x2 =y - 2z
' = t(2-3m) - 2(2~ 3m') o

(4xy+ex;)- - (y+22)]
4x(y+2z) - (y+?z)

S

= (£-2)(2-3m) = (4x-1)(s'+?‘3)

BJECTIVE ;11.1 | , o e ’“‘; .

: To remove a common factor from a %rinomial fnd then factor the remaining

trinomial of the form ax"+ bx # q,wi—; S\
mgles =

Factor 212+ 10x - 12',
Solutions C S , : _
2 o fl? 3 .2 2 ,
JA. o 2x°4 10x - 12 = 2(x"+5%=6) B. q’- 4"+ 3q = q(q"-4q+3)
o= 22 hbx-xm6) - QKQ'3)(Q41)

2| x(x#6) - (14-6)] | o
2(1-1)(x+6)_ o d - ‘ ¥




OBJECTIVE III.8 o o o .

To, remove a common facto from a tﬁinomial and then factor & remaining
trinomial of the form ax + DX 4+ C. - 0

: ¥ | B o ,
Examples - o ‘ ! - )
A, Factdr‘8t2+ 20t + 12. B. Factor 6m?x - Smx - 6x.

. ) . #
-— . N

Solut!,o
A. JBt + 20t 4 12 = 4(2t +St+3) B. €m’x - Smx - 6x » x(6n°~5m-6)

-

- o = 4(2t+3)(t+1) ) = x(3m+2) (Pm=3)

/A . ’ . . ) ¢
BJETIVE III.2 ' ' . : '

To remove a common factor from a -trinomial and then factor the remaining
trinomial as a perTect qquare. \

A, TFactor 3a?+ 36a¥1oé;' ’ B. Faesk®T 4q5m - 12q2m'+ 9qm.
Solutions | o ¥
A 3& + 368 + 108 = 3(a +12a+36) » N
- 3aee) o~
B 4q3m - 1262111 + 9qm = qm(4q2-12q+9) .
’ - qm(2q-3) ' T
. .
omﬁnﬁxn1o“ . o \\ oo
To remove a common factor from{é/binomial and then factor the remaining
binomiel, as the difference of o squares. } , .
~ Examples , . |
Ao Factoi'8a3- 18a. o B. Factor x5—9x3. )C ’
§glutibns ﬁ . : .
A, ga’- 18a -'éa(432-9)' ~ B. xs- 913 = 15(x -0
' - Za(Za-32(?a+3)' ‘ . O(x-3)(x43) :
q - — ‘

140
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3o

KL ¢ lonxsam IS 06
SUBON{T
' SAOULD BE ABLE M0 I0 BEACH QUESTION. -

vnnxsnmrx

m mu A BIT OF PRAC‘!‘ICE ON THE OBJETIVB OF
1. IF YOU 100K A THE EXAMPLES ON' YOUR OBJECTIVE SHEETS YOU
.IF YOUR TEACHER DID NOT PINISH ~

\V

© GOING OVEx ALL THE OBJECTIVES IN CIASS IT STILL WILL BE HELPFUL 70 YOU
‘70 10 ALL THE QUESTIONS.

nnmm: TAKE A 100K AT 'HIL KXAMPLES FIRST

1.

2,

3

4.

b.

4
Re

b.

8

b.

a,

Find the product of 4p and qu.

Ewvaluate 3x y°613y2., S

What is the missing rw%or (3ab) () = 128",
Pind tvo fa.ctors 'hose prod\;ct is 18m5n4.

Find thg product of Sq and (3m+4q).
m1uato 3b (c-}d) ‘ -

Ezpreu Sy 1— 10y z as the pﬂodnct of its -
greatest -ononinl factor and another binomial.

Factor 4abc - 6bx.

Expand 3-(4t-2m+1)
Evaluate 2x (x +2xy+y )

Factor 21:»3 + 4p4 - 2p

,‘q‘

igmao-sig i)

oz-4q¢ +oeg-qeci 'OL”
z&g-no;,- R¢-Lwg

U9+°u-z-=>za 6

'Find the groatoqt -onouial factor of - Aag+aa+Abgabe
, 9b c - 3bc + 6v° c ‘and write the - D qv“xqz*'“a“'{ '\8\
~ trinomial u a prodnct. s ﬁT¢£+X)(§+&UV)
N . (R (heag) oL
‘Express, Bt(x ) < 4(x-y) as the product e :
of two ract : AR SO (oqe+9-q¢)0q¢
Facwr 4n (;+3z ) + 5(x+3z ) ' , (4= £d3+ad)¢[3 ‘g
aFind the product of (38+42b) (x+7). Axe + hxy +gxe
"Expand (2q+r)('+5y) T *ﬁ ' g+ 2 M9 - WL S
o : (xg=-ov2)ac
Expand (t-6)(2¢-rl) >~ “;;:"l é (za+‘)z£g o
Byaldate (33-53)(%ay). - f” P,a6 - 9,46

"",mt is the product of (4&«31) and (Bh-?a)"
; Emmate (y-?t)(4+}x)

b0z + wbGL ¢
gIomsue Auem

qu. °2
K x
¢hg¥8t
- SHANSKY
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- e 4 B . x ‘

JOW TURN IN YOUR PAPER FOR MARKING

, _ FORMATIVE TEST I ) IR
‘ NAME __ e ‘. DATE.
THIS TEST IS INTEMWOEN TO SHOW YOU HOW MUCH YOU HAVE UNDERSTOOD THE OBJECTIVES SO FAR.
IT WILL ASSISTS IN ?INDI}C OUT WHERE YOU NEED MORE HELP.: IT WILL NOT COUNT TOWARIS -
YOUR FINAL GRA R T e
* RE TEST HAS 2 UM@MONS ON BACH OF THE OBJEDAIVES. OF SUBINT? I AND YOU SHOULD WORK
OUT THE ANSWERS AKD PLACE THEM IR THE S?ACI‘E EROVIDED, o L ) :
1. Evaluate 2x-4x°, I K R ’
. A. 2 3 . . 2 & . . K ;IIF“.“': ) I.’iA.
. 2, Pind the product of 3a"b’ and 5§b',.. SR P 5T
3. Pind two monomial factors whose: ﬁrodili:t is iom. x
. 2 2 4 . I'Z.Al
4. Find the missing factor. (Jay" H_..) = 12a’y". .
5. Expand 3z(5z+6y). ' v e -
' 2.9 .. R o S 1. 3eh.
. 6. Eveluate a“(3a°-2a). - £ - .
7. Factor bxy + 9xz, - o ) _' ! S A
) 5 2 ‘2' . . . . " . ’ ) Io4hA0
8. Find the factors of 3a”b - 2ab’ : ) ) , & )
9, Find the product of 4t and (t3-2843). :
’ IOS.AO
10, Expand 2yz(x+3y-23). '
11, Factor 3ax + 3ay - 3az. /
' T I.6.A.
12. - Pactor 2c°m - 4o°m’ - 2em; ‘
13. Express a(p+q) + b(p+q) as the product of :
two. factors. , .
c A I.7.h..
14. Factor Im(2x+y) - t(2x+y). A
15. Expand (a+2)(x+y). ‘ :
A N T.8.A. .
16, Evaluate (}c+2:)(m+2x)., 4
17. Pind the product of (x-?q) and (t-m). N | v N
’ ) . ’ :T IogoA.
18, Evaluate (2y-5)(z-3r). :
19, Expand (w+4z)(5-3y). '
. . ° I.1°.A‘
20. Evaluate (2q-3p)(3y+1). ¢ '

}OW THAT YOUR TEST HAS. $EEN MARKED, YOU MAY FIND THAT YOU KEED SOMZ PRACTICE ON SOMi& OF
THE OBJECTIVES.  IF SO, YOU SHOULD PICK UP THE EXPFRIENCE SHEETS CIRCLED ABOVE.” THESE
¥ILL HELP YOU 70 OVERCOME YOUR DIFFICULTIES AND YOU MAY [D SOME AT HOME IF YOU WISH., IFP = -~

YOU DID NOT MAKE ANY ERKORS YOU MAY WORK I;‘,THE ACTIVITY CORNER OR HELP A'K)T'Hm STUDENT -

WHO ASKS YOU FOR ASSISTANCE, ¢



oy

v

N

NAME
THIS TEST IS IN’I'ENDED

YOUR FINAL GRATE.

THE .TEST BAS 2 QUETIQNS ON EACH OF THE OBJECTIVES OF SUB~-UNIT I ARD YOU SHOULD WORK -
-OUT THE ANSXJERS AND PLACE THEM IN THE SPACES PROVIIED,

1.

2.

9.,

10,

11-

12,

K4

13.

15,
16,
7.

18,

=(

‘Evaluate 5t3 3¢,

Pind theéprodnct of 2m3n and 7n n .

ind the miuing factor. (_)°* (2b ) = 14b°z

Expand 2&(4ag+5b).

, E\n;luatea x3(§xz-‘jx)

Factor 15pt + 10pm.

Find tge factor! of 203y - 50 y .
Pind the product of 5: and (:5 +3x2-2x).
Expand 4p9(2c-3p+2t)

Facto: 2ma - 2xa + 2q8. '

‘Pactor 10yb°+ 10y%b - Syb,

Exfréu x(r+t) + y(r+t) as the product of
two factors. :

Factor 3x(2y-z) = 4(2y-2). 4

l.-kpand‘ (a+2)(b+e).
Evaluate (2e+5m)(y+3ci).
Find the product of (c-3t)(x-y).

Evaluate (3x-4)(t-2m).

19. 'ihtpand (a+2q)(4-3y)

. 20,

Evaluate (5y-2¢) ( 3x+2 ).

SHOW YOU BOW MUCH YOU BAVE UN’DERS'NOD
IT WILL ASSIST US IN PINDIIK) OUT WHERE YOU NEED MORE HELP. IT

‘ Find two monomial factors whose product is 81:

3

. FORMATIVE TEST I.A

OBJECTIVES SO FAR. -
T COUNT TOWARDS

»~

EXPERIENCE

I.1.B.

3

1.2.3.

I. 3030

»

IoaoBr

I- S-B:

1.6.3.

R IoToB;

I.8.3.

1.9.B.

NOW_TURN IN YOU’R PAPER POR ] R‘KING

I.10.B. .

mw THAT YOUR TEST HAS BEEN MARKED, YOU MAY, FIND THAT YOU NEED SOME PRAC’I‘ICE ON SO¥E OF

PAE OBJECTIVES.

WILL HELP YOU TO OVEHCO
YOU DID NOT MAKF ANY

W0 ASKS FOR ASSISTANCE. "

IF SO, YOU SHOULD PICK UP THE EXPERIENCE “SHEETS

%.E YOUR DIFFICULTIES AND YO
FRRORS YOU MAY WORK IN THE ACTIVITY COKNER OR HELP

U NAY DO SOMF AW HOME

IRCLLD ABOVE. TH

Km%%i’m”ﬁ&’{}

5SE .

hﬂ&'y

144
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S mmmgm TEST 1.3, _
FAME - A : . DATE
'THIS TEST IS INTENDED 70 SHOW YOU' W % }OU BAVE UNDERSTOOD THE OBJECTIVES SO FAR.

IT WILL ASSIST US IN FINDING OUT WHERE Y®¢ NEED LORE HELP. IT WILL NOT COUNT TOWARDS:
'YOUR FINAL GRAIE. -

THE TEST HAS 2 QUESTIONS ON EACH OF THE OBJmTIVE I AND YOU SHOULD WORK
OUT THE ANSWERS AND PLACE 'Im IN THE SPACES. PROVI ' ’ . : v
e A - EXPERIENCE ‘
1. ﬁlnate 2--5-3 o ‘ :
3 5 ? : . I.1.c.
2, Find the product of 6qu and 3x’y . . -~
3. Pind two nouomial factors whose’ prodnct is 12p6.( .
1.2.C,
4. Find the missing factor. (2t 22)(_) = 6t7n, -
5. Expand S5t(3r+Tt). : N ' o
2 ’ 3 . . » ) ’ o It‘}nCo
6. Evaluate y“(4y-3y")." - '
'  7. Factor Jaw + 6az. ‘ _ ‘
. 3 ) '1'4000
8. Find the factors of 4b x’= 3bx", '1,:{
‘ \ 9. Find the product of 2¢ and (2a -4c~1) i s.c.
40, Expand 2bw(4w+3b-x) B . -
" 11, Factor 4pq - 4pr + 4pt. .
2 2 I.6.Co o
12. Factor '2x Y + 4x3y - 2qu. N
13, Express ’n(mt) + x(n+t) as the product of- B
two factors. —
. ' T 01‘3-' ) ’ : In?}Cc
14. Fsotor ‘25(3«4) - 3b(5c+4) o 0;}&‘:2 N ' ‘
. g )
15. Expand (r+4)(m)-
o I1.8.C.
16, Evaluste (2x+3m)(z+3m). -
19. Find the roduct of (y-}t) and (x-z) L9.c.
: ‘I.9.C.
18, Evaluate (2c-3)’(§~f4z) '
197 Expand -v.-pé' .
197 Expand (x+5¥)(3-?1). 1.10.C.

20. Enluate (}c-zd)(an) | . : . _ »

A YOW TURN_IN YOUR PAPER FOR VAgl_cm; ‘

JOW THAT YOUR TEST HAS BEEN MARKED, YOU VAY FIND TRAT YOU NEED SOME PRACTICE ON SOMS OF
TR OBJECTIVES. IF S0y YOU SHOULD PICK UP THE EXPERIENCE SHIETS CIRCLED AROVE. THESE
VILL HYLP YOU T0 OVERCONE,YOUR DIFFICULTIES AND YOU MAY 10 SOKE AT HOKE IF YOU WISH. I¥
JOU DID 1T WAKE ANY EREOHS YOU NAY WORK IN THE ACTIVITY CORNEN OR- HELP ANOTHER STU DEXT
WHD ASKS YOU FOR ASSISPANCE.



~

8

3. Pind two monomial faotors whose product is 6t2,

* 5, Expand 3a(6345%).

45, Expand (q+3)(t+2).

2 Ny . ¢ Sy e o
IR AP REARR = &7 W R \.
R R e 4 - 6
e ‘ Ly . b . 14.
‘ .. . 3
. F- L | . B
’ %X
# N H
- " FORMATIVE TEST I.C
. - o : o W ’

TRIS TEST IS INTENDED 70 SHOW YOU 1DW MICH YOU HAVE UNDERSTOOD, m.b‘% IVES SO FAR.
R SNILLASSIST US IN PINDING OUT WHERE YOU NEED MORE HEP. . IT WILL 7 COUNT TOWARDS

. ;YOUR FINAL GRAIE. .

THE TEST HAS.2 QUESTIONS ON EACH OF THZ OBJECTIVES OF SUB-UNIT I AND YOU suoux.nwom )

" OUT THE-ANSWERS AND PLACE THEM IN THE SPACES PROVIDED. ;

1. vaal\m"ce 3y4. 4. ~ i

JENPE e

"2. Pind the product of Sc%}ﬁgﬂ 202z.

4. Pind the u'ziuiiﬁg fact.or. (L) (4aw) = 'aa“wz.'_ o S

€. Bvaluate z(23°-32).

7. Factor 4&b + 6500

g8, Find the factors of axly - 5x°y%.

9. Find the product of 3w and (wo-4w°+3). | AT 'Yy

10, Brpand }ax(t-?u}x).

11. hcior 22y + 2xy = 2wy,

12. Fector 3093 6czp2+ 3cp.

13, Express a(dew) + q(d+w) as the product of
two factors. v .

14. Pactox, 4y(2b-c) - 3x(2b-0).

16, mmaf.é (3a+40)(x+?0).

47. Find the product @f (p-2q) and (x=w).

15. Evaluate (3y-2) (1;42) .

19, Bxpand (1;:+3&)"(4-3:);

20, Evaluate (2b=3g)(2t+1 Y.

Mgow TURN IN YOUR PAPER FOR MARKING

L




147

EXPERTENGE I.1.4.

——————

NAME AR | TIME STARTED TIME FINISHED

" PIND AN EXPRESSION IN, THE SECOND COLUMN WHICH IS THE PRODUCT OF R
' JONOMTALS IN EACH OF THE FOLLOWING, PUT YOUR ANSWERS IN THE 3 BY 3 SQUARE
BELOW. QUESTIONS A AND F HAVE BEEN IONE FOR YOU. o

FEN

. " . ' U - ‘ /
& COLUMN 1 - _COLUMN 2
A, 3, 22 L " 1. 06
B, 43, 3a . .2 10ab2
‘Co 5.ab’ 2a . . » . 5. 12&5b3 _' o o . : ’ ﬁ
D. 28%b, 5& _ : 4, 6a ' v
. 2 2‘ ‘ R 5 6 o " .
E. 10ab, ab , 5. 1287 ’ ,
F. 6a%%0, 2a%b’ : 6. 108D : N ’
6. 3a’b2, 4a7b ~ 7. -10a7b7 o - ’
H, . 1 2a4b, ab> . 8. 1‘236b?”
L. 2a%, 6y 9. 1087 .
o B 6.2 ° g
- N 1. 122 . - A
R 12, 10a“b y
13, 12a
/ L |B c )
4
D E P 5
» G H 1
./
[ 28

1

NOW ADD THE FIGURES YOU FAVE ENTERED IN THE SQUARE, (1) BORIZONTALLY
(acROSS), (2) VERTICALLY (IOWN) AND (3) DIAGONALLY. IF YOU HAVE ANSWERED
THE QUESTIONS CORRECTLY ALL THE TOTALS SHOULD BE 21. :

el
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I EXPERIDCE I.1.B. -
. ’ . ".") . -

CNAME _____ - _ . TIME STARTED TIME FINISHED
‘ llILTIPLiCATIOiOP mmmx.;s is comu'rm. ~Is (a)(b = (b)(a) |
J RS } w ol .
© . Example‘1 (2t)(3t) - 2:%-3:% ‘ .&-;‘ o : S 5
= (2 3)(t t) ” | N ¢ g . k!
- 6%2 - &
Example 2 ‘(21_2)(41,5) - (2'12)(4'15) o e
- (24)(=> %) N Ll
- exz +3 ' _ ; é
= 815 o
Example 3 (4xy?) (3xy) = (4-3)(1-:)(!2-y) , : .
- (12)) )
- 1212y3 v

| ¥W TRY 70 PIND THE PROTUCTOF EACH OF THE FOLLOWING PATRS OF MDNOMIALS.

'.

o ()
 2. (2b.)(v6b)‘
3. (52)(30)
s (.m)(sx?y?)-
5. (sb c )(4b c)

NOW CHECK YOUR ANSWERS IF YOU DID WOT GET THEM ALL COHRECT ASK

SOMEDNE FOR HELP. ' - - '
A( )
ANSWERS: 1. 12ab ¢ 2. 12b° 3. 1585 4. 2007 5. 120°¢ '
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. EPERIBCE 1,1.C. C s

HAME ' o TIME STARTED . TIME PINISHED

HAVE YOU RIWIENED THE EXAMPLES ON OBJECTIVE I.3? D' YOU UNDERSTAND

WEERE YOU WENT WRONG VITH EXPERIENCES I.1.A, AND L.1.5? IF MOT,--

TEEN ASK_SOMIDNE 70 HELP YOU! WHEW YOU FEEL YOU CAN PIND THE PROIUCT !
OF TWO MDNOMIALS THY THE POLLOWING: ~ '

rind the ‘prodgct o!f‘: S it |
;T sm _— Y s
5. (70)(4e) , C o
' S : ave °¢
5. (2y)(6y) _ - EEe
NOW CHECK YOUR ANSWERS ON THE RIGHT HANDV
SIDE OF THE PAGE, - :
b | ' . '
| | _ &
5
’ Now try these: ‘ ' .
6. (2x)(37) | ALz con g
1. (D)) . B
| . 4% 8.
8. (3ab)(2ab) _ , 2oL
9. (5a%b)(3ab°) | o £x9 *9
XN - ' - . ‘ SHIASNV
10, (37¥7)(ax’y) - 1
. k4

. oy ' . -
IF YOU MADE MORE THAN ONE EREOR, PLEASE ASK SOMADNE TO HELP YOU. IF
YOU GOT ALL TEN CORRECT, ~"GOOD SHOW, MAN!" ' |

AN



.

| XPERIDCE I.2.h.

WME . PIME STARTED 'rm PINISHED

mfs%y A cnm. I'LL GIVE YOU A lnmum. AND ONE or ITs -
PACTORS.

FIND A SECOND FACTOR SO THAT THE ™0 FACTORS
MILTIPLIED TOGETHER GIVE MY MWONOMIAL, YOU GET ONE POINT FOR BACH
CORRECT ANSWER AND I GET ONE FOR BACH WRONG ANSWER, WHOEVER GE!'S 5
POINTS FIRST WINS. HERE WE GO! :

: ) v a -
‘MY MONOMIAL C MY FACTOR YOUR FACTOR
B> o 2
‘ 2 ' a -
12a°d 3ab
Tpax | .
'24x3y?z ‘ 8xyz
15y O 3y

FOPE YOU DIDN'T SKUNK ME!

<

?9.12 . v 2 -
Ciepix - épx’ |
oyt &t

142°b o  148%

\sa. Fio YHf PTNAL SCORE. HIP, HIP, HURRAH FOR THE WINNER!

- Trop \
(¢ (a2 N
Mog BOR T L
- o~ N R (0 W

150
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KA EPERIRCE 1. 838,
NANE o j 'rm STARTED TIME FINISHED
5 ANY mm(m. CAN BE PACTORED INTO O PAC'!ORS IN sxvmx. WAYS. -
POR EXAIBLE._ 6x y = 3xe2xy or 12- or +x eotc.
. S
¢

2N cqm?n I YOU WILL FIND 1 FACTOR or 120 b3 DEFERMINE THE

| SECOND. fAemR un LOCATE IT IN oLy 1. - e

- | COLUMN. I - | ‘ " COLUMN II
| - " 1. 3ab : Y I

' 2. 29,2b2 o ' B, 6ab®

9 A ———— r , .

5. 2ab? L R 4a%°

i : n_ab} o R, 3a7b°

7. 32 : G. 4ab’

I. 6b

STILL HAVIIG PRON.M? FIF]) A FRIHID. EACH OF YOU WRITE IOWN

ALL THE PATRS OF PACTORS YOU CAN WHOSE PROINCT IS éun®, CHECK BACH
OTHER., WHO RAS THE ml:r? -mm ARE 18 FOSSIELE PAIRS.
SCORES: O = 4 NEED HELP g.;*Zf?; | : ;
5 -9 PREPTY coon,"x chnc
10 - 14 YOU !RE- IMPROVING--SOON WILL BE mm | o

E SR 15 - 18 A REAL BXPERT--TAKE A BOW R
’ . ‘ ‘S’;.‘,’VI
v st ; ' : vl i
g .
a . . - . P
= L] O’vcb < X

-4-:N§#\_<5,y<\oz§

RCI



]

" . : . ~

WE . ' TIME STARTED _TIME FINISHED

| JOHN EAD A BAG OF PACTORS AND FOR EVERY PACTOR IN THE BAG THERE
VAS ANOTHER FACTOR WHICH TOGETHER WITH THE FIRST FACTOR WOULD GIVE
EITHER THE PROIUCT 6a°b OR HE FROIUCT 4ab°. SEE IF YOU CAN SORT
THE FACTORS ‘INTO PAIRS PIACING THOSE PAI.RS JHOSE PRODUCT IS 6a°b IN
ONE BAG AND THOSE WHOSE PROIUCT 1S - 4ub IN“A SECOND BAG.




- EXP 1 E ;..A.

&

we____ i 'rwmmnn' | TIMB PINISHED |
7 Which of the foilbvizrpé atét"eu'n{u‘ are true and 'hiolhllrc'

. false? Answer T or F as tth mo my be.

Y fhe product of b and 3a42b 18 3ab 4 20, IR,

é. The px-oduct of 2: and 2!+5!J is 4x + ny. .___‘

3, Thé. product of 3y and Axy-5Y 1: 12n + 15y . ~____

“ . 4. 'The product of 4a lnd 5a° 2,402 18 2033+ 16ab | E ‘_______

‘ 5. The prodnct of 2p and’ qu-4p2q2 is 6P q 31’3(13- | ...._._

, \S§*\ The product of. 3x y3 md Sn 413y 1a 15x 3 5 12:5 > _____
P - — ~ : ;

 Answers: 1. T 2. r‘, 3, F 4.T 5. F .67

e ‘ * . , ) e . .
Did you get thon all correct? If you ha.d more tha.n one wrong»

ASK SOMEONE POR HELP! If you ‘had only om; wrong,' dqQ you now see whore

<

you went wrong? If not, ASK. FOR°HELPY

N .
ARSI PN

1

- 153
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o S S L 7 . ‘ :
% . -] ) . . .
EXPERIENCE I.3.B. R N
NAME | | TIME STARTED TIME FINISHED

It looks as though you are having so-e trouble with this
objective. Do you underatanq how tq find the" prodnct of two nononials7
(OBJECTIVE I.1) B L -

In finding the product of a nononial &nd a binonial oxpresaion

4

. we use the diptributive propertx.

- For example.. 2t(3t + 4) = ?t(}t) +2t(4) .
2
- 6t + Bt
No' try to conplete the following. _ s
e xxe 2) = 3 )+ 3x(2)

7
 pid you get 15%% + 6x° If not, ASK_FOR HELP.

K
5,

L Now .do the following exercises-

Find the product of ‘each of the following monomials and! binouials- ' \*ﬁk ’
1. 4(x+2)
2. 3y(2yes)
3. 5p(3-28)
4. 2vUv%ey)
5. 5y (Zy-sy :

6 Complete: 7a (3a3b+4a b3) Ta (3a b) + 78 (4a b ) . o

\ e

= 7. DNow for the "Gold Medal" queation.

Evalwate:. Bp q3(5P q2_ r q})

Now check your answers. Turn the page upside down-—you don't have to -

‘stand on your head!

i wopwue)’ ‘0. 103 uoTl“‘ilﬁ 03} puels ‘o8 JI

s TEPIN PTOD. YWY urn nok 1320 ;'9b dtZ'gbgdSL 'Lh
' Ko+ K9 * £ Lq *2
g\p‘??*qg'la 9 2+£ 9 ¥ gL+ 9 *2

gASh-ghor t6 ‘adQ}-dgl ¢ 9+xv "L =919A=uyb
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, 7
< -
° s HEXPERIEGE I.3.C. - L '.
N S -rng,'_s'rmrm . TINE FINISHED “
Have you r'v;eved the ei;anp‘l&n on .quective I.}? >Do/you | g ‘c
understand where you went wrong with Expcriences I.3.A. and I.'B.B?'
If you do not feel you ﬁdorstand mltiplication‘of a monomial and>
a polynonial ASK SOMEONE FOR HELP! Now, .t‘ind these producta. a
1. x(2x+3)
2. b(3b+2c)
‘ B'f ,.}29(415 +3p° ) ‘ , | %
4. xy(}x y+2q 2y . _ | Lo .
5. 2x(3x-4) _ :
6. 3pa(5p°+4q°) e T » . |
1. 3t2(2t2-4£) ' s S .
" / . o
! L .
Answers: 1. 2x2+ 3x ‘ ir"; 4 31372», 2x y3 7. 61;.4- 12_-t3
o e 5 ‘é;z-_,@i -
3. :8§5+ 6p4 SR '6. ‘15p q”+ 12pq3'
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SR . . EXPERIENCE I.4.R.
) NAME L @ ___~"TINE STARTED -
'As a curler would say, you are now ready to play the, second
end. In the hack, ready, 80! *
We would like you to find factors in the second coluan which
are equivalent to mh of the expreuiona linted in the firat colupn -
Column Y. - Columm 2. AN
2 T e, 2. .
1, 8 + 2ab . e v. sa“(5a -3) ﬁ\,
2. 33___ a.2 S - S, ‘28.2(24‘3&2’) !
5. a2 6t 1. 58°(58°+3)
4. 2504 15a2," 3 G. az(a._-1)"
5/a%b + 3% (K. 3aC(2B)
6.,3870%+ 9D /1. 4203 (205-3)
7. 8alpi- 12ab> . E.. a(s+2b)
R 3z2b2(a+3b) °
B N .
. o ,. A, 3a°b(2e+?) f -
_ Answers: 1, E 2.6 35 4V 5 A 6.R 1.1
vh-, ' ‘. 30, the anawers are E, G, s, vV, A, R, and I, Now "geramble” .

[/
3’5
2 '5,“% these to find & !‘anoua St. ‘Albertan, by Hee(Xk)!

! .
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RPERIECE 1.5.3 BN

5 ? B

o

“

MME - o Tnms-/lpﬂn 'rnm FINISHED

| _
lhltiplioat:lon of a binomial by a lono-hl producea 2 polyhoml
~

in which all the terms have 8 cp—on factor that is oqual to or is a
"-iitipio of_ the monomial. The reverse opérttibn is eail_.lod‘factori_gg
d is simply the backwards applic#tibn of the distributive law, °
Example 1: Express ii}-& as the product of & ﬁoly'mnill and
a iono@. . N |
Solutivon'{‘: The terms of 313-61 have, 88 & c&non factor, 3x
hence, | : |
313-61 - 31(:2) - 3:(2)»,

- ’51(:2-2)

. *
>

Express the following polynonia.ln as pcoducte of binouinls and nononials. .g

1. 26+ 4 - | .. - & T .
2. 3t e 6 B R ST SN ,
- 3. 6x°- 15:4 ' , L B T a /
f‘ 3. ,7t55 21.{5\3& k@ = ¥ s -
5. 5a’b’s 158700 | | S
6 ot ady o ;,,

Answers: . 1. 2(b42)
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EXPERIENCE 1.4.C.

NAME | - TIME STARTED-' TIIE“PINISKED
T - .
\ " You mst be finding this factoring usiness rather tough! '
Have you looked ‘over tho examples on Objective I.4. and the Experiences
I.4.A. and I 4. B.? Do you underatsnd where you went wrong? if not.

 ASK SOMEONE FORK HELP! ’ 'l-?,g- o ;

B i At ek : ' ’

e ',‘v»

Renenber, when we are fag%prixquﬁbressiono we want to "take out"

the GREXTEST COMMN mcmn. '

_________.____-—-————

Let's try to factor a few polynonial expressions. Good Luck!

1. 2a+ 6
2. 2x + 312 ‘
5. 5b5 + 3b° )
s 4.. 4t5 + 3t4 _ f
s, -4'a4 v 622
6. 332 50 T
1. 6p S Ve
8. 5ab + 2::?1»3 , “
9. 5y - ox’y’
Answers: 1. 2(ae3) 6. x°(3-5%) |
2, x(243x) | B T 2p2(3-2p) '
3. v2(5b+3) ’ 8. ab(3+2ab°)
o 4. 41:3-‘1-&‘2?.)‘ _ '  9. 5:21’2(:-21)
5. 2&2(;d2+3) =
R Ve I -



- EXPERIENCE I.5.A.
 NAME _ PIME STARTED .  TIME PINISHED

FIND AN EXPRESSION IN THE SECOND COLUMN WHICH IS BQUIVALENT T0

THE INDICATED PROINCT IN THE FIRST COLUMN. . ,' %
COLUMN I B " COLUMN II
., 1. 4x(x+y‘+?z-) | I. 522 - 2&222 + ‘5a3z2 .
2, 3&2(2x-af1) S. 6a’x + 6ax + ays

3 aylexer) B, 4x° + 4xy + 8x3
4 22(a4§£21533) B. '2&3:22 + Baxoz + 6axy112
T yz(?"y-i.ua) | oo, 12:55', - 6814& -,9ax_3¥z
T 6. ixzy(4-2p.x-332) ’ K. 8ay + bxy - 4y2
I B vaxzl (a2 +4% +3y) i_\ Q L. dax? - 3ay’ + 6ax’y
. 8. a(6ax+6x+y?) : | | S. 6a’x - }aB + 3&2 ‘

- B , . | u’, '2y2z‘ - 3yz2 +‘- ays

DID YOU FIND A MYSTERY WORD? ARE THEY. YOUR PAVORITE FOOTBALL

N
'
. N
Toa . .
\. . .

TEAM?



NAME

2. The product of 4y and 35 t‘232 + 2y is

'3, abe(4a '--2ab_+3b %) -

EXPERTENCE L, 5.B-

TIME STARTED TIME FINISHED

3q:(t+k-l) -

stx(tP-5-41x") =
353(2+}z+4y25)‘-“

Qxyz(xzy-3y2s45¢i2)'- ,

John: Let's look at an example first.
Sue: 0.K. with me. ;

%
Johnt Inltiply 2:2 and Bx - 4y + 2x¥.

Sue: Bey. that Juat means %o find the product.

-Johns That'u right! Here we. go.

ox -(3:-4y+2xy) - (Zx 3x) - (21 ‘ay) + (?x . 2xy)

-613-81’4»413y -

Sué: Goodnasa gracious. that's just the diutributive property ‘

»

1n action! I can do the aecond line in my hcld.

John: Right agiinﬁ‘

sure.

“ﬂ'e try some lore exunples Just to make

Sue: My amworl a.re 3qt + 39k ~ 3ql. ' 12y2z + 80.2y2 + eys,
4a5b - 27" 4 3ab’, 3t3x _ 158k - 12¢°00,

6 5 + 91 + 12y214, ahd 213y21 - bXy 12 + 10:3y52. _

»

John: line are thc same. Chsncep:aro we have them all right.

160



EXPERIENCE I,5.C.

NAME TIME STARTED

0 WLTIPLY A mmml. BY A POLYMOMIAL OF
_ IULTIPLY THE mmnm. BY BACH Tml OF
" . RESULTS.

. o 161

s

“a . 3

TIME FINISHED

3 TERMS, YOU JusT

THE POLYNOMIAL KND THEN ADD THE -

WATCH THIS! |
| 2u(3a-4x+5)
‘Multiply 2ax by 38 > 6a’x
| ‘ln_ltiply 28x by -4x - S -8ax’

Multiply 2ax by 5 ' > 10ax

Adci the results 6a’x - yeax? 4 10ax. This is your product.
. % + _
E Rmm TEAT YOU CANIOT COMBINE UNLIKE TERNS.

r o P

S o™ T -

2ax(§a-[x+’5) - 6321 - Bax + 10ax
o

St s

Now ,,try. fheae._
L M. S(pe2asdk) = '
2. 3y(2y°+4y+3) =
| Be ﬁ(?x-szt“'“t) =
4. -x3y?(3i+273'5°) - ,
. Q\
5. 283bo(2be-tac’~3a70)=
% 929 FRONIE S A =
‘2 gxg - z xa + éf}x( v o~
LAy + g‘g"‘ 1,X6 ¢
} kg + Zﬁg; + gﬂg fZT-v.\‘ ,
ey 0 SEIMSNY

xGL + Bop - 45
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o . EXPERIENCE I.6.A. : v

PR

RAME | g TIME STARTED IME FINISHED

['LL BE? YOU REALLY MADS A SILLY MISTAKE ON TH TEST QM&TION 50
LF YOU GiT THIS ONE QUESTION CGREECT YOU CAN SKIP THE RST OF IS,
EXPERIENCE. TRY THIS ONE. BE CAREFUL, IT MAY TRICK YOU.

PACTOR  12x°¥°3° - oaxylad + s

 THE ANSWER IS IN THE LOWER LEFT HAND connm. IF YOU MAIE A
MISTAKE YOU HAD BETTER TRY A FEW MORE. - I

B Y
. Write eaéh of the following as the product of the greatest
. common nononia,'l factor and a trinomial. '
1. 60 - 12:2 + 24x =
Lo 2.vxy+xz+xw- ¢
3. 4ab - 12abc + 1Ga b czlr -
4 3t + bty + »151’. y?- = y
5. 10a% + 2587 - 5% T
6. K2 - 0L’ - L -
| A”S%S N
°.*4abc? ' -
- N
. . ) ‘? .
— o : (YY)
5 by o A«
V-3 > <) 288 N
i X 4> 288 0
8 + x (
Y x $3° : L ¢
Ry .
\? Y 5&2 (2a2+5a—1 )
& -
n.
<t

-
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NAME TIME FINISHED

WHEN YOU FOUND PRODUCTS O FXRRESSTONS SUCH AS 4x(x2+5x+6) YOU
USED THE DISTRIEITIVE PROPERTY AND DR

¥ 4
4x(x +Sx+6) = 4:3+ 20x + 241&% <

FACTORS? DID YUU SAY PUT THE DISTRIKITIVE PROPERTY IN REVERSE £ND GO

THE _OTHER'WAY? IF YOU DID YOU ARE EXACTLY CORRECT.
a(b+c+d) — -~y ab + ac + ad

and ab + ac + ad > a(b+c+d)'

THE TRICK IS 70 PIND™a" WHICH IS THE GREATEST MONOMIAL EXPRESSION
m'r%?nms INIO BACH OF THE MONOMIAL TERMS OF THE PRINOMIAL EVENLY. IN -
CHE ABOVE EXAMPLE "a" IS REPRESENTED BY 4x. SEE IF YOU CAN FILL IN THE - '
FOLLOWING TABLE. ' ‘

ab + ac + ad a a{b+c+d)
1 5:3'+ 912 + 12x ﬂ‘ 3x
s : N’ P
433b - 12a2bc + 8a2c2 ‘432(ab-5bc+2c2)

15y% + 100y’ 4 5x°

2 : 2
8p2q - 12pq _+ -16p3t} 4p 4p(2pq-39 +4p?t)
6p-12q+50 ‘
33 4 2.4 .23
a’b’ +'a’b. - 8b

A ,2r
6y3 +° 12y + 6y
e .S R -
38 o . N\ D:E
_%'dm‘ + . Eom
m Lo ga —~ A
n)H-cv w— o t\-'N : Eﬁ
«Sd ?'Nf\-f —~ gHa
F3 s EBEIN % 5
4 @« 2 S TR o o5 3 =
2L c  EEITHEAN < 8
ﬁ.?g g o0« o~ N =1 M
> ! g - RG-S = 2 R/ E
2 oma Eﬁ‘dvﬁm"‘; E—*"‘H
dﬁ 0o « B o M N0 4 O mﬁ‘c

a
4



s

,mmmmﬁ 1.6.C.

NAME . ___ TIME STARTED TIME FINISHED

A FA)DUS FAC'R)R ONCE:SAID "I AM THE GRFATEST COMMON FACTOR".
FOLLOVIIH} EACH EXPRESSION, UNDEBLINE THE COMMON FAC'K)R‘D OF Tﬂh. TERMS IN

THE EXPRESSION AND"CIRCLE THE GRE@LTEBT THE FIRST ONE 1S IDNh FOR YOU.

1. 6a%p + 98° b2, 12mb2 3 6 »33 | ~®, | N
| 2!.“ *.12)(1 + 8x3 + 612 4¥ ® o . 2x ) 412 ‘ 21?‘,
3. 6ad +_A9ac - 3ay o © 3a va.b : ac 3 a
4. p}tz - '(pgt3 - 61»%4 Copt pt2 . Pt P ot

5. 3ab? + 622b° - 9a°b Aaéb? 32%p° 3 ab 3a

6. 5m2 + 10&4 + 15m6‘ >m2 ' 5-2 -5-4 : n6.. m

NOW CHECK AND SEE IF YOUR GREATEST COMWRN FACTORS ARE CORRECT..

IF THEY ARE, é‘« FACTOR EACH EXPRESSION ‘AB‘)VE.

4. 6a°b + 3 + 12ab° = 3ab(2a+38b+4D)

2.
'55 .
4.
5. ’
6.

N
1. o . we+ wz+l) WG  *9-
2. - _:@@ - ' : (t(’ni;i'e;;)):vi 'Z
3e ' ‘ ' : eqd~_d) 3d °
2 o R
2 —_— , S (e xg) xe te

b > @ — | 0 (apraspree)e 7

&

164
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T S  EXPERIRRKE IL.T.A.
) “‘J-‘- . . . . | . -
NAME | TIME SPARTED - TIME FINISHED
If you look at a binomial expression like 3a(2b+1) + 5c(2b+1)
you will notice that each of the terms has the 6onlonrf;ctor 2b+1.
)t | A ,

5 [l . o ]

) » so, if we "take out" this common factor we would have (2b-1){(3a+5¢).
Is tﬁ%g equivalent t0'(33+5c)(2b+1)?‘ Which property are we using here?
(see answer below) -

Now express the following as the product of two binomial factors, -

L;fs, ' . 2x(3ye2) + 3v(3y+2) = ) DY
2. 5a(2bs3c) + 24(2bs3e) = ( ; ) )
5. ap(2a-r) + 8(2ae8) = ()

L5 atome) - 3p(5m3) = N (S I |

: 5. 6x(3y-2) - 5t(3y-2) = ( )

Aqswerq:'_ﬁe were using the commutative property,
1 (p)(aedy)
2. (2b+c)(5a+2d)
3. (2q-r)(4p+38) |
4. (5n+3)(2m-3p) L | T

5. (3y-2)(6x-5¢) Lo -
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© EXPERIEXCE L.I.B.

NAME = [IME SMARTED = TIME FINISHED
Hi there! Tt looks as though you're having some trouble '
expressing certain polynomials as the product of tvo‘binonial fagtérs.

I would like you to reéd over the examples rorAijectiﬁe I.7. and also
. . ) i [y N

pxperience I.7.A. and then to complete each of the following sentences:

1. 3(2a+b) + 5c(2a+b) = (?.a,+b)( )

2. 2x(4y-2) + 3y(-4&-2) = (- ) (2xe3y)
5. - sp(asze) - Ja(asé) = (e300 )
4. 3(3esd) - deGesd) = ( )( )
5.. 4(2g~5n) -~

- 37(2g-5h) = ( ;.)("' )

<5

Now check your answers. If you didﬁft get them all correct

ASK SOMEDNE FOR HELP! HELP! HELP!

thvera:' 1. (2a+b)(3+5¢) 2. (4y-z)(2%+5y)
3. (5p-30)(as2¢) 4. (3£-40)(3c+d)
5. (4-3f)(28-5n) |

Doea it make any difference if we write the answer to

mmber 5 as (23-5h)(4-3f)?

N 5
.
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) - .
J EXPERIENCE I.T.C. >
.i,. ".;‘ . T
 NAME _ ~ . omug SMRTED  TDE FINISHED

a

Hello to you again! I'm glad joi'haven‘t'given up trying'fb-}

' underetagd how to 'rite certain polyno:iala as the product of two

‘binomial factors. Renenber "Home wasn't built in a day'“ Have you

.1ooked over the exam ploa for Objective I.7. and Experiencea T.T.A. and

1.7.B.7 A R

-

' hnswer true or false to the following. The. answers are giveﬁ

‘on the right and you should cover them: with a piece of papor, revealing

" sach answer ONLY S 'SOON AS YOU HAVE WRITTEN IDWN YOUR ARSWER. Any

’ an;wer. Don't hesitate to ASK SOMEONE FOR HELP.

EDY

time you make & nistake try to find ocut how to arrive at the correct

1. 2(asb) + Jo(asb) = (243c)(a+d} - -
ANSWERS:
2. a(2c+d) +‘b(2c+d) = (a+2¢)( C ‘
S g 1. T
‘ 3, 3x(x+3) - y(x+8) = (3x+y) (x+42) A
4;_ _ , _ , 2. F
" 4, 2r(p-3a) + s(p-39) = (2res)(p-30) ——— -
5. x(3-28) - y(3t-26) = (x-y)(31-28) 4'“ L
5. T

7

* Hope fou had all five correct. Good Luck in the

Pormetive Test I.C.
. . i
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"~ ' EXPERIENCE 1.B.A. - . >
NME ©© (IME STARTED  TIME FINISHED
; — T —5= - | )
Have you sver soon a 4 by 4 ngic ‘square? If you find an
. expresaion in the aeconi cohmn which i the expaneion of each of the ‘
Vi N
expresaions in the firat colunm. and inaert the mmba; in the
app;'opriate aquare you should obtain a magic aquare.
colusn 1 . & & o Colunn 2 R
= - “ er — .
B. (a+c-)(d+f‘)‘ S 4. 6ad + 9af + 4cd + 6cf
_l C. -(2a+c)(d+'?f‘)* . . 2. m af + cd + cf A
~ E. (a+2¢)f2d+3f) = 3, 2ad + 4af + cd # 2cf -
‘B, (asc)(3av2f) O\ 4 sad + 6af + 6cd + 9cf
CF. (ease)(easer) T 75 2ad + 3af + 4ed + 6cf
e o R R . R , - ) ' ¢ '
K. (3a42¢){3d+2f) L %‘; 9a.d + 6af + 6cd + 4cf
M, (2a+3c)(2d43f) T 6ad + 6af + 6cd + 6cf = T
P.. ;(3a+2c),_(2d43_f) . \ 8. 9ad & 6af + 3cd + 2¢f "o -
R
! J - .,-/’f '
A B C D . , I
- : ' ' ~—- T ',*What tota.ls db you get .
E B G R B -y .
kN - .
- : - i : - . whcm youw add. : -
: .o 1{0 . ; .
. ‘ T - — - (1) ver%ical}.y ' SR -
R T P A R L DS S
_ : L » 1 v (2) horizontally
L 9 N 12 | a
(' - (3) diagonally" ‘
- ,‘"( u . N 3 ' O B P .
_. . ; v Are they the sa-e?
14 15.. ‘




)
EXPERLENCE I,8.B. ¥
NAME o mnsmmm .TIME PINISHED

Lot' look at what happens when we lnltiply two binomials

'tégoiher. (c+d)(e+f) = c(e+f) + d(e+f)

= 08 + cf + do + af

what we h:ve ‘done 13 to unltiply every term in the firatdg- 

binbninl by every term in the second binoa1a1.= Thia is uaing the

distribut;vé.propertf. Try conpletin% the folloving,

a

:,1£v (a+b)(c+d) = _BC__ + ad  + J . :
2. (2p+q)(r+s) = ¥ + gf _+ .98
43_-;',»-('5l+,?n)'(4p+q) « 12mp - , \
¥ (p+5a)(3r+28) - -
5. (reds)(dtra) = s -
- 6. (2k+3n)(5n+2p) - . é. ' -
. _ T ' . S g ' .
' ‘ " ) . 8
7 t
‘4 ) -
- 4
. g “‘\0 *
».Anawerng"' oA o )
o i S - ‘ '
Jt-1. ‘ac’+ ad ¥ bo + b
' '/, : v K 2 h b ? ' Y
2. .2pr + 2pa +qr + g8 . ) ’
g - ¢
3,  12mp +\3mq + Bnp ¥ 2nq iy .
A \ fae g e FIA
4. Bpr + 2ps + 9qr #* 6sq
* 5 4rt + T8+ 16-t + 4ua e
6, 10kn + 4kp + 15wn + 6mp T - - :

¢

Ay

169



| - T 170

EXPERIENCE 1,8.C.

NAME ___ | TIME STARTED - . TIME FINISHED
% : ‘ N . ' ,
v Tl)‘g FOIL ltule is a mechanicel way of mltiplying two binomials.
Conqider the exprqaqion. .:(a+2b)(3c+4d) .
(a+2b) Gc+4d) (a+2b) (3c+4d) (a+2b) (3c+4d)
’ 53; c 4 4ad ‘fi - 6be LI
product of First product 61" Outside product of Inside ‘ prdduct of Last ’
terms : 4 terns , terns o ternms

The product of two bi,noni,als is the sum of the product.b of :

the First terms,

« _tﬁe O\‘;fa;i&e'ter-e; - /1; 3 v C /
the Imiae'teru“, | \ BT
7 0 the Laat terns.. : S L *
- ‘You ‘nay “t‘ o; Q le to find gt.he product of the followinG'; - >
| -4 (a+b).('c+d);- o o - ’
Q 2. ,(2x+3y)(x+z) = N - | / )
* (5p+5q)(2r+8) VAL — S 3 )

Az+\v) ( 32+2v) -

{c+3f ){d+2 ’ o : . ¥ .
.«/W S
s I SR

\ . . - . R » [ . - .
K “ T e .
- v o " \ o > S T S ’\
rd .t N\ S ' . ’
, . . .. ) . L
N <t , _,-‘ ¢ . .
Answers: 1. ac +ad + be + bd’ 3. 2x° % 2x2 + Ixy + 3yz v

3, 6pr ¥ 3pa + 10qr + qu ’ - 4. éd + 2ch + 3fd + '61“}‘\’
” ,

5. 12z +8vz+3vz+?vw . o . .
. v i . L ‘
I'11 bet you got them all right, this time! .-, B “
» , : : =
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EXPERIENCE I, 9.A.

NAME - L TIME STARTED _° ' TIME FINISHED

FOUR VARIABLES W, X, ¥, AND 2 LOVED THEIR MATHEMATICS CLASS
' 57 COULD NOT WATT UNTIL FRIDAY NIGHT CAMS AROUND. TO FIND OUT WHAT
THEY HAD IN MIND, EXPAND THE FOLLOWING BINOMIALS AND PLACE THE LETTER

"IN FRONT OF THE CORRECT EXPANSION.

R. (?x—}zj(w-y) A Twx - 2wy - éxz + 4yz
. (2z-3y)(w-x) owz - 23X - 3yW * 3xy - e
P. (2y-w)(x-32) - 2xy - byz - wx'+ 3wz
k. ) Iwy - 6wy - 2xz + 4XY
Y. _R oxw - 2xy - Wz + Byzw
. T. yz-}:&-wz«»}wx
he (w=22)(x=2Y) b . Xy - X2 ~-wy + Wz
| | }‘ { K-
. y # | P
., . WHAT IO YOU THINKY. woULB YOU LIKE 10 GO #KD CELEBRATE ZIQUR' ~
NEW SUCCESS<IN MATH! = R | o
- - ’ R N - .. ~ b -
. . . " A ]



. NAME

EXPERIANCE 1.9.B. - S

8 N
TIMECSTARTED

'PIME FINISHED

| oBIECTIVE Y. 9 ASKS US TO MULTIPLY TWO DIFFERENCES TOGETHER.
 LET'S LOOK AT AN EXAMPLE. |

mltiply

‘difference difference

(?x - (3a ~ 2b)
\ \zi::§:~s

« 2x(3a-2b) = y(3a-2b)

- (2x)(

- ng - 4bx - 38.y .*’ 2by

..Ocotolcooonc.od!no.".oop

distr_itmtive properfy

38) + (2x)(=2b) = (¥)(38) # (y)(~2D) .eecee gygtributive property

4
] ¢

}bTICh. THAT YOU CANNOT GO ANY FURTHER SIK)E. YUU HAVE UNLIKE

TERMS. IF YOU GANNOT POLLOW THIS
EXAMPLES ON YOUR OBJICTIVE SHEET.

| SOME HELP. N

EXAMPLE TAKE,A GANDPR AT THE OTHF.‘(

" IF YOU STILL ARb HAVING TROUBLE Gir

Now #.ry to find these products.‘

1; (m-t)(y-C) -

» . . .

£ N\

’ 2. (2x-3y)(x-2z) =

3. .'.(4t-1)<?£;') -

4. (3a-5¢)(4-8)

5. (?q‘B}')ISt -4p) ~'

P (z-4x)(2x-}) -

Y

o THESE‘*ANSW)}RS ARL S LN

L ~ IOWN, on THE PRRER. . 4. .

: R .. & t_

; A S :1! llyﬁ-' - ‘ty + té -
- 2. 2x -25(2-3xy+5yz

‘3
T »

t

Bt -h~4»tv-2't+w o

TﬁAT-wE WILL K)'I‘,»PUT THEM UPSIDE

) 4." 128. - Ba .- 20c + Sac
5,7 10qt ~8qp - 15yt + 12py
6. Ixz. -~Bz 7‘81 Sexr T

- . 3

. REMEMBER THE onpr-_a OF 'mu-:: 'rmus DES mfr MAKE A DIFFEREK)E. B

YOU xmﬂn WHY? © .

«
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B | . R . s
 EXPERIENCE I1.9.C.-
MME TIME STARTED TIME FINISHED
v - . - o ’ '
YAVE YOU NOTICED WHAT HAPPENS WHEN YOU MULTIPLY TWO BINOMIALS
" TOGETHER? AEMEMBER ‘THE EXAMPLE IN EXPERIENCE I.9.A.
,':%v‘ T~
. 3ay + 2by -
. h'e" 6ax 1s 5ust' D(2x) (%) ,
- the -4bx is just (2x) [-2b) )
é"‘- -:."f B '-:":\“
& . | /‘ the —Say 18 Just (=y) é}a) = ) )y
L . ? the 2by ie jus% (~y) (-2b) _ T
you MUL'PIPLY EVERY 'rxm( IN THE FIRST BI r f{1 BY EVERY TERM IN
; THE smonn Bmoum.. THAT 1S THE DISTRIHXTIVE PRGPEm'Y R '
/ / ' -
T HELP YQU A BIT wrm THESE FOR A WHILE.
1‘- - qa -'xy E
: o -
] 2, ";-th- »—3rx+ L
P s 3, (4y-‘|)(2a-b) - . +Dd - , -
e ST S ’ . /_\ . ..‘A.;
e Guemt) + o S
SRS el n,-u%ea-s) ‘ . |
, 6. (2x-3y)(52-4F) =
L . A
- ¢ o . » E 5 [ - ' .
- - . . -
T P A + .
B 4 Sa L ,
\ ’ . AELATE RN R ,
e ¥ ¢ p O D vh' . o
: - T . - <
B ‘ o ’(\’1 i :’ Nq\‘ & .w @ %
; o 1 - -
t { ] ]
e ! ' o M X
B -5 8838
. Bl o NN @© v N -
" _ a . . [ . V . .
< - N M o= N\
- ' L



T REY THERE--LAST zxpmmm B

AT

8 - o o
NAME T : i _ STABTEA TIME FINISHED:

RE THE SECOND FORMATIVE TEST.
'HERE'S HWOPING!! .
E SAME AS THOSE FOR THE .

BET - YOU: cE? IT ALL RIGHT THIS TIME.
SINCE THESE QUESTION3 ARE ALM

' PREVIOUS TWO OBJHJTIVE. WE WILL JUS'!‘ ID 4 MWRE EXM(PLES. AWAY 70 THE

RACES. ) : . B

r

Pind the products or evaluate:,or expgn (these all mean

o . the same)
1. .(n+4n)(q-r)’
2. (3x-2y)(z-4w) °
* 3, (as4b)(2p-50)
4 (6o-5d)(3a-T0) ©
. A%“ : I ' - B v»l\
ay Wiy, -
P s e
: “'2 % %1._ 4 L g. s
’ P% ‘ ._79*» . g S 5y ’ ] ¢1{a
P - I%C q £ eb?yz - 8 .
' 9204 . b ‘,gb,!P.
. Sag . X
" g 3
. 35‘16 .
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s

m’miﬁms 1n'1o“.1‘5; g

®

NAME | 'rms: STARTED . -, “TTME FINTSHED .

o QU}'BTION FOP YOU TO- B0 UN‘I‘IL You: ARE- ABLL O ID IT ALL. CHECK YOUR

B

LEI‘ S \DRK UP '1'0 THE S)LUTION. 'LL LBVE A BIT MORE OF hAC!T

7

NSWFRS AS YOU GO AIDNG. >

PN

1. (21+y)(a-b) - Qx(a-b) + y(a-b) a 2xA - 2xb + ' -
f'2.‘ (ia-b) (n+2n) = 5&(:4»211) - b(n+2n) -3 __ _-btwm 2
3. (243y) (prda) = Zt(p—z‘lq) + - + 3yp - 12ya
4 (a-2¢)(y+5) = - 2c(y+5) = 8y + 58 ‘
5. (3q+5)(x-2y) = o -Bew - 10y
6. (r-t)(3qete) = — - . 8ra -3t .
7. (a+5b)(2e~3) = . ) - ’
8. (2m—3ﬁ)(2y-31) - : =
EEN |
- ‘\ gﬁ; . N
ANSWERS - | : ) o ..
1. Qx(a-b) + y(a-b) - oxa - 2xb +®-@ I L
2. Ba(n+2n) - b(n+2n) - Bau bn- .o

5. 2t(p-4d) +- .. 3yp - 12¥9, Q

. ,‘.5. {Bq(x-?y))é S(x-?y))% qu“- e
. 6. W_.+ ora - th‘ ,' o S

7, a(2¢-3) + 5b(Zc-3) = 2ac - 38 + 10be - 150 f' N : \

o

" 8. ?n(?y-h) - }n(2y-51) - 4w -"6mx - bny - 90X '
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EXPERIENCE I.10.C.

NAME, N . TIME STARTED TIME PINISHED
-~ , - - A . ' -
DID YOU COME ACROSS THE POIL TRICK IN ANY OF THE EXPERIENCES
YEP? MAYBE TP CAN HELP YOU 0, EXPAND THESE BIROMIALS SUCH AS |
(a&b)(c-d).'v o ' 8

1

3

MULTIPLY FIRST ™W) ————> a AND ¢

—————— 3 MWJLTIPLY OUTSIDE TWO “T’? a AND -d .

WILTIPLY INSIDE TR0 ———4h b AND ¢

——————> MULTIPLY LAST TWO ———-——&ﬁb AND -d

%

v N . I N
(a+b)(c~d) = ac - ad + bc - bd ‘ N
sF 0 I L ’

>
[l = N

£11] in the table to expand the following peirs of binomidiM}
' . ~ ~ ) e

-
S

0 1 L;L __Product
(prq) (x=y) | I AR ' -
.(2x-8) (8+4) BN I | -am
(ye3u)(b-2a) | yv DTS T
(Ztﬂ)GmZ) ' 1 , _— 6k +.4% = 157 = 10
gggmzx)g?n@ ] . -
(r-w)(zyn);/ N A 1.4
(3c+2)')(4-}) o ) s

GET soxmm 10 CHECK YOUR ANSWBRS FOR YOU. smm,ﬁ YOU REQUIRE
SOME HELP THEY WAY BE ABLE 10 ASSIST mu R '

-



SR -
T , REVIEW SHEET I

B 4

THE REVIEW SHEET IS GIVEN%R TWO REASONS. FIRST, IF YOU MASTERED AN
 OBJECTIVE EARLY IN THE SUBUNIT IT MAY HAVE SLIPPED YOU:. MIND.
PERHAPS YOU HAD QUITE A BIT OF TROUBLE AND NEED A BIT OF EXTRA PRACTICE.
IN EITHER CASE THESE QUESTIONS WILL LET YOU KNOW HOW YOU ARE IOING. |
GOOD LUCK! :

ROTE: THE QUESTIONS ARE NOT IN THE SAME ORDER AS YOI ..OBJI'ETIVEB. CAN
YOU MATCH THEM UP? - gf‘f o
Find the following products. - A S
T.. . N
1. (3t2)(sat) e
2. 48w’ 5an? BT o o7
_3_'.,: 5x(3y+42) E e

4. 3y (2y5)
"5, 5q(q°-2q+3)
6. 2y>(pyra+3v’)

» I,
7. (x+5)(2y+2) (,04,®) (2, A2) 02

(x+G) (§-®), *6L
(v-zbi-bda)da ‘gl
,(L-wa+am£)u£ "L

(ag-ev)ase ‘9i;

(3e+a)ap Gl

1. (x+2y)(t-4) . . L S s

12, (5w-3)(2x+3) | | s Qe ‘¢l

: 6 - X9 - AGL + XuOL *Zi
, )  Ag - ke +xp - ax C1L
13, (38)(L.) = 1580 xdp + 3dz - xug - Wg Ol
14. ‘(_f_)(4p3q) - 12.p5q3 . ’ L¢ + 19 - 4P - 1}33;'6

8. (?a+}5)(c+2a)‘ e
9. (a-3)(2r-y) | .

10. ;(3nh?p)(t42x)

Find the missing factor.

SECONILY, -

Factor.
. L3
15. 4r’. + 8rt

%

96, 12ab - 98

o , , s

| .’17-‘ 9m? + ,6m2 - Bn‘-¢ ) 2:2: ; i:: :Z .
8 ara - 6 - o e e
'1'9. 8(541) - ;(Sﬂgj N g9/"3€»L "y

00 2y < Rt s

"qB9 + 99¢ +aav + 082 g

.26 + Ap| +72X + £xg

-"h . .v

b

¢
bs..l‘ +3bOL -{bg'

L

:kg fd;(,ba + .(d_,'a 9
O
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APPENDIX IV ~

SUMMATIVE AND POSTSUMMATIVE TESTS
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v.’n,

<= 49, ¢~ ¢ - 20

179

SUMMATIVE TEST

THIS"”’I‘EST Is 0 DETERMINE HOW WELL YOU HAVE MASTERED THE MATHEMATICS YOU
H.m‘.'smnmn FOR THE PAST FOUR WEEKS. THERE IS ONE QUESTION ON EACH OF
THE 30 OBJEETIVES STUDIED AND YOU ARE T0 SUPPLY THE ANSWER ONLY, IN THE
,'SPACE PROVIDED.. YOU-MAY DO YOUR WORK ON SCRATCH PAPER. TAKE YOUR TIME
"AND BE CAREFUL. GOOD LUCK!

-

D Evaluate Qéba-BabB - -

2. ~Find the missing factor 8 t = (2mt{f’j/3/‘\\ -5
3, Find the product 3% (y-zx) SN

. Factor by removing a common factor ;Srt - 31

“a

4

A
Se - Expand 2a(ac-3ab+2) ﬁ{
5 3

. Factor by removing a cgmmon factor 10y’- 8y2z + éx.

7. Factor 2m(3q-1) + 3(36&1) : o : ' \

8. Expand (2a+3)(b+2¢) ' e o

9. Find the.product -(x-2y) -X 5 L =

10, Eyaluaté '(m-t)(p+r)

11, Expand o(x+3)(x¥5) y

42, Evaluate (2y-3)(3y-4)

Facfor the following trinomial expressibns:

13, 4%+ 6t + 8

14 éme+ Tm 4 2

15, r2- Tr +

16, 3xo- 11x + 6

17. a2+h6a'-573”-~ ) L
. 5 . .
18, 8q + 10q - 3

2

20. 5m2-‘7m -6



.24, Factor as the difference of squares' 4&2- 49

-’25. mt - xt + mr - xr

n 27;‘.m3- Tm + 10m 3%}5

28, 12y2+ 21y - 6

-

21. Square (3r+2) , ) - -

22, Factor as a perfect square ,g?7_122 + 36

-

23, Expand (t%5)(%-5) , e ;ﬁ

o
fea

Group and then factor the following polynomials:

26. 6§z ¥ faz - 3y - 28

/?;ntor by removing a common factor and‘then

<factor1ng the remaining trinomial:

=

) Factor by removing a common factor and then factoring

the remaining trinomial as a pérfect square:

29. 9a b - 12ab + 4b

Factor by removing a common factor and thenzfactoring

Lo T

the remaining binomial ae the difference of squares:
{

» . o

30.. Batz- 12a/

180




19

- 20.

POSTSUMMATIVE TEST

181

EST IS T0 DE'I‘ERMINE ng WELL .YOU HAVE REMEMEERED THE MATHMTICS

THIS T
WHICH YOU STUDIE.U SEVERAL WEEKS AGO. THEBE IS ONE. QULSTION ON EACH QF Lt
- THE 30 OBJ'ECTIVES STUDIED AND YOU ARE 70 PROVIUE THE ANSWFR ONLY, IN -
~ THE SPACE PROVIDED.Y YOU MAY DO YOUR WORK ON SCRA’ICH PAPER.‘ TAKE YOUR
TIME AND BE CAREFUL. VGOOD LUCK! w
1. Evaluate 3x y . 4x3y
2. Find the miasing factor 6a3 2. (3a t)( 2 ) :
5. Find the prodi@t of . 2m 2(pm30) N
. v " - P ‘ . T
J‘. q ° . 3 b
4 Factorsbivremoving a common f‘actor Y’Bav * 4b . ‘ ﬁ
5. Expand 3y{yw;2¥z+3) @ A
" 6. Factor by rp{oving a common factor Bt 6t2r,+1 4t’c '
7. Factor 3a(2w-1) Y 2(ew=1) {
8. 2m 5)(x+?c ' S ] '
du.et‘ (r—}y)(a-r) /
) = [
L /
-3) / ‘
trinomial ‘expressions ‘ f s
SR
s ‘2" T .
14. 6n°+ 11n ¥ 3 ; . L
. Lo 7 ; |
15. t2_ 9x + 8 ) . B ) ) - / ’// “,
. V 2 - : : [
16, 2w - Tw + 6 : L " -\
2 - " . » ’ By . e ‘ “’ I
17. b+ 5b - 24 , : ) i '
18, 10r - 13r - 3 . , ' 3 ‘
B . W-2 . R _l ‘ | \‘\ L
Coy-y -1 RS . '
e m -6 | | ‘ L



2

21,

22,

23.

- 24,

' 25;

26.

g f&ct9r1n84the rem&ining trinomigl:
27. .
-28.

Factor by removing a common factor and then factoring

Square (2x+§) w

ab - ch 4+ ax = cx

N

;Facfor as a pérgeqt:sgﬁé:e ,tzz 10t + 25 .

‘Expand (2*4)(3'4) o ?g -W% ‘_- f:

«

Factor as the difTerence of squares 361 - 49
ot R, '

Group and then factor the following polynomials

’

10rt + 4mt - 5r°- 2m e

,Factor by removing a common factor and then

<

y'- 6y + 8y

.8c%+ 22¢ - %

the remaining trinomial aa'a*perfgéffequare:

29-

N

<

4m®t - 12mt + 9t

Factor by renoving a comnon factor and then factoring

the remaining binomial as the difference of squares- :

.+ 30.

»

2x325 18x - " . ’v' A

hf:‘

e

182
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: . ITBM AMALYSIS POR =

SUMMATIVE TEST @ '

_~1>m°1cum'r BISERIAL CORR

POSTSUMMATIVE TEST -
nmrm'n' nxsmmmmz L

SR

».

R T N N I
- - . . €

-

NN =+ O WO AWM A W N 4O

N
1

26

n
~

082 S -

-

91 v .
178 T

&

ST
.65
465
.49
.57
ey
46
.83 ©
.68
<55

7 .53

. ‘\:\ 048 ’ ) ‘
L M=%

" X - 18,2
e 2 .
A S'= 75€9

R
".67’
.63
A
C.14
465
.70
.58 &
.80
81

N T
T3

.92

91
93
.93
. 285
.88
290

» -

.89@
«92

.86
.63 )
a7

.65

N= 153 -
ia 20.4
8'69p

.62

o .2
’ .80 T,

-

.69

+58

.88

.66
«87

a7

.78

13
B 4
.85
- +99
.95

94

.92
.85

.84
84
.78

.99
.84

.82
.91

.82

-0

- \\' KR 20 =, .92

/ AK?”?O!.92 1
R ¥ R -
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o
3
~ r—
N .
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%
‘ .
i -
’
o »

’
/
/
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L
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»
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e
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©
.
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Y
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APPENDIX V
BAW DATA COLLECTED
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5

VAﬁﬁBLi{ .
. % 1. Identification
e 2, SéAT percentii'e score ' 5
‘ 3'. smp'ﬁércéz;ulQ score R " e
4. Pre.vioui achievement i |
5. Last formtive fteit. subunit I -
6. ,I;t:-lt forintivc‘fest subunit™dI o - s SR

7. Last formative test sutunit ITI

8. Su-stive test

9 ngtmmtin test

e



¢

0i613

- 018Y3
“01913"
_ 02039 |
‘. uu\« 02’“3 :
f,q ,62213 -
,02513h
02413
02513
02613
02713

. omr
.‘Loaazj‘_x

'('.

‘v

‘,601131 _—

100213

00313

00413
00513 -

‘voosjsl _

00713
00813

00913 o
”01013”
"'-0”‘3,

..'oféﬂg

Cotsts ML
01413 -

01513

oi113

02821

0921
© - 03021 -

-93121

03421

N - JRNNE § R

10 6

.28

K

15,

. .25

© 22

30°

,';27

29"'

e 27(\ " b4

o



Y

83

a4

a7

48
83
58
12
46

v
36 .
Ts2

28

28"
31 .

28

88
42

23

28
o ’ 88

9%

T

67

'67,‘

91

3

's »8'8.'. i
9
. 50

B
46
61
oo
63
58
94
46

mwumw\_nwum&u<5wms_.wl\3w'mmr\b
-~

\N

. 20

12

‘. Y

»12

| 13
10
19

© -

."20‘*

4
14
1

20

19

18

T P VR

o @

12
16

1

12 7

20

2T
.‘3._'21' |
L 16
20
22

12
25
12
28
15"

o 24)
A1

25

o
-l S

1

2y
28

28

g

14

27-

19>
10;

u
22 -,
14

207 %+
29'7-7 ~

RT
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-
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’

e
AjTi05$2 B
gy
o
P : !Qesgﬁi:::
Vﬁﬁ)ﬁapgsz?;‘:;x

11252

13661

R
Q} |

T

119452

afos2 ¢
11152 -

11352 Jjﬁ:
11452
11552

Cned

S M52

‘~11852 :>:

ongs2

f1,20525...
12152 .
1.5'»,-’}'25"2' |
12352

C 12452

12552
12652
.’2722
12852
12961

13161 .
13261
13361
13461
13561

61

Y 21 "

R
b
9T

: 67_:
‘:: 28
‘ B .. 28. L
_:_’.94 $;:

| f')h,
. 6}

97
- 58

23
63

16
67
76

38

7

.19

21

.;11
a0

15

.4
10 -

o

1
18
17

.\316
a4

’ 13“.:»
w_. » ‘. 10

18

16

14

19

12

e
16
15

14
16

7

17

w0
14

14

.18
. 10

20
"
15

16

19 °

15

14

18

20

20

S

11

20

o

13{
1M
oy

- 20
.15‘

20

20

18

12_‘

18

20

16

.1

11

14
19
20
19
20

13”
;920
. .
19

189,



1 2 3 4 5 - 6 ‘7. 8 \ 9

13161 .60 35 3 16 7 8. 7 10

13861 9% .5 94 5 - 20 19 19 29 . 30

13961 29 26, 27 7. 2 6 1M 10

14061 93 97 .5 \' 19 19 20 28 - 30 -
14161 68 46 3 /20 ° a8 .20 . 27 . 3000
14261 27 15 2. 4 2 17. 3 .2t
14361 13 12 9 6 82 T g
14461 58 38 3 13 -1 4 4. 6 T
14561 72 58. 3 19 15 20 21 227
14661 64 54 3 18T 12 14 19 17
14761 50 . 31 1 8 3 8 10 n

14861 . | 19 20 - o1®ho27 30
14961 19 46 1 6 2 o 0. 0.

15061 52 38 . 3 20 16 . 20 = 12 20
15161, 52 80 4 11 3 19 28 28

%261 40 2 3 8 . 5 8 14

15361 60 46 3 18 20 19 24." 27
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APPENDIX VI -

F{5LES INDICATING DIFFERENCES

“IN ACHIEVEMENT ON’ EACH SUBUNIT

WITHIN THE J00d AND NNN GROUPS -

i

\'HE ADJUSTED ACHIEVEMENT MEANS



R

_ DIFFERENCES IN ACHIEVB!EM‘ ON EACH SUHINIT ‘BETWEEN
) THE' IAST F'ORHATIVL Tm'l‘ IIIRI!B THE b'UEl’NIT ARD THE

N

SUMTIVE TESI‘ WITHIN THE 1 AND NNN GROU'PS '

TN i(SU)-' sD(su) x(sw) sn(sm) .t
| (max-20) - (mx=10) R

CWST I ST .2 5.00 675 2.86 - "'.7'3'- )
CosIr oy 51103 TS 573 372 L lT6
SUIIi . 51 14 5.68  5.94  3.49 . .65

.y ‘
! )

 ’.~hN“EéU'I E .90 "113-0‘ 463 T30 2,09 A1 '_ 5
TS II 49 10.5 653 0 490 0 2,92 .68 -LT1

LU SuIII 49 1001 .52 5.2 - 3.1 e 30.28

* ‘pi@ificénf at ‘.01 ,191}91- o ‘ o I | -. v Y
% significant at .05 level _ | B
o v . .o ‘ o ' -

“

' DIFFERENCES IN ACHIEVWI‘ ON E‘\CH SURINIT
BEI‘WEm THE SUMMETIVE KD POSTSUNTIVE |
TESTS WI’I'HIN THE MM AND NNN GROUPS

LN i(sr') "'-si)('s'r),-i’(‘s'r')ﬁ-.f:- sn('sw) r .
* (maxe10) - (max=10) . ‘ R

Ta

WS T - 51 675 2.86  T.67 265 .69 -3.03%
CosuIr o510 B.T3-: 3,72 6.24 0 339 .84 -1
s 65 '_5’1' S5.94° + 3.49 6,76 3,05 .84 , -3.07%
713 196 ¢ .56 T =TST
5.94 3,10, .18 -3.68%
| | 6,35 2,98 .72 -3.84% .

f*'éiéh;ficﬁnﬁlat*ﬂ01.1¢vel_ e e

.. . R . . . : S
.

MNSIT 50
su I _‘3-49'
SUTII . 49 .1




ANUSTED IKMIS OF ACHIm oN EACII SUKINIT AS HFASURED ]IIRIK./

THE SUHTNIT, ON 'I‘EE SU’!IATIVE TE’I‘ AND ON 'I'HE POSTSUMTIVE TBT

sy II

SU III

I duringSU  -10.2
. on ST o -.4.46‘ _‘.4‘: .
on BST - 6.7
during'SU © ,_6;13f,
on PST R 2 A
turing SU . 10.1 o
onST . © 2,70

_‘on PST ) ' ‘450

- 6.38

6.3
1,90
3.23
6,13
2,03
4.28

ANUS'I‘ED IEANS ON ACEIEVWI‘ DN UNIT AS
IEASURED ON SUMTIVE AND POSTSUM’PIVE TESTS .




