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The atudy vas conducted to Jetemine vhether a; significant e

difference existed between the effects of tvo' methods of instructipn, ' \

N . -

: namely activity—oriented and traditional textbook.. The two de%epdent

- .«. ~

o :.. . variables examined vere achievement and attitudes. L '

’ A unit of work on’ the geometry ‘of the circﬁ was taught t:o two

;‘;". L ' groups of 12 students random‘iy assigned \from a. general grade ten class :

- Lt

at Buchans Public High' School._ One.’ group vas taught uaing the textbook . B

e ‘the other group used an instructional package devised by the inves- o
tigator. : . S . -' \' oo '

k T o @ Parallel forms of a' ci;itex:ion referencemfﬁdninisteted ‘

as a preteat and posttest in order to measure the achievement variable.

- k o At titudes were measured by issuing a pretest and posttest attitudes

questionnaire. . B o, |
. The 3531)'818 of the results shoued a significant difference o -

hEY P \

: achievement on the poattest. only when the Canadinn Test of Basic Skills -
P ' L sceres we're uaed as a'covariste. A chi aquare analysis of t:he atcitudes

- . . -
£ .

but no significant difference -on the. pretest~ -~~~No- significant cotrelation

o T o betuaen attitu&es and’ achievemeut vas’ found ‘to exist on the pretest

- -

-scores for control grOup, experimental group or combined group and ‘the

control groug 8 posttest scores.. A significant'correlation did exist <

fo: the experimental and cantrql group a.post:teat scores. g / .. Lo
O PR S S
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Ey ab:l.lities.. e

o fact that aecording to Horti! Kiine (1973) the tew nathemt:lce mvenent oo

a najor problen that still renains :ls that pf prov:lding a neaningful e

- '”curriculum for the slow leamer. Even thuugh the etudent 'failed to learn

o to orzanize a curriculum for him that repeats the sam material i.n the

o = A ' o e S o
v 'lr- } ‘ . -
LA _ ¢ ! -
) . , P S es
| o - PERTEA \ SR ‘
.9 f ' "tl‘. ' o »:. '.' -' ‘ ,Q‘&‘Pter I‘. A | . )
.'ll -‘ﬁ .. L . '. .' I‘-‘ s . . RS - . . . ‘ . ) ' . »
LT paCkcROUND TO THE PROBLEM Ui, o L ar
S S e Intreduetdon 0 0 T 0 ge
. e - ~.‘ -"“ ." . /~‘ N . ‘ " -, o \' “ LT . A A L -
General Hathenatics g SR :'; a . L = SRE AR i
Bdueatora have recognized that etudeuta need var:toue typea of s
mathemtice to confom vith thei: needs. Interelts and “abﬂitiu.- ‘l‘rying S ‘f‘.
to feet theae needu haa hecmdne a diffieult task The current uathematics . B h

prozrén in Newfoundland hig‘h aehools (the\‘tri-l.evel Syatem) has been 7 Co R 1

designed to try to meet the needs of students with verioue nathematieal

b

In a panel diaeueuon on the Tri—Level progren at the provincia].

, Hathematice Teachers Qonference held at Grand F)nlls (November 18—20,
'~' 1976), most, teachers appeared to be satia/‘r‘,:l.ed with the honors and mtric— L

: 'ulation streams but there vere 1ndicat19ns oE nuch diseatiafaet:l.on with

the bas:l.c ptogr/am It 1s possible that this. could be attributed. to the - )

n -r'

' —A'. :ln the 60'a completely neglected the needs of the general amdent. - Thus, - v :

ithe fundamentala of arithnetic :ln the elementary grades, we st:lll tend A - 3

Bane Vay in the junior and senior high schoola.' ‘l.'his ‘same dull toutine' o

g e T T .
and \unimaginat:l.ve cuntent fails to produee sktlle and also nus any C ’

1ntetests these students may have had for mathematies (Sobel, L967)

) . <
. !
L e - :
. . ot . " ‘.
[ <, ~
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K " : s
- < - “.‘
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Weiss (1969) contends t:ha‘ thete :ls no agreement as to tht

_'emlnal student:., Some people believe

, . R
A S R B that the only mathematics these studenté need is computational arith— L LA

course should be’ offered to the

metic. othere believe the. p:ograms fbr the\ lqwachiever should be builc—v T s §
I M w around vhat he needs ‘as a citizen to function, adequately 1n society. . o T

Ocher educators contend that: the progran for sloir learners ahould be t:he [ —

O O AU S S
TN R S

A L same as’ that for other students, but: should be - t:qught in a different -

. ' “ " . .
manner. For example. ‘the ssne . content nay be presented at a 1ower level, R o
A .

and student:s may l~~ given the’ oppoﬂ:unit:y to develop nal:henatica.l con— .
. . \ . , :', . _ :" 'V »., -‘“ -

VL

n

) cepta through intuition znd d:lacovery.

'Hany curriculun developers and other. educators feel that“'it :I.s “-4' _' . \

R

L not whac we teach, but hou ve' teach 1t that ts :I.mpor}:anss Accordi‘pg to

Bloom ‘(1968), about 90% of 311. students can master v’hat we have to teach

) ) /-‘v'n’ them-‘bué it is f}\e task of 1nsttuction to fi.nd the’ means whereby our - '
) _ ‘students ca: per/fom such mastery.. Dunn (1976) supporta this, v:lev in B e
. . e R \)
: o saying, . /.’ » that vhat const:itutes the subject matterx of st.udy is . }
unimportant m 1:se1f ‘but that. the vi.l:al thing 19 the acti.v:l.ty uhi.ch it ‘
S B T ' stimulat:ea (p. 109)." However, it is the op}:kon of the investigator o , T .
ST ‘o ,
f o DT . r.hat careful consideration must be g:lven to the neegla and l:he charac— I, v : , N
l . E - ‘teriatica of the general atudent id’ ordet to detemine an adequat:e pro- :-. L
J ] \ |  gram of-:lo'struction for him. Taba (1952) has emphaolzed that: the f:lrs:
L ‘ step in any curdculum degign is an assessment oE needs.‘ ﬂ’ o L - o
: o IR ‘ Nat:ure of Ceneral Students N . - \ ) h N L L 'v '
| | ' , 81ow learners have been deﬂned 1in, tems of IQ range. nat\hena:- q‘
- t:Lcal achievemen:, teachee g:edes 're'ad:l.ngwlevel. and varioue combina— a l’.: .
- : t:ions of these, or in peycholosical terms. defident in cosnit:ive gun \J ,‘
- Y . ; P [
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tioning. Buc Schultz (1972) /argues, ,"that :7109 Aeaming can. resu.lt Etom RN &

e

< deficient affective functioning as uell as cognitive fuqctiohing (p. l) "

Theie is no co::fined set of eriteria that defines a slw leamer. e nn

fﬂ -

o~ .
" Rurtz and Spiker (1976) su‘ssest tlxat ndt all/slow leamers meet: ehe =_ L

, . -ter.hnical definition of an IQ in the 80-90 range' dany ‘of thgae children L
‘ R have average or better intellisenee ocores. They clain. that the group SR
- RV arlabelled alow \leamers 4 still a heterogeneons 'g:oup. and thaf: eaoh "_J: T
p ] Lo :hild 13 un:lque. Not all of the children with mathenatical dis“abilit!r
oosaess the s.ame learning def}el\envees... _ ' Lo FoT ;’ : ‘ d

B Some ‘comzon affective chatacteristics of‘slw lﬁﬁmrs‘ are :
I'd -, ' ' : ' 2 ! » ° ~ g ¢ “
insecurity. poor, self ,image, l=peed for recognition. approval and status, -

v

Ve . lacking school and social Bkills, 'have sho;:t tem goals, seek imedipte

3
3
- EEY

gratification. culturally disadvantage:l, and alov 4hysical learning 6 d
P - L - _ style (Sobel, 1967, Schultz, 1972). Rehabilitation of «the affective

domain is a’ primaxy objective of curriculum pmgram for slow 1eamers. .

“ :
- . a s s
’I ’ \ - LA RY B -

Schultz (1972) indicates thnt At is the teachet vho. as the manager of o

. ', ‘Q_ @ . 2
4, o instruction, tnust provide t;he necessary leaming exﬁeriences to meet t;he

. . - o o -
"o . i . -

. ' needs of the low achiever.~ Cronbach (1967) reviewed several stqdies ) ‘,’
' . - ’ which investigated the affective domain in relation to eognitive AIenming. [/
B Lo He found that the low n/:otiveted student functions best vhen short tem . 3 .
S . . . / , A \ . a’. -

oo - goa.'Ls are defined ‘a maxinnnn of explanation and guidance are provided T '”_’

and feedback occurs at short. intervals. o T T e e e,

. . » N
. . R 7 - Y - P
] . . L
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A Dr. Normnn France (1967) stressed that the teacher. not the )
. . _ /_ N
"w i content nor th/e method really demonstrates the. effectiveness of what is
s L L . . P o A

'.be%né done.‘JSince the generalfstudents have 50, many dﬁferbnt c'narac— .
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S . B teristics, the teacher Dust be flexible in the\ classngéh and he avare: of :
S : and be, able to implement ‘the’ various instructional techniques. Collins

»>

.
-— -

o (1972) stated thae. since slow learners have special needs, they 'Eequire - ,_,_,,_._.__-.,

‘-\

N appropriate styles -of teaéhing. A similar ewpoint uas K= Essed
: "l”?

v .

Johnson (1967) who wrote that naterials and methods are as essential for
4 et S A

: A _ the mathematics teacher ‘as- spices are fgor the chef. : ; ) l('\ : ) ”
e - s .\ oot N .

- “ f' o Hm.‘ris Kline’ (1976). argues that the new nathenatics movement had L

¥

: little or no in:pact- in ma.ny schools simply because lnuch of the neu -

CN material is sti:ll p;gsented in the traditional expository manner. and
| -‘:.f‘ many textboo‘ks actually present traditional material uith a sprinkling ' .‘
of. new-math terminology. synbolism and jarpon. Polya (1963), an advocate |

‘ o [

S .of the heuristic and discovery approach, said that the, problem with high

)

,echool textbooka is that they contain, almost exclu.sively, merely routine

. L

Sofe?
.
;

i examples that illustrate and offer practice in application ‘of just one

~

..“t oo Lot B , A . P . -t N
e '_.-:I.solateﬁ rule. - . . S e 0 _ L‘

O A Ces et
“ s ‘::-\ T e T e
%

’ " ,,33)'-?'** '/ What is needed is wore exploration and' discovery with cqncret:e @ ;
4 . oo - ¢ . . B R ~ b
\2 . d E . materiale films, gamés and other nedia, and applications of concepts E

2 e o acquired through activity oriented anci intuitive sessions. aner (1960) ;e

R ]
T stated that intuitive thinld.ng is important 1n order\to estsblij under-

. P ‘
‘ standing of the material before using more traditional methods of educa-

i

}ion, and proof. The medi(.a centre or intuitive prael:ice in the ela.ssroom ' 4
- e
opens new. approaches to learning and makes it. possible for the. child to . A —5 ;

N ".' beco:se an explorer of knowledge (Hard 1968)t Lo
A L o . : B S
AR ‘ U Purpose“of the Study * - -~ o

PO . t, o e Al " ‘ﬁ . . ) .

. . . - . . . .
{ e s .": . v . ]

- The major purpose of the study vas to compare achievement and

attitudes oﬁ a group of grade x students (experimental group) taught a
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- unit, of wbtk‘*bq thé'geqm’e‘try of the circle, using an’ insfn_xcti_imai_

'package designed by the reaear.\cher-'witih a group of students (control -

. group/)"u'si-ng-f:he textbook. "™Modern Basic Gebthetrx'_' (Jurgensen et al.; :

"~ .. 7 '1973). The experimental group worked in an activity oriented sétting;
L. " j; . wheréés the control group were taught 4n the convéntional éfpository

textbook manner.,. .ﬁ.e ‘basic problem explored was: ~ Do general students \\ -
V““:‘ ‘;. A R '.. ‘ Ny . - . . f
who study ‘thtough\\\an activity oriented app

T 'de\;'elop :

roach obtain higher gradés “and

ore positive '#.\t'titﬁgle‘s ﬁowérd geometry than their coﬁnterpatts

wh.o"' are taught by "the'conventionallrtex‘tbook and deductive expos’i/tory

[ ' .- method? o : S .7 R C
»

\
BN

In seékihg answets to .tl‘\fa ptoblem.;:t‘he researcher ﬁttanpt'ed to ‘ o o
:,tesvt t.:he?.following hypotheses: .~ -~ .= ' o P
i'.'nge.ré;l students who learn Ageo'metry intuitively ob'ﬁ\t\iiu highér v '

T . '+ .+ grades on a criterion referenced test than st;{dentﬂs,'who use ‘the

'

° : textbook-methad. R N L
. ' : 2, Students who st}pdy gég;nétry/.';using .',t‘he inducé;ive "‘exb:.l'ora‘to‘ry:“' )
h L N ""a'-"gpgféa;gh__a_c_guite mpr.é-fos:iiiire' attitudes tha;l 'stu;ie‘qts _'\rho’- .
: e i , are exposed to the ;oﬁﬁehfio;:ai. l‘;fe;tbos:-k approgch‘.' . |
" “ i ‘ 3 Sg;’ilderit's who s.ﬁow indications ohf.,.erIeA pos:l,t‘i\.réia;:titu;e;s and |
) e o '  . interests towa\rd ql’a.ltl'iem.?cicq;_bbl'c.ﬁn‘high'er grades on Qéhievc'zmé;x‘t"f /
. \ tests:' S ‘ : v | o |
' : VJ;xstifvi'cation for ‘t':hé .Sfudx ‘v ,
‘ ; ‘. :‘/ ; twi':’}yxﬂtﬁé T_ri-Lev'te.ll program /‘t‘ha't‘i'.ala 'c'u‘r-rently_‘b'eing uée'diin" \
Néwfoﬁn&iand, many ‘of - the @Iler schools find they aré .abie g:~6~. ct;;pé
. with only two streﬁép. "Be'c-japs.e‘ of .the size (!tf ;ﬁe séhob}._‘the t;bi.lity '. .
- : ,‘-.élf tﬁe' stuc’l.’eri’t:sl.:'tﬁej'rl“_inliml'e‘l"oit;éaghing i)ériocié pgr't,eac,he'r.pér{ﬁeék, . / y
s "':‘ .;' " ]

MY s G i B3]
.

uy




etc,, many of the analler achools offer only the matriculation and basic

‘/streams. As a result, fifty percent or more of the students\n these :
g, schools are placed i-n the basic stream. According to the. St. John s " s
Evening 'relegran (April 14, 1977, P- 2), the basic mathematics course is ‘ o
B being caught to 1002 of the pupils in soue school\s. ‘reachera argue:at'
g | “ “gtudents cannot do the natriculation mathematics, especially the geometry
‘ course. Provincial statiaties for the achool year l 76—-77 show that 278
-'of grade 11 pupi]s are. enrolled in the basic program.

. -
v . - A . 7/

'l'he basic program consists ma:lnly of a repeat of elementary and

. ‘;‘.junior high school topica. 'rhe Evening 'l‘elegran (April 14, 1977) quotes
a7 " Mr. L. Ryan, a delegate at the Newfmmdland Tenchers Asaociation 8"’
' Annual General Meeting,' as stating that, 'a pass :tn grade 11 basic nathe-
f matics s equivalent to avera—g—e_g?ade‘ 8_." “Such dull topics nresented :Lin‘
. the traditional man'ner neither enhances. the sjtudentls mathematical
abilitien nor stimulates n}_\is interests ,, but mak.es' the dia’i‘ntereste\d and )
, 19‘; motivated student e‘}tren Bore d,i.s‘iuos'ic‘a}led with it all (Sobel, 1967).
. | Ma‘yh‘e’if’ ve .could'ad“jnst our‘n_xethodn of- instrnction to a etyle that is o ‘.
stimolating and'flexibl’e'to the .needs', ‘of the lou achieyer, ‘he may bev
lenlightened mathematically. He‘nay develop nore' positive attitudes
L. . toward mathematics and school and’ probably obtain higher academic grades.
| To the writer ) knowledge, no systenatic investigations have \

P . o T~

been carried out in Newfoundlaud to. diagnose the difference in achieye- ‘

ment a.nd attitudes cf general students nsing two different methods of-
. instruction. The Nationa.‘l. Advisory Comnittee on Hathematics Education
(1975) recomended that there should be more intuition and npplication, A

and 1ese deduction in mathenatical 1nstruction. In order to confirn the

worth of this statement, more accurate and adequate information mst be @




R " TR
. €k . .

. Lo S < . g
made available._ 'It vas the intent of ‘the investigator to conduet &n 3
experiment that would attempt .to provide some of this infomation., T
.

. 1._
. .

' Definition of Terms ‘ '

Thia section contains the neanings of the various co/ncepta end
: variablea used in the study.

’ Aba tractiow

)

consists of- the extraction of vhat is common to a

numher of different aituations in the fomation of a class, the
A\
- end being a realization. of the attributes vhich make elenents

_ *\'Concrete: - conaists of experimenting with, and teasoning about varioua
)[ o C material things, pattefhs, ptqblems, etc.
o o - Affective Functionigg

eligible or not for membership in the class.

possessing or lacking the vatious social,

moral and other affective behaviors expected of 'nomal students.
Cognitive Functioni_g

the ability. to achieve aca;lemically oen’
various tests and’ assignments.

General Student or Low Achiever' He 18 a studeée vho. (1) is achieving
S ~ 'below his assigned grade level, (2) is not- mentally retarded;

and (3) has no serious’ emotional problems.
Regular St"uden :

He is a student who -is »able to obtdin average or

higher academic grades and adjusts vell to the school environ—
S 'ment. - - Lo

.

E;positoxy Teaching' It is the ttaditional lecéure by,bthe(x@acher,

while the student listens and later is give@ the oppottunity to
practise what has been taught.

Intuitive (activity—orient,ed) Teachi_&

The student is given the S
opportunity to experiment with various matetials and ie guided

\ .

. ¢



e—

.. e —‘"Criterion Referenced Test., It ie a test sined at evaluating,

.

towerds an imight. When the insight is found he forms a

generauzation, end then puts his theory into practice in order

' to anchor the acquired concepts. The teacher acts a.s an orga.nirer*'

)

of-learning exper\iences and a cop ulta.nt in the clessroon :I.nsteed. IR

o 'of a dispenser of knowledge. N o R ,' -

) e Tri—Level Systen' This :l.s a mthemtics progren consistins of three

yo oo
basic stream, namelz - ‘ S
Honors stream.- 'rhe s'tude'nts a"re' dhle‘ to proc'eed quichly
\. p
. because of -high ability and are vell prepared (Do.;es,

'1967)

’ \ . . o

24 Hatriculation- stre;m." students have less al:;ility,' are ° ",
. less prepared or requirs ‘more motivation. The .course

PN

Afvaries in pa-.e and depth (Dodes s 1967). ‘
":3__,." Basic stream. The student is of low ability, poorly
"prepared low interest, 1eve1, or miscellaneous difficul-
ties. 'l'he course consists of .a repeet of many. elenxentary
. topics (fractions. decimals. percentage, etc.) \r.lth soma
’consumer mathendtics and probability (Dodes, 1967,

Henderson et al., 1975)

student 8 mastery of a specifie content area and a set pereentage

of correct responses constitute mastery of the content area.. It

a differs from a norm referenced test in that criterion referenced

.'_test results ‘are compared with the accep:ed number o£ correer

Kl

"responses that constitutes nastery .whereas nom referenced test

\.A "":,

o 'results are compared with the mean of a population samplins which

Lo 4s often referred to as the national’ nom. —

T S A o

- l:;&;th'.'
P
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&

‘ AV Although‘the’ 1ﬁvestig£tér, vho t‘aught_ Boti;"metliods»of instructj.en,‘ ctried R
| to. co'ntroll for’ exterimental'bias‘, eubconscio;xsly tl;e-reseereher'.js -;.\’i'e‘ns - S
\.‘ _ l.ﬁaj"heee come ‘th;oﬁgh:in hie teaching. L : : S | | ‘R:
N - . ' - - i " -
‘_ o T . " Outline '.ef' the ‘Study ’ -

I ,_L'imicatibns'of the'.. 'séddx o

Lo
¥ . e,

A study of thia nature has a number of limitar.ions. Sin‘ce the

.experiment was conducted over a short pefrlod of time, t.he results obtained

- [
© may not compare with other results obtaiued iﬁ the atudy was carried out L

'Ihus, the long term effeets cannot be deter—

- over a longer time period.-
- N 4 -

_}nined. 'I.'he fact ‘that the content of the unit tends ‘to lend 1tself to :

l.aiseorvery leaming',-v.indicates ‘that any conclusions drawn’ from the reaults ’

. may not apply to other areas of the discipline or other disciplines. L
' ‘%’neh_enepmpliug populat:lcm oE the expedmeut was an. intact clase- IR SR

o thus the sample .is probably not representative of the larger popul-ation
Y

o of general mathematics studenta. The generalizability of the obtained ‘/ N

resulta was restricted to esaentially the sample population.

Another weaknessg ‘of ‘the study _may~ be that of expetimenta} bias. . ' E

N

-

- - - - [

, " A review of reiated literature is presented in Chapter II.

Cl;ai)ter III contains a tleac:iptien of the instrumelpt, the. proceﬂure

N

i ".'followed' in conddcting 'clie s':udy, ’aud the method used b:ln co llect_ing and.

o -

processing the data.. The résults of the data analys:ls are
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>

B \ This section deals vith a reviev of learnins theories related to
Activity oriented learning and instruction, some methods of instructiuu, R

various atudies that ha\re attempted to detemine rZLe effects of intuitive

A - C
. learning on mthemtical achievenent and affective nttitudes, and the '
L N A"tol'e",olf attitudes iu n;aghemetica learn_ius. o
3 h ,' e . Leern'it_xg. Mathematics: .
" . oy ', o - » . - ' , . ‘ s

‘ C- _'.‘ Views ‘on methods of teaching end instruction have ehansed tremen- : -

' dously .during the past two or three decades. Th 15 a result of profound

.l .. - 1 nﬁﬁmes f:TIt“*foruard by pe(ople like: Gagne, Piaget, Bruner. 4
.'- Dienes and Ausubel. ?iaget believea}!that action rather than perce ion ' )

o is the p xnarﬁv source of kno'aledge.' The child goes ' through four develop-

mental stages from infancy to adulthood Case (1973) says that; aecording

s ) . to Piaget. one atage 1s built upon another, thus educatora should be’

‘ ‘A promoting a’ curriculum -almed At providing activities to aseist elementary

PR

- school children in repreaentiug number. apdce and time. N
o . Kline (1973) proposea l:hat a thorﬁxsh understandiug of the con-

S : crete must precede thc abstract. Children ‘should learn nathematics

intuitively since mathematics was disccwered by analogies to’ real life

\

»situations. It took mathematicians a thousandnyears to discover negative

. ceL

\ z tiumb'ere and another thousand to‘ accept ic. It is netura.l, then, 'that s i

- .

._ students will experience difficulty in masteriux auch concepts, and




1-

‘standing them. Students must gradually\ accustom themselves to the new )

'concepts with the assistance of the teacher. "- N L. - 4 'i'

A

VR 4 - - ' ‘ ‘...‘ )

-;jﬁ‘}‘;'structure of knowledge of learning and ‘the specialist in any

should be: provided learning opportunit‘:es that will facilitate under- . 1,.‘,'.,

et o !

. e T :
S Bruner (1960) describes four basic criteria essentiai in’ the 2

ae . s . \, C— e,

process of education. . \f - ;",-»“h" I S : :
' PN . " - 1 ' . v °

arn hou things are related. Hastery of PL‘
- ' i ‘ A
t only involves grasping of. general principles

o F

\ 1. Structure -~ is to
ifundamentsl idess

~but also the deve opment of an attitude: toward learning and e

of solving problems on one’ 8 own.

C 2.‘Readiness for lesrning - any subject can be taught in gome - .
Lo - ’ .._ ’ .\_
. wintellectually,honest form to any child at sny stage of develop- o \

iment. The intellectual development of children responds ta. ~':i ' 'A\gf*?
AEPREE influences from the environment, and in the case of the child 5;}

"is namely the school. .

"3.i‘f1ntuitive thinking - 1: is importa t to establish intuitive

\ Chd R

'-understanding of material before employing a more formal treatment.
"f%iTHotives of learning -, the environment at. Hhich the teacher is<

" the centre can help motivate thT student in his development. The -

~;-discipiine must design a’ currﬂtulum that is true ‘to its struc~

Yo . .

ture. 2 Hf: ' ". T ;‘,[ . il

.

Being an’ adVocate of the discovery approach Bruner (1961) points_;}//‘L,fi' E

out- fong advantages of, discovery learning.,.‘_ t’,' H‘,:“; _— ':FEf; RN
i;\it 1. It increases one g ability to sssemhle material.sensibly.,
2 It sives one the pleas;re of finding out’ for oneself Ff;"_\fni.{;#:;{g'l"
o ‘." ,?l\ ;.["2' 3‘,"f;gf U N ST
A T ::j‘ . -._r.‘f :" | ' : 3
i e o : ‘



. i
‘until age eleven or tuelve.~ Dienes contends that before a, child an be

‘,

'1_;early concepts are. much more constfuctively than analytically directed.

"'thus children are not. capable of abstrdct thought or analytical hinkins

-operational with any concept he must complete a three step learning cycle.

1' Proliminary games - COfYEGPOBdB to Piaget 8 first stage. lt g "W

\ 7
‘has little or nggg&;ucture, At ‘has the, haphazard appearance of
fplay. . o : ‘ - . ' .

_‘2.,Structured games — has directionality Built into it, corresponding

j.to the structure of the concepts uhose fornation it is intended

. to precede. Here the student will woti t aards an insight.' When 1,~

*

the insight bccurs he ia ready for the nex% stage, but“if the

I ~.games. <

RS ”: Every part of the learning cycle should be developed for all ﬁtf:

3 nanipulatiye play'to dotits'job,'and.should be alloued

B - -::indicated direction ia not. picked up ‘he - needa more preliminary

-,

o jﬁt Practice game - it helps anchor the new insikht into the child s
: - . ¥

‘f_ l ' .'experience and ib could act -as preliminary games for later

concepts..'

prequisite concepts before any new concepts are attonpted. Children

B should have atructured materials ta experiment with to allow -

-

S

\ . ﬁ
AN : _
i : R -
3. It providea learning of attitudes and activities)\that go with o
inquiry. :
4, It createa the effect of making naterial mare read ly accessible
| Cthmemory, e .
S L A P o :
- Dienes (1963) definea the learning of mathematic@,as he appre-
'; hension of relationships betveIn‘concepts connected uith numbe ] and . ;",
1with their applications to problems arising in the real uorld. Children 8 .

T
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factively by the child..

A , ,
- mathematics instruction, he’ musé be able to respond actively and meaning- -
14

RN S S - . Role of Attitudes * e . =

‘.matics. Logically one would expect a student uho likea mathematics to

x;obtain higheﬁ/grades than a- student. similar in ability. vho has a i

to make their oun constructions‘from these manipulationsj LThe tole of' ‘Vi“ ' {,;'
the teacher is ‘to provide an opportunity for the. child to be exposed to f ? .
theae stages;x Group discussion is good for-introducing and summing up ' u%
t0pics' but in between, creative and constructive activity must . be done .j'.‘- _;

e “ I
In contrast to Bruner and Dienes, Ausubel (1965) feels that . . . ?

discovery learning is. worthless except when the student is in the con-
1

o creté mode, and too often, children tend to jump to the wrong conclusions. C ”hj.

Like Auﬁubel Cronbach (1966) claims that one of the malor disadvantages «,f :

of diseovery learning is the length of time,required. Lefore a student o

can become a critical thinker, which is one of the ultimate goals of R ;f'

x .. . . -

fully to expository teaching (Ausubel, 1965). - ’ ’ : /

In a review of discovery learning, Bittinger (1968) coneluded . a'f'

. . t .
that the amount of discovery used should be a function of the grade level /.
vin which it is'used.and wqued;in:p.ogressively\through the grades. ] W] S
. . : N ~ . . .. ". B : .::- /
. - H

. B . . B ) S .
PR . o . . . " Aa‘”

‘-A-, . . . . . i P °

According tae Neale (1969), positive attitudes toward mathemAtics-

are thought to play an important role in causing students to learn mache-" -~

-dislike for the discipliqe. Hence. certain attitudes toward mathematics ‘

=

o =
have become important objectives of mathematics instruction.‘

Like Anttonen (1967) and Ryan (1968), Neale and "Prostiek - (1967) e
N found convincing evidence that attitude toward learning mathematics ’

. N\ : .
becomes increasingly unfavourable as atudents progress through school. i :".

it
Al




- In testing the part played by nttitudes in causing st _ents to learn

vllcorrelation of .20-.40" between the two variables, despite the fact that ‘

there were substa.ntial differences in ﬁ’i&truments and populations &sed. .

B tude and achievemnnt, ‘and teacher attitude has no effect on student
‘ . achieve nt.‘ 0 Rielly (1976) reports ‘on the Project for the International ~
‘, Evaluation of.Educational Achievement' in Hathematics. Data was collected
© from 48 nin

‘ Correlation c efficients calculated on the data sho-wed that /achievement

difficult to leat\n Neale (1969) concluded that children learn. mathe-— E //\

~-matics for a number\of reasons which include attitude. desire to be good

stude.nt'sl,to learn mathematics is a grave mistakef.~ "\

. ‘the means whereby our students can perform such mastery.. With' the 3rowth

: N . &
. of learuing theories, various methods of instruction have been devised ‘\ : .
‘and -tested Young (1968) desr:ribes six basic types of. m7thematics

o instruction methods.

14 .

mathematics, Anttonen (1967) Ryan (1968) and Husen ~1967) found that

. such a role was slighe. Results from all three studies indicated a-

Keane (1972) tested 679 students of 32 teachers selected for

their positive or negative preference for teaching mathematics. The -

results of the attitude tests showed no relation between student atti- .

- ‘.1"1': o

is directly relited to the attitude that mathematica is importan.. but .

and tenth’ grade classea in twelVe schools in Ontario. ‘ _' T IR &

. A

students, desire to gain adult approval ‘and because they are required to .

leam i,t. To . isolate any one factor as a significant faetor in causing

-t
[y

£l

. . Instructional Methoda o Lo TR
According to Bloom (1968), ahout 907% of all Btudents can master )

4

what we have to teach them, but\ it is the task of instruction to provide

\

Wy L R TR NTLOR 15 PPRPLY o\ vd, s




W synthetic - pr'oce'e)da from the knou-n ‘to the .unkno\m, it puts
S T | "together known truths and perceives it th that is”unkn e

- :;»' E . : " " 'Ex.. traditional statements of deductive roofs. L ,A 4 )

| | -- 2. Anelytic - traces out-n path fron the unknown to the knovn,.' It

pulla apart the statenent under question into sinple statemnts.

=

3. Dedhctive —--proceeds from the'general to the particular. \

b EA

L PR 4, Inductive - proceeds fron the particular to the general.

- .Heuristic method —- the pupil is to be a discoverer, not a\

x.:l.i N . . i N ) - ' ‘ v | ‘ \\ ii'
- passive recipient of kncaledge. SN - y

6. Laboratbry method - proposes ‘that the experimental origin of

thematics be fully" recognized it aims af mainta . order o‘f -

. instruction from the concrete to the abst act.

The following discussion in thia section will concentrate largely

"

. ' &
" ' on the effects of two methods of instruction (expisitory-deductive versus
. N /
discovery-activity oriented) on mathematical achi vement and affective

~ g ’

attitudes O Keese (1972) used a research design to look at the inter-

- !.

‘ action between two methodn of teaching (expository versus- discovery) and

two creativity levels (high anl low) Two groups of 13-15 year olds .

|

: were taught a unit of material on sequences and series for twelve days

o : uaing the. discovery method with) one group and ‘the expository method with

the~other. Prior to this, students had been classified as of high or .

il

G e o , lov creativity using the Torrence tests, and the four resu.lting groups Ty -

co - had been checked for mathenatical comparability. After the teaching
"‘:-_ ~ . unit, students were given an achievement test. The results indicated no'
interaction of teaching method with creativity level nor any significant'
difference in achievement hetween high and lov creativity, but indicated‘

v that those taught by the discovery method had ac‘hieved considerably mora .

'.,i

Wi K ‘ul. d -
d o w e-"x\":.\sf:‘ et
. TN



"V_7K'ﬁ'ﬂ o Price (1967) used three classes of tenth grade general mathe-

o~

: 16 /’\\\
S than the othera. The implication seemed to be that the method pf teaching

\
was the more important variable in hematics achievement.

+In a comparative study of teaching some aspects of algehra to:
' /
grade nine students using two methods of teaching, namely, discovery and -

expoaitory, Sobel (1954) found that mathematica achievement was signifi-

cantly higher for students who used the discovery method Cummings
0. -
/i1958) found similar results from a similar stody of teaching calculus
5 oy . .
to first yeer collese students.

matica students’ ,to determine whether the use of a discovery approach

r -

- gvould affect student achievement in and attitudee toward mathematics. )

_One'claas was taught by traditional textbook-methodvvhich vas essentially
L - LIS -
deductive in’nature. A second group was taught using materials prepared

‘tg promote student discovery of mathematical concepts, and\a third group

LY

.ised “the same teacher-prepared materials plus other materials apecifi-,

t

cally designed to. aid a transfer of mathematical thinking to real world

~prob1ems. Each group was giVen a pretest/and posttest to evaluate mathe-

matical achievement, reasoning abilicy, critical thinkiug—ability and li'te'

) attitude tovards mathematics in general. Fromfthe results, Price con— -3
. cluded that both ‘the discovery and transter groups shontedn a alight but

. ‘4ftatiatically nonsignificant gain over the Epntrol group in mathematics :&'

< achievement.“ Both " of these groups also showed a positive attitude change _‘

towards mathematics gh!ie the traditional textbook group showed a nega-

‘ -tive change. I L L ' , ;; L ‘ .

- Nichols (1973) conducted an experiment to compare tvo methods of .

'l~‘

/‘””instruction in multiplication andadivision for third grade pupiIs. The

L
’

’”_experimental group ‘used manipulative materials and pupil discovery




S VORR
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. f T, whereas the/conttol group used abstractions and semi—concrete materials :

-

e combined with teacher exploration and expoaition.~ An analysis of covar- 5‘3

7 AR
,iance on the collected data show;d a significant différence favoring o

~

AP studenta using maniPulative materials and discovery in both. arithmetic o

ot L e N oL . RS

. understanding and favorable attitudes.- ' : o P'

DeVenney (1972) describes a similar experiment ‘conducted” during A
p ., .

3 . 19’;—68 by the School Hathematics Study Group (SHSG) Fifteen schools 'A“

S ten experimental and’ five control. 4in South San Francisco, participated S th
. - ‘- ' T, "/ ' "" 3
N o .ff' ' . in allowing seventh gtade classes to be tested at the beginning o£ the

l_achool.year.' The.students involved °in the studyvlacked organization in Va 5%‘
s o

7 ¥

their approach to learning and vere immatune compared to other aeventh

. graders. Attenﬂlon and interest span were exceptionally sho:t. .They o

. - S : SR R
: . .., held negative attitudes toward mith and school in gene;al and exhibited . - - .
LA . . P . . - L '!,

: inferiority attitudes with regard to their.abflity'to auccéed in mathe;

P .

¢ - - | ) K

'matica.

TheIStandard Achievemént Test ihtermediate II in arithmétic

- /'4
computation and?applications waa used as pretest and posttest for grade’ ‘
N ’
R 7 and’ the advanced Test for Junior High School Stuﬁents was. us;d as’ ,L; <
v posttest for grade 8. The fdllowins results were qbserved. < :\'_'_ 4
I.. Thirteen»petcent of experimental and ten percent of control - L
classes were absent from classes eleven perceﬁt of the time but A T
mee Lo ’ there Were no significant differences on gains in computation '-& ;:'
. R "'and application between abSentees and non-absentees.
. ‘ A :
" 2., Students in.the experimental classea displayed substantial losses
/‘ ..
. . o over the summer in computation but shoved substantial gain in\. .
. ’ o ) o . L 4 A i S B A o e
A L .,applications. e Ty Lo T .
o ", Q - ) 1 o - C e -“‘;‘ ) '\ t. N . T . -‘C-‘ e
L 3. .On the SAT computation-scale,.at the epd of grade 7,.control
- Y ce T Lo . G i . . — IR ' ~
',\\ - ! A " S
', N o B ‘ I3 “," P
~ ‘e‘ - ;f - . E -
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- e

. ‘5_"- ' 5experiment éonducted at Ames Senior High School. Iova, during the 1974-—75 .

' difference between experimental and control groups on achievement or. BECRE

R methods, were tested on mechanical arithmetic, pxobiem arithmetic and

@t .

s

- .; .. . ‘ J‘" ' -.' oo ' .‘ ,_' T +, AU . N
: ' ot cl?sses showed a mean gain o£ 1.7 ysars while the experimental
ot . o R ¢ H ' . ‘

cla.sses showed -a mean. gain of 1 2 years.

.“ . : ! / '- B ' N
N On a scale of mathematical coucepts CDnst\ructed by SHSG, students

in the experimental classes shoved significantly greater gain.s ‘ .' s
than those in control classes. '-
‘5. Psychplqgi_cal scales were qsed-to measure'sttident attitudea

' iﬁ S tovard mathematics. Experimengal classes developed highly

A

. : *positive attitudes touard mathematics vhereas pupils in the

. . ,
. attitude of 219 students (102 experimental and 117 control) used in an .

school year.. “The control group was taught ir ,the formal deductive;manner

s

while’ the éxperimental group sftudied""the same hconte_'nt:.in an informal

-~ ' discovery approach 4" S

o.,

At Bloomington ‘Middle School Indiana, Smith (1974) used 82
students from grades 6-8 to detemlne the effects. of laboratory in;s.truc—h
tion upon achievement and attitudes of an experimental grLup as compared

‘ "‘wit?x a control group. . Both control and. experimental groups vere taught

. by the same instructor.. The resu1ts of the study showved no significant

/ J attitudes by grade level or. collectively. o ) .3'

.\7 However, Biggs (1967) repotted on a study co1ducted in 1960 vhen ‘

87 English primary schools, classified according to their teaching

on -

tWo concept tests. 'I'he teaching methods descrihed‘were (a) using struc—-_' ‘
"":; tural materials such as. cuissenaire, (b) practical environ?nental activity

e . K :'\ e L N . N o %,

@v‘

- . control classes showed no evidence of such reversal of attitudes. ‘ K N
. X = 3
Hdod (1976) found no significant differences in achievement or/ ' ; '




\, ~

. R . N
' : . o . . -
o

L method; and (c) ,tradition'aI.' 'The-reaul'ts ind'icated ‘fairly'clearlly“that ,

method (b) produced the vorst results on these tests. Ty T ) ‘\'

Richards and Balton (1971) administered a large hattery of tests ‘

' .of intelligence, mathematical abilities, divergent thinking and attitudes -
o ‘to school subjects to a sample of 265 eleven-year*old children.' 'lfhe

- samp_le cane fron three schools which' the researchers clain were similar

in socialj class, intelligence vand time devoted ‘to m‘athématics’. teaching, -

The three schools vere deliberatel\y chosen as examples of schools in

» ¢ which discovery teaching of ma.thematies. traditional teaching of mathesy . -

'matics and a system someuhere 4dn betweenv these poles were used. ‘l'he
. ! . -

’ results indicated that discovery methods of teaching are significantly

leso efficient with regard to mathematical achievement than the o‘lher

“two methods._ ' . I o ’ o
.. } . . / - st Aﬁ' N
As Dunn (1976) suggests, there is considerable disagreement

' about the. effecta of discovery or activity—oriented learning on mathe-

matics achievement. but a lot of these discrepancies could be attributed

e

- “to weaknesses or limitations in research design, evaluation instruments.

N
and’ statistical techniques. Heiner (1975), in a reviev of research on - \
discovery learning. 1ists a number of ‘common errors mde in educational
) reSearch. Some of these Weak.nesses are. ~
. .1l Not specifying priori alpha Ievel. ' \ R
' i 2..: Not reporting., er levels for significanc&tests.
3. Failure to use random selection procedures. I - .
Lo . ra o . L
b Pailure to adequately control teacher variable. T Lo o
. ‘. - {- N . - P .\\n
.5, Not defining key terms m the study. S AR SRR
6. Employing measuring instrmnents of questiouable reliability and ' .
validity. S e S - RS .
’ ‘ R oz

S Ny e




' 7. 'rhe use’ of pooling indiscriminate data from different gmu?s.

8. Failure to use appropriate experimental units of analyais. -
. \ ; i L
9. Using mult.iple t—tests for detecting, differenc__es-bet'ween three

. ' ' "‘ormore ro s." Co g
L A } ' : gup

© 1040 Failure to use multivariate testa for studles employing mre
'than one criterion veriable. N
‘11'. jguse of ANCOV’A u‘nen a. eoveriate ie 1nf1uenced by the treatment. ‘
N A V) lure to control novelty effecta. IR T .',. :
IS B ", Imstructional Adds -
\ ’ | -n L : I A ‘
S o T According to. Kinder (1973), a aimp..e deiinition of an instructional ‘ .
. N i E—J‘m% A‘ L ‘3:;’”
. aid is "anything a teacher finds useful n designing and iurplementing
~ P ins-truction. " With the knowledge explosion of postwar yeara and the o i
£ ' o ‘ ' -rapid grouth of technology, the educational media are beginning to play )

"a major ro,'Le in the process of education. ) Modern media seem to compie-

-

:'Ament many of the rec.ent 1earnins theoriea. Gillett (1973) clains that

[ P} 5

_media provide stimuli for creative activities as well as vehic‘lee for

production of original vorlm, and can increese the rea.lism, dynanics, ‘ -

- \ 1

) L ,emotionalism of in%omatim and the student s motivation to learn.

-

Johnson (1967) similizes, instructional naterials are as essen-

tial for the mthematics teacher as spices are for the ehef - [nstruc—

c

tional ~aids give breadth ‘and depth to a mathematics lesson and add
\‘meanmg and interest to verba]. inatruction. ,The successful teacher must ,\‘ '
use conerete e‘kperiences for eaeh student to develop a new concept' he

o A T connects these to experiencea and ideas the student has already dealt :

. B S C ! v

Ut T L 'with through problen solving. l'inally he completes the strueture by

e, ‘ .making it a mathematical system., '.'




]
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Many mat:hematiee educators are now. advocating a mathemtics leb ‘
" or mini.—lab in the clasaroom to supp].ement the mathematics program.
_Sweet (1967) defends a mathematics lab in that the approach demands each

s:udent 8 patticipation end allous him\ to work at his owa pace, leaving .

' the instructor more t:lme for individual aasistaoce. The 1abotatory is

S

'usually conducted infomlly for more. student interact:ion and hence ' .

'enh:mces the shariog qf ideas with t.;neo.auother.‘ ( .
Howard (1970) ,.1ina study of "Teaching Hathematic\s ‘to the Cul—

turally Deprived and Academically Retarded Rural Children," found that

the uoe of mathematieal nodels and instruments served as a moti:rational C T

tool for teachers and pupils in arousing and mainta:lniog 1nteresta in @

»mathemat:l.co. In a compatative study . of two methods of teaching arith- ;

. \ ‘
) metic to inner _city junior high school students. Sehippert: (1965) Eound .

1thnt im'er city pupils who manipulated actual mocfels nnd presentations

_.'of mathematical principles shwed significantly higher achievement .on -

" ‘also provided concrete meaning to ebstract concepts at_early levels.

I

Scott (1972} deecribed an experiment condueted in Chicago public

kS

schools where mathematics laboratories were set’ up in eight: echools

. ’ ~ ! - ',.l
using _the pro,v,erb:-., . L . -

I Hear, and I forget - - -
v "+ I see, and I remember
"1 do, e"nd"l underatand

\ ' . -~ -

aa ‘a baaic tationale for the move. The cbj ectives oE the program were:

1. ‘Provide many mnterials that appeal to, the various senses..

2.. Provide meaningful experiences.
‘ 3. -;A"Eotabl\ish an atﬁosphere of trust‘ a‘ndlrespeet. g
G ‘Develop a positive.la'tt'itu-de toward leei:n’ing'."‘r L e

P L
t o=

<

'meaouree of skills than pupils taught by expository methods. nu.o opproaeh'




\g .

-~.studente seemed to enjoy working in the centre. -

I,role in the. teaching-learning enviromnent. L

S ' ' ' ) Y22

5. ' Prc\)ide xpateria];s and cxperiencee ‘to meet the needs and ebiiities
of 'a'verage’and i::eloﬁ avcrage'and‘ ad\’ranced pupiis. -
This was not a mal:hematics progtam in itself but a supplement to the o

regular claseromn inetruction. ) As a result, all Ceachers observed

favorable behavior and- uillingness of papils to participate in 1pb acti- '

: vit::ies and tranafer from lab activities to thc classroom.

] + ‘. ' \ .
Ha.ffei (1976) outlines a general mathematics program tried at -

' Dreker High School Colu:nbia, South Caro].ina. Host atudents- shwed

— , AR

,indications of low reading levels, thus the curriculum vas 1eas keyed to

reading directions and ccmprehension, and geared more to understending
the concept:s of mathemat:ics thtough the use of probleu:s and physical

models. After three months the sane diagnostic test was used in retesting

‘\ the atudents. There was an. average of 252 increase in the number of

N

problems scored correct and some claases registered as much as loOZ .

increase. Affectively, discipline probleme were naticeably louet. and -

v

slow Btudente were begirming to develop some positive self-—concepts of

. their ability to do mthematics. ) Beca.use r.hey were t:r:ea!:ed as mature T

‘independent individuals rather than as children needing supervision. '

B N
A

o~ L S . . o N -

" From’ the reviev of literature one cannot. drau any definite con-
—

'clusions. Howeve:r, much of the material indicates t:hat educators’ vieus A
, N
~of. instruction _are. changing from that where the teacher 18 the dominant

. e
figure in the classroom to one where the atudents play a more active .

L

‘ ’ . . < ‘ i . i o e -
Hany educators contend that: students attitudes toward the dis-
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cipline play.a major role in determining academic’ achievement. However, .

.\ @ number of stud.ies:that have_ attempted to deterjmine correlations .Be_ti‘aeen .

achlevement and attitudes heve provided 'couflii:t‘ing reeults. - Even vhere . K

" signd.ficant correlations vere obtained, it was difficult to deterﬁine

S - uhether positive attitudes caused high academic achievement or vice

ve:aa.
L )

o \'Research' conducted for the-purpoee of-investigating the effec‘ts
e . . i . )
O T 1 3 varidus methods of instruction have elso provided conflicting results. ST

Some experiments, such as those reported by Sobel (1954), Price (1967)
and Nichols (1973) showed strong evidence in support of discovery
) 1earning, whereas othera reported by Biggs (1967), and Richards and
. : ;altcn (1971) showed strong evidence contrary to this hypothesis.
o Hhen 1nterpreti.ng resulta of experimental studies. one must
always consif!er the limitations of the studies. o - \ ‘: :
' o - . Keeping in mind the issues qentioned in the above review of
A research literature, the researcher inveetigated the influence of two
,met-hods of: tear-?hing- (expository and activity-oriente‘d) on mathemat‘ical .
oL : achievemeut and the attitudes of two groups‘ of grade X students., The :
| effects of teaching methods cannot b“é distinctively predicted from the
T evidence provided by the: research literature. For this reason, the‘
investigator attempted to obtain some results that would either Support
;." ' _— or reject hypotheaized effects of discovery and expoaitory methods of -
o

ins_tr_:gction. [ R ' Sy

L. . ' ¢




‘ : - - e SR
W A i - —em ”".
/u..« L _Cbapte"r III- ]
" EXPERIMENTAL DESIGN S e )
LA ] ' U Thi.s chapter presents a deacript!.on of the atudy design and the \
‘ .n 'procedure followed in conducting the 8tudy. The content of the cbapter \
' L conaists of a discussion of the smpliug procedure, treatment and :lnstru- \
g e ment:ation, pilot stud:les. hypotheses and analysis of the data. B

“ . AU S ?@gl_iggand P'rbcedures' LT

- The experiment was a . tvo group pretest—posttest study conducted ’

L _':Lh the central Newfoundl\and town of Buchans. The subjects of the exper-‘ : S

o viment were &n intact: class: of grade X. low achievers ia mathematics. ALY

ey students in the class were operating below their asslgned grade level.

- .According to results of the Canadian 'Iest of Basic Skills :(.ssued in the L .
: .4\\\’:-. : - -
' ninth month of the grade eight academic year (May, 1915). the mean grade ’

level of all students was approximately Beven years three and one-half ’

months.. 'l.‘able 1 givea a more detailed breakdovn of the grade levels of .

; DR each group 1n eoncepts, problems and tot:al mathematical abinty. - L..
:-: ; ‘ "‘. - ’ . . . . - LT . a
) . i rable 1 e
g Results of C;nadiah Test of ‘.Ba_s.ic Skills o
i ""ﬁean 'Hatheniati;c,s_'crade Le‘vell ‘ NW"
; (SRR ! L . anicepts : Problems ' . ‘Total - S
‘ Exper:l.mental Group SR | 'yce.' i tos. - 7 -yrs. 3 mcs.' « " 1yrs. % mOS, - B |
' cOntrol Group : "7 yrs.7 mos. - 7 yrs. 6.4 ms. . 7yrs. /T nos. :
Whole Class .= . - 1yrs. bmos. - Fyms. 3 mos. © . 7yrsl ¥ mos
& - N - ) — - .. D . . . .."- . )
5 e T SR ¢
¥. - “ . . —~ . . . ; " ’ \ ,.‘__
- . ; ~ \
Ly ‘m

sl
s ALY S as e
¢ (A“", {" “:.‘ .
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.- o T After assigning each of the twenty-four members of the class a- ,
e - [ £ D . - - . v
'numher from 01 to 24, a table of random numbers vas used (Glass &
,‘ v'Stanley, 1970) in deaignating each student to either an exper:lnental or-'._“" ‘
. ‘control group. Before the students vere infotmed of which group they ; .-
\ . [ .
Te o were in, an attitudes pretest and achievent pretest vere administered. -
- -to’ all students.. Table 2 shows a breakdoun of the sample Hith respect
; T L ‘to method of instfuftion and sex of students. ' 5., T St
AU Ce e Table : . S ] IR
AR N Group. '.l‘reatnent and Sex of . Students R R ‘
R S S L . ‘ L e .,
. 1 ¥ - . .
\ ; ERAAE ' Sex : o T ,.‘ ", . © q
) Co :Group. . . T P R .._I,reataient N, . -
DI : _ Boys Girls - AR © ' .
Sl ."_ - Experimental 6 6 e A\.g:ti.vi.t~y.—or::l"ie.nt:'ec:l'‘.‘~ '
R BRI 3 . . Control : i 6 6 "rraditiona].:;te.xtl?ook .
I I . ‘The experimental group. consisting of six boys and six girls, L

R .‘ wvas assigned the activity-oriented discovery rnethod ot' inst:ruction.»- Each
P, e t

e ‘student was provided an instruction workbook accompanied by solid objects. R

.

'»geoboards and overhead transparencies. " The - students were advised to work
':'alone or. in groups of two, and to use the accompa.nying media materials s
N \to aid them 4n completing the lessons. 'l’he teacher acted as- a guide and ' _
: , ".also assisted in helping students vith any. difficulties they might have - . ‘ '

- ' hincurred. The students completed six lessons inttvelve forty—minute .

: }:class periods. At the end of the instructional period, an attitudes . -
« S .
' posttest and achievement posttest vere administered to all students. = K
- P 'l‘he control group also consis;\:ed of aix boys and six girls. ‘l'hey
P”‘F s o vere assigned the traditional textbook—expository method of :lnstructio\n. R
- L . . S

RERR Y SNy B
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26"'. B
e ' Each. student used . the textbook Hodem Basic Geometrx (Jurgenson, Ha:ler ‘

. ' & Donnelly. 1973) where the teacher usually lectured on.a topic and then

P ’ _‘ students completed prnctice exeteiaes. 'rhese students atudied the same
bR ‘-4 PR content material as the experimental. Hhich was completed in tuelve :
forty-minute class periods.A The achievment posttest and attitudes poat-

eht .vere administered at the terminat:l.on of the mstructional period. :

. Sy : ,/_”/..:
_ : /_/ K
7 R ///- .. ) o i v
: . , .ot w7 'Treatment .
» A LR .J o ‘ .

'

4\ o ‘ ) : T
The major purpose of thie study waa to examine the effecta ofw/ '

activity-oriented :lnatruction on studente attitudes a:nd achievement aa .

opposed to the" effecta of the tr:aditibnal textbook method of 1nstruction. R

Since no adequate facilit:l.es wvere available, necesaary materials vere
: produced' by the researcher with the assistance Qand guidance of various

‘ resource personnel at the Depar tment of Curriculum and Instruction,

Hemorial Univerai.ty. ’

M

., An- :Lnatructional package conaisting of a written student hand-
book a temandbook, sol:l.d objects (cireles), overhead transpar- -

eneiea, and geoboards vas produced to euable studenta to- acquire varioua R e

! a

geometric coUpts through the procedure of guided intuitive processes.
'l‘he content covered Jin the ,package paralleled 'that in the textbook

Hodem Bas:l.c Geometry @urgenaon et al-, 1970). 'l'he studeut ot group of

atudents was guided through aetting up and observing a series of . patterna"',

o 0

on a geoboard from which 'he and his partnera formulated generalizatlons
vand concepts. To anchor the acquired concepts, a set of dril1 exercises

vaa provided ar. the end of each of the six lessona. In addition to drill

-

:‘exercises, home assignme.nta vere deaigned to facilitate research. of o

available related material and applications of the concepts 1:: question




A /AU
.'_-' e to’teal oorld problme. ‘ ld;;endi\cee ,l') and E codtaiq tl?e matei‘iélje, 'pt‘.o-’- T
‘ . duced for the ‘study. ‘ BRI 6‘ - // R L / -‘ . o «
In constructing the 1nsttuctional package the Eollowing i.nstruc-—‘ ' R "'f‘."\.'.
__,;;&6531 ogls weré followed., - -, . "' _ Co a.:f \ / .. - '
- v, . L "To provide an opportunity for students to lnake generalizatio:a :« .
i i R v- -and concluaicns by manipulating physical mterlals and models on .
: : 'ge.oboatds.w {'_ .
. 2. ’ f’ro',pro\-;ide: exercieee tﬁat ieinfoi:ce Athe éen,etal}zetifdgs "and’ .' o ,
' ‘ .{/:- ‘ccncepcs that have been made.: o ‘ \ Lo '- ' \ ” )
e "_--'3.-4'".-'1'0 p‘t"ovsde enrichment activ:l.tles and projecta for all students, -
T LR ‘)."- ,_.and more advaoced l;rojecte for btighter students. : . v
| R l. 'l‘o encourage 'students to avail of resource nateria]. 15 doing ' x

PRERSTY ptojq‘cts.

o "'f' ~5. ~To moc:l.Vate interesc in, and underatanding of the geamecry oE

| the ci'ccle through the hands\-—on-apptoach. s ‘
: c . A ; 6 To apply the acquired concepts to teal-life situatitms and pro- ~‘ ~ ' . 'Q, . g
B .blems. ‘ P A '

) R ,.:.In addition to these guidelines. each lesson was’ deaigned to

correspond to a sta:ement of student objectives with provision for enter- 1.

l{;"j S o '_j'_.-te:ining unexpected outcumea. These studet’it or behavioral objectives .
. L. e 5 .
uere listed ¢am; categorized along Hilson 8 model (Bloom. 1971) and

".' Bloom 8 taxonomy (Bloom, 1973) by the researcher in conjunction with Dr.

. "-R. COnnelly, a speci.alist in. mathcnatics education. and Dr. D‘ Carl. . -
: 'speeialist in :lnstructional developnent.. The behavioral objectives are .
iy Lo
3 -'nsted at’ the beginning of each leaaon of the studt handbook (see P
";'@ l"j.Append:l.x D) ‘ I ".'_3 e ' _',K'," - -',“:




Achievement e

- Instruméntation

.\\

'l'he achievement pref.est and poettest taere parallel forms of a i T
- 28 item criterion referenced test designed to evaluate the behav:loral‘ .
-object:l;ves. In ordet to evaluate all of the objecthes, questiona of o
various types were uaed 1n the test (see 'l‘able/} for the breakdovn of- —
the nature of t;he test items) To detemine the validity and reliability ',;, :
of the test, each test: 1tem vas/ compared with its cofresponding behavioral s /
'objective by a. content‘apeeialist and an Mtruct{onal development spe— B
. Kcialisl: at Hemorial Uuiversity. . o RN ]
SO e .W L o \\~‘ ; P - K
I ‘Table 3 s ;
! Item Breakdown of ‘Cr'it'e:t;lo'n Re ferended Test " i l
YRR 5;ﬁ;§e_ﬁflltee'2 :‘};xteﬁ'uée; véxue‘:;'\sub;fécet‘v;;ugt wij.; 5?

| _‘.Mul'ti’ple cho:!.ee' '

Fill in’ the '
., blanks

ritten answers P

. Problen solving
ST g

l_;i'b‘, N
;15?20.,
. 23 - ,.'- -

C11-14
21,22

24-26 -

27,28

. ]
26 T
. e ,/‘ . ’
T T S v

B0 RIS T

o
o~
o,

-

:l'he pretest was administered to all students before they were o

' 'forty-minute perims of mstrpctiou. both gtoups vete ;lssued the: post-

- ,‘assigned to their 1espedtive groups.

oo ceat. Every sl:ude t was given ample time to complete his responses to
j‘f'all quest:ions.‘.» Sf‘l:dents wete given a grade our. of a possible 50 matks ‘
Bl . - v ; . . . . ) *
L ' 1, : . Lo 7

L .“?€7 4 f'“wkih
U oTotal - 50 i
,-'.-/- -

Aftet each group was given t:welve -




T et

A

‘ 'which-‘\_aa_s‘ then converted to a 'f:/ercesuge.. “ S .

Instructional Paeks e .‘ o ‘
During the develowent of ‘the: instruetionai pac]mse’ a f°mtivr'7‘

' with six/ students who ‘were classified by their teacher snd ptincipsl as’

" At ti:udes .

- The\sttitude pretest and pOsttest Hete parallel forms of a -’

fif_teen'»item,questionnaire_designed' hy the re.searcher. The: itens Uere

.'selected from Hilson!s! model of attitude testing and modified to corres-;ﬂ

/ AR

-';pond to the related discipline.. The questionn"aite 1is ptinted in ‘

Appendix B. N 7 . : KIS ’ . : A L
Prior to completing the questionnaire, the students were . infomed

)' 'thst their ansvers to the ques,tions would be held confidential and' were :

q

N asked to express their honest feelings in their respmses to the ques—" T

'-tions. The students responded to each question by checking any one of i

.. o

five lctters»ﬂ(a, b, \d, e) vhich were coded ss strongly sgree,' agree,
.!

=

undecided disagree, snd strongly disagree, respectively. For esch 1tem, :

"

- / :
_a score of- 1-high was assigned to either of the positive responses and 0-
K lov to either of the two negative responses., No score vas assigned to an ¢

e undecided“ tesponse. The maximum score one. could obtain was fifteen. -

Each item on the test was: categorized as either i.nterests, acti—
/

- tudes or opinions, and also into the four affective -taxonomic levels of

-~

) receiving. responding. valuing snd organization. Table 4 gives a mre

complete bteakdown of the item taxonomy levels and the dttitude, interestsA

or opinions category. :
ST Pllot Studtes - - - . . T
. N ”',.' . ] } - , B . . A ‘ ’, .

8

o

evaluatiou ‘was conducted in Harch. 1976. Ain the fotll of a pilot study
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A
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.. IB 8 R .
_ 30-
e 'rable:. S A
» ’ B

It:e.m Breakdown of. Attitudes ‘l'est / '

. . . -
vt . . Vol

ia

N , : - R RO

’
\\~

\ Item Nos. 'Nvo._(.of Iteus:. ’

Interest - .'i',

10,13, 14,15 P T
Attitude ‘. ) ?14 S, 6 7 \‘ _ {6‘ o L. .
Opinipn. .. &1L,12 . .37 o

: pategotiea E

. Affective :

‘ Récetving - }9 1.1, 13 -
Responding . 2,3,6" .
Viling WS 101 - .
_~Or_g'snizat'ioo 11.7._8';:.15-‘ .‘

- e, \

Affective -

‘ lou achievers in geometry. The purpose of this study was minly to

' examine the uording of the i.nstructions to ensure that students could

. understand and follov the mstruetions. ,' - " . Th

Latet in Hatch 1976 a pilot study of the criterion refetenced

‘test. involving 30 students vho wete assumed to have attained the objee-- o
tives of - the instmetion. vias conducted. The purpose of the pilot study

"uss to exanine the Eollowinh L B s S

L e

R 1. ‘me time period required for féll students to complete the test. Vo

‘2-. 'I'he wording of the questians such that students knev uhat:-the

tasks required. .. ' ' . f-: AN '
“'3.’ To detemine if the questions adequatel'y tested the objectives ,'
. they uete designed to test. ' ;' S .' o BT /

- ] L. - . ~/.
e X '

package snd testing ins :
. o t.... .

." ~ - e i ' -~ ’ ;

S S " ' = '

. \ o R , .

. l.
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P U oo T ngotheses Taee g s -
- . Lo o : . . y bl PR e
. e PR P N I S . - - . S e

) o ‘rhe fcrllqwing are scatements of the main hypotheses vritten 11;/ B -
- - > P . RS . ,,' - . o e - =
: the n“ll fom’ . w .".- ? . W ; . \: N ’ . . e 0 "’_.‘. s ' } .

« 1, 'Ihete 1,3 no significant difference in scores between» exper-‘ “j - e

oo RS Ce e

. e . : imental aﬁd ccmtrol groups as indicated by the mean acores on N

: thepretest. A SR ' ,.-_,~\,‘ . .

»

Lo ‘f K \ There :l.s no signif’icanc difference bet,yeen experimental and

g

o S control groups as- mdicdted by the means o£ the ga:ln ;cores from
v ’ T - C £ . <o T . e N BN

+

‘, pretest to posttest. T ; Cs e

' T / . T The,ge 13 no significant difference :ln mathmatical achievement S
[A ° . * .' . : U R L 4 . . . . ) d

g . R between treament groups. R Do o e
T ke There is no significant tlifference between CreaCmeut:/ grOups éa T S

. . o 1ndicaeed by the respo'naeg on' the attitudes prctesc. o S

‘t RN L ‘; a e 5. There ‘48 no significant differeqce betueen treatment groups m ; 2
u:‘,,' ‘ ’ . ' c. CR -2 . | o

oy indica:ed by - the responses on the. attitudes posttesc. ; -

T 4 e it
, o L IR - P 'Ihere is no. significant difference i_n attitude changes from e

v | A ol IR N

\ . . < . R . - R ) R : «.,
' ' . T pretest to posttcst. ‘- T T . : J
5 c . D A - - e D e
I . S ‘7. g’rhere :I.s no s:l.gnifieant relationship between attitudes and T “f L
achieVement for experimental group.- eontroi group or co’mb:lned T
cgrdup. tes oL e .'fi R AR
DRI S An'alzses"‘ T L e e e
' S A report on the nnalyscs of the aqpumulated data is presented in
Chapter IV-. 'ro decemine auy signif:lcanc difference in achieVemenl:. - ~_ .

- LTy s
e . Ca - .

"j~»;- agalyse.s oE variance and covariance, uslng preteet scores and CTBS scores IR

e e N ! - BERRY .
! L as covatiates. were carried ouc on the achievement daca. - A chi. square < -7
a* DU s oo f Pt ) ) - N R i
. o - . , . . ’ ,‘ o A v
A . - T - # '
. . , . , " .
: R N ; ) u w S
\ ~ o ! . .l W b - Y :
. i L v, S . ..\\.' ' . . v : A . ca
» i ) - ] o " a - ;\‘?\ - ¢ R .( .
e . . L i - + .
R Vo i TN - . i % d
- L e 10, L . ¥
.t: o \ o - ha - 3 . —
i . o 5, » - ':, } - » . ".L: \ i 5 :“ i E : “\‘ .
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, e T alysis was carried out on the ‘attitude test results,- and the .point. . S
St . -.biser{gl'correia_tion«fornmla vas used to determine any 's:ignifiéan‘(:. gg}:a-",' e
E L ,tiapsﬁip ‘between attii:qdeg and mathematical _ach:l.évemgnt. . ' '1" N S . L

et
ST A

»

v,
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AT A S

( .« . . ' .- Achievement Data Analyses . T

. ' _— B ';,.;Q a%_:g,- ; N :

' , ~ S p
. ‘ L -
> ) - : .

® " ;g .
. . ‘ L . )

. ) L. P ¢ . ot - T

L R, C .. *  .Chapter IV - - B T S R

o . ‘:‘_‘é_\;\,— : ) T - e ':‘ = .
S RESIJ'LTS OF 'I!!E EX.PERIMBNT -
\ ; .;-_,“__m_ L o ' . ‘

_"hig chapter ‘the analysea of he dat relevant -to the study

\1/

are presented. 'l’he analyeea of the achievement data ‘iere' carrie .oﬁt

using the t—test, ANOVA and ANCOVA. To analyze the attitudes ~datha, the'

¢

, chi square test ‘was used and the poiut biserial correlation formtla 'was B

) T — A
used to test any relationship between attitudea toward mathenaties and

.
»

achievement in mthematics. B

. 2V T "“Z. .} L -
IR P T . , _ . ' . R
The criterion referenced test vas adm:l.n.i.atered as_ the achie.vement
. ' ~ a2, N4 \ 7 / L .
pretest, ‘and upon completion of the \treatments the achievement test vas

administered as the post’teat. Both the pretest and the posttest were :

;.parallel foms designed to measure the attaimnent of the behavioral R T

. AEERR \ R
-ob;j,ectives. Table 5 liats the preteat, postteal: and gain score ach:leve- R o)

' ment.mean scores of the two. treatment groips. .. R
R . o e . i IR N N ' "
.;..v,. ] . . ‘. ’ B - C A'v. . Table 5 ) - - o ‘\ s _ .. . - .,'-' \'. .‘,
L ' N . . co . : N Ve \. : . .\\ : . S - S, ;
S Preteat, Posttest and Gain Score Heans\ 5 creln M A
S R for Bach Ireatmem: Group O

o ‘» ~. I Hean Scores . N e e

N , . . ,‘ - [ . s

,\" I' .. \ -I o 'P,xfetest"« Posttest e Ga:Ln Score, K A
Activ:l.ty o‘r\iented '4 15 .83 :j 54 50" 33.50 'g L

Traditional textbo\ok

16 2337




: Preteat \\ ) ' : ‘ ) :’~ oo o . ‘_ - ‘ .
¢ L R - \ An administration of the t-test was carried out on the pret:est
. T data and the ga:l.n scores..’ Table 6 gives the calculated c-valueshand the
- . '..‘prob;bility levels for testing eqnal means of t:he ptetest and the ' gain
- N ‘score dal:a. CA probabilicy level of 05 or better was conaidered sisni— ‘
» o -fic'axat. The derived t—value of 18 shoued no signif:lcant: difference l.
Con ‘ ' bel}ween group achievemeut: on t"he pretest, and a tnvalue of 1.154 with
'f; : - . p -;. 13’&].5:1 showed no s:l.gn:l.ficant differeace betveen groups in achieVe-
N . | iment: gains at :he levels considered._ L ’~“-'j e B | "‘Q B

o e , .4 <  : '..Reault.a of 'th’e.”t-t;ags: '. _ . e

e u o “ Group Means o ' s | S
L M;source . ‘- s 22;2::3_ r;::t;:g:alﬂ t—vaJ.ue -‘Y:Pro::!‘:’:iity
PR """.f,pz‘e:?aé L1683 E C16.33 L 18 43

PR - Gadi Scores - ' 38. 50 3123 ,1..‘1'54'-,': RS T R

.Posttest ‘

A

% TN '}t:ered during the ninth’month of t:he g,rade eight: academic year (Hay,ﬁ

T e c 1975) , were used as a cwariate :ln the analysea of the achievement: data :

L ) : . .o . '~ \ . *
' \ ‘ :I.n order to 1solate any interference of mathematlcal skillsxfro:p the
AR -fina'l\ achievemnc. Tal:le 7 shws the CTBS. posttest: and adjusted

S
e

N ,.A,"' o

) .". The result:a of ‘a, Canadian Test of Basic Skills (C'IBS), adminis- '

achievemenc meana for éach treatnenl: group._ The C'rBS scores are given
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o carried out. Table 8§ gives the results of the analysis of' va.riance of

" ¥ Treatment AR Hem '.s°"e-‘7 )\ 3 Adﬁ::ed_
‘ L _:C'I‘BS . Posttest .:’,‘ ‘ ,
Activity-oriented - 69.90" si.50 sa.'as ' T
| Tradttional testbook ~  77.60% © 4750 42.38
ikﬂB.eads - Grade 1eve.1 of".6 years 9.'.9lmnths.\'- |
*Redds = Crade level.of 7 yearn 7.6 nonths;h\ |

A one-factor analysis of veriance snd an adjusted snalysis of

varience of the achievement scores for . the tvo treatment groups verc

the posttest achievement scores and the probability level.. The derived

F—ratio of D 889 with P> .25 showed no significant “difference between
Y A B
treatment groups. .- A pro_l;ebility level.qf .OS-er better. w_as Aconsidered Ce

. — B b
- - - .n

° . - -

significant. o '- . R w0 A
o v oW <

'.l‘o determine any significant difference between adjusted mean.s,

N -

where CTBS scores were used as the covariate, an F—ratio ‘of 27 82, signi-

7 ~£icant et the .001 alpha level, vas obtained. Table 9 conta.ins the -

’ ‘“
adjustednmean square the F—-ratio and the probability level. _
- An’ analysis of the adjusted nean was aleo perfomed "s:l.ng the

pretest as the covariate., 'rable 10 gives the pretest,s posttest and

L3N

' :. A adjusted méans’ for each treatment where the pretest vae the. cOVariate. ST

S : C g
'rhe calculated F—ratio of 90 with p> 25 indicated that there vas no LT
SN
significant difference betveen edjusted neans (see 'rable 11) N P

“"!-«.

-2
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4
0 PR .,Resnlcs of.’.AN_COVA',“Usin‘g Pretest as éovariste - R e '
.4 - R — LA R oo ) ; ' T~ . ' , .. s B ;l
= Lo e T e T probabilaty, s o
o B L Source  df .  Mean Square _' F-ratio - Level- E
- d . -.V "I i o ... i ; i e g '!. |
: B Group. [ R T ¥ 2N
: Hithin 21 2m4,07 - .90 0 - py»L2s. . a
. L ‘ S,

) Sumarv of :Achievemenr. Results. ', SN

a

4 § L y . ) From the obtained values for t-of 18 there was no significan -

»

k‘ difference between treaunent groups on the pretest and a t Value of 1. 154

Pt

. shwed-me—significan: difference 4n the means of tl1e gain scores for the

-
. L3

e tWO treatment Broups. T ; M A R

" The derived F—retios of .889 for the one way analysis of varisnce
Co
EY -and .90 for - the analysis of covariance. using the pretest as-the

o ’ . e

. covariate. indicated* no. significanc difference in msthematical achieve—

’ -ment between treaunents:/ However, F-retio of 27 82 -wit:h p< 001 ‘
obtained from t:he analysis of covariance using CTBS as . the covariste, o
LT . I3
* _was evidence of a significant difference between" treatmenc groups, in N
< L favour of rhe activity-oriented group. o L o :';3‘
..' "' . '_ e ‘. S . . - .-“‘.,.-' . ,r . - “‘ v]i.n ‘ ‘. ._“ \

o T e Conclusions '
. . : N .

o : — 'l‘he analyses of the schievement tesults uere used to ‘test the o
firsc rhree hypotheses. / ‘

- i ..-J:'-‘.'_ i ! Hyporhesis 1.. 'rhere is no signiiicsnt difference in achieve—-
-~: nenl: betueen experi.menral and concrol groups as. indicsted byA che pretesr o

' mean scores. Based on rhe results of the t—resc on th eprerest scor

oL e "\A



e

.o H pothesis 2. 'I‘here is no significant difference ~between
- experimental and control groups ss indicated by the gain scores frgl

pretest to posttest. 'l'he results of the t—test perfomed ‘on’ the gain

_ scores—-showed no, significant difference between the uean gain scores for

Faln

' -.,..tr,,eatment groups.‘ 'l'hus hypothesis two was slso accepted.

‘ hypothesis 3. ‘l'here is no significant difference in mathe—

_Acz’:"‘rding to the ANCOVA anslysis uhere crss was - the covariate. there vas

-

DR investigator concluded that mathematical skills played a significant-/.--'
1 o i n’ Ll
' ‘.role in determining student achiev-ent. hence. hypothesis three vas
rejected in, favour of the activity-oriented »nethod of instruction. )
I . L \’ ‘,".
L -~ - Atritudes Data Analysis =~ , e ;
. . / 8 s “‘. : . . ,/'b/""-;i’ - .I‘ __}‘: .. ‘ . . . ." R -.

- S ,~ P Prior to treatment. the fifteen item attitudes questionnaire vas

administered to all students as. the pretest. An iten analysis was done

. n the test whereby eseh response uas gtsded 0 or 1. Zero meant the o
Y
student responded \to the queation negstivety and 1 meant the student

-

g responded positively. , Appendix c contains a frequency table of the .

e LA Co- ) —
g:’ o s number of. positive and negative responses to each item for each group
R SR . ' A chi square analysis compared the observed frequeucies vith the

' - . i

- ;_ expected frequenties between trestnent groups. .prle 12 is a two-dimen- .

T matical achievehent between trtament groups.. On the basis of the ANOVA

) and ANCOVA (pretest as. eovariate) results. hypothesis three wasg’ accepted. B

\ -
. a significant difference in mathematicsl achievement at the .001 alpha c

e level in- favour of the activity-oriented treatment group. From this ‘the B
. T




o - N
. = - . — + . \ i} '
, - S " SRR )
. . . ! ) \ . ~
con ai.onal crossbreak of the observed end expected Erequene:les on the pre-
o 'test. The calculated chi square of .113 vith P -_.73. also contained in
. A
. the ta.ble, showed no sign:lficant difference 1n al:t:ltude betveee treatment- .
. groups. A gababilj.ty of .05 or better was considered sign.ifieant. -
. o & T ) ’ T ,' _ - e
v L - Teble 12 ‘a’ e B
) o B Calculation of 1 Attitudes Pretest Data o
. 63,5762 . 964238 .oV
T e Activ:l.ty- " ge TR P
(A R rientpd » :'§5. ast" 1§9"'
,V-\. . R N . P ) . . . ‘ \b_ > ) .";‘Q - ‘ 3
1.4238 <1.4238° o ]
‘lé:: N 3 , ‘ - . ;’ o v o : . ' 3
N 56.»42_38‘{ . ' '85.5762, o BETE
ST 1’5::’:;2:“* R o a'y; 12
: . RN I -1.'4238' : N 1 4238
| S 1200 182 o302

302

Cn ‘-;.'.

LT e e 160 x 120°

N

- 63 5762' etc.,' :

RO B b 65 = 53 5762 =’ 1 4238"etc. A

L U ;"._- ] AT
~ Kz x .113’ P - .73 @
Posttest > g :\

\- ”.,J_‘% L

'l'he posttest, which wa.s a parallel form nf the pretest, waa

administereﬁo 311 students upon eomplet:lon of the treatments.

s

An item
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) Conclusions

N P

ratio of 15 563 was indicative of a, significant change in attitudes for

-the activity-oriented treatment group, but a chi square ratio of .084

indicated no such change for the traditional textbook treatment.group.

- Sy

. treatment.

Sunmary of Attitudes Analyses

According to the results of :ué chi square analysis on the

pretest data, there was no- significant difference betveen treatment

‘gtoups, but a chi. square of 10 467 showed a significant difference ,

. (p( 01) in- attitudes on. the posttest in favour of the activity-o ented

' chi squsre value of 15 563 shoved a significant chsnge (p<; 001) f Lthe )

'sctivity—oriented group, but a chi,square vaiue of .086 showed nn such

.

, : -

‘Vu;/ Hypothesis & There is no signi/icant di erence bétseen

3
>

R

,‘the basis of the obtained chi square value of .113, vhich was not signi-

-'ficant at the .05 level, hypothesis four was accepted. 1;-f ,‘. '41

4 —

. Hypothesis 5

1?131’8 is no significant difference between / _

- treatment groups as indicated by the responses ‘on the attitudes - posttest.

'Ihe obtained chi square value of 10 467 vas found to be significant with _:‘

p( 0l;: thus hypothesis five was rejected in favour of the activity-

°

oriented treatnent.grOup.

.. . s . °

i

Hypothesis 6. There is no; significant difference in attitude "

In comparing attitude chsnges from pretest to posttest. a-;-f~

change fo; the,traditional textbook treatmcnt(group,' : f} - ) fif.:

treatment groups as indicated by responses on the at itudes pretest._ On"

RS R
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changes from pretest to poatteat. AA‘hi aﬁuai/’value of kls 563 Gignifi- ".\ .

o car)a.y\at the .001 alphe level, was indicative oE a aigni i\cant change in

‘ attitudea, from pretest to poattest for the experiment 1 group. Howeverv,'
. / N\
b shoued there was

s

a chi square of .084. not aignificant at the .05 1eve1

no significant change in attitttdea—for the control gr up. \\Thus, hypo-.

v s

thesis six was rejected in favor of the activity-orien

‘0’

accepted for the traditional textboolc treat

)

\‘ B & o .
T Ated tudes-Achievement ﬁelationshié

-

W - ' Pretest -
B . "y : ‘. ’ : . R . . . S . ' * B :
R -To determine any linear- relationahip‘ bet&een students' attitudes

and mathemeticel achievement, the point: biserial corre ation formule was

: ‘ e o .
v, . Lo ‘used, If‘a student scored less thaﬁ 8 on the attitude test, \1e was. ) '
. / '.' , . K . . ,‘p

L -,"‘ considered to possese low attitudea and he was then giv na dichotomoue S L

. grade of 0. 1f he obtained 8 or more, he ﬁaa given a g ade of 1.,

.
RS SR N,
Rl

’ ” The pretest achievement meana of the group scorin o and -the % -
‘ - group ecoring 1 on the attitudea pretest ,were calculated or each trzat- ) .‘,’ ’
v ment - group. Table 16 conta ns the nhmber af studepz\:ts with low and,high

: ) A point biserial correiation coefficieut was calcu ated for each . ';

, .", tﬁatment, and the combined group. A11 calculated coeffic ents oﬁ T - g
rpb ‘07 for the experimental group, rph - .l;l for thf co trol g‘roup’ E -“ , |
" and. tpb ’ .12 for the combined group shoued no aignificant linear rela- ' e

tionship between attitudes and mathematical achievement. . 'e' d,eri’ve.d» e

- - Lo
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. o ' . . - o ’, s . . PR STy Tt : .4 N ‘ ) . ’j’ ) “"‘ . )
oo Do SRR Student:s v:l.th Bish and Lou Atti.t:ud.ea. and o Sy _
T o REEEREEE . - R.espect:{ve Pret:eat Achievement Heana/ T - ' T - -
L - R " No. of Stﬁilenta - Aehievement Means - .
} - ~+ ,+ .. -.Treatment. - . B : o e T , e ]

“'.: . . = ! »', - o ‘: 'uv R crouP m AT oo 'l,ow. . msh = ) : ‘i‘w - High" . . '. . L. J“
S { Activity-oriented e 6 16230 17 W Sl
: ‘;\ ‘.. | . ‘A_. r.‘ L . ° . . o 'j_ ] « ) . -' B .',Z .

: P Traditional 'l'ext:book 7.- 5 - 14 07 /9 60 P,
. .00 % Combined Growp 130 1__','15{08 TR A A
el L o T D : ’ :
St ’ o - . '_' ' . > ;‘ K o h_ - g ,\’ K . ) N &E C : ) . ':‘ . [ R
. ; N ) .". N .".: ., . ,‘-, . ’ ‘| ,." f A':j . 'l . ':L/ - ‘ P -
o Do A o Table e ) el
R o T Point: Biserial Correlation Coefficients o S T
2L s et o : for Pretest Data AT e T I
4 ST = S | Trgatment sl e . Cal;::;fla_t'eé .+ Significance. - 3 O
;4 o . AR roup e D - T LT ’
E ' 3 v , . > ¥ .. -t
o '-" I i - . . L. ”:"’.“ ‘\',' . s :‘A 't,'-

T T Ccmbined Group ST .iz e : ;. NS - -:; '. ;




\ N oo T I . L 46
N - - Table. 18 coutains :he,hmber of students uith low and high atti-
‘ SR ) tudes oﬁ the posttest, and the posttest achievemen: means of the group
o . scoring 0 and the group’sco;:ing 1 on the attitudes posttest. In deter-
' ‘mining any reiationship bétvgén attitt'xde;‘ and achleve'(:i’:etot,-- the point
. .biserial cofrelatibﬁ’ coeffidenéé were calcula:e.d for each bt atment
: - o group , and the combined group, “and the caiculatad\ coefficient:s are -
S written in Tab].e 19. LT - o
I ‘ R Table 18 ' S - L . .
LT - x ' Studenl:s with lligh and- Low Attir.udes, and Reapective
- I Posttt_st Achievement ‘Means R
: . R Tréataest : | : No..: of IS‘tudeotp | ‘—A:‘chic;.‘vex;:en‘t‘- ?Eeons
oo T JGredRe  owl Migh | Low . High
: _ Activity-oriented ' 2 E ;1(')..' . '31.00- 5’9.'2,0
' . Traditicnal Textbook = 6 6 39.30 - 55.70°
. " Combiied Group 8 16 . 37.25 ° 57.88° - °
‘e : e T . ’
,} ‘,...‘.v . .o . . ‘ . . . X C + \ \ e o l . \’ ) X
) . 'k A -.: . .. ‘.“' [ L N ’ ‘ . Table 19 .. -.,...; | . N .‘ : r'\
H " : ;, . R ' o Po,int B:Lser:l.al Correlation Coeffici.enCs N ) -
T T R " o forPostteatnata o '
£ " o

e - Treatment— 'i: N
Grqup

0 SO

v

= Activity—orlent:eil ‘ : 3
' Traditional "rextbm




andachievement. o ' T Lo, .

L L, Ty .’;:.~ . ' K ' .:. i - L . " , . .
oo . RS .,. ST A . . ) - -‘!_‘ . e w i - o 67

g .."_‘\.\ " The' der'ived rpt of’ .45, not significah't at tf;e“.OS .elphe .levei,v '

\was evidence of. no linear relationship betueen attitudea and achievement

[

\
for the traditional textbook treatment group. However, the calculated

e .

- rpb = .60 (p ('-05). for the activity—oriented‘ treatment group a/nd ‘

r = .54 (p<.01) for the combined group indicated that there vas a

pb
: Bigniticant posié}ve relationship between attitudes and‘ achievement:. :

]

 ‘Submary of Relationshig Betveen Attitudes - _ - AN
. and Ad\ievement .

¢

On the basis of the three correlation coefficients calcula.ted on .

'.the pretest date, namely. rﬂ{, - 07 r = .!ol and tp - .12 no signi-

pb
‘ficant relationship between attitudes and achievement was foun.l to exist,

= -

'-,for eithe: the experimental group, cont:ol group or combined 3roup. . 'I.'he

two correlatign coefficienta of +60. for the experimental group and .54

.for the combined group calculated on the posttest data showed a eignifi-—

L0

cant positive linear relationship between attitudes and mathematica].

achieevement.- A ‘coefficient of .45 derived from the control group s

\

' v..postteet data did not shov any siguificant relationship betveen attitudes '

o

P . ! ' ’ -’... .
/ . ',,

L Conclueions . _
. ? o Using the results of the point: biserial correlation fomula,
YP

othesie sevén wae te.sted fot sig-‘ificance. - L \

H othesis seven. Thete :I.a no significant relationship between '

Lo

) ;‘attitudea and achievement for experimental group y control group or com-

-

- bined group. On the baaie of the results. hypothesis seVen w‘



‘seven \me rejected- for the attitudes and. achievanmt posttest scores ‘of

, the_-activi ty-oriented-group and o the combined group. Froh the anhlys:Ls

of the data for these gi0ups a significant Ji,near telationship vas found

to: ‘exiat between ma thematics attitudes and achieﬁaﬁeut.f In an 'analysis'
X of the concrol group's posttest scores no significnnt relationship was_
B _ o . P

’ : .. found to exist between" attitudes and achievemen t; thus hypothesis aeven

R S wae accepted for the control group. oL A o ) R

: o S  An. analyeis of the results oE testing the. seven hypotheaes asso-—l N

ciated with the major pufposes of the study are conta:lned in this

G : . . .chapter.u L o : ‘\.-“'. oo Co \‘_\‘ ‘

o

As outlined in Chdpet I* the purpose ‘of - the atudy vas to examine'
. the effecta on mathematical achievenent, ‘attitudes and attitude-achieve- . o
. ©, ment relationsltips of. activity-oriented instruction as“;ompared vith the

effects of traditional textbook instruc tion on the same variablea. .

.

i L : From the analysis of variance and analysis of covariance using o .

R . the pretest acores as the covariate, no significant difference wag found

- ‘-

between the effects of the treatments on achievement in mathematii:s. b

. N v T
o However, an analysis of covariance‘, using the CTBS scores as the covariate, -

-

ahowed a ,signif_icant di_fference betveen .tr‘eatment in fa\ypur_ qf the_actiyity—

oriented treatment. | .- . . . L

I " Prom a chi squ‘a’te analysie;'th'e traditional‘te‘xtboo‘k treatment
produced no significant change in. attitudes. but a significant change in

e at.titudes resulted from the activity-oriented treatme:r{ The analys:la

. also showed a sig‘nificant difference in attitudes between treatment ,'." S
'/lu. ‘_' ‘”. o ' o ; 3. . : . .I-' . . .

g o LT groups on". the posttest._‘ S . L ‘_7; oo “
7 . ' o " o o No significant telationship betveen mathematica achievemenc and ' .";'_.--, '
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Chapter V e e

T T summn! nlscussm!/ DIPLICATIO‘NST e \ SRR
T muccmzunu‘mus . : N
o o i . R B s \ . - B T .
S SulnnatLof the l’.xgetiment e . .
. } N 'rhis study was desigted to investigate the effe!cts of tvo nethods ‘ '
; ! of inatruct:lon, namely activity-a’riented and traditional tex:book on i .,

mathematics attitudes and achievement. The experiment was, carried out ST L
' 4 L . T St
us:l.ng both diacovery and expoeitoty learning situationa. I.n _order to

‘ [_:J’? LT S gather the required data, an intact low achieving grade ten class vas .

B ' aelected and ‘the treatments were employed. . " ‘ . "i - ;
\ / o 'rhe sample of 24 grade ten atudenta from Buchans Iutergrated High .

T school vas- used for the experiment end the analyses putposes. ‘l'he 24 LTy

Btudents were randomly assigned to either the activity-oriented treatment e .

\ot the Fraditionallte‘xtbook treatment.’ It was assumed "that t‘his clase - Lo |

, | n\was typical of grade ten lov achievere *m m;themgus. 'the ‘mean grade - ‘ j?“a.';

;’j ] 1eve1 detemined by the Canadian Test of Basic Skius administered during o .’ '. ' \

' L_  the ninth month of the stwcadeﬂie year was - seven. years and '.-. . » L
- j..'_:_four months._ " - T T '," R ‘ L T o \ -

K -
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Conclus ions

,:I.n achievement over the traditional textbook treatmeut.

-the behavioral objectiVea.'vhieh are listed at the beginnins of eaeh

lesson in’ the student manual (Appendix D). The prekégst was adniaistered

B )

to the whdle class prior to being assigned to treatments and &t the !

' -termination of the treatments the posttest ‘'was administered.

L An attitudes pretest and posttest (Appendix B) vas also con-

'~atructed for the study. This instrument, whieh consisted of 15 :l.tens, '_ ‘

towarde geometry and mathematics in 3enera1. The questione covered the

In the analysis of mathematieal. achievements the pretest was

: _A used as the covariate. The chi’ square \'#as used to enalyze the attitudes

data and the point biser:lal correlat‘ion fonmla vas used to analyze. the .

' relationship betveen mathematics attitudes and echievement.

. . - - . -~
Y . v

'rhe sumary of the findings presented are based on the results

A

of testing the seven hypotheses. R

.

. In matl'ie'matiés achievenient. a0 sign.ificant 'difference wes 'fburi’d 5

I ’ \

: ,'to exist betveen the activity-oriented treatment group and the traditional

“

. textbook treatment group prior to tteatnente. An analysis of covaria.nce »
 with preteet as the covariate, showed no eiguificant difference :l.n

: achievement bettaeen treatment groups after the treatments were employed. _

./’ '

Houever. an analysio of covariance using c‘rns "eTtTle ch—tiate found

*that the activity-oriented treament produced a eignificant difference

-
S,

A chi square analyéie of mathenatics attitudes of students in

the activity-oriented treatment and the traditionel textbook treatment

' -was administered as a preteet and posttest to evaluate general attitudes -
4

‘ .four taxononic leve].s of receiving. respouding, organizing and valuing., - a
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nhoued no significnnt difference be\"ueen treatmeot groups prior to treat—
‘ mento, but after treatment a significant diffet‘ence betueen groups vas _ | f':/'* -
found to exist in favor of the activity-oriented 3roup. A' chi square
analysio of changes in attitudee for each group found no significant L
' change for the traditionel textbook group. but a signiffcant change in
attitude\vae found for the activity-oriented treatment group.
| No significant relationship between attitudes and achievetnent in /
. mathematica vas found to. exist on the ‘pretest scores for the nctivity- ' / e
oriented group, the traditional textbook group and the combined group. /‘
Using the posttest scores, a significant relationahip between mathemtics
. ettitudee and achievement was found for the activity-oriented group and

r

the comb:l.ned group, but the traditional textbook stratesy produced no

significant relationship. '

s Implicetione Resulting fron the Findings

¢

'l'he findings of the achievement analysis indicated th'at the o

activity-oriented method of instruction produced a significant difference -~
Tdn’ achievement uhen the effects of mathenatical akills vere cancelled
out. Wi.thout using the CTBS ‘as the’ covariate neither st;ategy of

l inatruction was more succeasful than the other. '

It ia evident from the findingo that activity-oriented instruc- o

t;l.on is just ‘as- effective as, if not nore effective.‘ than the tradit‘lonal

.

e

textbook method of instruction. 'Ihis result must be interpreted :ln light

of the linitation of the ohort tine duration of the study.‘ and the fact

M" t\'- -~

that: the content doea lend itse,lf to diecovery learning. A Other a'i'eaa of

L V\. - Re

—the disci‘pline, or other diociplines may not be es susceptible to acti’vity-— .

oriented or discovery techniques of instruction. IR




A AT B A LR N e

Pt o

EA%S

':causes favourahle attitudes. N \ , ‘ : .
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’ =findings of the investigation. -

53

The findings for the attitude dsta did shou a significant differ—

ence in mathematics attitudes in favor of the activity-oriented treatment o

group. 'l‘he chi square analyses indicated a significant difference in _

' 'at-tit‘ﬁaes betueen treatment groups on the posttest and a significant

change in actitudes for the activity-oriented group, buet no significant

change dn mathematics attitudea for the traditional textbook group. This

result must' be interpreted in light of the limitationthat the manipu-’

‘ ) lation of solid objects and geoboards could, have been a novelty, hence

could produce a sign:lficant attitude change over a shott period of time.
However, much of the literature shows that- aignificant attitude changes
do result from activity-oriented instructional strategies.

Although a significant relationship betHeen mathematics atti\td\s

' 9
and achievement scores was found for the activity-oriented group and the

combined group, it was difficult to say whether the attitude changes N

- ‘_caused the studénts to achieve more or the increaaed achievement caused
: aignificant attitude changes. Neale (1969) hypotheaized that rather '

than good attitudes cauaing studenta to leam, it might be that leaming

-

N -

= ’ LN

The generalizability of this study is limited in that the sampling

:populat\lon was an intact class and was not a random representation of

. the larger population of grade ten general mathematica students. 'rhe ‘

-“_limitations of the study must be, considered in any interpretation of the '

— o, L.

- 'lie’conunendation‘s fot Fur'ther Iiesearch~:'
This study analyzed mathematics and achievement scores of an.

BN to

L iﬁtact class ‘of grade ten students diagnosed ‘a8 low achievera in mathe- :

-

s
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matics.‘ Each member of the clasiwas raaddmly &ssié’ned.td- one'.‘of‘ two

treatment groups. 'l'hus a gtudy with a more randomized selection of

subjects would provide more detai].ed information for determining effects
Ll o of the instructional strategies on the mathematic.s achievement and atti—i'

: tudes of high, medium“and low achievets. L

. o Since this study compared only Wd\methods of instruction, a.

second recommendation is that the effects of other instructional strate— .
. i * \\ N ..-
/ - \ gies on mathematics achievement ‘and attitudes be- studied. Using other '

: iustructicnal methods ‘and material, one could probably control the
»fmu\;elty' effectslof. the' geoboard. - Ancth_eg aspect of such s‘stu‘dy; vould.;“i
‘ be’) to detemine any existing relations'hip betueeu attitudes 'and dc}i:l\.eve-'
S o m‘t.ht in ma‘thematics. usimg uaried ‘insttuctional‘proceduress Marsh (1976) ;
i - ‘. , \ .. found a/significant relationship. between attitude and echievement scotes
for the l;.eau:lrner--di':ec!'.e;:la group,. ovetall teacher—directed st‘rategy, and u
. 4 : . overall mediated and uon—mediated atrategies on the pretest S cores ;. and)
for these’same groups plus student-dire\cted mediated and student—direcéid

),
f

groups, and overall student—directed strategy on the posttest.

£

Hhen determining the effects of insttuction on. mathematics . -

attitudes angd achievement, the time period of this study is a.nother

'

umitaticn that shuuld be conaidered. A fourth recomendation is that a - B ’l’I\”
- N ) L e \

N
. . more extensive study on a larger seale be conducted to assess long-tem

B effects of varied instructional techniques on mathematics achievement

and. attitudes.- ) S r:}”
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E . s . ‘Criteridn Referenced Test = T oo
b . . - | . ‘ \ M T P . o "(;
. ’ d‘ a . L R . o . N Lo

. : . Instructions. In each o}\ the following check the correct

answer or fil‘l } .

Lt . F “in the blariks where.necessary. i , : - T |
: 8 ) ' | 1. 'rhe accept:ed £ractional. and dgciml a\pproximat:lzons for Pi ares . .
U _“ L (a) 22/7 and .3.41. © 22/7 and a4 o
: Ny o D‘ ' ..(b).J 1/3 and 4. 13'~‘ (d) 3 1/7 ana 413" - R '
- Q~; - kz If the radips of & circle s 14 c{n, then the\%rcmggrence 1s> approx-c ' |
. B - Amately: ’ . o n ~1|"~ - BT L » “ ) FONERAN .
T T @) e () W L e
A C :.. , D'(S) "2‘8\cnl RON 7cn.- T - e
P ' Coe e l“3’.‘ If the diameter of a cf.rcle is 2 .cm, thgn t:he circumfe}ence is, _ ', j‘! " ’i :"
; o - - approximacely. ' b . AR . I .
& RORY cm (c) a‘é‘@ T R
R e (b) 56 cm, - - (d) eem . oy L'-_ .
; : b 'l'he‘ farmula for findiné. tl;e area df a c:lrcle is.;_ - \r‘\‘\"_ S ; .
B L @y A = lsbh (e A = 29re - e S
L e -:'j w>A~ww e MJA-Wdf lf?:”,.3”fi*,i- ;
: : : 5. Tﬁel formulac for f:lnding the'circumference of a circle 15;' o : A
oo T . oW “a L@ c -7rx d SR T :
C o T SON Y 23 2; .' l D c - z1rr o SRR
' T : (e) "A11 o£ t:he tabove’ ’?""" 3 .::" i . _ |
6. If t:he radlus of circle B ‘s .greatar, than the t;dilm of\c:l.rcl.e A...i | ; i
. u-.;'- - ‘and the. ;ad:lus of circle C is\greater thau thj' ra.dius of circle B, el
Lo wh‘ich oﬁe‘ of - tl;g foiloving statemen:s is true?
.(c)‘,r.c:!.rc\mféren ; of, p_;,s g;ent,err.tfhan .ei.ther‘

RPN




e 75 SR (d) 1875°-’
10, If the mLAOB = 152 , r_hen the mAB is. -
L (a)l?ﬁ @ e
ER ®)- S @, 9%,

. 1. If the. mLAOC - 68 » then thc naé.ABC 18' SR f'i?- ) .

7. Which of t.he follovingvbest describes the: characcer:l.st:ics of a circ{a n

that distingu.ishes it from ot.het pl.ane geomet:tic ahapes?
LN . N e

Lo

o A ' {a). A circle is a round figure. R T e .
Lo (b) A circle is a closad figure wich Do cornei’s. | ¥ _
- (c) A circle. is a clqsed curve uith all points on the v " ’
: circumferenca the sm distance from its centre.\ .
(d) A circle is a closed figure vith a cen\:e. ’
8. If t:he diameter of a circle is lf cn, ita area is. ‘ v .
SR (‘a), 226.87,4:1::2,: T () s3.3Bem?.
() d07. 46 .:mz . @: \"ios,w cm? )

‘For questions 9-16 use Figure 1.

) vy

’ 9. IE the mﬁa = 3715 ,.what is mLAOC"
@ 74 , '-,, Y

‘n

(e 68 (cs 112 \ o
: :‘- ‘ (b) \\36 . .~" 'a'\<d)— 3[. S ‘, » -

i
v

- 12, If in Figute !., D - 31 ) clasa:l.fy eac‘h of tl:e Eollowing‘ns eir.har

- acute. obtuse. or right anglea.

S /_.Anc Syt R

«

A

.







R - a e

- \\ ’ . - - - H : . N
T (a) PR SR (d) 1 ad v
S T ey it ana (e) it amd 1.
’ N O 141 and v S (g dfandv - T
‘x\ ﬁ 0 ..“ :» - .‘4' ° . . ’ . v
' For questions 18-20 use I-‘:lgute 2. N T

S 18. &Figu:e 2, the chords SI and PQ :l.nl:ersect at po:l.nc x. AIf‘
- 89° and mﬁ- 103 » then the mlPXT is: o

R o -\' @ 103° @ 8° .
AN B ) 96° R @ 192°

: P T T 7 chems"#-m andmsq-aa,:hen:
T thenLSXQis. - . S

P UEII £ I 96 et 88 '
T A C I O C IR R “/F”‘?‘
Co T If ‘the mLPXT = 105°" and nﬁ = 100°, ‘theri ‘the m§3‘ fa:.

- . L A P \

S SR Q (&) 205°; (c) 210

: ) . ‘\ ‘0 . . ) L . . L0 AN

S () 50 () 10° L L

T a1, tnigure 3, the uf = 72% ul - 98%, and mac = TR Find esch |
: " .., . of the following: B T - \ A ‘ . o
\ ::;z;ﬁcn W ':' , - , L e
/ : - ) "'m'ZLABc-%'A' " AR ,’

C 22,7 In the diagram, 0 ia the,centre of each circle aud mﬁ 18 45 R R C
N e P:lnd each of the follawing. ORI S '

Wy

IV
s g
R

R R
-
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'didgonals AC and BD of an fnscribed quad--
‘rilateral ABCD are diamaters of the circle.f)
Is.the following statement true or false?

- "VWhenever the diagonals are diameters of
the circle, the inscribed quadrilate’ral\
will always be either a square or a rec-

~.tangle. (True / I-‘al..sesvv I :

" The fqliauins ié‘a proof of'”the qtatemght:‘ I -
"The measure of an inscribed angle is one-
half the measure of its intercepted arc."

. Which step or steps are incorrect? Make:
‘the necessary corrections. . .
G:,lve'n:" A circle with centre 0. - '
ZRST is an inscribed amgle. - -l
To prove: mZRST =X wh? . S
Drav aixillary lines OR-gpd OT. . |
Let‘.t.lnLDSR =%, én'd:ﬁLOS‘l' -y,

“ C e A ~-', P ‘ .o b ,'.' - ) \: ‘ i
Statements .. - .7y . Reasons .~

1. OR¥ 08 7071 equal radii

| . 2." £ ORS -LOSR » ' 2. £ 8 opp. ¥ sides ate-:j- ‘
‘ 3. wLORS = x . l/ 7 3. sibstifution - |
: S S R A st S
5. £OTS &L 0ST , 5. csume as 2 . .
R m.c.o'rs sy [ 'Gf'"\'subsgicdq:;én'j;"
;'- : ’ 7.~m£.1 -x -_l-::;: .-;.‘Zx_ -_'." _. ; - 7. 'Dgsfn:.‘ of; exterr:l‘.or L 4
- o - R o and add‘i;}‘dni'ﬁ';qpérty L
; ' \ : :8.'.Ll‘m£‘_2_ -y ¥ ly- 2y L A. . 8'." angles of ‘a ‘t.:tiﬁng'le'_:;; 180°
: L meYtuwss w o ¥aff 7 90 befn: of dnsciibed L 's.

., divigion prop, .0

enténcs your. understanding of “PL*

S

as e Are’léi‘éé's .

/10, subst. & addition prop: .

v
-
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o . . e e .
. N h T Lo

,_{i\‘;\ The subject I enjoy least 1n aeomel:ry. S . . a-b ¢

cwoxk. L L . -, & b e d

 Geometry: 1s 30 difficulc. 1t takes the fun et
. ,dut Of ic. . N

e 'J.'hera are no: enough prac:ical problems in

o Feel T am cﬁable of leam:lna the basic T
,principlea of geometry._ Lo el e gl :

12.,,'

Attitude gues'i:ionnaire_
: For each question, cirele the letter uh:lch best’. corres=
' 'ponds’ to your response to the qtlestion. All sr.udenta are’ requested
to express their true. and honest feelings; no one but -the person

admjnis:ering che teat will see your: answers. .

Sora = -g,t_rongly-‘a:ggec . ‘ d - disagree

'bkﬂ- agree e = stronsly disagrea

L\

e dot.ik know :

Geometry is’ boring E ‘ S0 . a b
'Geonetry 13 fun. 5 S o ' o e a. b ¢
Geometry is a usefu.‘l aubject. ,' . 3 S a b

Ceometry ‘J.s more of a.game than It :ls hard s e

. 3 A. s

R o ) i . ’ - g o
..Geomel:ry is edsier for me than any othet L " o .
subject. e e S e b e d

»

.my geonetry course. . P o \ e b c;v.',d k

s

I would like to pursue a: caree: in nar.he-
mtics- . ' e W Lt . . A .o

f

v - A' ‘l . . L~

I am proud oﬂmy mathema::lcs school work.

I am discouraged w:l.tb my mathemat:lcs school
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£3 circlg.k
ahould be -able to coqiute bhe circmference-'ﬁy’aﬁirﬂi‘g“th

4 adii, dimters. or any conbingt:lon of the tvo for two or
o "1 more diffe ent - circles ;. ‘the.. s!:udent should: be abIe to. nanie, vitt\ou: ;
' sing-. thie” formulg: Cm Wd"which, _c:lrcleohas ‘the greatest: c:lrcun;fer—-,
' 'I'he scudenr. should‘%e ab],e to la:l.n :ln one or two m:ittin

ey
wx By,

45
i

r‘;:g,?ﬁ'
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}““ ! S ) Lesson 02- Dafiningac:lrcl ' Co T ;
: Student Objectives - '_ S : L

. R Upon completion of this lessod, the student should be ahle to o SN
- o perfom the fouowing correctly, 902 of the t:ime. o Lo S

o ' R

1. Given a circle, the student ahould be able to 1dent:l£y its'\/nﬁ.qua S g

” 4 = ‘characteristics that distinguiah :lt from ol:he\t geometric closed .
- e figures.' L e T SR .
ST 2. ’Given the fornula for. the area of. al c:lrcle and tha measare of the A i
- . ' ' dameter or. radiu.s of a circle, the . at:udent: ahould be able to calcu- L

T .-late the area. Dol S : S

3_.' By applyins the formulu for area and circtmfetenca. the atudent )
.. +ghould be able to. aolvn examplu of real l:l.fe pto‘blen.s s:lnuar to

o e ~the £ollawing.~ S G , TN S L
A real est:ate agent has ‘the, or tion of" ‘buyins a tectangular TR
L . " building lot - 1,000 feét wide and - 1,500 feet long at 16¢ per: square, .. .
o . ‘foot, or a circular lot. 1,500 eet in diameter-at a rate of 15¢ per T
Tl e [ 8quare. £oot." Which choice' do you consider to be  the- better buy? .

S R (s:udem:s may use ‘a calculator to. perfom the con:putational nlgor- Cee 5
e 1thm-) . . L S . . . . A ' .‘
5 L ™ L ' T
? . TN ‘44., . Studentk should be able ta wt:l.te a fomal defin:t.tion pE a c:lrcle. : A
.G.l.aﬁ._lzm___;ei_o_& (Use overheadﬂ '3~6) e e .
&
et R
%
i}
29 . & ],ose.d t;urve_ vi;h,_no e
“kinks, but would ‘ou ‘call. ir.

l‘{gh .ﬂ»,uﬁw ok
PUELE, 5k




o R . .. -‘ X
- ) ‘, .. .-

. Q Using' the infomtion gathered in the discussion, wr:l.te anoth'at
def:l.nition of a,circle. Is it different fron the first defin;l.tion?

LI o —

-~ A v . o . . . . \ B

-: o - Cmnpare the defini.tlon you have just. urltten uith this one

WL Definit:ion._ A CIRCLE 15 | a planc ﬁ.gute bounded by a closed curve and
“ all'points on the.curve are t.he same distance from a fi::ed poin: called
the centre. P . S

N .o . . .
v “ R . Lo . ol - L

Exl:ra. for experts.‘ . o . ‘ ‘

oo . The' fomula for £1ndins the area, of \a circle is. A -1r 2 'ro o
. 7 77 -derive ‘this formula, seei Mathematics in the Secondary School Classrooins "
o . .; " Selected: Reading by cerald R. Iusing and ‘Richard A. Hilson, 1972, pages '
‘ 80-81- L e o ' },"" : S e '-'-;'
3

Practice Exercises

1. G:I.vqu - 1rr . find the area of a circle :lf

[l teilcm (b) r-3.2a6~-_.".-0\

‘

R © a-mmf,,-ii:a @ r=nsem f/ S

.

R ; S o DA (Use the a'ppropriate value for7r)
L2, If the diameter ofa circular' flower garden s’ 14 mettes ancrs :uups
. . . axe planted in every square metre of the garden, hbw many t:uliys can
D be planted in the garden? : R . ,

RE S, :Draw a ch:clc including each of the follow:lng combonents, and label
SIS -‘V‘_eﬁch conponent. ' ’ S D

": .‘::‘ ' (b) Diameter AB ..' ' ,

(a) Radius or
T ' g (d)‘= ngentﬁ?

(c) Arc Q







30~cn aq ,\4e piece of 15 1nch plywood

. 15 - 3/4 inch acrews or brass nails ,‘ A

:se: oE conpasaes of at lenst Sem radium

N .A » L . . .'D. L N -' "lv )
R o protractor ‘ .-'7,4 ' ) ‘ "
‘ ' felt marking pen and an \rdinary lead pencili
o one métre stick ";'.' cav e D B
- o . ’ . \'_,.‘:;-' \'x . '( E Lo
_ . elgs:iq b‘a,nds .(at least’ ‘m ‘dozen per student) -
. Px:ocedure. ," ‘3;, : . Do .
n To find t:he cent:re of t:he board draw in 9enc11
: l:he diagonhlg KC' and ? to 1nteraec’t at 0.
[ g Ty e ';

. ‘ Wit.h compaga t::lp at: O and radius equal b?' dtau
SN "-ﬂ -8 ci;cle andferase liues G pnd BU.

- . . £

3.,

I3

41 Erase unes UR' and U’P’. compaaa tip at R
Y- radius equal RP, draw p ints on the. circle

. Pl to fom &nsacut:l.ve arcs ;:ach equal to RP. %
Py - . KR ':‘" . - e a

R , R .
&, : o ‘5. At. each point. placa a’ 3/4 inch sctew about ,

;’g‘-', , R k 1nch :I.nto the wood.-- hlso placa 3, screw at: the 4

centré- L. o "“ :' I

Y ‘ B

, fom di

agyams ‘and, patterﬁn

and with

e

Lc,(.

-

Ypur circular geoboard :ls. How’ complete. U;s.:e":ela’s'ti‘;:'ljaéquf't':q':"_,-,.f'

.
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’

2. When given the measure of an arc intercepted by a central ansle the
. atudent should be able to vri!:e the ueasure in degtees of the central

sy

4.

'l

Clasa Activig

1.

angle. and vice versa.

.

.

[

N

3. The atudent ahould be sble to coﬁpute ‘the wasire-in degrees af

. various. anglea and -arcs in-a given diagram when specific’ information

is given about a designated angle(s) and/or arc(s).

The student

will do so by using his knowledge of: anglea in a tti.a.ngle and’ central

Gi\ren that’ angle A is. a central angle of one ‘of taree. concencric

' g‘- - ', angles as related tq arce of a circle.;

T

circles and the measure of angle A= 72° » .the student should be able

to determine ‘the measure - -of . each arc of each citcle 1ntetcep!:ed\by
angla A. : R

N

Set up your geoboard as’ ahmm in the diagtm.
each. of tha following.

'Jse your geoboard to ner. up tha central angles as shmm :ln the
Discuss the measure of each angle vith ‘your pattuer.

dia,gram.

,.

1,

‘ Fiud the pessure of,

~



In Pigute 2 K'B‘ ia -a diameter. i

ifmAC -so » mLAcn-'-"

(Hint' Draw D'C.- Find mLACO

o
S

i ':','.( s = e R , ; [

N . ! , , * -

5. Set up the following a_néles on your geoboard. .

- : * )
o . i ’ v
Q. What can be said about the neasure of: - _
S | (a) angle 1 and angle 27, - ‘ y ) o
. - (b) ansla 3 and angl.e &’? § ' - ';- S Ve
60 ’Use'yom: geoboard to cmtmct a triangle t.hat Ahas -one ver:ex at: the " ,",
'~ ceatre 'of the circle .and its other two verticea on the. boundary of . -

: ‘the circle. Exchange geoboardu vith someone near you and find the. E
degree Tsasure of each angle of h:l.s/her triangle w‘h:lle helahe does o
tha pEme with youra. o T | '

. * . . . . ’*" 'u‘.‘l . . v~”‘ ‘ "I to
_Practice Ex’ercises - S , A . i '
. In Figure 1 Bc 19 a d%tameter. Find the'fdlio\fiinp'g': ) oy
L m/.l = 40 mxa U RTRTA

2 m:.2 = 28 m4.3 - :

3 - ua-zs,m41-~ SHPTE |

4._ me'.-, 36.,'m41'-“* . .

,-'“\ le- 42 .mL2';;;;;;;-' ' - o

T

e
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Lesson ffa — Inscribedi Angles

-

pon completion )f thia leason. the students should be ab:l.e to
the fallowing correctly, 90! ,of the time.

. The. student should be able to recognizrnn—inscribed angle constructed
-in a circle by writiog the three letters vhich i.dentify the angle.
\

\

2 \When given the meaiﬂre of an arc intercepted by an imcribed angle.
the -student: should be’ able to write the measure:of the inscri.bed

J 33‘."
. writa the maaure of -dn.inscribed angle. in degreea, if.
ansla intercepta the am arc ‘as the central angle. L

&,
s,

6.

:

angle in degreea, and vice versa.

—

Cd

G:Lven the maasure of a central anzle. the student, shouid be . able to

the in.s cribed

.'Given an ansle iuncribed in a semicircle, the student shoul.d be able
. to write a 3eneralization about the measure ot’ a11 angles iuseribed
in a’ aemi.circle. : . .

.Given the measure of a number of labelled arecs, the/ student should
be able to decide whether the corresponding inscribed ansleu ara

)

}/

H

_/ N

' )

“acute, obtuse or right angles by writins the appropriate nahe for
each given arc. '

A

Given the. measure of” &labelled angles /andlor arcs in a diagram, the
. student will have to use his knowledge of arcs, central angles,

.. inscribed angles and angles in.a senicircle to calculnte the measures
of various unknmm angles and arca in the diagrau-. ‘

<The student should be able to vri
' ‘given proof. of thé statement: "
equal to, one-half the measut 'of :lts in,tercepted arc.’

lass Activig:_x

1’ 2’ and 3"". ‘

. g _‘ N R
Ua:l.ng your geoboard, set up Ehe ansles as shovn below. .
kncmledge ‘of the. anglea of a triansle, f.ind the measures of anglea »

2

e a formal proof or criticize a
e measuré of an i.nscribed angle/is- -

Using your

CL




A~

1 o =TT T T 85
. . . ¢ . / -l R
- T 1s there a relationship bet:ween r.he measurs of an 1nscr1bed angle
and the arc it .int:ercepts? Explain. T
L 2. Set: up these anglés on your geoboard. and using the conclusion you )
‘ P. . N
ey ’ i i ; - ) '.
t ' ‘ - P

L S e Hrite a senaral conclmian about. the relat:ionnhtpa bet‘reeu the. ) /— '
o/ N inac:ibed ang].e of a circle and the arc it mte:cepts. L

: A A
v o
;

- o g "‘ 3. D;lscu.ss the degree measure of anglea l 9:! 2 for each diasran below.
- " Record your" results on the chnrt

- R a | b’
) . . \ . v : ".A
T ay | i
o ‘ yi -~
Tl e e a)y~_ - .. Lb) .

» o ‘ , -What 18 the relationship begween the measure of an inscrlbed
Lo and a- central ansle which intqrcep:s the sane arc? .
/' o= T .. i Lééﬁén 'M;b-- A_n'iles“:tnda'.Sepit‘:;l.rcle. Lo E '. R :

- ,‘

S ‘1. . Set: up the following ansles on your geoboard and discuss with' your ,
. par;per ‘the degree measure of. angles 1, 2, and 3. . What: hap ened to P
R the measures of the angl.es fran diagrm (a) to (b)? . - S

Uae the £igure in numl:er 2(a) and mave. Q to point:s A, P, B, and C. P

s e Record “your” xneasufes of angles’ 1, 2 “and’ 3 i3 the chart: belaw._ Y

R

. [
o
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- S Wwﬂs -;-; Inscribed Quadrilaterels: - R

o ) L e - ~ ) . 0 -t R B/

) Student Objectives i -\' LS e T ?."“‘*’ o

~ - . e/r

b

Upon complet:lo thie lesaon, the atudencs should be able to /-,
perfom the followf,ng co ccly, 90% of the t:ime.. At o

¢«

EREEN Given an inscrfbed quadrilateral and sufficier.tt information about S/
. " - the measures_of intercepted arcs, the studenl:s should. be able to /. :
IR state the measure qj eac]\ of the inter:lor angles of the quadrilat./eral.
* . e /
2. The studenc should be able to shov by a Iogical step-by—step reasoning
why the”sum-of the measures of any palr of bpposu:e angles 1n an -
o . inscribed quadrilateral 13 always equal to 180° N / .

." 3. Gi‘Ven a number of diagrm containing 5 quaddlateral and a, é.i.rcle

i in each 1llustration, thé student should be able to select that )
: . diagram(e) vhich fit(a) the definition of an inscrfBed qnadrilateral.
U b GiVen that tvo of the d:lasonals of an 1nscribed quadrilateral are "\ - ‘,
actually diameters of the circle, the student should be able to C T
_ansver the- following question correctly. "The inscribed quadrilateral i ]
‘must be either a rectangle or a square," (True / False) th? .
Question ﬁor Thoughc. N ' . . - - ‘ N
“Why does 8 cat usually cur1 into a ball shape -when she :La :
'eleeping? . o . >
Class hetbviey ¢ Tl , *
1, Using your geoboard, set up a quadrilateral similar to the one shown - )
.below, Record the degree measure of each of the four :Lm:erior [
© . angless - . - : < ) A i
’ : : - ,Angle_ L— L L oo
Tos t I . r~ Ea . . <
N Aogle 2= . T
s, TN V-/-AAln‘glem:!‘- .- . ]
. A“;Angle 4=
o L ALY L3 S
e .- - ) L '.:\'.: . C t- L Zz.’&‘&-
\7\‘\‘.\ \\‘ " e T e R . T
o , = o ._.z_1+z.‘2-+c.3+£.6- N

S \ 2.- Repeat exe cise 1 several pes ‘and each time use a different ‘quad-

e,

-, rilateral which has its .

i dces on the. Eircumference 'of the circle. .
“Record your results and df : :

uss -them with your partner.

- - i3 P Py -
WonE ’;",;f el oyl
%‘-,. 5, p
'



i
i

b . e ~ ‘- - : " ’ N . .
Tat — - B ~ s T M -
o . ; I - e —— T .
.o , - . - . . A Y )
--.‘ . 1

~la L L2 L~ . . — . N ; -

IR 41+fa RS N = N SR A S )

42-!-44

T I 41+42+43+44 ffif'tf: | R

_____ ~ N

o N \3 ‘Write a general_conclusion of vhat you have diswvered about: the - k \\‘ , ®
\\ e . angles o.,f a quadrilateral inscribed :l.n a ci.icle. . , o \

. kh_ ' . v
4, Write a formal proof for the general cnse. i e. "If PQRS fs any - . .. . N

T . quadrilateral inscribed in a circle,, prove that mZP + nLR = 180° _ LA R
o - .and mZQ + nu:.S - 180° and ‘hence the ‘sum of 811 four: angles = 360° "\ 1

AT

I_;\ C~ .
2 . < - -2
- : - N :

' .'Pro‘of:'

Ehi’ic’hment ‘Exercise

- : .o . ! N P ‘ ) _' "_ . '1

o .~ Repeat. the procedure- in exercise 1 and 2 ﬁr\sfsided. 6-sided. ‘ 3
a 7-sided polygon and so om. . . o ~. . BT
. o '\\ - . .. s
. / \How many degrees would you expect: for the. total of the’ degree measures .
- of the interior anglea of a 20-sided polygon'! Explain.- o o Ce

Write a general formula for finding the sumkf the measures of. the AU -

- ‘ 1nterior angles of an: n-sided polygon. e st . . ‘\
. e |
. S ' t ' oS I ‘
. Co . . o
~ L. : — . . o 2o - s
. o . !l A
,"\\'\ . ) ~ i - P
L B R R v
; s . . . L. R
3 v . Ly . .
~ . * . : : : '
\ . o~ '
] R . - ).1 y T 2 . J: -

o
3
i

B
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: - I':es‘son 6 — Ang‘le's“'l’bfmé’d‘by Intsrsecting C.hordsv L \
"Student. Objecnives .o TR e T ) , L .

- Upon completion of t:hia lesson, the atudem:s should be~able to
. perform the\iollowing correctly, 90% of the titne. .

T~ .

- 1," Given two chords “of a citcle that intersect ind the measure of at
N least two intercepted arcs, the student should be able to calculate’
._-; | the measure of t:he angles fo'med by the :lntetsecting chords and vice
N T ‘ versa. ) SRR , S &, o
s s ) . L.'ﬁ - \\ . - ' ' . L o . ! . ’
S ; 327\Given the measure. qj an angle formed by two :l.nte:sect:ing chords, the
EoT Co- L ﬁ?asqge of one’ of the intercepted arcs ayd usipg the ralation.ship
A - nL x %(a +b) where x 1s the given angle, and a and b are the two = -
: ) e correspondina 1ntercepted arcs, the stiudent should be able I:o calcu—"
STy .. late the me&sure of the other 1nte:cepted are. o g L
‘;‘.’:‘ ‘. o . | . . .“ . ‘ . ’ ' L v ‘v'.../-\
o Cluss setviey | S TR
AN . 1. Using your geoboatd. set up a figure as. shown belm-v. Can you find a ,
c ‘ iR w . way to determine the degree measure of the .angles formed by .the !
E : " intersection of any two chords? . ,‘ ‘ ) K
S : - B .. “: 'x . : .
T T : A {
E Procedure"' ST '

P . o : . Tk ‘ . . ‘ ',‘; io
ST (a) \Find the measure of angle 1. (Hint:‘Dra_wKC' and find m£A and "
Lo mLC, then find mc.l) R ‘ S

‘ (b) Compare the measure o£ angle 1 with the mﬁ‘ + mBD.,

\ (c), ‘Find the measure of. ansle 2. : '
- (D) iCompare the measure - of angle 2 w:!.th the o + mﬁ
+ - (e Repeat the procedure to find the m.43 and mc.lo. P :
() Wri;e a gepergl,conclu_siog. L ST o PR
- ' '5':",’" i ) 4\I 4 o
g i A . L
haud ' ' " V‘ .". .: '; . '“‘v .
- ! s i s ' !
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AN

"™ . edich of the folloving: 7

Practice Exercises - . ° 7 ... 0

In the _di_agram,’ PQRS is an 1hé{:';:'ﬂigd""
_intersect at point.T. If'meP =789, mﬁ{-"89 s

o1

S - : ,.,» )
A T
Cé'mpl'e'te the follwwing udi}ig tﬁe’ above diagram.

and «£Q .

1.

i

2.

3,

“8. 'What is the sun of the four angles with vertices at T? .-

at"et.a].‘an.('f?g and 'Qg'
= 769, ‘£iud. .. U0

mESRQ e
mLPQR & _
mﬂsg -

S ——————

B - ..
g > .
»m - . .
-
a R
.

:.im‘ﬂq-l

'?ZQ’F,B -

—_—— e

' 9. There are four triangles that have T as ome of, its vertices. Hoyw
-many degrees of angle are in each triangle? ) L Co
10. _'Il‘i.he nubér of degrees in all four triangles = .~ "f;‘l‘j P '
11, Is the nZP +n<LQ +nlR + LS the same as the answer obtained tn
..+ number.l0? If nat explain. a S A e '
. 12, Therefore, mZP + mLQ+ mZR ¥ mgS = _ : .
) v{\ ) '.‘ P
~ ‘:‘ . \. . 3
.“ ’ . A~ g e
Ty, ‘
. , : Y
a o - " o ¢ f
‘ .. . : . ) -':“
” T e
‘. - .,\‘.‘ . o ’ - r‘ 2 }I.
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s’umma_r_z of Concl.usions and Generalizations S . D
o 5 _"f._';' 1. _;The measure of any central angle of a circle is equal to the measure
Co .. of its intercepted arc. .f AP LT
o L..20  The measire of ahy inscribedaangle of a circle is always one—‘half/
Lo © 7 the measure of its intercepted axc, or on%-half the n;:gure cf the '
S central ahgle intercepting the same arc. ) , ) .
X * i 0.7 3. The mbasure of any angle inscribed 1.2 semicircle fa always a right wnE
4.:,...: . : i "‘;' . '"- . - . ' angle. : . . < M ’ [ \ "," :

o ST A, The sum of \:he neasires of the angles of an mscfibed_q'ue'drilateral LT
o . "' is 360°, and the sum.of the measures of a palr of ofposite ansle's
- ~is 180° ' T L - o :

‘ . - ,:S;T The measure of an angle forxud by intersecting chords in a, ci-rcle is )
AT . L ne-half the sum- of:the measures of the intercepted arca. ‘
P
Review Exercises

-Flllin theblanks e T SRR

- L. when a quadrilateral is inséribed in a circle, the sum of the measures

@ ~of a pair of opposite angles =
: 2. -,'If a radius of a8 circle is 9 1/5 inches 1on3, a- dinmeter of the ‘same 3
. circle is - inchea long. : o
) ‘- 3. ‘If points"l.‘ and V' lieon a cirde,"Nmust be a L (radii;é-; S
; o T -dismeter or "chord) of the circle, - e
. . P 4. ~-EP' -and TH are chords of a circle. EF is futther_mm_the,oentrel_, i_,i’.'_-__*—. L
.. R ’ than TF.. Ca.n EF be. congruent to TR - . ~ R '

oo . e 'Qé shortest distance between‘ any tvo points on a plane surface is

<2 ' = - - ' T ’ T ' ) ' o -~

RERN
o]
»

. Use letters and symbols ‘to name exanples of the following C e T
. N e ' . e > ) : - o . .
= R o ‘ o (a) _Diameter '

= S S .- (b)), Two chor_ds R o
0 T (e). . Two secants & B
. . ot N ) ) ‘.,‘ . L T N . .
5 ey () Tangent o agv\ L
. = (e} Radlus _* . ' 2
v ."A'.‘!‘ - i .
..'1""- . .
[ ‘,' - ~ 3
. - - . PRI
L N 4 v Y s
- ' o - . [




A S ANt - ¥

In exercises 7 ‘and 8, AXB is a major arc ‘

' K PR -of ‘the circle, and mm = 2150,
.) " . - P / . L. T : e
) ‘8 mZ.AQB - _____ L : o ' {
' . . '. In exerciaes '9 and 10. RT and V§ are )
' diameters of the c:lrcle. oy *
,,".9_. Ifnzl = 138°, then mi%’-,
S " 10. If mﬁ - 141 s then m/_z -
PO S
' ] ,In‘ a
LR R O
: . 2

- L : Am_.o_',l-,-r . :1-.-;'4' pee n.c.l-. : B R VR R |
‘." T 1n the diagram, EF and HG are chor‘ds of the circl,e that incersect at: ’
_ . _’-point: B R PR o N e
\;‘: .. : h ; ' " ‘ ' N e - o :. : T v o ' ‘ ' | : B g
ST "._'16,. If mzc-lzo andm&?-w/. R TSR C I o o
S T then m41-,"-»-.. S ";z,~ e IR
NERCERSRI VIS s A 1t mEG = 66 andﬁ' - 105 : BN
o X s then m42 " - " e / N ( o .
= . - . Lo ‘ - - 2 o
e A S v .
.-: ‘ S “ B S - i ' - . /
: . ' S : CNy
' W :.-vl,.?“‘) i =, " s - °
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oo T e o e e Paxk Tt Teaching Tips: P 2 - -

i
»

‘"7 Introductory Remarks to Teachers: - N e

IR . The purpose and objective of this iustructiona{ package is to , .
S \ N A ‘motivat:e interest in and increase understanding of certain concepts of ..~ .
© .. " "the geometry of the circle for'the general mathematics. students.. ‘The .
o o .. Bucceps of the method of instruction proposed ip this package will be. '
L T Ylargély detexmined by the role the teacher plays in organizing, planning,
. Aimpl menting, and expanding the individual lessons. It is- suggested .
that the teacher allow all students to take the leading role.in discov-
AN T ‘ering varioue concepts. The duty of the teacher is to assist the A
' students ih following instructions, supply addi-tim‘ni.’[~ Taformation where - T
A . -needed, . provide eggr{ follow-up exercises, and use any totivational - . . .
ST Y ‘ techniqués“ e has available, such as class demonstra€ions and néwspaper . . °
Coo . clippingal \Every teacher should conduct the lessons auch that the anti-. - =
AT ’ cipated beﬁa\iiore are attained. o 4 : , _ 4 e
S ¥ D CL S
P T R Aa students complete each lesson, they should be encouraged to - o N
S work at home| asgignments, especially those that invol'Ve the ut}li,zation )
- "of research material. ' o - S C

. . C This manual contains some suggestions .the teacher may\use in the
’ N . classroom, samples of home essignmenta, sample tests / and solutions 'to
o practice exercises. T o :

Loo®

A../. ‘

Lessoh' #1 - Discovering P1

e P P . . , L T . N

B Suggestions for Teachers o

- . .
- - : ’

T w T This leseon should be introduced with a discuasion betveen
. s{tudents and’ teacher about the distance around a circle and the distance
“+  dlong. the diameter. Such a discusgion could follow the format outlined
.. in the activity exercige throughout -the lesson.  If the teacher feels.
, _this exercise is too elementary, then he may generate an altemative
AR diseuseion. . : o -
JﬁS‘All stu.dents shonld be given ‘the opportimity to measure the )
L ‘ circumference and diameter of circular bbjects of various sizes, calcu-
RO 'late the ratio. C/d, and then compare their resultp. (Recording all
" ‘gstudents’ results~on the chalkboard- and_calculat ng the average may be
. of interest ) /

' .;’ e The discussion should continue by introﬁucing gl’:l. and its approx~
imate fractjonal and: decimal values. Next, encourage students to con- '
jecture a, eneral formula for finding the c:&rcumference of " a cir ‘x

g uith solid<objects, the students: shonld work in S
' {4 the teacher feels a review of terms such.as radius/
- 5 . ."IM" .
.y . 1'\ "
s : . ) 7 -
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- Solutions to Practice Exerciaes

v

.5I.'K

. §u'g'gestio'ns to Teechera AR A L .
. : ge

y “characteristics of a circle, and later putting theu all togethe: into

18- fairly difficult, thus after reviewing the concept of area, the

e :lnteresting diacussion could develop from question M. :

diameter, etc. is. needed, then he nay do so vith the a:ld of overhead :

activity.

- .

4 /Walk along’ the diametex since the’ shortest distance betwaen two

numbet seven. = .. -
\

Y Next, the atudents should be requimd' to complete the pr',acti.ce
exercisee and‘vhen finished be encouraged to attempt the enrichnent

A . .

" NOTE: The accompanying overheads should be v:lewed by students after some
discussion or interattion has taken place. ) )

. \ '

. .. f
.. N . ,9'
/' N -
- ,- .

i

@ e ® 11 a

.k;) 14 ca ('d),Zl.cnl._‘_' "‘;:i(e) 22“'}:;..

(£) 110 es E | | o o
2 L@ 43.96em (1) 10.99 SO Wilem o (@210 -
() 21.98cm (£) 109, S e SR

- 219 8metres, coSt = $274 Zi e T R . ] wr
Mr. Jones pasture will cost more. . It--coéts\$392 SO.‘ L ‘ -

$392 50 . $274 75 = $117 75 more than Mr. Bamea .

. poiuts is a straight line. o

-

4
See' Ssory of Mathematics by J, T. Rogers, pages 55-56.

e

. 'Less’o/n' #2 "-.- 'Defining‘ ‘a Cii:c].'e - .l--'

-

Before using the overheads 4n r3-3-6), the teachet my requeat
each student to write his own definition of a circle and compare it. later
_with the final definition. Using the- overheads, the lesson.is to be a
' total interaction between students and teacher in deciding the unique

one fomal definition. ‘ . .

The derivation of the formula for finding the ™ ‘area of a circle

studeuts may be given the computational fornula and asked to apply :it. .
However. if the teacher feels some of his students are capable, he may
encourage ‘them to attempt the exercise entitled "Extra for Experts -

- Al studenta should complete ‘the practice exetcises » and an ¥
To sumarize

AT
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. - . / - . . . . " o v ‘ . . .
o . lessons 1 and ,2, review the overheads #1—7 and d:lscuSs the various

' // ‘Solutions to 'P'ract:lc'e Exercises

P ( I
Ce 8 g L - ..
I » (R a
B . 4 -
R e . pn
N -
- - 1 N

points l;eing made. T

e
N .-

e Ao Y St :
B T Z(a)" 154 cm2 : 2
© 2. 4- 153. 86 2 ney of tultps - 769. Lo T e

. o : / .. N e 3
3 Answers may vary . N L VO B
L | \ o o . . Lo . L

. e Tt L. . o
b, rectangular piece costs -$150 000 - .'_‘ R

o circular piece eoets 5151,699. 35 . L ‘ ‘
" c.ost‘tp: fence rect,angle_ = 325 000 . L
C .‘cost to fence circle. - §21,823 e '
. A Hotivati.onal Demonstration . - . . 3"'~ S - i
-—-———-———GT-———————— . R N M - . - - ,

e If you find your, clase is dull and the students appear td be
bored try this. o R ; o

. . / . ‘. . "
L Haterialg. (:l) a ball. of" str:lng ’

E

(11) a piece of string 2 mtzes 1ong

- o . : /

. s LR
s Procedure. Request two students to assist you, or three volu.n- §

- teers: where y?d give the 1nsttuct:lonn. .

] s

/

students are directed to walk'avay. from-each’ other, ima,gining "that they

O are valking along the equator of/the eerth. Ask ‘the class the folloying

i questiona.

n

yr ' . ' : P R
© Qe What will happen if they continue waLking /alons the equato::‘l

A: They will meet, and the stt:lng vill be equal to the length of t:he ‘ '.'.'5‘ \

equator if held tightly along the surtace.

T
[

® a2157eat ] (c) 78.5 mz.-,.":fﬁ"x(d?. 107 a’

. Y. ' . 2, . . '.‘ . '
. f ’ A e T
> Lo a = " RN .o . .

o i

o Ask. “two students to stand in the middle of the c.lassroon. Hh:lle '
4 - one student holds the ball of string, the other’ holds the end and both.

Al

" Now suppose the third stu.dent cuts the striug at the centre and. S

‘_'-joins in two metres of str:l.ng./ P O . : A

" . . .
N Y J " \

Q How far ‘above the surface of the earth will the string be :lf it is

* . "held uniforn along the c:lrcmfetence? That 1s, ﬁnd x in the
diagram.." - ,_)' .

.“

',"A.‘ Record students gueeses and then prove the answer. "-('- o

- e " ‘. R
. . e B ..' o — g Y Q N
g PR RN
N N S .
. M i < J' -
i, . . D . L
v . S 4 -
. . B . ) PR 5 .
. ¥ . T / Yy . . [y .
. . ool S . L
. , < . a .
R 5 "
- . . [
) . - ¢ ! RO 1




A,
- .. { . L} .
! ’ . :
- ’ »
. - "'" e Let; ‘the small circle (01) represea: the st:rlng before the '2 ) S
s ; metres wag, added, ard let the l.arge c:lrcle (02) tepte,sent: .t"hg st:rlng -
L ’ . aﬁtet :he Z metres was added. A . ) ¢
e \ Circ&mfetence of 01 13‘ AR
e IR c0'1'- e 6
. . '.,. i . ," : ) . J o . ‘.‘ - [ ‘ . .;._‘ .;' .
ey k7. Clrcuaference of 0, £&: . .
.0 ,_ -:j . {- ' - . _c— .‘.l Do : ”‘, N CR '-A . i
, e e O, =2%W(r+x).
s » '/', . ‘o T . 2.4 o * o
. . wt . s ) 7 £ ® -
L ce ..‘31";0 COZ' -.Clol‘+ez metres e
Al ~-~01+»z mmGeeR. G |
- - ) ' L L i Y SR - A . s te
: R '. 2.='1+ 2/-m+2rxa. Cm T e e L R
s - . Lo T B . °. i : R T B Y -
: o L , S e o LTy R
: \ » f.. cn f -2ﬂ'x R ; T CLT 4 o
o R S u,N- .318 metres T e T e
. T ; T, PR ..,,-j... . 32 centimetars‘ Ll e 7"-;‘;-‘.'," z TRDRE : '
J.r"‘- ! - ’ [ ) :" :\~k",y.-"'4-> ":”~‘-.'°‘,‘ g ,»
S St i Lesson '3 - Central es. 6T Bt
I YR pert T Y “E&— o _ e
IR . . . M S e e E VR U AT
S - W Sugg" tions to Teaehers ’, AT '.g."__ SO «' E .':’"n'; : :
R ;. AR PR RO o '.~

o ‘ A brief. discussion. on defining centtal angles an.d measures oE
.. Tareds: in order for intrqduqiug the lesson. .
Cale T - experience with the geoboard , ‘then a’ demnstmtion of some things i;hich
" .4y ¢ ‘can be_ done on the geoboatd :ls essential b’efore coptinuing v{th the Ll

e - T T 7 Zesson., !

1£ the. trudents ‘have h;d no

o " E—_— L8 e e " . R 4 "

. ' S
. '3 -

_ e TS The students should work’ iu groups of two vith a geoboa.rd t'or
T e © dach’ gruup.. They should be pemitted to work on their own by’ folloving .
BRI " the iAstrictions in the.manual. .The role of the. teacher~ 13- to assist _,j RN
Yo - and guide -any students (;hat are havi.ng pxoble.ms.,. 1f students arq able &
N ' -“b”u L .-I'.. . “ Pe v‘ QT . . bty ~’ - 'm . .
R g A e -
".1k“" / L ; ,“ - : BRI L -




N

’
..
S

S

-~ -

. - - to:follow the instructions without any dffficulty,” thén the aVerbeads
' - may be left for the suma.ry diacussion at the end of the leason. -

IR i;—~a—¥" - All students mist complete the practice exercises. L
, Solptions to Practice Exercises ' \ -~
e 40° L (@ mz2- 26 @) welsso®
v W mél = .3§°4'; N (5) me2 —"21" SRR n2Ac = 30% -
S ) aZaen 0® ’_' R0 - (9))asmon = 180°
o 10y mz.vou - 45° a(u) nﬁx‘w -10° . (},z)_mzl__vow:‘- 132°

. " Lesson #4 - Inscrihe&ln&les
' S . - ; .

P ggeations to. Teachers*

. -
A diacussion on the def:l.nitlon.s of 1nscr1bed angles and hords

" with a’ review of previous vork s suggested as an introduction {o this '
lessin. Students should' next be allowed to work iu ‘groups of tw
following the insttuctions in the nanual. The: cor:espooding ,overheeds

- -may” be used :Lf necessary. o Lo T
i L] . "‘ .
N e Upon completion of part A, students may complete the appropgiate
\ - prdctice exercises, or ma continue with part ‘B* of. the lesson and then
gt complete the practice exe ges. . ot : . .4 :
SEE . . : e
Rt I,)sing overhead number 10. s\mar:l.ze the. lesaon by discussion the
o generalizations nade in. the lessonh -, C
Solutions to Prnctice Exercises .
, , (1) mz(.n - 48%, mic = z.s L _(2) mLA = 59 j.c:n - 59
" (3) whd = 887, mac - 44 .. @) ndawp —se® L " -
) (5) mLBRC 56%° . " L (6) Yes, nhey intercept the same- arc.' .
. /_A PALPA: -Ln ;'(B)LA- 4% o RN
: (9) Case I SR ', Voo
oy , . . B ' L . Jo . , . .. . . ' . L
' 1. mLACB + mLZ\- m£1 oL defn. of exterio:: angles .
. ) i 2. m.v,l " mﬂ ST 2. prop. of central angles A
e - 3. mLACB“- 'hg'.z" L ) 3. .{_ ] opp.L = sides are ¥
- _.' :,/ "‘ ' - . . o '
oot - o o
. - ¥ ) } .l\ ) .%' d B




. . . R T RN
l "‘:»»A ; 4. m.;.ACB + InzAClI - AR . 4 subst. 2 & 3 in sl:ep 1
. R ‘:,5..‘ imZA\c:ﬁ -mﬁi bR x —".‘S.'_":addit:ion prop.
) L ".*‘ 6. mAACB - l,mﬁ o divisiqg l""’;,;
) \ ."'5'." Cgse II . ‘ 'I T
B ".11 meACK. = lsmﬁ«-_" . ",1'. from ca;e SN
: S Zopenck a0 2. from case T .
" el 'f:i_v;uihacn = mZACK + BLECK 3. angle pddi;ic;n':t;m.v . ‘D )
' A . 4 mﬂ R+l ‘ 4. _a'drii‘l:’ionv' of ares } N

.-

RN
\

Co : -
. 'A. o ". l-.
T2,

[ . R

BTN . . 3
L . -
oo . . .

'.nlcx+m48(:x-lmﬁ+lmﬁ
,mAAcn - (mﬁ+mﬁt)

" mACB = @knﬁ

Caae III
.mLAcx-&mﬂ\_ o
'~mz_ch mR

’

mA.ACB o mLBCX - BI.ACX

'_'7. mA.ACp &mﬂ
(10) 'l‘o prove mAACB - 90 .
e l AB :Ls a diameter
L iy, mAB - 1ao .

R L ”~n

L IR ‘!‘{méA‘CB - kmAB '

et ' N PSRRI ¢ | : o N R

Q:\frf‘,-‘z i . \ n 5. macn“- 90 ) e ) - [ .
e o - A R : . . N SO
“ o ) . . - *(.‘ T “:\ i

. - ’ ".‘ . __r ) -

‘.__,,‘.’ 7 ‘. R

‘ R :
3] z :‘(' T .

< ~im o

Ve L

3.4 ACB :ls an :I.nscribed angle '

SRR s T - SR+ S
L ; . "-. ;5. -mLBCX - mALACx bnﬂx lsmAX )
U meAch = h = mﬁ)

- from case. T .
. case

'subst. ste;: 4 in 6‘

S . o
subst. step 3.1n 5

subst. step 4 in 6 o

I

"from case 1

inverse of angle add.,

.:anérse of. addQ- 6f 'ailcs

aubst. steps_ l. & 2

'subst. step 3 in 5

glven. = . .0

from defn.

 defn: o‘f-i'nscﬂbed L

',prop. of inscribed L.

-
mult:. from steps 2 & 4

;
W L
. T
T
f

of dfameter -

"iflddi!:ion of' steps 182 .
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,‘ ‘.'.Le'sson #5 - Inscri‘b‘edl" Q"uad’rilateral's .

.Sdg'vg' eetions to Teaehera .: h ’ o S o ' S e,
Introduce the lesson with a discussion on inscribed quadri- L B
laterals, and then follow the same procedure used in lessons 3 and 4.

..+ The teacher may request the students to compiete those exercises4in—
~+ . . lesson 6\J:hat are related to!lesson'5, or they may complete lesson- 6 '
T © first.

i . .Depending on the abilities of the class »\ the - teacher nmay orga.nize - ;
the Enrichment Exercise into a separate lesson. £ the class has been . ' :
- doing well throughout “the. -unit and appears to be int:erested. the developer )
: suggests that the teacher éxpand on this exercise until the students
' .arrive at-a general formula for finding the total mumber of degrees of

; angle in any n-sided inscribed polygon. That is. - o ‘ -

C e L . mo. of degteee = (a- 2)x- 180 l
o  Lesson 6 -~ Aogleo Formed by Intersecting Chords ~ ..’

\ Suggestions to Teachers R

oo .  Follow the same procedure used in lessons' 3—5 but f.irst clarify
what is meant: by the phrase "angles formed by intetsecting .chords.” .

.. ‘/-’-
o

‘Solutions to Practice Exeréises . - - Y

I."lmgsrRQ = 202° . U 2. mZpqr = 1085
3. mePSR= 70 T - 4, ofd w28 0 4
5. merprges 82° 6. megmRe9n® o o
T rmemsee® U et 0T
9. 180° . o - /o el kx  180° = '7'zo° L ]
‘ * ' ) s '\ . o
11, No, beeause t:he sum of anglea P, Q, R, and s doee no: inelude the - . - - ﬂ
central angles. . : - : -
120 7200 - 360° - 360% B
1 o v ' . o a - ) '\
Solut:ions to Unit: Revieu Exeteises ,' ‘
' o N "Q' ’ [ ! 4
L 180 o 2. (o 6 inc es 3. chord . &e mo’ _5. straight line
N 5. (a) ™ () xts’ (o) T, .P:g ', W ‘I';{e) oX or{GT'
., s . “Q . .‘-‘ ,.v‘ .:‘ . - i ": - .A. . . :. . v
? . - ) S ’
. - ’ AN . ST ‘L -~




“'..':

7, man - 1450 o 8 "n'i.‘L'A'Q'B..:-_ ‘,\1'4'5.°_j? D 9.

10 mLZ =39° L L L -'_"57"’;::;»' e Az le -
"f13. mzl =25 W an - 90° S asy le -
"'15‘,.n4.1v-.:‘9q,,f, e ‘ne2 = ss A 1s. u_z -

19, nBF = 60% [ 'io.-'nﬁ?c = 130 ‘1 T . 200. 9.
" 22, 226,08 wa®. -

| conclusion '_95'-11:';1:_ e

~;,'-' One lesson should be devoted to reviewing the nat:erial eovered
“dn t:he ‘work unit. Students: should be given the opportuni.ty to eomplete

.the' review exerc:lbea and ask’ quest:iona before t:hey are required to write \
the final evaluation test. i Co .

- "" How the st:udenl:o are to be evaluated i.s entirely at: the disere~
tion of . the individuval. ‘teacher. . The follou:lng section of this manual )

o contains some samples of assibgnment\e and exam qu.estions._

o




‘ v IR 4_1_"_alit: II: - Satples of Ifséi}gipenté l '
o _ ‘anc'l:Examinatioti‘gg stions B
. Assipiment f1 v
T e Below :La a diagram of the information available to the Greek ’ )
s ‘Mathematician, Eratostheneas (275-194 B.C.) when he, comput:e.d the eircum= .
LT : ' -ference of the earth. If the distance from Syene to Alexandria was . .:
Wl : about 500 miles, and the indicated arigle was about 7%°, find the circum-
. T \fetence of the earth by studying the works of Erastosthenes in any of.
the listed references. Write a teport ‘of - your findings.
: 5 |
.\ ! ‘. -
y = T

Graza, Vivian Shaw. A Survey of Math\ematics. Elementaty (‘oncepts and
Theix Historical DeVelo ment. New\‘lork Holt:, ‘Rinehart and Winston,
1968, p. 173. ) ‘ ;

“‘Harris,' Esthef. “The How and Why Wondetbook of Hathemat:ics. New York:

' Highland Grosaet and. Dunlop, 1961, p. 27.

1

Lancelot, Hogben. The Wonderful World of Mathematics. -Garden Ciﬁy,‘NgV =
" York. Doubleday and Co. Inc., 1955, p. 160. S LT

’ iy

\

'_, : As:aim‘ t §2

. . Baview the refetenu materlal listed below nnd descr:lbe in your -
own words haw Archimedes discovered the value of Pi. ) B

Benson, Frances. Pamous Hat:henatieié.na Neu’ York' J. B. L:Lppincott Co. -
. 1966, pp. 16'-17.. .

S - Graza, Vivian Shaw. A Survey of Hathematics. Elementary Concepts and .
2L e .’ Their, H:lstozical Develogmencr New York. Holt, Ri.nehart: and Winston,
S ' ‘ 1968, P 174, R . . o . .

s
1

L Lancelot Hogben.. 'I‘he Wonderful World of Mathematics. Newl York
ST Doubleday and Co. ‘Inc., 1955, p- 37. , R S

L

‘ Rpgerg, James T. The Story of Hathematics. Leices.t‘:'elxl','_ Great, "l(l"r'i‘t\:a:l:ﬁ:
Brockhampton Press, 1968, p. 46. . . _ A '.:,\‘ ‘
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_ 4. If ote of the eides of an insctibed triangle contains the centre of
ST the circle; then the angle at the: circumference will always be (acute,

2L Suppose 1n the diagram following. AB represents the ¢ ossbar between

obtuse) Explain why, =~ - . , : v '~ 
a - L C ) . . o . K '
- C - Assignment #4 ]
- . , Lo . . . i <
1. 1f your principal asked you to make a stop sign for th school. P
' traffic patrol committee, describe how you/aould ‘make the slgn from - o
a plece of plywood that is 4 £r. by 4 ft. You may use diagrams drdim’ RS

: A : s
) \: @ 2 ! i ’ -: '

) - P . LA e ot BT _—
| l. . . - @.__-."
L . *  Assignment M. o

o ‘ In ‘each: of the folluwing. find the measure of angle P and give Ce
- ‘an explanation for your snswer.: , ‘ -

“l. ‘Make a. triangle with ‘ona side contalning the centre of the circle.

__'See Figure 1. - . L
2. What if the cenn;e of the circle lies inside of the triangle? See\
- Flgure 2. S . - i
3. '-'What if the centre of the circle lies oucside of the trinngle? see

. ,,F:lgure 3.

-r\.-/rul‘ ST L Ae3

Complete each ot’ the following by tmderlining the correct answer..

right, or obtuse) Explain vhy this is always true.

:S. If ‘the centre of the circle li.es :lnside of the nscribed triangle, : “T L
_ . then the angle at the circumference will alvays be (acute, right, or
: ‘. obtuse) Explain why. ) '

P

6_.  If r.he centre of the c:l.rcle ‘14es outside of the 1nscr1bed triansle,
‘then the angle at ‘the circumference v111 always be (acute, right, or:

in pencil to illustrete the procedure.
\

the difficulty of. ‘the - angle.~ R N

n‘ .
4



















