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‘v Three tests were used throughout the study——o pretest, a poetteet”"
and a retention teat. The posttest wae a parallel form of the preteot°
the retentiou teet was the eame e.s the preteot. The pretest waa odmin— '

. istered to each grég;: four deye prior to the start of the etudy. A‘ : ,
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The purpose of the study was twofold. , It compared the effeete

.\' oot

:.»

of two different methode of teaching. namely discovery teaching and , R

expository teeching,- on the achieVement and retention lévela of two ; }' .

8roups of studente. f; ‘_#-57-
) " i Lo ., " - N ) . §

A unit of \Gm:k on Smne aspecta of the quadrilatetal wa.e taught Ty

to twd claeses of grade ten matriculat:ton studente at Clarenville \

Integreted High School. . Eadh clasa conaieted of 30 etudents. ) One group
was taught us’ing the dis/covery packhge developed by the inVeetigator,
the /other group was taught in an expooitorsr manner' using the texthook

| .
~,. °
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poett:e,st was administered one day after completion of the iudtructional

) e unit and the retention test wae administered three weeks after the poet-! g s
[ et test. ) / S Z_ L A S
I. ¢ K "~ A. PO ot . ‘{s . * "‘-.' ’ . B f L
celemo From the analysie of coveriance ueing the pretest aeorea os the I
R o : COVBrflate. no significant difference in achievement on the 'posttest was b :
Co found ‘between thode etudents being taught using the ;iiecovery met'bod
A R and those studénts taught using the expoeitory method. Howaver. 8 A
FE IR aignificent differeneeqin re]tention in favor of the discovery treatment ST
e L was found. R : 3 s
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'-.,".educated to take on some meaningful role in- aociety..

- L \

tﬂe ;ecipient of informtion. . 'I'hst is, he sat at hia desk, 1istened to

| ‘.."'the teacher, reed end studied his booka. It waslfelt that after eleve“ .'

"'-,-.';.'.or twelve years of thie receiv:ing information he- would be adequately

o matics education lduring the late 1960'9 this fom of teaching. called

' -discove.ry teaching. Taba\(m)/observed "Leaming by discovery :I.s one "‘::f.i\

o : _:teaching into the mathematics curticulum.

. j‘.:(p. 308) ..:

’ 'the teacher-Iecture method or expository teaching. was being challenged

o ‘;_'1 and, 1n some instances, replaced by another fom of teaching called

. g‘chncept made populat in the new curriculum in mathematics and science

The 1nvestigator was a student in high 5chool in Nevfoundlsnd

e a,t this time and can vividly 'remember the gradual evolvement of diScovety

e be the passive recipient of knowledge but one qlﬂte active 1“ th"- i ‘ °

- '1earning environmeut .

educatots to look at ne‘w nethods of :l.nstruction.

/. t a7

achie\rement there had to be a change :Ln methods of" 1nst:ruct:ion._

their attention was focused on the 'how of teaching mthematics. .

At the. same t::l.me, many modem 1eam1ng theories influenced

..1_. “a - ~

Hence, S

These theories, with
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. THE PROBLEM - .. [~ L
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The student was ‘no longer to . E

Meny educatom felt that to 1mprove mathemt:ics

".‘.For years t:he student asav himself and was seen by teachera as IR k

However, in mthe-' SR [’.' %

N
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the ,ai’d of pertinent research; re¢ommended that thexd:l,scovery method gf '
teaching would enhance a- student 8 understanding of concepta. ] Davis '.‘,'-';
‘ (1967) of the Madison Project claimed that. r__ _r‘; '. . ' - :

.;’_If the child has discovered concepta himself ha
..tenhniques himself »  and has elaborated a. mathema ichl system

‘ .}1'_ L. himself; he really:kdows "how" and "why" it works in'a pro-'.. * /| L

. found way that isg- not,possi‘ble when the’ syatem 8- handed to ST
“him or - told to‘}nim- (pp. —4) ’ RN A " y

The leam:lng theor

l 3

: and opinions of Taba (1962) in curriculum development: also echo the view

of Davis- \ C S "-J' EANE
- , .- “ AR 4 . R -’-'. .

MAthematics ie eomething people do; it 18 not son:ething' th'at‘""_' L
- t:hey teceive in a'passive sense., ... .-‘pur hope would ‘be . to'
" convey. continually to the student: that every mathematical 'f.

esof Bruner (1961) and Hendrix -(1961) and’ the. ideas,_._'."f'

N . "
- e

The Rap_rt of the Cambridge Conference on Schoal Mathemtics in

N

. .pernon .

(pp . 28—29)

[N ‘l

e
Ausubel ( 1961) e tated.

»

‘-The crucial points at’ issue howeve

re not whether 1earning

ng, r

ntion” and - traneferability,

Lo

“idea ‘appeared first as the solution of some; problem by Bome "_:-'

Such positive reactions as “the” above are not without/ opposition.

.,.

: \ “-:by discovery enhances lea
. but (a) whether it- does so aufficiently for learnerd who are

capable -of learning principles meaningful

without it to

‘_',:'\.warrant the vastly increased expenditure of time 1t requ:Lres, "
Lo "-'and (b) whether in ‘view of the time-cost conhideration the
v -“discovery: method 18 a feasible: technique for transmitting the.
‘.. .- . dubstamntive content oOf an, intellectual or scientific disci-
S ,pline to cognitively miture students who have already mastered
C i A, rudiments and. basic vocabulary. (p. 20) o el
T * - oo T

. According to Ausubel most efficient: 1earning in our schoola occurs by

: -:the reception of mater,:l,al which has been presented in near final f.orm. S

r
Skinner (1968), a pioneer in the development of teaching :

- '

'f'machines and programed inat:ruction, criticizes diacovery as- a "sink or

1

im" nethod which evades the school‘a responsibilit:y for instruction.. e

H .-.-.__;:'g'w,.‘ st r,y.m»-m o
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of- learning and instruction is mre adequate than another. Ve, as: o SRR & ‘J

- ,.:matics teacher ahould familiarize himself with the various thebries and

while Jeading them gradua.lly apd in a very 1ogi‘cal way, to achieve the

._,-_'cbjectived set for them, o TR R . . -

_.However, in Bupport of diacovery teaching, Suchman wrote

- used in teaching mathematice. There are many who claim thet one theory R | l

"educators, must ask ourselves ndt only what studente should leern. but e - }

.alao how they learn it, and thus how we’ should teach” 1t. Each\ mathé-

'ment and retention. Great educatora of the past auch ag Jean—JacqueB '
'Rousseau, Maria Monteaaori and’ John Dewey advocated teac’hing thrpugh

. exploring and experimenting with the enviromnent.: In the late 1960'5,

"vates fqrther learning. T IR
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He advocates presentationa uhich prompt tﬁe students eVery tesponse, S

tl

< B Ty
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u

In support of the teacher—-lecture method, Suchman (1967) ateted. ol k
T ;
, D:idactic teaching is: a.ppealing to many tee%:re b‘ecause (a) it RIS BT
© - 'gives them a sensk of control;. (b) it appeaXe .to be efficient, LT e

" and (¢) 1t s more satisfying to those who find"it difficult °
~ to let children- grope: for understanding by hearing and. . . - '
- spouting mieeonceptfons or qung infomation. (p. 25) e T

— : Ty

—

What appeals to.some teachers, however, may not always serve . RIS S
. the best -lorig ran /ge ‘interests of the child. Hard-won wder—. ., L e By
'standing through/the learner's own ef forts often has gteater‘,' oo Y (P
depth of meaning for. him.‘ (p. 25) ' AR AR RS N S
There are many techniques and methods that can be edccessfully )
Noa .f'"'j w
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.vutilize that which he finds most beneficial. o : o ° R - B
B Hany studiea have compared diacovery teaching Bnd expository ' -.'“

teaching and the effect of theae teaching methods .on 1evels of achieve—'.

[=s

._Jerome Bruner. was the leading spokesman fot those who helieved that' the . § _.','. Se '
. U R
. tdiécovery metbod of teaching enhancea retention and tranafer and moti— T e,

.é%\nmins (1958) did a ciaastoom study in teaching f:lrst-quarter R .
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Athe- acperiment.

. the tréﬂitionally taught zgroup.'

_ -an inducti\le, iﬁtuit;!we method achieved more than g - group taught by a

' by \the etuﬂem: was any'. mote effective Ehan the t/elache: manipulation of

% } cant differencea in acbieveme:rt‘ and retept\g.on in student:a of matricu— )

’ 'l' 'recammendEd that there stmuld be mot:e, intuitioﬁ aud application aud leas‘il Lo

\':‘\-’ deduction 1u mathematica]'_ insj:ruction.

-I

Teat One w&a for the diaco\rery group and Test A was fot

The scores ‘bR Test One for r.he diacovery

group ‘were- s:l\gnificantly highet thau the acoree fqr the traditiml

_group. This atudy a\wed tha‘t a 3roup of atudente taught calculds by

- ’ «

traditiqnal deduicive meuho;! N ' "' T IR
_w' Lo \Wor&hen (1968) :Ln a study of mathematical,coucepts with fif_t:ll\ - -9 o

- and aixl:h—grade children found tbat h13 discovery group did better on._ o
teats of *n_a!:ention t‘har;‘did x:1 gtoup taughe concepts ‘by teac‘!:er exps?ition.':::l ”

Biaio (1971) did a- study on the éffect of manip?ulative ,materia‘ls

l -

\' we N . || .- e -..
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3 tion tu the class. in their understapding of T , '

'.o,-

‘/‘ N
ewfmmdland. to diagnoee vhether t:hére are aignifi— - \_/\_S '

-\. N N

o~
» ,..

I urder J:o donsttate tbe

D ‘ )
o < . . ‘
v (

; tement;, more nccurate and adaqua:e infomation muat be

these .ijecter in alther way conld be equally effective. N .,.:.", L]
. e o g - el : ST, . -
TS \1‘0 the w'ritet s k:nowledge,. no systé:nat‘ic invesﬁ"igations have . o

.' I A BN - S : I ) ’ - T - ‘ e vanr A/-m.{‘_;y-‘.:»-‘;"_"i:"';',‘/'n"‘f:” -k
o -~ ’q < L 4 U . - N B ) PN . .
T, L . o i
7, - M ,
» « - S . ; s . . [.
- -,\ > ’ . * - - ' . . < . N
A . « B " N
calt:ulus to freshmen. -‘Tﬁd testa wéfé designed-to' ‘tést'the outcome of

1at£Pon mathzmsbics using t,he tvb differeqt modes of inatmetion._ The : :
A - ‘_r.‘:"' e RS NN
National Advisory Committee .on Hathemal:ice“ﬁducation (NACOME, 1975) CoaTal T
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':’ whereby the student liaténed l:o the teacher 1ez:ture and watched the -. o I

’
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nade ava'ilabie. It w

experimen: that would Pr vide aome of thiu information.

the intent of the investigator/to conduet an

I 4
. .

. . . > Purpose of the Study

s

| 7 T

. . o ’
" The main’ purpose of the study was to compare ~t}'|g achi'ei‘vqnznc of

 two grade—ten mai:riculacion 'clnsees taugbt’a. unit'on;quadrilai:erals.

One clags vas taught by a method wheteby each student 1nd:lvidunlly

x

manipulated concrete materials, euch aau blocka a.nd geohoarda. and
B R . - C !
discovered 'concepta himself The 'othet'clase waa 'taught: by A mnthod
L 4‘ o . « N
B .;, e . I
teacher as he 'demonqtrated the concepts uaing the aame instmctional

maCerJ.uls A thoroughf deacripcion of each ceaching methoqg 1s givgn 11:

o "\u n-\ - ,‘A.

W r

Thete 13 no signd_ficant difference in le\rela of m:hie\rement.

.l.

3 =
between those atudenta taught ueing the discovery mthod nnd those

)
e

atudeuta taught uaing the exp¢sitory nethod. o : o
: ‘::"v.2 'rhere in uo sign{ficant: différencp_ 1n retetﬁicn btheeu

o

Chnp’t‘et III o£ th:ls sttldy under: Ihstmcf.ional Ireatnants.. _: A’ "«
A aecm:d ~putpoae of - the etudy vas to ‘compare r,ha retention .
levals of t:he aame atudents taught by the two»mbdea of inﬂtmction. The Tl
' teat for tetention was’ adminiateted tbree weaks ifte!,‘ the uniJ; of work b
. ! - . - . . . oo
ﬁad been completed. e e e . PRI
e . _'Hﬂ;‘ 'o.thtfges-- , R g
' g I.n aeeking awera t:o-&hia ptoble.m, the following hypotheses -
N i / o

K4
.
P
:‘I
U
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¥
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. taught using the elpra,i‘téry metho'd. ‘“

- ' ‘ CoL - J

- o L Limitations of the Study = ‘-

« N . R _ ,

2 . There vere some obvioua l‘fmitationa to the sl:udy. It was

"\

‘

concemed ‘with only one geographical a:ea of the province. Onlj -students .
o ' from wo gtade-ten matriculation claasea in.one ‘high school m:re included
s . © . 4n t.he .sample. Bence. the genetalizability of the atudy is minimal. L .

The study was concerued with only one apeciﬂc area of mathematqcs,

- namely, quhdrilntetals and so seneulizatione could not- be made about

»u

. :U‘/ ',:_A-.-. . Lot
3 che effeotive.neas of these tvfo mechode of instruction wi.th other ‘topics 5 .

LR LT and concepts of ma%hematics. . } .-.-'I 3

DIEIRS possible effoz;t wae unade by this tencher to do an ecL(ml_'Ly good job w.th Sn
L 1 P ' each treatment. However, even fhough 9\1\ ‘a8 concerted e.ffort vas mde

- - : .\_,/ . HAI

‘

: T T by the tucher,'the posaibility of teacher hias st{ll existed. S

AN L ‘ The eﬂudenth\ m the dfacovéry CIaas wete moré enthusiaatic about e

N . - . - .
S el e : ~

geometry tham they /nomlly would be. This waa because of the novelty S

‘ W] ". O ‘--~;' af the uae of nﬁnipulative matg;‘ialn. _.""‘f 25 \/ u

PR Pyt - . Lo "

-_f"-‘ N The teacher wha ~taught both’classes uséd for the experimeut Was S -.'-: 3

1
!
'! EEET t N
\
1
‘
{

-4 Y, ;,-

U n regular mﬂthemtica teachex of ona of theae clnseei._ The‘:efore, one-

.., a\=

r,- , -

P . - \‘ R
. A - . L ‘. [

T -, ‘\;-"'". SR SN vhile the otherhelﬂsa did- - e .I"-'~

. . _uu - .,-’z..

The t:wo classeﬂ Qaed ig. t‘he preaenr. Btudy were intatt claeeea. K

’ S A discuaaion of l:h_é salecti.on of tﬁe students follbwé in Chapter III of o e
) . . . . } ) ‘\, 0 “_,”.» P .P‘ N ] I . ‘ ] . Sl I"'.‘ < 3 oo
'j' this rePO'rt ‘ '




student: t:o make a discovery or generalizat;ion. r'

) v studenta lisl:en and ar

I

Definition.of Terms

PRI

and variables that were ueed in' this atudy.. .

I

D:[scovery t'eaehing ‘I‘he\?éf:[nition used here is that borrowed

from Hermann (1969) Discovery(teaching\.g a process through which a
student s induced to fe"'l (1) 'lhat he seef/f\something—-a mathematic‘el -,
fact or a relat:ionship that: heﬂ had\\ unt :erceived previoualy, .and’ ‘
(2) thnt his perceptidn was not: directly t:old, given, or dispiayed ‘to

him by another person. The teacher, :lf neceasary, could help t:he

Expoa:ltory teachina 'l'his is the met:hocl of teaching whereby t:he L

ey
RN - -.n/ ) LI ’. AR B B
. i

teache,r explainn to thj st:udents the content to be learned. . The

[ r

. .“.‘ ‘:' L . v,' S [ ._ v ‘!l‘.:"\l"‘“
been t:aught.. ’;j o '-y- ST . Y "4

This sectlon eonte:ln_s a :brief."deeéription_df the various concepts

lat:er given t:he opport:unity to practise what: has ‘o

,Both these methods of teaching are e].aborated on in Chapt:er . .‘ R

.-"-;, T . o R B . I i S ‘- ‘

kT

Matriculation »student. _ The definit:ion used here is that: borrcmed\

from the Mathenntics Bullet:in, Grades 7-11, 1978—79. The t)deut for
.l - g, e
whon matriculat:ion mathemntics :I.s dedigned is one who has an average :

W

: '. 4 high degree of sue'cess throughout hia schoql life.: He 15 one vh( has'“\

a greater degree of aucceas when coneepts are present:ed in a mafiner

<l:, e

: ,which deenphasizes mathematd.cal rigor and emphasizes practicalﬂapﬁlica-.

L tionn and logical reasoning., These Btudents may vary greatly in levele"‘.!':":_ R

> ——

- Tt
f, . A at
-l N
L - . ,
. . .. .
[

genera‘l ability :ln mthemtics.; 'l'he student may have been neeting witht,-'.;_,_'-- e

EX
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of ability and achievement atretchipg from 1ow t;o very high academic ) ’

- compet ncy. : N ' e PR RV R
o ’ R4 ’ il . B . . ‘,,' ,. . . .o [
’ - » . \:1 ‘.'I .l S ‘ ‘ ’ et o ’ N y A \, . . .
. Kk - Achievement (imediate) Ehie refere to the grade received on L R E
) ' ' n - Lo . T
. i - e Lt .
the :eaeher—made teel:e administeted Qne day eft:er completi‘on of teec,hing. Lo '
) [ ] b - - o .‘ _' ,', ' L - . - N s ‘ AEE N SN ', .I IIA:,':
. . . . S . - . - '
YT Retentioﬁ' 'I'hie refers to the gtede received on-a. Qecond ,
e - teecheb-mede teet adminietered tbree weeku after eomppetion pf teaehing. i

N - - .4 ;

;A 5'-~.':‘ analysis Chaptet v euﬁnatizee the conelueione reaeheﬁ ae a réeult: off B e
: the etudy. and,,contains impl;[cntidna nnd ree'omendatione for fuf:ure- B e

: . . P
[ R CAN : e S B .
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y T - .' , - - In thids chapt:er studiea whi,ch have beén completed on the achieve— G o

“ oo - o
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ment and retention levels of students taught by the discovery appr\\ach S M
R '_:" '_ ) or expoeitory approach are rev:lewed. Thfs related reaearch 1s dealt ..
Lo ' S Co .

" with separately under three main headings--achievement, use of ma.terials

E L. :Ln activity-orient approaches, and retention '

IIt should be noted thato 2 SR

'. ‘s . N
A

. metice. S:lnce there is .80, 11ttle relevant research, this constituteé"'/'

One of the aost extensive studies hf the effects of dfsco’very
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‘ i ~teaching was carried out by Worthen (1968) A, total of 538 fifth- nnd SRR o
eixth-grade students patticipated in the atudy. Tests ware used to T I-~;:f o

+

[N B HE . i
Wt “ et Do o . "l' . :
3 ' ;

(

" measure in:ltial leaming (achievement) :Ln arithmetic. 'l‘he experimental\ L

h

L, ,_\,s..

. ,, S .'_'f"i'.sample Was iomgrised of 432 of these pupils who were' equali.y divided ; '

':.'._among 16 classes.. A control group, 9omprised of 106 pupile in three t :‘51: RRRCCN T

Wt '.'..', R sixth-grade clasaes, recsived both the pretest and po‘attes; but _:eceived

" 'no spdcial instruction during the six-week period ueed for tbe experi- v
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?_(a) notation, addition, and multiplication of integers, (b) the distri-.
'.butive principle o£ multiplication over addition'~and (cI'expOnential

, .1_5notation and multiplication and division of numbers expressed‘in expo-/

"nential dhtation.: Prior knowledge of the selected mathematical concepts

‘-was measured by a test administered to hoth treatment groups in the y“,.ffi'~'

o .of - the same test adhdnistered at the completion of the corresponding
Eisubsection of the instructional materiala.: It was concluded from the '
"data that the expository treatment was spperinr to the discovery treat‘ "

'jment in producing initial achievenent. v:; }“:%;' i,ﬁ:':g: j ',*":Q;i}}V"'

';'.mdiscovery upon initial learning as compared with traditional“direct and"f..
'1;from all ninth-grade boys enrolled in three junior high achools.; The '

'_'and howmto manipulate and read the instrument for actual measurement. t'ug":
T'Using the "direct and detailed" inatruction method, the teacher presented

' ”';'tthe 1earning material ~revieved inmortant points and’solved several

”»fand contemplate leading questions asked by the teacher.ﬁ After instfuc- fgfﬂ*ﬂ'

'H;ftion, tests were administered. Ray found that with regard to initial

,pretest series. Initial learning was measured by the four aubsections ,af,°._ Do\

‘and applied research evidence @s to the relative effect of directedl,-s:xﬁ“ﬂf;'ﬂﬂ:f-lﬁi*,t
. k 1 N L

‘?detailed instruction in situations providing'numerous problem solving ‘

kopportunities.f One hundred thirty—five studenta were sampled at‘rand\m‘”:f:{f- e

fsubjects were taught the nsmes and functionsroﬁﬁthe parts of the micro-' 5 e Ay
. ) D\l PR _,'.,.\"“, h -
"-._meter, micrometer and vernﬂer principles involved in reading the tool ' ’

'problems Using the "directed discovery method, the pupil was called

Ty Lo

’ e ,..,r,, AU ,\'; ¥ KRR
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N -

Similarly, Ray (1961) proposed,to provide additioqal experimental O
NP TR VO TR j*«“@;w
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"upon to be active, to carefully study illustrative material On hia own, .}':_-Lq‘,ey.;~'”

\ -~"

A

_"filearning there were no statistically signiﬁicant difforences in achieve- T
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PR : ment between etudents in either group. F \” R '-: o '4 IR

Price (1967) did a etudy nn three claeeee of tenth-grade methe- ~". o

. ; B L ";-,. matice etudenta. -, One clase waa teught by uaing a t‘raditionel .textbook s

Dol S -u

G SR ' end featured the teacher lecturing on. topics from the text. '-VA iecond.n

= :-:'.: claas Jas taught ueing materiale which were 'eepecially prepared 'to ‘k

/ '-.. '_l: BN promote etudenb discovery of mathematic concepte end principlee. Thj’ :

) | ""_ « third clees used these same teacher—prepared materials,’but aleo‘mede:.‘, s g '.,’-Q?'. -1 .;.“5'-..'
/ } uae of other materiale.'.\ "Theee three clasees were referred to respec-ji.:' .‘.,-.-._._' =

5 v L ,_'"..’ . i _, el - - ,_\.. cn

Lo tively as the conttol the diecovery and the tranafer claeeee. From the
R 't

L reeuite of the testing Progtam the following conclueiohe were drawn. i T
- . a2 The group taught ueing the diacove,ry méthod of teaching showed e- elight ' 3

R A 2 ~ I N B
. ' but statistica.Ily non-slignificant gein over. the control group in Lol ‘ -' R
J; ' £ ﬂchievement in mathenatice and ehowed a 3teater..increeee in methemat—icel‘ g *

. . - 1.
St R

| " reasoning than did the control group. = ; . '- L "'j N .'_‘f.- . ‘_- S J
’ E . , Keese (1972) tested for an interection effect on achievexhent in B
[ .
’ .

" , ",a' - N
: methematice between teeching method (discovery and expoeitory) and

':;,‘. o creativity level (high and 1ow). ' Prior tq the investigation. modela p - Lla

which described specific teacher behavior were d Vi Ioped for the~ dia- : '

RIENA

covery and expository methode of teaching. ‘ One teecher taught a unit o

e on eequences and Beries to two intact eighth—grade claesee each con-fw

A -~.v\'- Al ‘/L".(.

T ta;inins 31 studenta for e period of twelve daya. He employed the die-‘; T

~‘/ .‘ covery meth"d i“ .°“é 01“3 and t:he expoeitory in tbe other-_ Analyaia o . ( o
o of verience \ ueing the Total Mathemetice Scale of the Mettopoliten ' L
"-.:' A‘:hiéwment Test ﬂg,the dependent variable revealed the groups Were }.fl,‘
‘ ﬁ. | i cmpamble in ""“hem"ical a‘=hie"\‘=1mm1= prior €0, the experiment. An !
Ny T ’ . r -/

. achievement teet conatructed for the unit on. sequencee end eeries was AT,

. . ,.._.‘\._ \\
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;o et adminietered to the students _at t@md of the experiment... It was - A

concluded that the achievement of students taught by the discovegy___iﬂi.' l
‘. . I _-‘, N . M . . v ¢
ot method ‘wasg’ significantly greater than the aehievement of studenta taught
’ ' by the expository method. = LT ef, [P _J ‘
s : R . - .

1: Probably more closely related .to- the present 3tudy than any

otger study quoted is an. investigatiOn by Toney (1968) He compared the 7 L ’;

N K
L . R E v

,achievement in basic mathematical understandings of students who indi- -

NS N v . -

.vidually manipulated the instructional materiaIs with thoae who saw only , -~

T ‘teacher demonstration of the Same mater:l.als- ‘The fourth-grade students

L were rsndomly assigned to two ggoups. '-’fhere Were equivaient numbers of S

L boya and girls in each group.: The investigator taught mathematics to
both groups. The aame 1esson was taught to each group with the preaeg
"'~ . tat:l.on beingw different only imthe manner ip yhich the ;lnstructional _’ -

.';--__'imsterials were util:ized. Tests were administered at the beginning of .J. i "/

L ' the study and at the conclusion of the study. An analysis of covariance

Q waa used to detemine if there were differences in the achievement of

l"t Lt

i "the two groups at the conclusion of the study. From the analysie of

»

o data it wss cOncluded thst although no statiatically significant differ- (R .
e ence was found between the class means o the test fo‘r @asic mathematical T, I

understanding, it was concluded that there was a trend toward greater

ach,ievement by the group using the individually ;nanipulated materiala. \
FNen though the results were not\statistically significant, ‘-f.' R "
“ : jcert‘ain conclhsions were drawn from the(abovs study. . Fbr example, it :‘
li.was concluded that the ua/e of individually manipulated materials seems °
.I "-':"'.- to he ; somewhat more effective means for building underatanding than BEE ,

- .does a teacher demonstration.-_ Also, a te,acher demonstration of instruc- ’

ca R e T

e




’ "j-*""" teapeozt to the achievement of atudents._

B T A T S
. { ' \
r.i.annl mteriala aeema to promote general m,nthemm:ical ach.ievement aa’

L3

efficientl‘y pa does individual manipule.tion pf the materialse by the
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etudy of tedching some aspecce of algebra ,ta grgde-nina atudents uaing

‘the l:wo methods of teaching, discovery and expoeicory‘- He found that ,'

mtbematica achievemnb qas si@ificnntly higher for a:u‘r.lent;'s who \xaed

_—

the diacovery meuhod.. Cmnmina 91,9 found equivalent reaults from,a

'rhus ﬁar, from aoma of the quoced ecudies and experimenta one '.
.. e

"‘ "\J

reaulus vrith ragards to achiavemejnt uf Etudents.A From other atudiea

.\-

clu-:’t:e theF discovery me:hod of teachin! P‘-“”h‘ced B“P““‘ m“‘ﬁ“ with |

WL e o Smith (‘1975), it vas coun:luded thax: there., was no diEfe:euce .in che
S A B .

o N i . achievement 1eveld of studente‘ taught 'by eithax mathod.: Smith investi—-

e e - E

’ '_1n prablem solving mong Btudenta using the J:htee methods uas rejec:ed.z"-"f Tt

l

N ;I. , Similar conclusibne were reached by Sobel (1954) in, a compatntive

t conclude thét the di_ecovery. method of !:eaching pmduces the 1ouest -

Bovevet, £.tom a atudy done ’b\.:;, '

oo

erent teao_hing

The nu11 hypéﬁhéaia chat :hete ie no significanq difference,@ achiave—_ _.;:.

( o \ . gated ac_hievement 1n mathemtit-_a as: affect;ed by th:ee diff

” mer.hod? lecture, guided diacovery ;md programedl 1‘;earn1pg..': Si;ty ’ '\l :,'_ .

' I‘T i “ ta;;doml'y choaen atudenta Were taught Colleg/e Mnthema:ica I :Ln three | _.f :

‘\A .v-': , separal‘fe clasaes hﬂiﬂs the thgeae methods being« 1nveatigated" A1.1 three’ :t..v_ / .,.,

‘ . Tl cln;ae; uere tnught by che s&me 1nntruét:or. j :.::':.’ ,’ ' 3«» ’

\ .) ‘ . T:\;e‘l\v\e‘“hypotheﬂen were test:ed.: 9:\51..}'316 of cot;a;ilan;e‘ vas uagd" "“;' L

' . ".:with Ithe‘significnnce level aet at .0/5 Oﬁ the ﬂelve hyPotheaaa, l‘.he ' ' Tt
s "kil.\_,'nu!ll hypoth'aéia that thexe ia o, nignifican: di.fference in ach:!.gv«_amgnt - '




\ fa ) L. L v : A I
' ment between h:l.gh ae‘hievere and low achie\gere uaing either the lecture \
method o.rh the diaqovery method was aleo rejected. B L S
n ; It Vas: coucluded that superiority over the lecture method canhot
E be claimed by either the guided dli’ecovery 07.‘ ,programmed method but
. because the :‘Lnterest generated in cla’sa ent! ‘o;it oE clae‘s ~by t‘he d:[ecovery,:'
method etudeuts waa 80 high and beceuse eignificantly more progreqa wne ' - ’

s -
‘\‘ N

demonatrated by thoee studente in problem solving, 'there is a e\treug _‘/.7‘ . 1; =1".'.:-

. . . ”:' < ‘_ o N ‘.:.' RN IIA\-‘.» : }_. .' K ‘ - . '\',: 4
wo o o argumenf in fevaut of gui:led diseovery. T T I
N, . . TS . ! ‘AI’ \I I »\ . . \' ‘.‘ J »..,. ‘_ i ﬂ- ..»| ~>A O W . . ’ = - s . . \‘4
Lo ‘Use of Materiﬂs 1‘n Activity-Oriented App aghe i ’ o
g 1 . ‘I'he diecovery epptoach and T.he uaef of materials in ectiv:(ty- B ‘ I R
o ;‘ o L ﬂ b

T Lt j,‘l" ariented sppraaches are cloaely intetwovan in thet cm:xent exper:l.mnt. :

.1 ,- N

[ ' .-

L e P . . R T
- [ N . s “"‘ 2. - RN Ll o - . B N

-y . - N . . : $ s co B e . EERE ~ g
et b *

ce T N 19 Included. T e FYPRIN PN

S ..._\ N K X _:. . R . P N v T e

K L :,‘ _.-‘ l1anier (1977) did a etudy to inveetigate the effecta of nn __i}-f:,, : ‘ T 'i"‘ﬂ;. SN

. ‘ {' Jlectivit’y' app.roach to teac’ning geomtry in cer:ain bigh achoola .or" L |
. : ’ ) . flAfghanietan. 3 Studenta} in the activ{);y eﬁbli:oach were involved in a : "
. ' ) ‘;I::f'learning ptocess ueing aolﬁtIoﬁ keya and practical aeciv:l.tiee to aupple-.“ U :'."
R Ci ' ‘f.-:‘ment lecture and teztbook preseltations.u Thiﬂ approach waa compared to ‘
; e ;' 'EI-"I;AI,trs,ditional me‘:boda which coneiated o; 1eetu‘re, u,ile of a textbook and .
. j reaitation beeed on mmoriz.atiorn cmly. 2 'l'he folloding coneluaions were ;.';"‘ ‘, .\"."
.,__\:_' . drawn fre-m the 'Analysia of the date. In comparison to the traditional - , , ‘ \'\"
| , ‘. " ._ '_':approach, the uee éf activity dpproaeh q‘ignificaptly helped aﬁud'ABE; L o

:_(1) improve their perfompce/in uverell u.nderacanding of geomtry,

' (2) ﬂ’hieﬁfe highet 1IeVela 1:1 creative thinking, (3) develop greater

: "'j.A,abiiLity to explain geometric con(:epta, (4) iuprove their a%i]ity 1n _;'7: .t
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/ sclving geometric pt‘oblel:ns.1 (5) deveiop the dbility td recall'

‘ tban s:ddenr&s deprived of thEGe activi.ties. -.:,j.,"_i_ _ r\ ( f et -

P . - T N \ .‘I‘.J,.

concepts bettar, ,and (6) develop greaCer abilicy in aetting "up complete

proofs for gemtric t‘.heorema. o Ny ,'j. Cn

Bring (1971) investigatqd the effects of; varying cqnctete )cti-' v

v:itiea on :he achievement of objecr.ivem in metric and nnn-mecric \geomecry ' , C.-
by_ Bcudent’s of grades five and six. One hundred two st:udenta veme L / L
= L - ; S AT
oy :
divfded into two groupa chm:acterizad by tba anunt and type of c m:rgte

' activitiea at‘fo:ded the scudents dm:i_ng t:he experiment. Tt vas’ [ncluded RIS NP
7 BN » ) RO i . “:' R <. . R

from the atudy t:hat scudenta using concrete activitiea achieved highev; / |

o '— 1 {

1

Ao «'-“

Gilbett (1974) aompared thtee instructional approache.n using~ '- D

qanipulative devicea in thi:d-grade mthemticﬂ. One hundted twaxity—“; ~

four studenta from cwo aubu:ban elementary schoola recyeived ine\;ard;;:’i;)d k | 1
in addition ami aubttac‘t.‘ion. of two—digit mxmbars ‘duringm:; thre;-ueek, ' :; | ‘ ‘j
period. Theirl acores on the pre- ‘and poettests were conaidemd iu the' -:“,:,_;:;\f

y 5N

A i, 0
analysie of the. data. ‘ The thtee treatment groups each received an eQual S

SR e A
amount of inatrudtioual time. Teache:a followed r.he invesﬁignto:‘ 3 R

\ . ‘A'.

leaaons uhich 'were desig:ed to r.onc:ol content and taaching apptoach.

Treatmem: D (Demnsttation) refers r.o mathematicn inntructiop 1n which v ‘-.' Lo R

atudente qgmewe and adviae the :eacher qn hw to m,nipulat:e the IR

P
I .".:

instructional devicea. In Treatnem: ‘1 (Individua.l) each etu&em: ia

provided wil:h a aec of mﬂipuldtive devicea And 3iven the opportuni:y e _"-‘-',:~- L

SR i : N S A‘::

to use it on an individua;l. basia. ‘ In Treatmemt G (Group) S:Gde.nta work cioL o n
; in gtoupa of four with one set of mipulntm d.evicee per group.

devices used by tl(e atudenta during the inatructional period were atrm. T e

.go_imqezs and plaee Value sheete, gmd abaci.\ 'Ifhe preteﬂt uas administ.eted




{ff:. i ‘ . e . -

SRR : S Dy
. S three days prior to the first day of experimental inetruction and the ' o fh
: s poatteat, identical'to the,pretest was administered On the fifteenth ;f
1fﬁ;:mlz.iil% 'alf'. Qay of the program. .The author concluded,thaﬂ‘students receivinngreat( i
; . | ment T within one ot the achoola gfored aignifif\’“iy higher than ;i;:;i {’ %3
. ”'}_._-l-.l, ST studenta/in Treatmente ) or G.‘ Within ‘other” schools, no treatment 1;‘ i:pfﬁifilfff;
uitif.fﬁ“5§~"17if{‘ differenceaucould be found. ET ‘g:‘: i;;fff;;:'"," :‘i _f;&‘: ;{ﬁ:f:T;'>;‘ﬁ715 }?

e 'ffﬁ_fiiﬁ ;jfﬂf.;-‘; - Carmody (1970) inveatigated the aasumption that the uae of con- S
PEEE H . co - .\ :

\“{1ff‘j"f“;f~.; f;°¢rete and semi-concrete materials can contribute significantly to the Eh { flx

- ﬂ-ff7; learning of msthematics at the elementary school level. Three sixth-_ AR S S
KN " o‘parochial%schoola wereﬁrandomly aaeigned to the e
s . ) . o .'\. R It

.u_.;approach and the concrete approach.‘ Units were written which included

topica on number bases, properties of eVen and odd numbera and divisi— :
ToeL L e \.

if bility tests based on the decimal representation of numberg.l Pretests ] '

,_wgi»ef%iiﬂ;tf:“i > and poatteats were administered. ﬂesultg of,the pgstteete were analyzed L
;iﬁ ’ 'ifs“;'i[f:'u;ing anai;sis of covariance with the cowariates being IQ scorea, mathe“'i}i;: 1-f3:;-1
ﬁff; i t;r;tif'iyf(?atics ability scorea mathematics achievement acores.and the aPPropriate'“h;;'“i -:é
lfigf;l.mgi;iifﬁ' .pretest‘acores.: Significant differences were found between\che Symbolic :;:;?bfiwli:hit
i» ' .‘H;uf GrO“P and the SEmi—concrete Group in favor of the Semi-concrete Group‘-.: RN .

N '?1.” on'numeration and two transfer teats., A significant difference was also Z:;:,fj'

'uf”:'fgj'ffﬂ PRI found in iavor of the Concrete—aide Group over the Symholic Group on one Q";}*j}”l:

1 ‘3 - e B O T

' transfer test. No significant differences were found between the Con—?tivi :'t'}';;uT g
o l crete and the Semi-concrete Groups. eﬂ-'“

e s gltuu_@,ﬁ:“ Kuhfitting (1974) inveatigated/the effectiveneea of guided e ‘
" discoVery and concrete}materials on mathematics learhing., This method {

of instruction was compared to an abagract method of learning without 'L'*

’ ,"/l"‘; ’ 1 ‘»«I
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the use ?f conctete“pat rials.\ Forty Beventh-stade students were ran-‘ “-,'..‘_-':_ﬁ
s . domly assi@ed .to one of fout groups; wit:lr five higg\ and f:l.ve low _ _: -.°-'.-:~'si_;;. o

SR abil:l.ty subﬂeccu in Each. The methoaa of :eaching weze ca.J.led coucrete

-

IR 3 P and abetracl: on che learnlng aids dimenaion and maximal and Lntermediate ".':_": N w
guidance on the diacovFry dimension. - 'l'he leami.ug r.aek conaisted of ‘ LT .

converting American to old Euglish currency and Tice vema, md the L' .

ok .;"-_ leamlng .ai:ls 'w.e're mndela nf “Icoine cana:;nnte\d by the e erimenter:':'-bn‘fi ‘ ‘ .
. ) the discovery dimension the amount of guidance was varied aa follqwa' \ o | -
e ] ox:e g;onp vas, t:aught by a anefully atructnrecl’ seq'ue‘;.nce of qneetions o '.'-“IA_'(}I'_.?_‘“'
Lo . (inl:emediate guidanca) and Ha ot.her by c&rnful nrplanationa of the “'
i ; 1ndividual ateps (mazimnl gujdance) On ct;e leaming nida d;.mension Ehe‘-'l."_", ¢
\ | concrete group uhs allowed to‘ utilize the cuin mdels as nani;)ulntl\‘re 15
| A aids. vhide only verb‘al tefereucea were made’ in the abstrac: group. ‘l'be ‘ _fu i
° content was the same for al‘l g:oups.. Significant differences vere found | _;_:;-_ \J

S Y ' = RV
IR \/ :Ln favat of eoncrete materials and :Lntérmediaca 3uidamce Bor the low ?"..' SRR A

v el ability 3roups but not for the hig abi?ticy groupa.\ Alao, intamediate ; '4 ;
_\ . guiddnce \rith ;oncrete aida ehwed sig'nificantly greurer tlrnnefer on the .
R | tet’entinn test thaa ‘the’ at;a'nra;f trnnmmtiand no significanc differ;nces | -:-'-:."} , ’ ‘:—
P RN B .. ;, : a ot RN Peto
L i . i were found for che :naximal guidancg anbjecta on trmfet.o; _ 1_.; : I
e T e T g < :

L R DV SN ljbo&y, Abe]_l and Paunell (1971) examined the effect of activit:Y* iy
o', . '» . “ A‘* . _\, . N ‘, | - ,I;:". \
ST qriented instruction and conventional 1nstruction upon original 1earn1ng,

( ) r.ra.nsfe:, and retention oﬁ third-grade studen[t??:s. 'l'he suhjects of the SUNERSETIES
L0 ,:‘ ., _'" -.. :L-' / ' . ’ P \‘ . ‘.' i ., ' ..'x ‘u
T atudy vete 90 third—grade atudents of low.r-diddle socio-eccmqmic S Sher oY

’ ," famﬁm None of :heae ahudencu had any pz’evious ezperience 1n mull:i-. X '. j . .
[ . .: - N i / I': :“':. . o -'I.- .

Vileee .' : plicat}.on. . The a:udenf:s were randonly nssigrted to four treai:ments' '
LA .‘ /.

ARSI (1) the cctivity—otiented treatmt (A) consj sted of m.lltiplicatidn,




' ; l
o ® Lo . o - .
L . o . / ‘ 18
¢ L P instruction in vhich all ’Btu:leets manipuieted the fnstructional ’ : J

. materiale, (2) the rote treament (R) consiated babically of expoeitory

instruction with students reaponses being limited to the completiou of : ] )

LT _‘ . prepared exereise aheets and oral reﬁﬁomes to Bpecific questiona. :r S
o (3) the rote-ward problem treatment (RY) consiated of t:he same multip]_i—- R J
3 l . - - cation in;ttuction as R vith the addition of practice in eolvins multi—
?' ;. ‘3 plication word problems "and (4) the control treatment (C) ‘réceived
.. ) n; . inatruct:ion in addicion. All treatments were eaninist.ered concurrently o | Ly o ]
: I L . for a four-week periqd.\ After all reets were compleced no significant v
; ) differencen vere f"oLmd in original learping, tlranefer of origiual Lo B "
learn:!.ng to word pfoblrems dealing with multiplication, and retention | B
ik betveen the two instrue;icl:‘ngl pppronches. B ﬂ - (;, ) /

LT I. Feunema, (1971) inveatigated the relative effeCtiveneee oﬁ a

5. ‘”L e ymbolic and a conctete model in learning a selected mathematical T T J

2 I - R SN ’ ) ' B
: i, e :prfnciple (multiplication) Suhjecta vere aecond grade etudenta .who'

.,-meaaured a: or- above criterian ,on ;a qunlifying exam anﬂ were randomly

= a.ssigned to chree treatulente One 3roup received inscruction iq multi—* N '

“* . .'_- ’ plicat:ion with a meaningful Bymbolic mdel (peper and pencil) T'he- ‘,-"'- " .' : ‘
“ U.‘ , Becond group received inatructitm in; the principle uqiug . meaningful oL )I .‘ .
\ - :.' concrete mdel involv:Lng t;uisenaire rode. 'l'he third group aerved a8’ the ‘. 3 . lI
J °°In“-'°1 81‘0“19 ﬂhd .did not IEI:eive any instruction.‘- .It was. concluded » . , ) j"

fron the otudy that there vete no ﬂignificant differences :’m l’.he overall. o ] o .-_

leaming of che mathemet‘ical principle bEt‘*QEIll-fi\e two methqde of .o
TN
instruction.. Elow’evet. children vhq uaed the By'mbolic model perfomed '\ ‘i
: at a Bm{ficantly h:l.gﬁer level than those who uaed :he concrete model S ’
wich respect t:o transfer ot~exmaion of the principle. o ‘ \ ‘
’ . [ 5 w
o
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Truehlood (‘1967‘)ch1;due'tc‘ed an axp'eriment to provi'de evidence tlm
wh.echer etudfmés, ag; 9-11,- woulz achleve more by (1) manipulating
)Ivisual—tactual ‘ailds ('1‘-—1) ot (2) observing and .telling the teacher how |
"to’ ma.ﬁri.pﬁlate such dev@ces ('I’~2). T?le pupjils in each class were ran-

- ) domly assigned to T-1 or T-2. kn athievement ‘test designed by the

inveatiga:or was uaed to measure pupil ac.hievement. An .analysis of '

“-'covariance wasg performed on the immediate postteet scoxres. ‘Mental aﬁa
;v R (2N
A oy ‘was used a8, the covaria:e. : The reaults of - the c0variance emalyais waa

-

that the pupila taught-by ‘1‘—2 acored' higher on the immediate pontteat : I '

.',,a ‘I-than the pupils taught by ‘1‘—1" ’!!he diffetance was- marginally aign:kfi.—

P . . A‘. - .‘,A" 'A‘ 1

SOREE ';';can: (p RN

} . L . »VA . - e . . ) ); ", -~ I‘ : ’ :, - - I. % \t‘ .
‘ P ’: Biggs (1967) reported on a stuzfy conducbed in 1960 when 87 . }r L

. -':English primary schdola, clasaified a:cordi‘ng t:o their teaching methods, '

) . o0t - R »
P ) .. vere tested on. mechaniial a’.rithmetic, problem aﬂthmetic and, two concept R - J

- teate. 'l‘he teach‘Ing methods described. were ta) ueing inatructional L o : T

NESr o
i,

L . mat;riale guch as cruisenaite‘ (b)" pctivi:y method and (c) t:raditional._-

‘Ftom the. reault:s it was concluded that the act:ivity method ptoduced o o
. _ o :
-significxmtly lower results on these teats than the .other two tenching o R S

. . ot PR _r ., AL O a
\ = Al-methode., R E e - o . L, [

Vel et e

B PRI Iu this ~sectiou, qearly al; of the studies are with elementary

->grade st:udent:s and on non-gébmetry topics. It must not ‘be fotgo:ten

DR BRI I_tbat most of the studie‘égrev:[ewed in tbia rpporc ‘ate ‘ﬁot at :he grade-'", Lol l /:
) . . b I L. vy P o . Lo g K
' .. tm leve.l because few stugiee have been done a}: thie level on r.hia - : Do “

L e _particular area o‘f nmt‘flematica. One of the objectives of che preaant L

= s

- atudy was to determ:l.ne .if s:l.mi]:ar pattems exiatecl at the grade-ten o e )
oL SN LT - . L ¥ . T
. . . 1.\_ . . < - .‘. R \.l. .-

- ’I'levefl with a unic on a 86'0“‘9'31'.? t"Pic' ‘
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'relgted to the preeeut s:udy. :

‘the ‘other et\rdies .

A.for thg study.

- w

- Retention

In thie ﬂection studies done on -retention are reviewed Befu"ne '

the actual reseat’ﬁh studies are given, ‘it 48 interesting to note a claim
'

made by’ aner. a leading proponent of diecovery learn.ing. Bruner- (1961)
' o ‘ -

" claiwed that student discovery 1B an aid to the conservation of memory,

-
~ ~

He atated tihat‘ < - : S A
i ) ’ ’ ’ .
Any organizaciorg of 1nformation that reduced the. aggregate i
- 'complexity of material by emhedding it into A cognitive pro-
"cess a peraon has consrructed for himself will make - the .-
,;_'-Amaterial mo:e aCcesaible for_,xetrieval. (p 32)

v'J?‘ne 1nvestigator found fe\atudiea on retention that were directly
. .. ‘). .

o '

Bowever. of those studies re‘ported oncly-:- —

- \ ! T
Trueblood’s qtudy had teaults which weré different from the reaulta of.,-;

« [}

Robertaon (1970) did a scudy to compate the effects of th&

'.discovery a.nd. expository approach of presenting and teaching selected

mathematical prinniples and ‘relationships to fourth—grade pupila. A ¢
AN

_total of eight achoole, thitteen teachera and 3714 ;upils were selected~ '

Pupilh experiencing the discorvery treacmnc scored

1

ia tica. .

uaed fcr the experime.nt. j; ,
{- .
significantlz higher teBuLts on retention testa.

N

'-l‘

Ray (1961) in a stlndy fOund eimilar reaults‘ o %5
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Worthén. Six weeks after instruction, Ray found that -with respect to K
. , _ _

N ) ' . .. A £ N
«retention of material initially learned, subjects taught by the directed

v,

discovery method retained a statistically eignificantly gr‘gatet’-prqpor-.

tion of this lemrning wh’en 'compared to‘students instructed iSy the “F rect .

and detailed methqd'. Rny aleo found with reepect to re.tention of I
material initiaflly leamed that after one Veek tbere was. xio atatiatically .
si@ificant difference in retention between atudentsxeceiving the

'(_:-- P an
; different modee of instructibn. _' P

- o 'Irueblood (1967) found no difference inl thev levele of retention >
" & . for groupa Baught by a’ tnethod whereby ench atudent manipulated visual—'f" )

, iR tact(ml ai‘ds (T-L) or tﬂught by a méthod whereby t:he studenta told the / ‘
‘ teacher how to manipulate“ euch deviced ('1:—2). /- B” conclﬂded from the ‘

than students taught by 'I‘-l‘ Nevertheleaa btn:h T—-l a.nd T—2 tesulted

. l:- . i: .I ‘- N _.I .ﬁ‘ . T
D - ) - ~ ) ‘:" ‘I.""L-' :‘ 2 e ,' -~ R o \..._ . ,
K ‘! cr -_ " . yooet 3 b ‘ '
P Ftom the rev;iew of li;teratute ptesanted onj might be heuistant
U to duw any definite and firn conclusione aa to the trrelntive effective- '
" Lo : neas of either the diaeovery method of teaching orJ the expository method
“.‘- A .‘ “ < . ' '_'J -., o . P LI - .\. - o "‘:" :" ’ 1 ’ T
of teaehing ‘:",\‘.':,' . '.‘I'-*' 5 C L \5 L e é*

.a“.d\w

by the( investigator from the atudib.s was that the \oeitox:y tea.ching

‘produeed results that'were sipifieant),y bettet than those xeeulte of

4.

I

' RN o achievement the eonclusions reached from the stuaiea vere not ne definite. B

experiment thnt studente tBUght by ‘1‘-2 did nc\t ret:ain significa.ntly more > .

ln%a high degree of retentibn.- 'U;° B A T ,'.

,'\"'“

H:(th regards to :Lnitial leaming,the generai conduaion reached _ . {:._: r

atudenta who were taught' By the diacovery method. HQVever. for overa‘ll ’ : .

N N
‘e
tar
Mo
-
»
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- It vas concluded fz-om certain of the etudies that the discovery mer.hod

produeed aignificantly superior teaulte. while\ from other studiea i1t was '
concluded that the expository dlethod ﬁrodur.ed auperior results. Stillv \".;.: T

P further, it waa concluded from bther of the utu:liea that there \Jerg

- - 1ndeed no differences in achievement by Btudehta taught using either

5 / V ‘ . v' 'Similnrly, fer retenti\.nn th’e conc’l\‘;eicms reac_hed vdre not unanijt ;' 5
. P o tnous in any °“° dire—ftion. _ It "as, cond.uded Erom the studies by BT :" . ,- | :
o kobertson (1970),_Ray (1971); snd Worthen"(1968) that PuPils experiencing ' . I .ﬁ
: ‘/ S ’ the- discozrery treatment!e‘n‘c_om_d si,gnlttcd;:tiy higher on kr:atention teatka. ‘r . .";d-"'",é S .“
. o i O" ';he other ‘i';“.da ~T1‘U€b100d (1957) foubd o' }fferenqe in the 1evela el :
‘é i Of retention f’" ;\tude““ taught UB;DE eithet method;:'of'lﬁdtﬁcr;ﬁnc ,'r.',.'-t‘ 2

‘ N SR [ : .

‘5 /- -: me the studiea “hid" iuvestigated‘ the uae of materinle in m activi.ty_
n { A . orie:}ted approach, 1: was found‘that .th? d:eddltt.s obtaihed t:re signifi—w s
/ -f cmtly‘highe.r for classes which d:l.d dot ude a:\ateri:als hlands—,,‘1 :;I'"A_E/:’i '

I'-.' . . Lo "'1. R . ).
B P Again 1t should &e noted that moat of the atudiea teviewad az/‘e

L = < ". DN . :.\:-'. . /‘\ . : K AI . " - \’\ -\\. ‘-.'_4_ o R . ol
AV not at” the grade-ten ievel.- Because there P so litcle televant :eeearch, -~.;_~'.;-'--_ R
T «., : - ; ‘tf ‘\'; .,«_j"‘ e

this constitutee a, need fot th:Ln atudy. ) Tha deeign of thio study 13

J --\'~ v . ‘( 4

td\(~

' "m outlined in the Eollowiug chapter. .-:
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. S i‘_- CHAPTERIII L ‘
DESI_GN ANDPROCEDURE o o
1 [ . . ) !' ’
R In this chapter a description of the design of the etudy and the _ :
. o r.o. C e D ‘ i

'."; . procedureb\used to Acarry out the study are presented It includes a

. deacription of the popnlat.ibn and sampling, a description of the experi-
' -mental design, a deecription of the 1nstructiona1 t;reatment for the
! = ables, the administration of the instrument And the methods of the. oo ‘
L analysis of the data are also discuased. ‘:-'f . '.‘."" ',. +
R o Populatién. ehd'Samblin

Ihe eubjecte for thia etudy were two intact claaaes of grade-ten SR

- ,l--\,_.\,

matriculation mathematics etudents at Clarenville Integrated High School.~_. .

: VA ]

_ Ench claas coneiated of 30 students.f. 'I'hese Btudents Were in those two
'// . ’. . A \-. FICEES .
classes because of the following precedure vhich is used at thia high

o Bc‘nool for the essignment of d‘tg_dents to claases at the end of each

sc‘nool year, the principal of the achool (or vice-principnl) ,h the guid— '_ Co

q~.

. . . ) . & s '.'_ L , S
the placement df the students for the following achool year. _ Basically,

. . a_

I;each atudent 8 ecademic achievement ia the determining factor as to his
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Septeﬁb}r._ For ‘the study the invatigator qiedeJ only >orne of these two

N deéteea fmn Memrial» Univetaity. Since ‘the 1nvestigator, ;Ln collabor-

] : ‘ . 'S ‘. to N
. L > -‘ FUSTINN ! P - ’ ‘_' S e Kl )-4 . ‘ ,
. . ! \ [
’ . o P R - . - B
'. ;f - g -
, T N
2 - , e
L/ ! - N . . . ) S
v . . % R b
- . TR
» e, > .,
¢
. - P N ot . ‘rl
~ V s ‘ N

'.placement for next year. Hence, the etudenta in the two clasae.s uhed
' e

' I'for -the atpdy were homogeneously grouped. The am&ente were cben '

g ‘.-agsigne\d to the um claseea itx n0: particu.lar manner (a few/studen a had | s N '
purposely been aaaig-ned to different claasea in a!n attempt: to avoi PR s }
] -disciplin! probleme)s . Afterwarda eacl-ﬁ class waal réndoml’y aaaigned tol H
:‘;i‘ oue of the treatment gtoupe.“ Table ‘1 givee a breakc(own»oﬁ tbe aample & I, ‘ﬁ TR #
| witb respect o' method of‘ i:;ex:tuotion Bnd aex of Btudents._"‘_ .o
S ':._5 o Ctate 1 e i e
oo G:Oup, T;:eatment, ana Sex oE S:;udents kg .'.m

e e e e T e
Boys © Gifla & i i, ' reatmémt..

- v N ""'v Sy )
L . GOU TV ey R pl . e

P

Experimental }f'.’* 160 14 :Z . Diacovery (act::lvityh-oriented)

Control v '> AU 13 I 17

R 7] ? Exposisory (teacher lecture)
R S - I Lo . LY e
A . T VR S . - R . <o . N o
T T A X . A B
<0 4T i Teacher, Selection.- -y Ll o Tl e it e e

’ P “‘h ' 2
Baeh tehcher had bee_n teaching at the high echool 1¥zve}. for the eame

numbet of years. However oue tenc.he _held g Hnster of Educntion dagree

from Hemorial Univeréity while the other teacher held tvo undergreﬂuate R

,,,/ . % \ ,-‘:\. . J,_'.'_ <

Ry

i YR
AR RS

s . ™
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felt that the difference in teaeher ) ".s

KN . - .

G : ation with those two teachera,

a determining fector 88- to uho t:atnghr. the two L

RPN qualificatians waa not
. A T
trenhneuta, . other mvanue waa taken._

2 J , . i . ;
of arnmgiug the two timetablea of the teacheta involved. Such r.hlnga ._'_ 1 JETE: RPN

Ihnt svenue vas the comenieuce e | L

N
-t

:.. ) conaidered were. the increase 1n r.eaching pariods, che reduction in SN

I‘v.,.:eaaher Prepa.ration parioda. _a.dd the Poasibni:y of« 10“ of lunch L R
i ‘ --peé%'ofl"i; T l : ;. 3 ’/ o
PR Lo posaibilitiea beir;é ‘U;‘ighed ‘and discussed 1: s deciaed .
‘ T E .It;\;tlétiuce both telaéhe'rs ~tB.ught oue of the twf clas%lea com:emed, it :.:I o ~-_':,
r vould teach the t'w‘; ‘ L

:(‘uvolved switching two clasaes such chat one teache A B

) i clasaes used for the. study and the other tenchex: would hmte one of t:he s AN
L other teacher Py claqaes. : ‘)é‘ ﬁ , ', .‘ ,-', 0 =
g e e Lo ."-_.-‘-'- ; Vo TN e AT O e B |
, B PR R UV etimental De&i i SRS % R
i e 0 ST e 4 X \
S *A. S ‘No clasaee vere used for chie reaeptch scudy. One class ua.eg N
[} x - B . | - . PR

RISAELET
o rausht by the expoaitory mbthod.. Thia methqd of instruction \15 called: - 17 SRR B

g h

This claﬂs fomed t.he C-onttol G;oup. ‘I'he ot*zer ‘clase/was L
& 5 (_,‘ s

. 'I”reatmenr. A.

ty approach whereby the el:udente ueed 3eoboarde, ,:,'.'.

\»,

r.aught uaing tha discove

{ w0
" l AR paper—fold:(ng and,paper-cutting to discove: vaxioue mat.hemtical con—
IR cepte. ’Ihe teachaLuted as 8 guide and aasiated the atudents vith ahy

mer.hod of 1matrucwon ;La

“31 4
s L

) ‘-‘cp.ned Treatment B.- ‘I.‘his class fotmed the Experimental Group. '. VR 'I"f‘

1
"\ '; .
-

|

o0

_"- 1.1 v._- e I.,:'II .: . ' ' " "

e i dIﬁficultiea they had’mth each 1e650n. Thia
i

' 1; 2 Each class was taught by the same teacher, t.hereby eliminating

' any 1'1‘“’"‘“1"“ °f U“iﬂe WO different Eeachera. -,Bvery poeaible effort N

Y
S - R

nch tteatment.

gt Jne mde by chi.e (:eachet r.o do an equaliy good job with e

L T
.- .. 5

BWever, evan tbough such a conzégrtad effar: wah

>

made by the teachet. . KN )




' 'the.‘possi’eility-of teacher blas stdll exist'e'd. The instructiénai baci;age ‘

developed for the experimental group by the inveatigator consis ted of

B ) eight lesaons (aee Appendix A) 'I'he amount of time Bpent on each 1eaeon :

[

. ‘f':-_ S is Outlined below in Table 2 (1 period - 40 minutes) IR w T N ’ ,;.‘

L - 4' L o R T ‘_'_ 4' L /‘ fae Lo : s
, o 'L:'L . « K Ny -_..'_: ‘K‘ Tablez .

S . Time Spent on Each Lesson of Discovery Package S E A B '

, w0t 5
. .

,AJ’.

[P

e A_;'f_.'_'Leeqpp-..'- J". - Pérlods. - 'Iime;(m_ins) B A

RRTERE 27 e TR0 R e T e
ST Cnd g g e e
' 4 TR [RRER R S =

f'::Z‘- 5?;.".' Yy o ':'80~ .

I SRS "Practice exercisew 2 R \80 L SRR
PR Lo e T ."for 1esaons 3 4 5 ol e, PR Yy
- '..yReview of concepts S ,.;-2'.! o 86+ . L e e \I}
Lo RS e S T e kB0 e g

Do e R ot i . NPT A 2_ . .
2 e e v . 1 ; '
2

-~ . L - DN v o ~

Va 40 S

o

: Review exercises Ut

’ ‘ T . '.":‘."'.‘ B A e e e e 3
ol

gl -_'v..-, Lo

In ammhavy, 3 class periode were used for the complet:lon of the package. -

The same number of class periods were used for the Control Group. o e
o ‘,' ,, / A pret,est was given to each claas four daya prior to the atart SRR

: '-'-.of the study. 'I‘he 5cores on the pretest were uaed as a covar:l.ate to T
S L PR

g ' - ;:-take into account any differencee between classee which might have -

,'__‘;existed prior to the beginning of the atudy. A posttest aae adminia tered

TT.J‘

_':7 .:j'“".'-'.'l'one day after the completion of the instructional unit, and the retentiorx S po

teat vas administered three weeks after the posttest. \ - ‘ O




k]

where R fepresents random assignment of Btudente to groupe and random.

27

-

The two gtoups were taught the same content with the same‘
behavioral objectives for each group. The same e‘xex_'cisee., assignment
and tests were used for both gtoups. The "'devellopm'ent. aqd 'pla‘nningl.ef__
-the, lessons for both groupe received an equal amount of time..

| The design for the atudy mnay: be classified as a Campbell and’

Stanley (1966) 'Preteet-Posttest Design with an experimental group and

e

‘a cgntrol.group{. ',,’Th:te..design_- 1s ,c;utlined a.a.'f.oi_llows.: . .
SR R SRR ORI At

L SRR KL

ol ‘. o AR

. s

coneepte concerning the quadrilateral. To aid the student in making the

~assigmnent of treatment to'greups. /'L . ) b ;:-
. V. -;_-x;;jrepreaente the ;:reatment giVen to the experimental group.r B o,’ .
e .' -X2. represents the treatment given to the control g up.
- ¢ ‘ ‘_O_Il:reptesents the preteat given to each group. _. ;o ',-‘
, .,l Oé-.i‘-represente the poetteet given to each group.r. N ' .
05 represents the retention test giVen three Weeks after the | . . N
n ""'posttest. - '. o . ."_ 3 L .T o . "l_.:
e nstructional Treavmeats . | "m e
_ For the experimental group;, -the instruq:tional unit consisted of
a package developed bf" the invest:l.gator. ! This package consisted of a :
student manual containing. inst’r;ctions and a series of queations and
alnewers to direct the student“,towards dieeovering the various‘ 3eometri: ‘

paper-cutt:l.ng and paper-—folding ‘
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" For the expetimentel group the teechﬁtbegan gach . leaeon by " -
’ telling l:h’e studeﬁta the purpose of theJ.eaeon. that is, thei teacher
o . '\ read through the behaviotal objectives. outlined at the beginning of the
\ .?.eason. Thée primery tole of the teacher with thié group was oot o
. iiet'-mction. . Rether the te&chet act‘.ed ae" A guide, leading the atudente i
' .- * ) P thmugh the package. He enaured :hat the students*‘follwed adequately
a : “ : ',* ) . t_he direetiona outlined in the package. Otljxeewi;.e.e‘,' the" etuienta my not ,' ‘_ ,

) . have discovered those eoneepts ela-elt‘ they were Buppoeed t:o discover. \
. ) / . R Wich 'ai{é sqme purpose i.n mind.: tbe teacher also ensured that chey. aid o -__ | -

) 3 ‘j‘ B kt saeisfactorily and\wit:h tbe neceesary precision paper-folding,;paperl ‘
« L ‘ W cutting endi ;t:[e construction of each geomet:ric figure and 1:3I‘.p\r;Pertiea “'-;_“{' - “*“,
,1 : I'A;I:' -A on the geageetds. :.\ R / SCEN “-"':'-: .:::-f" BT } , S

N AT " The teacher did not mete].y allow d‘.he students to diecover pro— S : ‘J

. ! D :_perties themselvea.ly The teachet was a ver:y active pettici;)‘ant in l:he ‘; e

' . i c _Iwhole learnipg envirom'n;ent., Ele did not \discwet 'for geele:udent:s but
~>, ! IR ( o | mr.her aided them 1n. c;iacovering’ for themselvea.‘ “In dther mrde. he eae PRI
: L e e ," e e R

EEEIN

. an 1nstigator of diacueaion. '-: ; R :f_»-.». : . -(';_

':_' . Co o _ If any. stu&em:e in the experimentul group experienced difficult:y | ‘_
, ’ >: ": : tt}e ceacher helpe.d resoIve :heir prablema.- Ihat: is. uhere neceesm‘ f
; “ %, the tencher’ and atudent worked together 1n that the teacher es d - leading .
3 queetione for the et‘udenc/to anawer or ponder and them,b;r de s ve 4 ) ) ,
g, o Lo ‘h_,‘“_“‘;; :/,' AN LN

oo T eor:ect conclue:lon. E -/‘ R PR S SRR Y

’

T B \ l’or certain donclueiona and genera]izatﬁé/th:wt'eclier enc’oh'r..'—' SR
i : aged the atudenta to wri:e foml deductive yroofe. ‘I'hese p :fe ceme . l \

ORI o in the— practiae exerciaee ptOVided nt the end of e'a;eh lesaon' Iu addi— L W .




” P L
the students at. the midway point of the. unit. . _ ._."'-' S | . - %
o o p ' '. g Also, at the end of each 1essoxn-the role of the teachet wss to . _' . L ' .
. tie toge.;:her the fscts and id'as discovered throughout that lesson. - ne

saw toit that: t:he students u 'derstood the facts and concepts discovered

- . i '. . and in some cases realized t_ h_ir importance and conneccions with either - 'ﬂ
: t;he previous 1easons or thoe L—lessons to follow. e '. e . o . A ".:_. ’
.',~ : T The investigator did not hsve any sctive role ini'the actusl s

_-'.-.teaching. The investigator,jin consultation *with t:he teacher, decided ; -

. e R A ‘. LR o

:thst it was better nnt to hs\'re the .st\xdents work in gtoups of two because S .

'.-‘1\ '.;:' o BN ., ‘: . R X ‘
-.it' wss fe;l.t by'the teacher that not enough learning was talcing place. SR LTI

-’,(-'.Instead,r tha students wete made 'to w'ork individually."i"The instruction CRE LT
PR RO ) g T

for the control group differed ﬁrom'that of the experimental group basic—‘

..‘_'f';_.'ally in the method employed. 7': The role of the teacher with this Broup B ~ i

BN -v"l'_j_"was primarily to direct instructi ,n. I: He, st mosc times, stood at! the f- 1 \/

R .front of the class and taught th in a traditional expository Wannerv RV [

‘ 'I'he teachet did the,actunl demonstrations in class using & T :
S geoboard which was considersbly larger than those used by the students .

R

e /, . . .\_

:I.n Treatment A. The reason for using the 1arger geoboard was to allow a

,'-_'-the students to better view the teachet 8 demonst:ations.._ The Ceseher N -;. AR
s ,'*also did those. demonstrations requiring paper—cutting and papep-folding. R

l‘-« )

""'-It is important to note here t:hat the atudent" Wss ‘a more passive 1earner . L

o »than in the experimental group vhere the student was more actively ejen-*. S o
: . ,.\ .‘,' 9. L Lo o

: gaged in the learning ptocess.' In other words, the. students in the -,‘5 " '

.‘,.

.:»".coutrol gtoup were not actively involved in the sctual mnipulstion off"._» S

Lo concrete msterials as were those students in the expe:imental gtoup. " o

i

Where ne\i;ther paper-cutting, paper—folding nor the use of geobosrds




o ¢ @ . Y PR o .
\ [ U X - Yaot . - FERER \ '-‘ . . . .
. ) < ] « K S ) "‘
\ 7 ) . SRR BEA
. : et ) M
. W ‘ 30 . Th
aatisfactorily explainad certain concepts. the -ﬁ@zag‘}féf_'uaéld- the ‘chalk-' ' * s
P 'bontd for illustrationa and exp‘lanations.' Cee ._‘,"_‘_ L
) Upon courpletion bf each leason. e:tercises uere asaigned. The T J -',_-_.' e
. teachet, aa wi‘th the experimental grolep. helped any atudenca who vere . .
A-/ ) _j'experiencing difficulty t’.['he teacher alao patrolled‘ the claasroom to . . q"' g
Lo e s g+ . bull P
O . R A .
' R daterming if all etudents were doing theit wo:k eatiafactotily and with S 1 IR
: AR ) 5 . PRSI e
" e T 'aufficient competencé. When all atudéntﬁ cample.ted the asaigne.d exet— SRRV A S
cisee the teacher corrected the exe:cieas and, Vhere Fﬂeceaaﬂry, gave B J '
. . ) R . Rac ¢ S o i ::':
o :It.i\:he en& of eAch lgason, :he teacher t:Led together the facts ‘
Homework was’ aéeigued a: :he ! . N
) .- '. l ; . ;& . :/a‘_ _':_/'”:I _" ‘/
a . The hehwloral objectives, the ptactise exerciees and :he home-- -
¥ o work aaaign.menta were r_he aame for the eontrol group ‘as, for che -experi— S J
W T e ,s mntgl.gpoup. Thﬂ students /in t':he control gtoup were taught the elmpter St
hn.qup_dr“ﬂ;b.t'etpj,a. :in ;hia\_te:_i'tlbbok‘ﬂodem Buic Geomet (Jurgenaon et al., O M
"{.: ‘:').n'-l.'A BTN K RPN, x‘ e o - P o . :./'..‘ : . /"
G o LT _970) The inﬂtmctional package for the axperimental grousr uaB a _' SR oS e
' e ﬂamllel form af the chapt:et presented in f_he textbook.:_. LR 3 e .
| S - . : ) . o 2 K
Y . .
,fn‘ : ‘ . \ y .! .
B A_-..'n‘ 1 l . "-,
. N N "'..‘ N R : L e . S e p ) : ‘.: ‘! \1':
W : 1. ‘truétion. ' 'rhf_: two methocﬁ of :Lnstruct:l.on Vete the teecher—lectnm - SRETC A SR
’ thod and the d scovery method. . W - -
2 e ‘The. pupiia uded fm: thia study w-are not tdld tﬁat thay uould be e

) t, of qn experhnent: Each chas waa taught by the sam mﬂthemticg L "';'-,1 )

t acher. Ho"ev“* bec‘m"e the ekpérimncal sroup used mtetiale vhich _Il f RS : v

. R ~ . ) RO



e e e,

' . o ' they usually do not use and becauae "the unit and each individual ,leseoﬁ- .';'/.

© wes. learned differektly, the atudents were more enthuaiastic about

geometr‘& than they normally w0uld be..‘ Thi.B waa not tx:ue for the control

group ‘becauae they were taught in the teacher lecture method. Tl;,e o

teacher was instructed by the investigatar to teach both groupe with

¢ -

.l""_ the same enthusiasm and try not lzo bias himself in favot of either mode

ER
“

. SR | . : ) .
e e '_,-' of instruction.-

> 'I'he non-experimental variables which might have influenced the ."..‘.:

* LT - L (- MR o L

Outcome of the study were the ability of each Btudent, the time of day >

- .'__", aéx and claasroom conditiona auch aa heating, 1ighting and ventilation. L

ﬂ However, these va,riablas. except aex and the time of day, were controlle'

\ -_'\,' '_';.' P since the stude{nts were assigned to. both classea and the a”“_'classroom
Dol was used by eaezx group. Lo

- 7

R The itema/orr’ﬂﬁretest vere selected on the Pasia of the

¢ 'vioral objectives for the unit. The itema on the postteat and ’

. --‘retention test were parallel forms of the :Ltem 'on the pretest. 3 'l‘eat B
! familiarity waa not " a’ prablem. beCause of the time factor involveci which
| . el ’ ted xfote memtization of either facts or’ detail. . The teet items ]
on all three tests were developed along the lines of Bloom s taxonony hE

(Bloom, l§’73) uaing itena of varying degrees of difficulty and complexity.,,_,_

: ‘l'hat is, each teat was developed according to t,he levels of Bloom '8 SN

+= N . . ..-\_

taxonomy ‘some ‘items tested factual knowledge, aome items teated the
\ ‘ '-:studenta comgrehension of certain concepts, and mot\o items s(h as :
SRRt

i ’l'he three tests used

G ruofs teated the students . analytical abilities._

; “‘for thia study are give in Appendix Ba B ""'"
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R (-—,/ g : 1. Tﬁere_ia no significant diffe'rence in levelsn. of achievement .

. o . betweeq chose etudenta taught using the diacwery method a.nd those
o ) ) : studente taught using the expnaitory ﬂethod. ‘ E ' -
N . v ) i oy ) Lo . -
‘_'i . , 2. There 1s no significa.m: difference 1n retention be:ween
LN - . > / 3 !‘ l. " -

thoae students taught using the discovery met:hod and those students o

. cﬂught ua:l.ng the expositox;y mthod T

| . " _,"' A pretest was given to uch claas of atudents prior to any ‘. :
SO T instmction iu quadtilaterals. Imnediately following the completion 0f1 AP
T ! 4, ' S
AL A instmction in quadrila'!;emla, a poattest Was admin.ﬁcared“ A retan!;ian . K
I '_ . : » R N LN

e o e tesﬁ wna administered fdur_ weeks after_ completion of the inatru:tion o
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' ‘ ' o C CcmprER TV - .
‘ ‘., .. ANALYSIS OF DATA - s ; :
. S ) AP P ' . "
. l ’ PR The purpose of thie study was €o. compare the effects of two , 7 . :
L diffetimt methoas of te&ching«, namely,‘ diacovery teaching and expoeitory .

-

N teaching, upon fhe achievanenc and retenciun levels of two groups of

\ ' g ‘ . ’( , ;e;th-grade geometry students- 4 . | ) “-}\_ DI TPR " LI
e e Three Eggtéawe.re .usea-;ﬁzetest. poatteat, and reteution tesc.‘ A,
. Y A i
- The; posttést a.nd thenti,on tesi;_a, were“paral’lel forms of the pretekta ::"
‘ -- ;Fhe /anlalyel-# c:f ,tlhe*achievement' ’da'ta and ‘tl':e lréteation datAB” were carti;ed .
out uaing the 3;15;]:;5{5 of covariﬂnw.. 'Ibe pteteat scores wére uaed aB ’l o
. th;a cbvm:iate. _ - ’v : 'IA-I. :"‘ *, ~-“- kN ‘ I,‘ ' / o f - o 1 \
; £ This chgwr_mpea_:&i_ﬂidata collected dur’iintg th‘e investigation, )
the results ﬂf te?ting the'hypotheses and tl)e othet findingsfof the Y - 7 * ’
‘ stddy In presenf:i;xg t‘he reeulta :relat:ed to 'each qﬂestion, the question e
or nu}l1 hypothesia :Ls stated, and the result:s of tbe analysis givan,- ‘ e
| ey The Pretes—t 2 ‘ -r_.;' ) _' , ’ . '.', (A:: . s 1 . '_‘f.l Lo 1 -
» | 1' ‘ :’ The meahs ami standard dew;ia;ions of the ptetea;: fm: the exposi—-A:
( . tory gtoup ~and the diecow’ery ‘étuup m:g ptesented in Ta‘ble !3 fxlthough K T
‘ ' : c;xe d:l.fferepce petweeu the meqriq kor the t:wo gtoups was not statis:ical‘ly S
P Y Yot 1,~>J - i SRR

i

i~ ; , .
( . N

aa n covariat:e in Bubéegpent anai!ysim
. RS PO

o ,‘- aignificant (r,\ ml 51 df; = 58),, t: wpa decided to"' qe t:he pr{fteat *ﬂcorea .. '_'~ L
¢ BN i . S ) . .».'-‘ . -
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Table 3

Means and Standard Deviations of Pretest - - ’ . N
for Each Treatment Group -

Treatments. Standard . . ‘ ‘\

Means © Deviations

..Expoeitory: 19.53. %85 . : S |

Discovery 17.23 6:83. . .

J R ‘ "szsriou.ql‘.' T B

Lo o ' - .A: tad ’ t P ‘ ‘,\
Are :here any differencea :Ln acb{ievement on the unit on quadri- ‘: L ' _} *

~ '. ;_lA\"’ | S . > .

betwean thbae ntudents taught uaing :he diacovery i . ‘
st:dencs\ taught ueing the expoeil:ory/me‘tht‘sd.: ol e e o
o This bypothesis was tested ueing analysis of cavariance of 4:he . .‘ '.
achie:\;etéent Qcorea ‘ The‘ scoree oq the p::gteat were used as the covar—v I-;: | -
iate.. Ta.hle 4 givea :he meanﬂ ancL sn:nndard de;riationé of I:he paatces: L o
for thé expoaitory gtoup and the discaver;y 3rou¢. : Teble 5 %mari.zes : ,' e

t‘ria analysis of covariance performed on the appropr{ate acorea of the
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. Means and Stan,d‘ai:d- Deviations of Posttest - - o - )
for Each Treatment Group - T )
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b -

Treat;nxents )
1

Means_ -

. Btandard ~
. Deviations -

Expository 56,17

Discovery . - 56.67 .

/12,97
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nificance. -Hypothesis 1 was not rejected. .This, no.significant differF;

' students teught by the discovery treatment? ;,H\‘"-:'_:_ _,17‘}, .,7 ITQ .:Ql: N e

h between thoee atudenta taught by the discovery method and those

v
R '
; . : .. . o

: . - T
e v e e v gttt e 4 2 e ke o ot PR AA IV A EARCR T

_ - - . Ly g e ms e

. - . . _‘ ] c. ) o ‘

SR %

' An P-ratio of 0.62 is not significant at the ,05 level of sig~

‘ence was found between the mean -achievement scores Of the two groups.
R . oo ! : y B . [ .

4 -

T " QUESTION 2
,‘\“/ o et )

'Are there ah& differencee in retention*bn the unit on qhaﬂri— o fl

lateri%la between atudents taught by the expository treatment and

o Hzgotheais 2 . 'f}. : P .g . ]
' ’:i There ia no significanf difference in levels of retention , .

[ ‘x

Table 6 gives the means and standatd deviatipna of the retentiqn teet; S

. Table 7 aummarizesﬁ"l
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Table 7

SR - Aﬁﬁl’y‘_si'_s of 'Qo'ghf:!.ance‘.,for Rétentiomt_:, Dok
i R e e e — — ——— : :
Pooce o . N agv ss, - se . ss..dfr sst . Msk U F
L . TS T g R ‘

— e
]

-

Ui, T 0 Betweem-. 1 797T.F17 % s4 . 1 085 . 85 6.20%

e " Within 58 2035 . 1705 9245 57 78l7. 137

 Totals - 590 2114 1687, 92497580 7902 . . . SR

g 1 ¢ , o ' o 4 ' 4
: . .. : RO " .
WL s L _ EEA

(- K

:  cance“' Hypothesis 2 was therefore rejected"” ,l .-,f: L

'Discovety treatment _-‘:fju,

‘"Expository treatment—.
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Al~though -the atudents'in' the '-diaco'very, group retained mo:e tha:;" oo

for both roupsr from the/poatteat to the retention teat. For the expo—"‘- . e

sitory groXQ, .the mean scores dropped ftom 56 17 on the posttéat to

- . i v "-.
'

18, 47 on the" retention test. For the diacovery group, the mean Bcorea

Y - u

: dropped from 56 '67 on the posﬁtést to 44 03 on the retention teat. 'I"his

N )

.decreaae in tnean scorea i';, fiscussed in Chapter V. . The relationship

- o l e N

between the means of the three tests ia depic.ted in Figure l.

. discovery treatmem: waa found b en those students taugﬁt using the

\

Chp discovery method and t:hoae studenta t:aught using the expository method. L

>
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_. ] CBAPTER V-~ - -
." .. . . ; B ". . . .o ) . . -
,‘.A, SUMMARY, IHFLICATIONS AND RECOW(ENDATIONS.

g ! o

This chepter includee a sumnary ‘of . the etudy, the implications o o

2 ) . of the .btudy and recommendations for further investigation. . L R .

) can moat effectively help children develop understanding of mathematical I

' -_--'_/:/" - '.'Q; concepts. Thia study used o’ different methods of inetruction-—-the,
3 discovery method and the expository method. The research, as revieWed \

o in Chapter fI of thie repurt. ie far from vconclusive aa to which method

v

of in7atruction ia the more effective means of comuniceting to the child

» ,'r N . .

The present etudy wns desigued to investigate the effects of tvo

AT ) " .,,_'

methods of inetruction, namely, diacovery teaching and expoeitory ,'-j;;-j_;,'_ N o

teaching, upon the achievement end rete‘xrtion l‘evela of two clabsee of




ees
r
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conaisted/of 30 atudents.

3

‘Each of the claspes was assigned to one of

the two tteatment group% .
C e TN
The content cf the 'unit and takerhome aeqignment wap the same:

. ‘ - .
for both groups. However, the lesson plana were different and the use

- of 1natructional materials was aomewhat different. For the gruup using

the discovery treatment, eaeh lessog,ués a programmed aeries of ques-

tions and answers. Epch lesson had previously been written, and then

1ndividually completed hy each atudent.A For the expository group, the

teacher taught each 1esson using the chalk board and giving an expoeitiou

of material rather than-have the studenta diacover the ideaa and concepts
i LTy «

AT '/.""x"..-.f:»“":".'- ’*J-A' ",’A-/. : ey T

themselvee..,ﬁ‘ DU L P

P " ‘

__r T }._,l.
Jt

The discovery group was characterized by the uae of manipuletive

v'.'_x

materiala by each student whereas with the expoaitory 3roup5 only the \11,1

ﬂ', AV S N e ey

'. teacher uaed ‘any manipulative materials. :f ;I;:‘*.‘ f:’A" z""}= ~‘f.»
_ A preteat Saa admlniateréd to the Btudenta 1o each 3roup four

days prior to the beginning of the atudy.

o one day after the1completion of the inetructional unit,land a retention

A posttest waa adgdnistered

' test waa administered three weeke 1ater, During theae threa waeks no

I

instructiou in the coucepts of quadriiatetuls was given. The pbettest ﬁ\\‘
wah a parallel form o£ the pretest the reteution teht waa the aame as . )
the preteetL

whiéh are liated at the beginning of ench lesﬂon used 1n the'discavety"

treatment (aee Appendix A)

R . : A‘ " |“

The hypotheaeé 1n the utudy were teated using the atatiatical
3?ﬁl¥-techniqqe of analysis of coveriance. Theleqnlof eigniﬁicance was eet

"5 at 05. Iu calculating the analysié of covatiance for the posttest and

S

Bach :eat "33 designed to taet the behdvioral objectivea R |




il

_. Eeuce, :he euperiori:y of aue methdd of ceaching did not: heve A chnnce

. -4l
-~ ' -
retention test,” the acores on the pretest were used .as the covardate.

. Conclusions
. l . S w
‘Baged upon the statistical .anelya“ie of the ‘del':e_ obtained from

the instrumerit uaed to ﬁeaa.ure achievement and retention on the, unf{t on

z

‘guadrileterele, the following conclueioua were dtawn

1, Hypothesia 1 was accepted. An analysie of ccvariance. with

.pr'etesc scores ag the covariete,' showed-no eignificant difference et the-

f

.05 1eve1‘ in achievement betwee.n Creatment groups efﬁet -the treatmente.

were employec'l. . It wae concluded that both 3roups achieved baeically the

g - v K ,-‘ . '. ‘(».'." “ I ’
. ’ vt L, oo

P L T .- . .
‘game,. . . . g B A ISERN ; e

i LTl

L o 2—._ /Hypotheais 2 vas rejected. An analyeia oﬁ covariance vit‘n

. preteet ecoree es the cmriate, ehowed a significant difference af the / .

- .05 leveL in retention bemeen tteutment’ groupe aft‘&r the treetmente _I

were emplo?e . It vaa concluded that studcute being taught ueing the e

discovery me{:hod gcored eignifiéantly higher than students taught by the

‘-

}expoeitorymethod. C Co o '"~¢ -~

A." . B - ';- " ‘ |‘ .
- st - ] . ) s ‘ ‘. " .
co ' Discuasion of the Rasults

There vare two mjo: findinge dtawn from j:he preeent study. One
'., .

'*uae that the diecovery mthod af reeching thie aapect of quadrllaterals

did not produce a aignificant difference in echicvement imedietely

o~

‘ I‘Infter cowpletion of tbe un:tt ee cormered w:t.th thc expoeicory nethod of", .
tencbing the dqme mterial..t 'I’his finding cou.ld bd ebtr.lbuted o the -

fact thnt the stud;lr/wea conducted over a ahort time namely, Bix weeke,""

~
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[

approach.,

42 -

to materialire;

Ihelteachet in this experiment elcimea'thEt such facts ah defi"-~
‘nitions of the special quadrilat:;rala and the atateme‘nta of certa.ro ,
theorems could best be handled uaing the expository method. He elao.

coucluded that there wcre certain fac:s guch as the propertiea of each N

apecial quadrilateral which cnuLd‘besr ‘be learned using the discovery :

Lo .

The teacher'also felt that the study could hnve produced more .

.

aignificanr reeulte had it not taken.the studénte uaing the diecovery

approach 80 1ong to adapt to this different method of teachtng.\ Baaic— :

ally, all the studenta were more uaed to a combination of the discovery f:”:“i‘;

AN

" . . .’ , N R
PRI ‘ v . L

approach and expoaitory approach. / g /"I'..:t NN a b

Thé)second major finding waa the Bignificant difference in

", : \

) retencion in favor of the group ueing the diacovery treatmenc. This

result could be iuterpreted in the light that ‘the novelty effect of a ;h?;
I I A /
pfogrammed seriea o£ ques;ions and answera aa uaed with the discovery

approach could have caused the superior resuits.v It is 1nteresting to:' .

./.

. note that. che findings of the preaent atudy are very much in agreemenr‘A:

with the findinga of nnst of the research etudiee preaented 1n this - {fA;J o

report. One of the mbet exteoaiye atudies done on the effecta of dia-.';f-"

" covery teeching was by Horthen (1968) It vaa concluded from the dqta

n..:

for his acudy that ﬁhe expository treatment was supetior to the discovery
treatmenr in producing 1nitial achievement.; Also, the diecovery leerning

approach produced significantly higher renul:s on’ retentton :es:a thaK

did the expository approach A ss was the case 1u the current etudy. N

-‘.

In relationship to the findings of the experiem!nt, several ;
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instruct;lou in a manner similnr to thst received prior to the study..

[N

;,..\_" If these factors mentioned above had an effect on the tesults

'_ of repetition they ‘vere supposed to have done in the package uaed for

- . )

T

factors could be discussed as to having a direct bearing on’ the outcome

of the gtudy. One factor wse the»change from ope n:_nethod of tsaching to’
anothér. The stuydents involved in the atidy had ‘been in classes where

the teacher basically gave an ex‘poéltion of fscts, 'eoncei)ts, and ideas
to be ieamed. In the diacovety treatment class. howeve:, the afud.ents

indiv:idunlly manipulated materiale and uere compelled to discover con-

‘.cepts t.hemselvem The etudents in this class received very little help

]
N \ - A ~
from the teacher whereae studente iu the expoéitory group received

7
-

. [N ‘;"

students 1n the expository clase had the same t}eacher.és they did b%fore' Ly

the experimeut began._- Howevet, t:he abudents in the discovery class hsd

. r‘_' ,'.' R ,,

. different teecher from the teaeher they had befoy:e the expex‘iment
began. 'Ihey were ’aow being taught by another teacher whose methods of /
teaching and’ cenduct sere- different due to the experimental tteet'x‘ne‘.n;. ‘-,;‘;'-.

The studmt/s io/-thel.-c-ﬁ'.seovery claﬂs were not used to - the smount N .

T J. ,\."

‘e ’ .

the discovery treatment. The students,,at the same time, in using the

- . e /,.

~ A LT . -

package wete supposed to discover- certain :Ldees and concepts whieh the_y

,‘ S

may have cousid{red obv:tous. A Such fnctars as theae may hsve caused the !

./

smdents in the discovery class ts lose intereet in the olass and, 88, a u v

L . ...I . R ¢

result. adversely affect the tesult:s of the study. '

b v.A.\

R i _t

of the study, then the effect' wauld :!.n ell probsbility be of s negstive

< '-fa\, ol

nature upon the diacovery treatment.. Thoee faetore would not have sny

.

L " . eEfeet upon the expoaitory treatuient."".* "-A , R

;Another fector to be considered is the ehsnge of teachera. The e ‘:‘ g

\
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In discussing the drop in'mean.scores from the.posttest to the
. ) . retention test for both groups, two factors could be’ considered One

o factor was - thet the students used for the experiment were matriculetion

v

students. These students mey very greatly in 1evels of: ability and
achievement stretching from low to high academic competency. It is

/ - A
possible that many of these students, particularly those with low average q

ability, would also have high forgetting rates. .

k o AR Another factor to consider is periodic reinforcement. When the .
O P R PAE S oo ;

- unit on quadrila'terals was completed, there was 1o, mention of quadri—-. t" ;.'.;",,". n

" :.;:laterals in t.he {nterval betWeen the posttest and retention test. . o !
| / ~.3'~.' Meybe if during this three—week interve V the teacher had one or more s : .

«

class periods of review of the/ concepts of quadr@[laterals, then the RN N

. 5 .
e,

etudents in both groups would perform more favorehly on the.retention e

e

L c ’ '_ test. The more periods of review the students had, the less they would -,.-\__\//
- forget. This must be a.consideration in decreasing the drop in grades N

A i -

: LR from the. posttest to the retention test.. o ..'_"," g RN S

. -, - . R 0 ) , o : o . I . ) .’ .‘.‘ ’ o e x‘.' _. . . {z'.- - s . .l :.‘. .::..—_—.. .

B C L w e e ARecomegdé‘t_ions?_ 'and. Igglications SR L T “J' L
S - Based upon the findings of the pres'entf experiment. the following

' S suggestions for furt;her research haVe been made. R R A L
L e g ] 1 It is recommended that additional research be carried out '.-{, RSN
e ".-"" ‘ . j-' A I :z. ST 7_- B R
, \

i ;,':'_": o using a different sample of students being teught the same subject

ca -‘ f' [ :,.,

. mater:l,al as was" used in this study. The reason for this recoumendation 'i;'_, St

.

would be to see if eimilar results would be fonnd by using differem:
samples of students. - | . | )

:2
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s 1f fl:n:ther research is c'ﬁrx':'ié'd out that niore.ample time be given to

- " v

o B _.complete che pacloage used fox: the disco:very treatment. 0 . ’»»

E . 3 I(: is recommended that additional research be aone to deter~

4 . ) ‘ . .mine'eome 'method or methods of mir;imizing the drop in! BcOre;z f;'am ;;ost—
., tést. to -retem:ion tesc. ' o I- , ° A»j -:' ’ ‘\ N |
\ ’ ‘ L - o \ Based upon the findinga of the present expeﬂment, the followin‘g
- ‘ \ - xrecomc‘andations for claasrotnn tne:ichersu have’ been, made. ,l :
. o ',-"“ "'.- _.1:." It 19 recommendedo that studenl:s" wh;n being taught any. .
R TS , mathema ical concept ueing Ia» different :Lnatrua.tional /ellgpréaktlﬁ‘ ;hould _be‘._
B g . '_-,gi‘vén ‘am 1e ti;:ne to .adapt;, to: the ,diff‘ére!‘u: ’a-pp;'o‘acl:ll. -, ! ,.f: .
. ﬂ.“‘ ‘;\ I.t“i.s recommended thac \fpr the>purpose of, retenl:ion of mathe:- I
) “ ERVE '-o . , LTt
k ] ’ mat}ca,l co\ncepta, t’he diacovery apf}roach be conaidered. '.,‘ B
t o 3. It ia'recomtuended thet for the pu'rpo;e of mgthematical :
’ L "" ar;hie;lémeu s the discovery approach and e:‘tp:sitor;;;);:rloach be consi;iel%d |
= E“’ . ) " viable alter\natives for ins.‘(timdtion.- From Eh:a gomenta of tbe teacher : - p
( o ._-_\' ' : used in the (expet,i..ment‘, it was conclz:\&‘ed that auch facts a8 definitions t ‘ \:' ‘
: 1, ' and Btﬁ’tements oﬁ theo‘wms cou.ld best be hand.led using the expositor;y P » -
R L A A [ O e e
i i ~ hpp‘roach.. Generalizations Qnd diecovering propé‘rtiee of qmdriiat.eralsw
y :_ s 4 ‘ could beat ba Kuandled uaing‘ the discovery approach.,.l - ' |
R 7/° .
O N I SN
AP PR Yot
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1 a0 _ Wit:h refe.re.nce to Appendix A and Appendix B S . '
] . . ¢ . o, ..
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N

teno .. . ,- e ;,'_‘- 311 anﬁwe:s in the atuden: package are given :l.n italic print.
.o ! -". S “ . ‘ O <
Ll R all answers 1n the pftactiee exetcises of the atudent: package
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LESSON §1 - STUDENT OBJECTIVES . : .

, . Upon completion of ‘this lesson the student should be able to do the

: folloving con'ect:ly. ‘90X of the tim. .

{ ' ’ . .

v ' " 1. From a group of n-aided polygons. the gtudent should be able to

: ¢ recognize thoae. polygons which axe quadrilaterale.

Lo . ' 24 From a group of n-aided poiylgona, the student should be able to

: A  ‘recognize each of the four special quadrilat:erala - pntallelosrmu

1 ) o : ::-.reccangle. tbombua and squate. N A L ' } O
: . - B 3 'J"I'he studen: dhould be’ able to define quadriluterni, parallelogram. ' L

.:’-'rectangle, rhombus and squax‘e.- T : : . : . -"

N PRI -
~ )
N ~
« Q ~
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o : "
LESSON 41 - TYPES OF QUADRILATERALS

Let us each take a sheet of paper and fold 1t in the mmmex)- described
as followe

Mark in a counterclockwise manner any four points x B,C,D (na three
points being. collinear) on the-top half of the sheet. Pold the paper . .\_
aléng each of - the four: segments 35, BC,0,A5 as determined by the four
points. How many sides has- the figure which is fomed? )

Anawer - 4

‘Mark :Ln A cmmterclockwiae manner. any four points E ¥,G,K (no three .
points ‘being collinear) on-the bottom half- of the paper ‘gheet. Arrange L
thé four points lo a-way different from the arrangemeit. of points :-

. A,B,C, D/ .Fold -the péper along, each. of. the four. segnents ’E?.PG.GH - as
determined by thq:ae four points, How many sigee hag the figute which

15 formed? N

, .'Angme'n 4 T S ceo D S A

7

In either case. you ptobebly formed a’ figure eomathing l'ike the orle. drawu
in thia diagram. : .

N

. 8L
' Q. . How would you define auch, a figure?

A A4 4re1,dsd polygv'n e g r "_" L
: Q ,Hlm: ia :he nene givep to em:‘h a figure? ‘
AL auadnzcztemz 'f"'.*'f ',,;"3"’

As you folded :he papet to fom :he quedrileterala 1o doubt differenc i
“ahapes 4nd" sizes of:- f:Lgutea were formed. .However,. there are some '’ R
quadrilaterals which- have -standard. al:mpea with their own. apeeific. pto—
partiea.: Let: 8. 30 and diecover whnt theaa figutés are,; - - e

* On the . geobcard you have, ueing rubber bmda. fom ‘a &m with both

peira of onpoeite sides pnral],el.- Yonr figure ehould look somthi.ng
" 1ike’ the figure ahown in the diagram following. Be certain ‘that ;a1l™"

. four aides are: ‘no: congruent and thac thete are: -Ho tight nngles. i

- N . - N - Z‘ . ) . }. PR A .. T . .‘ PR




- .- If 8o, the figure would look something’ like -this. - . ...°. . '~
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g

. Each student may.: have different shapes and different eizes of quadri— L e
laterals but’ .the' fact Which remaina the eame i,e that both paire of
opposit:e sides are parallel. ~ S S N
S B M S
i '._,'."Q{,'-"'..':How would you define this figure? ;" S L
i A A quadm.lateml mth both pau-s of oppout,e auiea pamZZeZ
Qe .What ia J;.he name given° to auch a figure? o SRR

A. "Pm'aZZeZogram '.

) I

. Now thet you have diacovered t:he general ehape of a parallelogram and’’ o
- dts definition. ‘pext determine if there -are any special kinds of paral-
’ '.';-1elograms Cons:ructr on your geobonrd four parallelogrems of- different :
- sdzes and different shapes. Be: certain that: a11 four aides are not e
"Ieongruent. M : : : ,

L . H..:'
\ .

o Qi What do you notiee abOut the angles ;.n the parallelograms you

; just nade?. Are the angles acute angles ) obtuae ang].ee or r:l.ght . _
‘ .angles'l - _..;._ ; S S O SR S

N

i '.A, Depend-mg on the fzgure, the angZea may be aaute, obtuee or’

mght

-~ .

Q. Could theae engles be of any size’l _-"' : , ."-'._'{‘. R §

A, For each angle_, zts meaaure a: muet Zw m the mterval oL
O € 80, v T DU FE T A

i, Could all four angles be tight: angles? ;.'-‘_-;'-- SRR

'," - - : N . : e

HERY AR




y A‘.,- 'Rectangle *',;‘ : o 0 N R

K Let us move: on to ‘a di,fferent kind of parallelogram. On a sheet of i . : 'j

e 'Your figures should look something lﬂx.e thoae drswn in the diagtam
. ‘ll'rebe.lw- Lol R .. . O ‘_ o _.'. X '_)-,,'__, Sk x . o ‘.I':'.."-: ' L",.:,

'Q, Do you consider this a special kind of parallelogram? o h

A. Yes

Q. .How ivoul& y"ou de':f-ihe such a figure?' . : ' n ‘
A, A pamllelogrwn mth four right anglea' ST : ' R '.

Q What 1is the name given to such. a parallelogram? .

/ You must realize at ;his point: that a8 parallelogram is not necessarily : b
'a rectangle but:‘ a rectangle is always a- parallelogram. In the diagram, . BT E
parallélc)gr@m ABCD ia rnot a rectanglé but rectangle EFGH :Ls a paralle.lo- ,';f'._ - s

paper determipe -4f it 1s possible for a:parallelogram to have all’ four A

" sides. congruent- ‘and opposite eidea still to be parallel. Do not use "i’... N

Y

figuree with right anglea. L e L T

L Q ch would you define such a figure?

A A pamZZeZogmm mth aZZ azdea oongruent
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: Q. " What ‘is thé nate.given to such a f£igure? R R

‘: . A‘ RhOMbuB . X L < .

* . ' ,"- N ..-'. | " » ) ¢ R . - N oo b - .
S Before you move to ‘the next figure-. be ‘certain the figures covered so - S o
T far are clear. to you and that you. underatamd each one and their connec— T T e
. : tions‘ Lo S . CoE . o ; . . L »

- c , _ . Lo [ - g ‘ .i“.'.': :
X . R R T LS 2 PR .o . -
ﬁo-pz S o

.

o osbua sliays.  picalelogcant

discbver.

Use your geoboard to determine 1f, it i\é‘possibie to have a’ RN,
rhombus with pll four angles being right: angles.

Yes *

A rectangle zgz.th aZZ azdesk congruent ar a x‘hombue mth _four
"*mghi: angiea Lo .

Q mm: u

the; nm 'given to auch a figure?
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L&t us’ now review the material wb:l.ch e have juat covered and write a X
sumtion off our concJ.Uaions. R MR v

A quadrilateral..is_ a closed four-aided polygon.A C 3

A parﬂle;lagram is a. quadrilw.ateral with both;pairs of oppoaide

all sidea congtuent.‘ square R
ldefined as a: ': hombus with four right anglea.-f:._, '

| 0,
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PRACTICE E}CERGISES $

1. Use: appropriate 1et.j:e1:a to ide;xtify a11 of the parallelograme in
each of the following. ‘figuren. - Aaeume that Af£ any 1ines. .appeat to

' " be parallel, they are paralfl.al. .
o PR (5) LT ' R ' '
.' H 6 - F
" -T.
S

LTI ABE’F L GG

g .. HCEF
: ' . GDER ! .
:'\ R : * : ' st . : : u
- 2 Glaaaify each statement as true or falae. ,‘ S '
. -)(a)_"v,Every rectangle :[a a parallelogtam.. (fh’ue)

(b) Every. rhombua ia a parallelogram. ’(Tz'ue) 'f T :.'l.‘ ' , J
) j-"('é‘)",'_Every square 18 a parallelogram. (.’l’:me) L RN T

o s ,(d):;_'Every aquare isja rhombus. (True) ' ,' D b
: ‘.ge).'".Every rhombua 18 .48 aquaré (FaZee) L o SRR [N

Chmplete each of t:he following with one of the worda ALWAYS 5 SOME'-'
'TI‘MES or NJEVER‘ e S FT e e

(a) A quadrilaqeral ia f. a parallelogtam. {Somethes) ";"‘: : .
(b) A aquare 1a q .aparallelogrm (Alwaye) .',,;,-','-"-,:-.

(C) A aquate iB ? equilatera.l"] ‘."{. f Wi

(e) A rhombus ia .'I .
(f) A patalIelogram ia i

ey

WELk
Y] th)?lﬁ‘

Rty



o site anglea vf a parallelogran are ennment. -

, ‘r:dr"‘.—r“,. i L,; s - ' ‘v A ' Ll
. v- U . - ‘. L o
: . [ '1_" . .
; , : | 627
: “ ’ - R AT T
. : * LESSON §2.~ sfﬁnm"bmgériﬁé‘ U SN
: T ‘I- ; 'v/ ) ‘. - . , . p . . . I-._“ . . ' k I" ,:, . )
' Upon completioﬂ of thie lesson, the atudent ahould be able ,to do r_be A \'.
| - folloning cortectly. 902 ‘of the time. SR T
.l.’,' PN R " U s : e . - ‘, T
A 1., The. student shOuld be able l:o state and use the fam: that the qppo—
§ ’ aite aidea of .a parallelogram are congruent. Lo N
“ + 2, :The” student ahould 'be able to state and e the fact thab- the Sur;,
R ’ ' sides ‘of & non-aquare rhombua are congruent. S f.. - -_ .[' )
! . . iy PR . : v e
R . 3. .The. atudenc should be ableato’ scat:e ‘and” use the fect that the fonx ;
' - ' sidea qf a° square -are. congment. R NES }_ o
’ IR VY ' 2 R B i
. 4 The atudent: ahnuld be “able - t:o atace and uge.. the fact: tlmt: the olr. - : s
o : o angles of & non-aquare rectangle are right mglga. N
The studem: ahould be able to- state and uae the fact that the .our
o st angles of m aquare are: right nngles. ' _ ' B
R i ' AR e
| s 6 The atudent .ehould be- nble to atate and use’ :h" f‘act that t:he ppo-
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o .\ LESSON #2 ; PROPERTIES OP QUADRTLATERALS
. . '~I. _ P \ . - v . .I ) . -

the coﬁduaidna we diacovered in Lesaon #1:

N
7. \ ’ ) )

1. A quadrilateral is a cloaed four-eided poLygon. BRI
.2. A paral,lglogram 18 a quadrilaternl with' both paimJQf opponite
. ﬁides parallel.

! . .3. A rectangle 15 a patallelogram with £our tight ang].ea_., ' :
/ ’ I. . - )
e l». A rhombua s, a parallelogram with 511 aides congm 'I:.' ) " )

A squue :La a tectangle With all Bideq copgruant. B
PRl .alao be defined aa a’ rhombus with four ri t a.ngle .

o o l\_\

laternle. T S LB
UL L . 4_;1 A.A_‘,.A :1_ ;.-',,_») \“' . .,_.. A ::_ s ,‘,‘

On a sheet of paper draw accurdtely a aduare, a non—s

' / : ’ﬂ a squ.are nor, é rhombus. ‘

W
&

thel .eaeb figure ABCD .88 ahm by t:he, figures :Ln the diagtam.
B t:o D for eac_‘h If:lgure. P

- IX M\ﬂ‘h“
R ,ﬂ‘&k

63

Before wé mye on to di.scovet the @‘opertiea of quadti";.ateltnla‘,.;x'eqa:.ll'. ‘

.‘..‘

n-equare rectangle and -8 patdllelogram vhieh -.f.s ﬁei er A rec:aﬁgle, el
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_% Q ﬂhat d:_(.d you diacover about: the oppoaite sides -of* each figure?

:A. Z'he oppomta a-z.daa af aaah ﬁguz-e -are oangruent

i
\ . : .
" S Qe Wri.te .a general atatement about the oppoaite eidee of each . { -
g - o f:l.gure. L Ca e .

coL e A The oppoazte sq.das of a pa:mZZeZogmm are congruent S
A SR« W Do any of. theae figurea have all fout aidaa congruent? S :

.\_

T Tes: e e

b}

) » ] If aO. What‘. ﬂre t,bey? . ) iy ‘. NP A ST A : <
t - -" | I_ ‘ ..'.: \,':I “ . t A.I.‘ Squm md mn_sqm r&m o - '.:,_'. u . ’-.:"‘ :. . 1, “‘.“ I " ’. .“::."' .' . I \:

RN : - . N L. . Lot
., ‘. sal it .

\ Por each figure t.hat you have drawn on your paper, c[o any of KRR :-‘ T
: the an&lan of any ‘Eigure appem: to be right angles? R RO TR RPN R

Y lr

I'Q erte a. geueral atatement hout thoge figures. whe ::_T“' eg ot T J
' ate right angles.,. - _’ :. ST ‘A ;'. -i: P SENRISS % ‘

. s A” Anglea of a aquare and a non-aqvare z-ectangle cme rtght_ a.nglea

S J J To deternine 1f thete ia Anyxelationship between the oppoeite anglear - 7".::"—' R I
S ‘!of each figure,.'.do the discovet? activi:y for each figure uaing the N
el v ':j' ‘ exercises provi&edu S e .-, R . . St :




Ar

R YA Y g e
; s “
'

O

NEg

e pa

e ety X

L R

7

) Cut rectangle ABCD along the dotted lin.e.-, i‘.h@"‘—:‘.z*\“."‘d‘é:'zc “'5'34'-”\43}-“.' S
; on AD.A.:h e RN g T Vo
T | Q Are the opposite anglea of this nou-ﬂqUBIe ::ect:a.ngle congruent .
o ' A Yea e .-"::"" \,-"“ i o S
N e ' : .'1_-' ’ e .
D Draw at‘leaat two’ ocbar non-aqunrcr t‘ectanglee and mpeat che procedu:e :\'- '
used a.bove. -_. ‘ s

S .. —— 3 « —— e ~ S ,~.*_'...~.~>':':.~'~"=»'f'-‘9"”
. ¢ . . '
! ~ 1
65

Q. . Are the opposite angles of this patqllelbgfam_ c“opg‘}'u‘éht‘?

‘A, Yes A [ - . -
Draw - at.‘least two othar parallelogram of the sams” eha and rei:eg’t,th'e
procedure used above, ! ' . "

Q. Wt:l.te a general stntement about the opposite/anglas ‘of, a paral-
' lelogram which 18 neither & aquare, non-square rhombhs uor non-- -
' ,:square rectangle. Fi R
A.. The appo”te anglea of a paraZZeZogram whiah 76 nez,f:her a” )
.. . 8quare, a non- eqwme rhambua, nor a ré;z-squm rectmgle are
: aongrugn’t .
[ \ 3 B - . '¢" .' ) e
) Draw a non-equare ractangle aa below uaing the apptopriate block. S )




f L O O S e T S i phem A

~
v

LY
)

Q. Are the opposite angles of this‘aon-suuare rhombus coﬁkruenf?

~ K Yes’ . '

.

Draw at least two - other non—square rhombii and repeat the same proaedure. o,

e

Q. Write a general statement about the opposite anglea of-a non~ - -T,,;j

aquare rhombus. N ) L .<g' S

i .'Q}t; A The oppoette angZea oj’a nan-square r%ambus are - congruent

Drav a square as ahown below using the. approprinte‘block.

£
H

'.. ‘ Draw at leaat two other squares and repeat the anme procedure.fj_f"

- ,.c_

‘_f}'--h " : l,‘ig':f Q Hrite a general statement about the opposite anglee of a square. ,,:fjquﬂ
; . : L i CI T : - : LT
:Z'he opposite angZee ‘of a equare are congz-uent

fi about eacqpquadrilateral.'-

Tﬁe opposite sides of a parallelogram ate cong en :
The oppoaite anglea of a parallelogram are ongruent.
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PRACTTCE EXERCISES M' :

The quadrilateral ahurwn for exercieea 1-3 1s & parallelogram. iJse - [
approptia?e letl:eta to name’ the follawing. '
I. Two pa:lra of opposite sidea.
2. Tvo paits of congruent aides.,
3. 'I‘wo paira of opposite anglee. )

| ANSWERS: 1, 2B, DC' NV YRYL )
| . M,BC . - 4E,.4D - _
2. 18, BT SR

' ‘In exercines 4—10, clanaify each etatgment u true nr fa.lse. "

1_:4 A rhombus‘ ia equ:llnteral. . (True) e S ey

. 5 A reomngle is equiangular. (!l‘rue) ‘ h / o
63, VY aquare 1a equilatetal an(equiangular. (Tz'ue) el
| 7 ‘ J'No consecutive angles of e :ec:angle ‘d'ré supple.men:uy., (ng) 1 -

o :-.:..9;;. If W° anglee of a quadtilatetal are .risht anglea, the quadri— ey

1;;;'.‘_\‘,',@ =6-gud BC_=. 4.: 'The, aum of the : leng:hs of :he fou:.‘ aides of R R

16, DoTES7add AD = 5L m m}"of 'r.ne lengtha o t:he four s:ldea of

. . -.'-' L t ',

,‘.._'f,“".l-

.""\.-_‘8: 'Mo coneecutiva angles o£ every paullelogtm are supplemntary RIS

., A

'Ilaceral is & rectangl'e. “(False)-.

If oiie’ angle o£ i parallelogmm 1s a. right ang].e the par&llel; g
-':‘. '. ‘0B ém 18 a rectangle. (True) e g
In exerciaes 11-16, refer: to the parallelosram shm Using the given ' .
:I.nfomation. fiud the indicated meaqure. So s o
11.{_ ABw 3 Dc - :"*(8) S ‘ S
S LR Ty TS BC &Y. I? o) A & |
S, .\m A DAB-&: 80- u LBCD m '(8‘0')' B l: 1
| 1407 W 2ADC % 1055 & ABG - ! (105) i " i

e

P paralielogrmn ABCD = (20) T

L

( 20)

s parallelogran ABCD .
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In exercises.17, 18 and 19, réfer to the figure indicated;

17. Given: Parallelogram .ABCD

A R .AE' =-E—C

i : . Prove: ('ﬁf‘ = SE-
K ) ) Y, , . X
w 18, “Given:. _Parallelogram ABCD °
- T 2t ~ . . . /’ l ‘4, . -R_Eﬁ _SI: :
i . -0 (b:/ '__ —_—
;i .. K . "P._rove:' _AE = EC
; - ' Pmo o, _ 17 o

)‘..4 -

-—-b——-—-

* | R 'Statemenﬁ

arion -@wles are wﬂgné"t :

& : tu)o Zznea mtemaat, rthe
vertwal cngea fomed az-e oon-
truan'l; '

i Gom‘eapondmg pa.rta of oongruent
tmanglea are oongruent o

i i b R 1L T ATy = Saim e e s s et e mtrs L o o Siee e ep o ySemne + o el e o

2 4 . ¢

,‘C!

_-'If two Zmes are paraZZeZ and out"f-:
’BU‘,G tranaveraal “the: alternate _

e




.
L
.
'
il

FETNY VAT ey e A e e

19.

"6, ACRE = -AMSE 6. ASA postulate

[N BV ¢ e e s emeea i rad st v e gtk GO S 2 T

L

69

7. AE = EC - : 7. Cerresponding parte of congruem‘:

triangles are congruent |
N T
Givet: Parallelogram RSTW ,
WB = SA
Prove: RA = "1_'§ L
Proo No. 19 , . "
,sutemt U ’
1. RSTW w a paraZZeZOgrcm Gwen . !
Eg' e'z—w' R L 2 : Opponte szdea of a meZeZog'm:.
ST e T az-e aongruént PSS v
LRSA T g If o, \Lines. are. paraZZel) and cut': ; '
A by a tnmevereal, tha aZtemate B

- &, ';_ ;SAS postuZate

FURE '}S.-"C‘orrespondmg parts of congruent
LA tmanglea are congruent R
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LESSON #3 - STUDENT ORJECTIVES ., L

Upon completion of thia legson, the student should be able.to do the
folloving correctly. 80X of the time:

1. The student should -be able to identify the diegnola of a parallelo-
&tamc ' .

2. ’l'he student can state and.use the fact that the diagonals of a . ' " "
parallelogi‘am are not neceaaarily congtuent. R o
. ' (a) ‘I‘he student can atate aud use in practice' ezercieea (or in ' .

' problem aolving) the fact that t:he diagonﬂs of a equare are E
o congruent.,_ S e e e - R
- . - »A., Lo P " ’r-\ T - B "‘l’}.‘

(b) The sr.udant can state and use in practice exerciaes (or 1n o

IR problem eolving) the fnct that t:he d:lagonala of a non-square» 4 R
" S .are. congruent. : DAY

(c) 'rhe atuden: ean atate and ‘use in practice exercisea (or 1n. o
g proble.q solvi_ng) the' fact - that the diagonala of ‘a’ non-aqme Lt
- /' ~"-rhombus arc not congruenr.. ' L I S '
R (d) The atudent ean state ahd use. the fact that the diagonale of N N
, e par/allelogram which’ is neither a’ squaxe, “a nou-squaxe rhomhus Sl
- . nor non—square rectmgle are not congruent. T L Y

IR




—————

T TR VI

= A, L s

o The purpose of the next activity is to determine if the diagonals of .
s each apecific quadrilateral are’ congruent._ Construct onfyour geoboard e
j: a aquare and a non-aquare tectangle aimilar to those ahown in the diagram.'

j“'In each figure. joinlg_;nt A [ to point’C’ and goin point.B to point b.$ ¢'7'H a
;i'ueing rubber banda. AC and BD&are called diagonala.~ - :

71'{ Q What do you notice about the diagonala of the square?

’
. » .

, . : L Ll e e g b e AR
- S ) - — e . b K

LESSON #3 - PROPERTIES OF QUADRILATERALS
" . :
Before we move on to discover ‘other ptoperties of each quadrilate:al.
let's review those properties which we already discovered ln Lesson #2:

1 —The oppoaita aidea of a parallelogram are congruent.

2. The opposite angles of ‘a parallelogram are congruent.
3. A aquare has four right anglea. )
b, A ﬁbn-square rectangle haa four right angles.

"j.-ACTIVITIES. iT ;Céiif'fk:'“-ﬁfﬁt'ﬂlﬂ~- t;:hl '5 j;f,;'le'.,l_i L‘;;L:‘L,?fﬂfic.

' . - - i ta -
.o . v . 5
*

REEN A -~ .
KA. K " . . - L ', .
. . el
NG S ! o - .
-’ - a7 " i 44 ' '
& PO . A R | Y A T .
- N .- oL N T A e et * .
: <. Lo o .- \ i
' -,'. B ‘. 4 / . S .
P [ v N v e, . .- o . ’
R B - - e R s
. . . — \. . .
; b /- o . ! . ’
- » LA Rl e SRS, (N .
B . c., ' " _( " -"f'”- R 'l_' n _‘-. ) '..' c

I%e dzaqonala are congruent :f-' ff';ﬁ:Qﬂﬁi?f;:fgftf7qﬁ{f*ﬁfj.ea?ufn5f}:

K] .

S e e
e - -
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o IOn a aheet of- paper draw t:wo pa:allelogrm which are. id.entical. ) i?e N -, o
. certain.that mo, nngle is a right ‘angle and thnt all four sidea -are. not . N R B
.._-.'.".,'.congruent. ‘Label one parallelogram:ABCD' and”the other parallelogram.’ RN N
- -.. EFGH 'ag’ ahoun in the disgram.  :Draw diagonala AC and ?ﬁ of parallelagrkm’

'_'-,»'*.""Dtaw two more paralleldarm che eame shape as thoae abqve and repea: _f":'.‘-_f:"': IR
_,t‘.heeme'procedureasabove. L P ok
i

r

Q. What do you notice about the’ diagonals of the non-square recr \
tangle? s .

Al The diagonale OJ“ this non-equare rectangle are aangz'uent

Using mbber banda comstruct:on your. geoboard two or_her non-equare R
rectanbles of diffarent sizes. o o : A

Q - What' do you notice about.. the diagonala of these two’ non-squue . ' .h
\,rectangiqs?} \ TR L S

. Al The dwgonal

L elatac don

of theee non-aqua.re rectcmglea are oongruent

Q. Hrite -8 genera]. e:atemen: abouc che diagonals of a non-equue S I. L
: rectmgle. Lo e R A :
. LA A . - “.‘\." I. T e

Thg duzgonala of a non~square reota:ngle a:m congruent ‘;-'_ : ;

- R
... ABCD ‘@and- diggonale ¥ and FH.of, ‘parallelogram EFGH. . Cut. pardlelogrm ;-:‘-,-* EISAERY
o ABCD .along m{: 'I'hen Pllce W on. Bg of panllelogrmn E?Gﬂ. R R RN I
T Sl . . A L C “'._3 : . ‘ ERt ",‘ v ' \»::" .i. - .‘A_'AI“; o
. Y £ 'A‘;:_“ . I__ y :.'I'I.J

: B -

- Q~ _‘__‘A_i',e‘l‘t:;hésg two diagonala congruent? LR i ' T
A 'Iio ek o «_\;"‘:"'1 '_‘-'.I‘. T

N

‘.'_ k - ‘»..|..\; _;:
Q Write & geueral a:atemt about: the diagonals of these parallel—"" L

. . ST N
el “,981’“?9-' R L LT TR

A

N Y:"'.‘- y

dmgom?,a af thaae pmtl,glomm are not oongmant . ;s

011 ﬂﬂ°the!' qhee; Df Pﬂier drw t:wo ncm-qquu:e :hombii which .aré 1den:1cn.l., ‘;"": e
Foliov the sgne p‘rocedu:e aa deacrihed above’ fo: the prévious’ phrallelo— ~ZI-;> Teeledn,
. gtam f(IE nedegaary, go bnck nnd read the saction used fo: tba diagond,a » SRS

.‘::i‘of a’ paral.‘lelogran. P Y N . BT -
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‘ S 2T 0 i e i i e oy ) e A Tag u R e 2 LT T T et B

e hmeite e — A_..-.—...-.-Fs- e 0"‘1“? 2

s
.
TR e T e A* No ,- LT ( o"‘ NG ;
: AlDtnw r.vq mre ‘non-BAuare rhoubii, and rePeat tﬁh um Pm“dﬂre‘ »“" o
\ ot ,- ' ' '”““ . = Iu‘
Qv Writs a sﬂnerall!‘tateme%t Aboﬂt. the dinsomln of a non-uquare o
>_ S rtlombu-SA . '_' ’ ‘I'-' . '., - . ."' I:‘ ’— o . :

The dwgomle*‘o‘f a mn—eqzwe' rhombua m not congruent \

o K . '_:IAs for the non-equm rectmglea. non—aquara rhonB:l:l apd thoae R T
TR Jpatallelogrm w%ich are ‘neither. n on-aqua:e ractanglea noF: nbn-\ TR
b ) "% squaré rhombil, repeat- ‘the same’ prccedum for -the’ square... Hrlte

b ".a general etn:eqen: about thé diagoms of a¢ aquare. _-:

ST T e gt of o it are congmans
i ‘ \ In amnry fo:: Leqaon 03 ve bave mnde r.he follmdng discoveu:ié. m -
. o} : ’ ; 1.0 The diagonala of a ;:grallelagram are nac neceaaarily cousn;enlt. '
T °/ : , S (;) ‘l'he diagmle of a non-sqme rhonhua are not cons!;.\ent‘a
L :"I' | (b) ‘The diagonals 0f a non-equare rectangle axe conaruent i

S ; g (c) The diagor;;la of a squu'e are - congrumt' .‘ '

e
(d) The diag'anala o‘I ‘a pprnllalogrm uhich 15 nei.thet a squane,
non—squm rhoﬂlaus nqr non—uquara rectnngle -are . npt con- :

k
a x‘.--v




f DR
oo
[ v -
Cl e e
. '/
Y g R
oyt
1
f
. . -
o 1. o B
5 .' .
. .‘.‘-"IL
. . .4'
.‘; i . \ :
7 e
PNy -
T .
. ca
: o ol
_\A l N b
. o ..‘
b B
B °
“:
PP
St -
1
R

i d) Th; ‘student can state and' use the fact that the diagonnls of a’

..parallelogram which 18 neithet a squste, a non-square. rhombus
: nor 2 X non-—square rectangle are not’ perpendicular.

r-.;s?.{ - — - . - . i ot . . IHAM% g -\L’?( l JI"
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LESSON. #4 = STUDENT\ OBJECTEVES F s
Upon completion of this 1esson, ‘the studen should be able to do the -
follow:l,ng correctly. 902 of the time. > » R ' -

". / 1. The student can state and use the fact that tﬁe'diagonala of a ' .'.. :
c o parallelogram always bisect each other. e oo n
2, ‘,-'I'he student .can state and use the fact. that ‘th diagonals of a paxa-- o
SO 11elogram do: not necersaarily biaect{the opposi angles. . RO

: (a) The student can’ state and use }:he fact" that the diagonals of 'a .
- o I.'non-square rectangle do nof.abisect the opposite angles. --(‘_ T g
: (b) The student can state and use he fact that the. diagonalszof a:
' T non—sguare rhombua bisect the opposite angles. AT S
@ G
. : nor..\ non-square rectangle do not bisec the oppopige angles. ; ‘
:"3“.‘_-,'-"The' studeqt can state ’and use the fact - that.the diasonals of s RS ’
S parallelo ram’ are not nqcessarily perpendicular..' Lol SRR '__'
S [ : A K
“ (a) The’ tudent csn “state ‘and uge the fact that the diegonnls of s
‘, . a..non-square ~rectangle ate not petpendicular. R Lk 5
(b) The atudenr. can state and'. use the’ fsct that the diagonals of a '
_' none-square rhombus are: perpendicular. -.; e N e
(c) Th student can state an uae the fact that the diagonels of“a : " '
. sq e hre perpendiculer . _' ; , . , R
B . R .L PR ;._} o
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. Lo W e ‘Lsé.sou #i4_-.PROPERTIES" OF dmgmgnﬂ.‘sﬁf e e
S DU Tha following diacoveriea vere: made in Leseon 03"‘ SO . '_ Lo
. ‘."."/",-., ‘-‘-,'..' |' "“ .-\\ ) T ; ‘. .‘..
X el 1 The diagonals of LS parallalogram nra not neeessarily cougruent.
. o ~ : s . “ : ()-;
_ N, Lol (a) The diagonalﬂ of’a non-aqua::e rhombus are nnt congruent. "
K o St el (b) 'l'be diagonale of a non-square tectangle are copgruent. , o .
| v BN .'(c) The diagonals of a *aquare a’telcongruent. : ) _“-1
N RS R 'ﬂ I ’ ' v . I\ . :A,;: : , ">4 v
al R (d) The diagonals of a: pa:allelogram which ia ‘netther. 'y aquare, ST
b s ) ,_'. ',_ : non—square rhombua nor non—aquare rec;angle are- not congment. S
DTN S »"I“t‘ NW that you’ have-,diacovered the relationship betweeh the leug‘ths of the . . o
" ’ diagonals ‘of . each- quadrilateral, determine’ whether or’ not “the diagouala AN 2

e On your geoboard construct thtee aquaxea of different aizes.

IR 'n of ench q\lﬂdrilateral bisect each other.- T . S AR

P . - ‘., . - Lo

N S :j diagonels of edch aquare~ B

.__Q Do thé diagonnlb biaect

each other?

Lot . s I
RaEhy A .YGB ﬁ. ‘1' o T “ T
v : s 1. \;' L -,‘ /./* ; [ L Y

Q Hrit:e 'Y senetal atat:ement tell:l.ng vhet:he: or tml: the diagonaia -
I og q squua bisec: euh M:her. RN :

TC and !ﬁ. ‘Lab the po:lz&t of tetnectidn of ‘the diugonlll, B.. Cut
- » Dy - ABEC, and’ ADEC. - le:e 'BE ;long. E’.

n“ép‘_} Y ml 2\.@ "' &
»\. 1 '! “.':"'6 &
..,z

LT
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RS A S f,jQ Are these eegments congruent?. -
R N

* - " b o - o S ) SN LT

: ! ' - . e B AT - Lo L 4 RN
S W . A Y 8 Y e . ; P C
AR Yoo L .';’..::- L

' Q Do the diagonals of thie non-equare rectangle bisec' ¥

»

- ' .
’ . . o~ - ~

A .Yes ; i

ST Dr!aw two more non—square rectangleﬂ of different dizee and 1J'epeat the
SO ; same procedure aa above. -'_ K “: o ‘;_- S '4 N ~'. b j .

Q Hrite a gehernl etatement telling whether or not |t:h& diagunals :.'f-.

/ On another sheet .of' aper drew. three non—aquare rhombii of different
: sizee‘ M Repeat the eame ptocedure for Each rhombus as' wafe used for the
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Q Write a general Btatement telling whether or n_bt 'the _diago'helq__- Ny
' of a- non-square' rhqmbus biaect ‘each other. K IS ’, e T
E ’.l"he dzagOnaZe of a non-squara rhambue lnsect each ot'her , .
\: .":\' . Similarly, draw l:hree parallelograms of diffetent
g “- 18 a square, a non—square -rhombus or.a non—square

' game procedure “for each parallelogram as was uaed .

L o rectanglee. RN “e , :
. Q.‘ Write ‘a general statement telling whecher
S of such a parallelogram bieect each o;her. g t
i I-J E L A The dwgbnale of a paraZZeZogram btggct eac other ) -~ -

Let s now - move onto diacover lf the diagono;g of . 'ach qua;lrilateral
bisect: the opposite .angles. :‘On another sheet of p jper draw a aquare  and
label it MNOP with diqgonals W and W, Fold ‘the. square along diagonal m

.. . LY

. ;A'.-,-.frag S T s e

Thetefore, doea the,diagonal m bisect the opposite angles?(
L . o B l».-‘_.. L0 B :, .. .-‘ - . .‘.'

Us:l.nq the anne. square, fold along diagonal NP‘. R

- '_-_Q Are the two ‘angles (. HBN and AOPN congruent?

:-' . '\’ - .'.

'|

FARTIHFRANT

\.": P < . ._ G-_I.. o _”: — o - P . . :, o det L

‘ % - N , .
plc.c s e ¢ Qe -Are’the two:angles' & NMO and & PMO-congruent?: .’ , 8
X% e , L PR R R T
¥ PR > PR U ..” - ‘ , . e : . PR PR ‘d-__ R
“p ' !

©.Q; - dre’ the two- angles £NOM and ZPOM conryent? I o ni
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f g l B N » 78" '
g 4 ) 3
B S Q Therefore, does the diagonal 'NP’ bisect the opposite anglee’l S

cre T e Drew two other squeres of diffe':rent sizes and repeat the same procedure

L e ‘ as, used for the square. C . N

D ;Q.‘ Write a general statement telling whether or not the disgonsls s
e T of a square bisect the opposite anglee. N .

I ' N ) .. S g

el

The dzagonals of a equare bweat 'bhe oppoezte ar;gles Sl RN

LA Q Draw three: non—equsre rectangles and repeat ‘the’ exact procedure B
R BT : . used above to determine 1f ‘the" diagonale bisect the opposite
AR angles. . Write a general etatement.

' N R c Tha dzagonala of a non—aquare rectangZe do not bweet the oppo- Vs
! ' --'_-'aitecmgz’ee - R .. ‘ Co

N

S L Qh Drxw three parallelogfams,‘ nonéj'of which 4a a. square, a. non- L e
T 5‘_ .8quare: rhombus or ‘d.-non-square rectangle and repeat the same’ o
T procedure to "determine ‘1f the’ .diagonals bisect the opposite o
angles. Write .a general statement. e . RIS
' The duzgonale of a pazuZZeZogram, whwh is: netther a equazne, SR b
. . non-aquare z‘hombua, nor a: non-equare rectangle, do not bteeat Loy J
" Pl the oppostte cmglee R G . NRAIERERECAE TR
S R U Q  Drav tbree non—square rhombii and. repeat .the same pro dute to .., b
I ST - ‘determlne if the diagonals bisect ‘the opposite enghje Write a -
e M e general statement.u ‘ W e .l_ A

-, 3 oy "". ' Id

The dzagonale of p: non—equare z-hombus btseat the oppoezte anglee

. The purpose of thel next activity is to discover if the diegonale of L . U / .
S - .each qualrilateral fare. perpéndicular.  On another sheet of paper’ draw a ‘oo
R L B square 'EFGH with diagonals EG and TH intersecting-at point 0. -Using =~ .~ .-/
O your scissors cut ‘out. the four triangles, AEQF, - AEOH, AHOG ‘and. AFOG. S
- Place the four trianglee on top of esch other rememhex‘ing to keep vertex e .‘.‘l‘
R Oover _vertex 0. ' = , O ST LA
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v . . , \ : . ) . . ' B Yy ’
N ‘ - T N i K
f VA . L , A ¢
. 2 - . -- [
i . ) 7 P L .

~
.

y

v
t L . Q Ate the four trianglea cot&gruent? "'ifb,ht '18‘,',.‘110_ t_ihe]} lié-p'effe;:tly""' v
¢

. .on. each othe):? R R e o
I - . .- A _\“,. ’/ N . I I» A . . : ‘I o - A‘ : : . h':“ -’ . Lo N ".‘ ) .'.‘. . I - -
“- o vl ¢ _Y‘eB . P "f T ' T g R ’
Q _Are the four anglea at vertex 0 congment? SR e el et
e L Qe .‘Does this mean that each angle measures 90 ? e ER O
ol W e e A f? L S { R P P I T ; R PO AN 1
I B - Q. Doe, i:his-ﬁééesft‘hdn that ‘tﬁe-‘.d,ilagohérl:s \,i‘nre“;')érp‘gn&'iclgi‘l‘af?f N REVE N
\ ’.“ - .. R A -‘. ‘ R oo . »:' . .1.’ -I _»:‘ e o R ) .. j‘
L e e I R
cheee DL Drau two other squqrea of different sizea and repeac J:he aame procedure Lo
T asabove. P N A FAUREERTER B
R o 'Q,-A Wr!/te ‘a general etatemeut telling vhether ox not the diagondls .
- l e R of a arwai‘e are, perpendiculnr. BRI - S T

A Iﬁe dzagonals of a aqua:re are per‘bendtéuZap ;'j-"-': y
o Ta A Qe Draw three parallalograms of different sizee none of vhich' deal R J
sl s Tty 2T Bquaras,- A gon~sguare rhowbus. or @ non-squire ractangle.h Reput e

R S S " the samb procedure to determise 1f ’the diagonale of & parallelo-

/ B O gtam are perpendiculat. Hrite 8 general statement. ol L, NPT ‘-
-G . N K e 4.-.‘ .‘~'- N S,
e T A The dtagonala of a pazunalogm m not perpendicular ) )
<L e E ' Coa T - LA " o A - T N AU

P Q. Draw thtea non—squa.re rhombii of different aizes _and repeac ‘the . .-
ol T ks - 2L, ehe procedure €o determine-if-the diagonals of a :homb’u are - oL
e IRt S perpendiculan- Hrit:e a seneral ﬂtatemt._ : ;'; B T T SR 2

TA m dtagonaza ofa rhambua are pezpemdicular T e
""Q.' D:‘nw three non-equare tectangles of differen} sizea nnd repeat e
Lot r.he ‘eamé procedure to’ dehemiue 1f thé diagonals, of a- nou-aquare Ll
rectmgle are p,erpendiculnr. Hrite a geneml atat:ement._. .‘Z-' ! R

. The duzgamla of a nbn-aquare raai:cmgle az\e not perpendiculd'

; y 'The &Lngonnla of a pamllalogram biaect eaeb ot\hér..- :

RO

o 2’ 'jTh" diagonalq °f e Pafﬁllelﬂaram do noc neceaaarily biaecr. r.he oppo- R
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v N - N N L S . k L )
L , SRR ¢ i
t. N : o g - -
'.l .- . 1 , ? N '- .o . , I- . - ’..
) ‘“ @ . B s ' ooy ) . L :“. \' N L
* i, I H * @ ;L © .
. " (a) The diagonals of a non-square recl’angle do not bisect: the .
’ - opposite angles. U P . . ,) )
" ’ Z ' 4 ~ Lt t RS
. ) .

- (b) 'l‘he diagonals of a'non—square rhom!;us biéect the opposite Ll

The diag(mals _‘gf 8. parallelogtam ara not necessarily pea:pendiculaf.:-

glea .

(d) The diagormla of a paranelogram whid:h ia neither a square. a
non-square rhombus g a~non-square rectangle do ‘not bisect .the

.): L - ( ) Th;: diagonals ofL ;‘;on-aquare rectangle are t;ot perpendicular.
R ”-'f,: ' (6{ The diagonals of 8, non—aquare rhombus a;e perpendié‘;xlar., :
“.'-, ﬁ -'..( ]) The diagonala of a sc{uare arc‘a pc;rp;ndiéﬁi;. p o '
' i 7; : d) The dia\lgonals ofv a i)arall;slog;am wh:/Lch i;a‘ neither a square; é‘; b

_nen~square, rhombus nor .a. non-square rectangle are not perpen
dicular.,‘ R @;\ S
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LESSOH #5 STUTJENT OBJBCTIVES

Upon completion of thia lesson,'l:hq atu&ent sbould be able to do the

following correctly, 901 of the ti.m :.::

The
parallelogrm 1nco two congruent triangles.

BN
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© (i~ .LESSON 45 __-:_PR,OPERTIE’SIOF'QUADRlLATERALS_' 5 Lo

A coae s = . AR
Let s review first thoae properties discovered :Ln Lesson #Io" e

r
-

2 ’I'he diagonals of a parallelogram do not necessarily bieect the oppo— s ; 3
) _s_ite anglea. s BN

&."-‘f—- L., o K : [

R 53) 'l'he diagonals of: a- non—square rectangle do not biaect the R e I

) opposite angles. . ;.’-_.‘ . STy G S

(b) The diagonals of a non-square rhombus biaect the opposite
o 'L nnglee. N Rl , ST

" B e .

-

c o ' B coel !
(c) ’l'he disgonala of a aquare biaect the oppoaite anglea.~ T T
(d) The diagonals of .a" parallelogram which ia neither a square, a .

*', .. ‘non-aquare ‘thombus nor- & non-square rectangle do not bisect the' -
S opposite angles. : : :

3 'I‘he diagonals of & parsllelogram are not necesaarily per’pendiculat. b

The diagonala of a non—square tectangle are not perpendicular.- :

. .\.
v H.

y - (b) The diagonala of & non-square r_honbus are’ perpendicular. a J

S (e). -'The diagonala of -a équnre are perpendicular. e ,' : g
) { -' (d) 'The diagonals of ¥:) parallelogram which is neither a square, & ' e
RN '-.."non'-square rhonbus or- a non-square rectangle are not perpendic- o

’ ' ‘ U‘lat. "' "'..-' - . f L. . ool

N 7. -‘ "'.' - o s 1_, ' ".:‘ Y " 'A"' --':/ )
. _.;~the qnadrilateral into two congruent triangle“s. Let's" .alao discover if WL ".,:'-
. 'the opmsite gides’ of each quadrilateral are parallel. Before we do -
this experiment we muat recall two points. S . R o
. - .- Rechll rhat two triangles are congruent i£ rhe two trianglea can ‘
be made to fit perfectly togetheri R ' .

Recall that m linea are parallel if the altemate interior
snglea are congruent. See the diagram. - o P

2 Ll and“ 42 are “alternate
:Lnterior angles.
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) oy Let B start with the parallelogram which is neither a square, a. nou- L

.~ . ) square rhombus ‘nor a- non-square" rectangle. ‘On a-Bheet of paper draw ...
: 7 ... three such’ parallelograms of different BiZes .and' fo¥ each parallelogram BRI

; : ' draw a d:l,agonal as ahown below Also mark the angles as shown.\ CL e
SRR R
|

B .

e “Cut each euch parallelogram ABCD along diagonal 'KC

' y ) Q. Can the two tr:[angles of each auch parallelogram be made to fit .

o 7 S together exactly? ' .
}f-’Q.-;’-‘Hrite a general statement stating whether or uot a diagonal of Lo
T such-a parallelo&rm aeparetes the parallelogram into. two con—
- et gruent,triangles.- e T ‘,- L N —

, CA . Yes, @ dwgonal aeparatea a parallelogram mto u.;o oongruent .

A o : o "'_tmanglea LT RN . Y
T call the def:l.nition of a, parallelogram from LesSOn #1. We know that— e

g Boweﬂr. now in tﬁe

. . . ) . 5 ‘
r:.n. . T ! . b Lo
e AN TR e el i age e e b . RS, = -

the opposite sides. of a parallelogtam are: parallel._
following three steps we’ will prova this. S

Q Ia‘l 142?

1 \statement te ,ling whethey: .or ‘not the.
: of a 'arallelegranr re parallel'.

e e e el A R T VL
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PR col R(peat the snme procedure for thrae squares of different sizas.

. . . ';.,Q;. Write a- general etatement saying whether or not a diagonal of a

TR S square sep.awtes the square :Lnto two congruent trianglee. Z-

’- . 0 t A & B

S e A dwgonal of a equa.m aepamtea a equare em‘:o two oongruent
= : T 'L'manglea ‘, 1 e R ,

_‘.‘f Q Write 4 3enetal atatement statiu/g whether or not the-‘

- aides of a aquare are parnllei e '

sizes. S

L Q. ._'Write a 3eneral atatement Btat:lug whether or. not mdiagonal of
S : . & non-aquayé rectangle eeparatea l:he rectangle into two congruent
'~,'_'trianglea. o l o T . :

PR -fmto two oongz'uent tmangZea

A -_Wr:lte . geueral statement stating whether or not the opposite
. ~,-/ ' 'aidea of a non-squa're rectangle are patallel. PR

e

i L ; Repeat the eame procedure for three non-square rhombii of different
’ .sizea. . DL S e

: ‘; a non—square rhombua leparates the rhomhus 1nto twa 'congment
B triangles. Lo e ; , :

TR B o The OPPOB‘Lte aides of. a pa:r-aZZeZogmm @9 pamZZeZ - s

S ,_' i .» 1\

i \: o _A.'."‘ ._-A duzgonal af a non-equam reotangle aepan&tea the reotangla i

The oppoa;.te s-z.dee of a non-square reotangle are pamZZez i :
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I'he quadrilateral shown t'or exercises 1 and 218 axpa;"al'"l‘gibgbr‘ami_j .Use
appx‘opriate iet:t:ers to nma the follow,[dlg., . v: i L

1 A diagonql ahowndn the’ o,
figure‘ (775) N

AL AApair of congtueut
T e trianglea.

' - N
e o - ( ) -
e - AABD_. ACDB .
. ’ - ' L RN PN
- - l A
. - N - - 1 : 3. kK
. ' ' o . . . ' o~
’ KN - ~ | . 3 »
- . \ v v , . X ‘. H .
' W~ . ,t N . . ' | ‘ P
) - e - . \ 3 -
. . - 5 - .. o ‘ ' LN

Exerdses 3-10 rafer to :he parallelogtam shm Clnssify ench state-' -
R : ment aa’. true or false. .' EER M” e

1..' 4_- < ’ ‘: -

II and E‘ are. °ppoeite sidea.;. (Tme)
sl _ 4 DA& a.nd ABCD .are opposite angles. (True)

\ e mr m:. (m)

l 6 AABD" A@B.\- (Tme)
i ‘.—.\ S : . .ﬂ‘l - m‘3. : (Falﬂe)

s '1°'~f.’ W “"-!Ef.f?mﬁiéz: f;: e

\ ’ _“,x <,~ ,

‘ .{: Lo infom:ion, find l:he Mdimted meaaure.

11. uu - 3o anJ nu - 50. o
' ,' Find mz.ncn (80) '
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ce T o In exercise& 15-22 refer t:o ‘the quadrilaterals ahown. For each exerciae W REEN I
2 , . PE) . L . ! y
LT R atat:e uhi.ch of the figures aacisfya the given condi;ion. URPERRENLL A A
i h , i : R R A R RN PR LY q
g o nonfaillar RPN AR . Parallelogran - :
DN B 7 PO TN N : (which 15 naithe' } e T
a - ' - u c:mgle N o 'l‘ - o"f)‘ t’ N ' ot L
. .A_l' > S .-,: N ol I T ) ; ~ U
[N 4 ‘ A § ,‘\\6: ‘ . ) N ):h . . B !
v T : —_— 0 = . g i SO
"‘: - N » . ti - v ' e 0 ./" ) L ' 4 " .' ~ i" l. ‘ kl 3 '
o . Vol . ol ” . . H “ : ( T !
v ¥ o - S -, | S “-f- . R N
< { : . - . R R T Pt L ‘- oY,
& . P el L A e N ERR
o S Tan P ‘ non—squ.are L <t Wk
: v L Square ‘ S : . '
A S L » 2 Con - A ::', S ;
- S N L ‘,-l. ) N B EENE

Diggonqlp are congmant. (non—squam reotangle md equm‘e) _ J
Diagonals biaecc each other. {aZZ) \ SRR _' _'._ S

-' { '17. 1 'Oppoﬂite angles nt! congmen:. f(au) . ERS = “
Diagomla ate perpendicula: to each other. @on aquam rhombua
.. and’ squam) ,_ A ,

19.( Hhen a diagonal ie dtm. nt:wo congruent triaugleﬁ ate fomd. L A
'“:-: . RERTRE __f. . o . -‘-\/ '. C _‘\h; : .. -_ Vo (GZZ)

: 21, 'Diagomlo are perpeudi ul
L aqzar,a rhambua and aqw%a

Hhen bot:h diagonalq are dtm. eighr. trianglee ata formed.A (aZZ) B

In exerciue‘s 23-‘26 dtaﬂ._if ppasible, a. pa;alle".l.ogram whieh aat::lafies
tbe stated r_ondition.. If ‘Do auch panilelogram exista wtil:e Nm:
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v N . : ‘ o . 5 ‘ . » ) S o '
Ay T e e e e T
\.s {I ) ‘. ; i ) I u I},‘.. ’ - 4 ,_.-- N .— a2 . " .
L P L P Ly
RS T - v 25, nals 'bisect: eachmther bul; w not congment (non-ﬂquara
s T rhombuaandpamuelogmn) A &
/ o ’ b

o

at

.,E‘In exercisaa 32-,33

"'I'he diagonalg of

' ‘Diaaonals are perpendicular bisec:ors o£ each othet but are uot
congruent.,, (nonoaqmre rhombua) N : :

)

In emrdaea 27-;31 provide ‘the. rensons for the proof of tha stgtement
A diagonal of a parallelpgrnm sepatares r.he parall,e].ogtam into two :
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N 5o 2. U“W’ l' v s 2. Defin:{tion of a parallelogram RS AN
A IR 1 -,4__1\_‘: 4 2,' B ,' 37. If two, parallal linea ue cut be R
R L L w transveran'l? the altermats AT
. . - IO NS mtenoz- ang_ea arg cangruent S I
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Qo__ngnwn_ae o_f aegmenta w mﬂex—

ASA poaf:ulate i‘;'f:

'1 ) : -
: de the reancms for tharproof u.f the atatweﬂt,
Ji p rallelogram bieect each othér‘ RO
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_In exercises 37-42 prov‘ide the reasmm fo the proof of t:he statement,. L
"The diagonala of a :ectangle are- congtue;t ' '

GIVEN ' Rectangla ABCD w:l.th
o diagonnls IC' and BD'

E 3 BD / . P

. ..,. A , : .. .»-‘:, ~l' "‘

1 ABGD :ls a parallelogram 1

B
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Gwen ot U

Defzmmon of a pamZZeZg@'am

If two pamZZeZ Zmeo are dutja
' a4 transveraal, the -alternate .

"-".‘ -;'nten'or nglea are Wnt

L

@poute ‘hndee of a paralle%ogram: b
_f two mrallet 11-7138 are’ cut b 'l.,,‘ '

-a. transyersal, the altemiate - RREEERY
intemor angles are, con@uent o

IASA poetulate

'./"
wv

Corresponding parts of- congruent }. .
triangles are congtuent T ',_ ST

R . . . - .
t. R T co- . . 1.
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tn exerciaga 43-48 provide che reaaona for r,he ptoof of theata!!ament, Do AR K J

"The diagonala of a; rhombue
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R \ S 49 Prove the Btatement, "Each diagonal of a rhombus biaects a pair of
I

ey o ._-' - VEN. |
Tl e diagonalm
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43::44

To Prove.,.

PROOF
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dzagonal 71'(‘,’ Y :.
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sides of the tectangle. :_

To Prove'- Quadr:llateral RSTW is a rhombus. (Hint: Prove that the NP

RN \four t:riangles are congruent ) Cie o AR W
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GIVEN Rectangle ABGD points R,S T and W are the midpoints of tiﬁ
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At this point, you ahould have made thirty—six different discoveries
regard:lng the properties of ‘the, different qundtilaterdla.' ‘At” the same -
- v timey -you 6hould have. learned six ngw tem. Liut ench conceptl ‘dis---
' covered and each term leamed. '
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1) ,
= .paira of opposite sidea qre parallel the quadrilateral io a8 p"ara'l—'-'
' t.',lelogtam.h‘ o o B L o

- gram,

' are congruent, the quadrilateral ia a parallelogram..
v The. atudent can’ write a fomal proof. ,using statemont and reason,
": of the statement, "If the _diagonals of a quadrilateral biaedt each
other, the quadrilateral is a parallelogrlm

'-_'The etudent can wiite a fomal proof. using statement and rea on, _—
of the statemént: "If a quedrilateral has one pair of opposite sides

'._]:elogtam' S . - o

e R ey g - P . _-_..l_;".i..;,...:'..-_.__,_él,»l._x.,. . et
; Y ’ . F '_ :

i.i:s_édn:#o. - ;'s'TUDEN:r' OBJECTIVES © /. 1.
2 . : . H . L/ H A K

R Upon completion of thia leaaon, the stude,nt ahould be able to do tho'5~~ '
following correctly, 902 of the time. 7 R S

‘»'._- L DA L LT s e

Jwoeel A,

T‘ne et dent shbuld be able to otate and use the fact that if both.

l"'

.‘ The student can . state and uBe the, fact that if both pairs of oppo- :
' Bite sides are’ parallel, othe quadrilateral is a. parallelogram. i

The student can state and uae the fact that if .one pa'lr of opposite

gldes are parallel and congruent, the quadtilateral is a pnrallelo-\

—~

. t . .
. The\\student can write a. formal ,;proof.' using statepent a\x\d reason, A

of the statement, "If-both pairs of opposite sidés of a ouadrilateral

Moo
e Tt

that are both parallel and congruent, the quhdrilatera], ie a- paral.— '

R ,\.

A SO ,m-""-'/’

'rhe atudent can state and uae the fact that if both diagonals bisect 3;."‘: / h
. each other, the quadrilateral is a patellelogram.. : :

: 'I'he student can write a’ formol proof uaing the propertiea of quadi— .
- laterala discovered in Lessona #1 through 6 A .
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c In this leason you shall consider some conditiona that will pemit us ,

.. to ‘conclude that certain quedrilaterals are parallelograms L
‘begin the actual discoveries, recall from ‘Lesson #1 that a parnllelogram

‘18 8 quadrilateral with’ both pairs of opposite sides perallel. .

" this defipition i.n nind - as you do the: acti‘vities. Cee e : :-_ L

Before you

Keep

)
A L
o T |

g .
. ’ _-I.-,

'On your geoboard conatruct three quadrilaterals that have one pair of‘

oppoaite aides that are both parall.el and. congruent.,.. Lot e

' .'other pair of oppoaiteks

Y

L.

S

' .Yel;f_ o

.-\_

-Doea the fact that a quadrilacerel has one pair -of opposite

gidea that.are both parallel’ and congruent always. mean that - the. .
ides are elways parallel and: eongruent?n"_ T

\,- o
- . vt .

s gt e

Is th:l.s sufficient information to prove thnt a quadrilateral is

2 parallelogram?

. . A, \_YeB B ..\- . ’ . -— o f. R , ’ :' /'

“'.’I'herefore complete the: general statement' "If a quadrilateral hea one .

patir of. oppoezte ‘gidea that are ‘both - c_qggruent a:nd pa.raZZeZ the quadi-

i lateral is a- parallelogram. L

n.\, .‘ . ’, '\I‘

" “The next activity is to conatruct on. your geoboard three quadrilaterals -

'A,\that have both pairs of opposite aidee congruent. .

- Q. fDoes the fact that both pairs "of opposite sidee are congruent v
E always mean, that both paira of oppoaite sidés -are ‘parallel?

',.

ca K ._~. et . v

a parallelogram? Coe LT

} " S 11elogram. o S T
v -Next. on your geoboerd make with rubber ba.nds three sets of linea that
bisect each other, ‘In each case using thepe two li'nes as diagonels, -
'-,‘construct three qundri.laterale. . S

: . .
‘\ ": '/ .
. - 4
s clr e g e LT
.\. Sl T re R -u_’x_L;wm._ L8
.
-

”"Q'."' Ts’ thi.é suffic:l.ent infor-mation to prove that a quadri,lateral ie

\-\-.

" A '..Y-eB ) . '_ ' " R -; Ve e

Thetefore, complete the followi.ng general statenent'r "YE a8 quadrilatetal S
~ has both paws oj’ oppoe-z,te szdee congruent, ttie quadrilateral is a para—'

T
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Y L .'Q. Do che quadrilateralafformed each have both paira of Opposite

) C _aidea paral}el? e . o

1

| ;. I8n't eath quadrilatafal therefore a parallelogramt . =~ . 7%

- v‘- - .~-'-.~‘
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I

COmplete the following 3eneral atatement. ."If a quadrilate;al has. ’Lta a -_
' dwgonale haeamngjaah other, the quadtilat:eral is .a patallelogram. TR

e In aummary, we now haVe four ways to prove a quadrilateral ia a. pnral’le--. /Z :

R '..-.' 1._ Shqw both pnira of oppoizjlte sidéa are pnral,lel. - R R :

-

._.”2'. Shaw both ;fad.rs of opposite sides are congment:.
s
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PRAc;crcE EXERCISES C T

In. axe:i'cises 1-6, clasaify each a,gatemenc aB true or false.A \ ’

e 1 Every parallelogtﬁi 19 a quadrilaternl. . (Tz"ue) o SRR o A

;‘ 2 E\very Ciuadrilate.ral 18’ a*pa.rallelogrmn._ (iale‘e)-'

: .", : 3‘ If a quadrilateral has one pair of oppoeite ai&es parallel
TR | quadrilateral ls.a parallelogrmn. (FaZsé)

4. If a quadrilatera.l has one, pa;Lr of oppoaite Bides patal«lel a:nd T ‘-',.‘.
i . congruent, the’ quad:ilateral ia a pnrallelogram. {Tx'ue) ) T

P _"-'5. If both pairs of opposite sidea of q, quadrilateral are congruent, ,‘
e t:he quadrilateral 15 8 pnrdllelogram* (True) = T o -u_

. 6. ‘l'he diagonala of every quadrilateral biaect each othen (Falee)

‘. fState four ways t:o prove a8 quadrilnteral is a paralIeiogrm., N

§

—‘;\i._r

Show both pm.ra of" oppaswe szdsa are pcmzZZez ~
" Show both p’aw’a of opposite 63d33 “zzm ccmgruant‘ : .-
"Show one paw oj’ oppoeﬂ:e ezdea are paraZZeZ anci eon- ¢ |

O )
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. e B S .
In exetcieea 3—14, p.v:bvide t‘he teasona “for the proof of the statement.
Mg both paiks of opposite sides. of a quadriiateml are congtuen:, the

quad{rilateral 1s a parallelogram IR S S . T
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Comepondmé_varts of oangrueﬂt : T

trtw_ngZea ae co_mment

A

- Tf o Y ines: aret out bu a trane—'

versal so that the alternate .- - ~"

interior argles an congrient,

-t.he tines ow_panllel
“JA qw.zdmlatemz has: one pmir )

afte stdes and both-co:

ents afe paralZel, the quadz'bla-'

temz i8 a mmzum

ey exérciaes 15--21. provide; the reasons for l:he ptoo}' of ‘the - stateme.nt. oo
U ONTE the ‘diagonals. of a quadrilateral bisect each othar, the quadrilat:e‘ral P
is a parallelograrn‘x. . SR '

,

When o6, Zimas “intersect, the .- . - -

the Zi_ nes_are: pa.mZZeZ,

‘_./ b4
A

B |

' R

: Comapondmg parte o,t cangruent
- trwng}_@e are congrusn'l: S

l.Come%onding parts of @gruen’t e
' triaigles are: congruent -

“If a quadrilateml haa ona pmr« B
... . oYl opposite stdes both . congment Co

- cond ‘parallel, the quadm.ZatemZ
',,7.3 a. pa.ral—log“nanf
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. \In exerpises 22—29, provide those reasons th'at are omitted for the proof
. a4 . .of the datatement, "If a. qundrilateral has one pair of opposite sides -
e T that are both parallei ‘and congruent.vthe qzuadrilateral is a parallelo- :

GIVEN AB" cn
‘ m-\a 'CE

L i Tor Pro\{e:

ABCD is a parallelogran
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L ‘ there ia exactly one’ line ’
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R R - a traneversal the altemate S I
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;AABC ' ACDA T '26. 54 postulate e L 1’\‘/
IR 2_'7;'.. 4 3 & A lo /f _ ,' 27, Cortesponding parta of congruept: S - "
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28y 28
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Upon completion of this leason. the stu.dent should be able to do the
following cotréctly. 901 of the time. e J _

" ) B LT ?

,': . - 1 #

) 1. . The student: should. be able £6 'draw. .using the blockn Lrovided. three

'parnIlel lines that are. the same distnnce apant. A

. 9 -
[ S .

\

..2. * The- student ahould be able tb atnte and use the facf thm: 15 threa

‘parallel lines cut off ‘congruent segments omn one transversal, ,they
- _cut off congruent Begments on evary tranaversal. IR

‘m:ldpoints ‘of _two sides of a triangle is parallel to, and- :ls halfaae '
long aa, the r.hitd Bide. e R '

N

. 3 .Thé student can st:af:e and uaa the fact that -the segment: joining the
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R Let: a-recall" :he diacoveriea thnt vére ‘nade’ in Leaaon #6 . There: axe. .

pemegetis Son o

S ;j fout waye to pme a quadrilaCej.'al is i pazallelogram. -
R L I TRUL. - PR L
TR '::.'--": Co -l_q Spow b pad.rs of oppoaite pides are paralle.l. e

Shou bth paix:s of ‘cpposite aides are ccmgruent., e _ L .,.

,_,r‘u.'_ o S 4 ST
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O L malaithieg — ™

.\ . . - ol 3. ﬁhow one pair of oppns:tte sideh are patallel m:d\ congruent. o -
e t - . | e . « , . . ' . -
' ._4'.' Shov t:l:\ey diagonalg bieect each other. ST e e .
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AL AN I.n the next-.dtstovery axetcise yqy& uﬂl need to construct thtee parallel .
o A I".".:.-line.s on"d ‘gheet. of/’papet., To_do "this use ‘one of the blocks. . .Be —_ ;
s ipt certadm that all three parallel dines are-tle’ sape -distance apart. ~Dr rew L e
pe BT ' a’ c:ana‘versal (called line: z). ch meeta each parallel 1ine at right Lo -
! T f;; angles.’ We do thie to insure’ 18t the two segments on transversal IS TSR

Ve

J AT '1;.“: .. Pq and 'Q‘E,mre congruent. Sitce the pm:allel lines. cut’ off ‘congruent . , 1.
T e R "ﬁegments oo this transverdal, doed this neceésarily mean that’ they: cut’ /' A

4.1 \ T @ off congruent segmént;a ‘on =11, other transversala? T‘nin A8, t:he purpose AR NP
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-, determine 1£ A¥ « BC; ‘f01d the.papai ar’ point E to determine if D "'1? ﬁ ! R
“~Make ‘certdin’ that the paper. is' folded 1in such g ‘masner that IF and nc ‘ N
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Repeat the- smna procedure for ::y more =Hetd of thtea parallal linea. \
. - Q. Therefore; cap we conclude that -1f three parallel nnes ‘cut off '
: coﬁgtuant segments on one transversal, they cut off ‘congruent
segments on wety tranaversal? .
A Yea - . o » ' e AN
_The next discovery emetciee involvea trianglea. ‘We vi}l endeavour to, .

‘show that the degment joluing the midpoints of two sides of a. triangle . '_‘
s parallel to, and is half as long ab, £ third gide, .On a sheet of

Y paper, draw three triangles: of diffemut ghap “Determine by ttial and o
error the fuldpoints of two gidea of each ttiangle a.nd join the  two - e N
poim:a. That ‘18, fold each segment until the endpoints coincide. The . ‘4
midpoint ‘of each aegment is at the. poim: of folding. Label each triangle q -
as shown below: N . :

tie now have two considerations for each ttiangle. _':',‘j Cn N ‘
. * ar S ’ s . —I , ) : R . ‘ . '\-.:‘I‘“l.:‘l-l' :4.. P
1.- ‘Ia rm]]ms? s o VL T ‘
= Thia Activir.y involvea papet cutting.. : . T ~'. oo AR N
Recall that m linea arée parallal :Lf the catrespmding anglea are .' S

- congruent. . Jn“each ‘figure abgve Z- CMN “anid 'L CAB sre. »correspondi_ng
angles and LCNH and LCBA are correaponding angles. L T T L G

W h - e i Y
BT . . *.‘I: . . . ‘;I' N
- Cuf. each figure glong HN. Place Lcml along LCAB. S TR A \,
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Q. ‘When HN is placed on AB, is MN = )5 AB?". o - R
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. Q. Write a general atatement concerning the segment joining the . c
- 'midpointd of two sides of a triangle and " the thiz‘d side.

L ' A. -‘:The éegment aozmng the mdpomts of 1;wo azdes of a ‘Lg'tangte i & _
: LY ;paraZ’LeZ to the third gide and half as. zong as \the thu'd ai’de R

Summary of points diecovered 1n Lesson #7' . .

1f three paraliel lines cut:off congruent segmenta on one: trana—: S
veraal they (:ut off congruent: segments on’ every transversal.

'rbe aegment joining ‘the midpoints of two': aides of a. triangla 13
parallel to, and 1s half as long as, the third eide.,. S
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. In éxerciges 1-6, X is the midpoint of AC and ¥ 18 the midpoint of BT.
Cladaify the statements -a8 true or false.

Lt e, I. : .' A )
RO Lot o
. ;;g iE (True)

Core . " I '

3. BY-YC (True)

:","'.':'_.'-In exercises"?zl-lo.z‘l“ ln andﬁ ,m

true or falae. o

e, I TN

; - T n. ¢

. ! 20 e s
‘KB muat be- congruent to 'DE' (FaZse)

BDE - EF (Tnze) 3
. s | G 9 "“_l‘When BC - 5, EF - 5 (FaZae).
",‘}'15{.);._“”?.When DE = -6, EF = 6 {True) AR R
-In gxerciaea 11 18 R is the midpoint;--of E and S 8 the midpoint of

‘ * Using: the. :[nfoma;ion given, £ind, 1f possible‘ “the . indicatqd lengt
If the infomation 13 nut adequate, write NOT PDSSIBLE.j L
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©.. cdn 'be found

11. AR = 3; RC

12, BS = 4; KR

13.. AB =-6; BS
R P4

- l4. Ah‘-‘é '6"'31'13- -w‘? (4 9)
15 RS -ua 2/3- AB AT . (8 1/3) ‘
'l-_61 RS = 4 l- nc - 7 ? (not' posuble) - L .o ;

EVA ,cn-zxs ST

is. 'A,g- 3; RS

‘,

In exerciaes 19—21 Mpointa R S md T ura the. mldpoiucs of” the aidoa ot’ KPR
Using the 1nfomtion 3iven, find the h;dicai:ad iengthn. T

I AABC

RS' = - 3; as = 2 Perimeter of mc w1 (16)
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N AL T . I Y S .

- 7. ‘(natﬁsatble) , ..':R "/' - B
-2 8y L S

- 3. cs = 2._ Pe;me:er of AA.BC - f? (14)

In ue:ciaes 22 and 23. exactly one of the lengths denoted bny,y‘ and z R
l?ingi thnt lenzr_h S N N SN \
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Lo T Upon completion of thia leaeon,. the Bcudent ahould be able t:o do l:he R
e foll.ouing correctly. 901 of the time o eean D
v ‘o . [ " - ‘e R : . LA . ) L 1,: . .' . .
B l ‘l'he atuden: ca.n recogniza a- trapezoid nmng :he Eamily of quadri— R
. e latatnla. D RPN ALI AL I T R
R N :; B Al( - N - . J_“\:_ R R . _? s
. e T ‘ - IS - . s
o . The etudent arf)uld be nble t& defiﬁe e’ tt.‘apezoid. KA R —} ! T
b .- i -- ‘ o L ’/‘ L :
S EETIR T I ’l'he studeu: should Be able to’ indi.cate the bnses. legs and median IR
CE RO o o£ a. t:apezoid. R _»__E:- : ,,.,_-. N . AT S
N R ' e | e T ‘ T ' S e .
SN S 4. ’rhe ar.udeut: can atata and uee the facl: thnr. the medinn oE a trape=" ., it
=y Co zoid 13 parallel to che: baaes and have a lmgth equal’ to half che e

eum of che 1mgthe of the basea.,.
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EE Before we movg ahead to Lesson\ 1}8 1et. 8. recall the two idead diecovered
R ‘. in Leenon 07.
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"If thtee pnralla]. lines cut’ off congruant sag-manta ‘on ona trans— o
-\mraal. :hpy cut off congruent Begme.nta on eve:y :ranaversal.‘ .

- SN e -“"2".i. 'The segmenb joining the midpoints of two a;LdeB of a tr:l.anglé ia
Cu Cl e f o parallel to, and is half as 1ong ns. the third side. o

} ‘ “In-Lesson. 01, you discovered fout apecial quadrilaterals - patallelo-A c
e e ' gram, rectangle, rhombus. and square. However, chere 13 one, other

. ': ’ _ by, specﬁ.al qund::ilatetal tc discover. R \. e, L E
; .— S on yout geoboard, form three aepa.rate quadrilaterala o£- differant sizes '
PR ) 5 which has one. and only. one- pair of parallel: aidee., Yotxrr figurea should
e -,_. 1ook eomgthing li‘ke the figuz’e shom in- tha aiagtam\ e el el
IRV I - ‘./ﬁ . - NG
s st - ' - — L v - ':.I?"
‘f oo ¢ ‘ N PERE
: o) : e U REEEI
PR S . N BRI I
RN . v : . SR
1. e . . Z S e
e AR : EERTI) o
. No:e tlmt the twO parallel aidea do not have t:o be the - ea.me length. e
B TSP N S N A L T
L I e Q., Hmr vould \you define such a £igﬁre? ’ L : i{‘
: "'-:-_'A. quadrilateml mth e.motZy one"pa‘tr of pm'aZZeZ aidea :
‘ S Q What 15 the name given to auch a figum? ":"' / '-.."_‘:\z; ‘.
S R '_-'-Now that youchave disccvered the general ehape of a’ trapezoid, and i'cs'A ”\,'
ot et defimdtion):let's, learn acue. terms that will be helpful in our dincuasio’n _
B ”o_’» e . ..of ttapezoids. S T e R A . el B
o 'f : f:".l ‘ / D R ;;: _; -o L 'l‘he p‘n:allel s?es sre callil .
A o NP R S . - \baBﬁSA N AT v
' RN L . .. N ,
Sl T L , A2 _ The non—parallel sides a:e i
AR T “ s called legs.- . L' P
A L 3 “TE l:he, legs o_f a t:tapezoid i: oo
A A N " :! are comgruent, the quadri-
T . . lateral is called .an isoscales T
PN : --»M/ ORI
L e . 4, The median of a trapezoid 16 ','3- S
EENE L CL . ehe aegment joining the mid—- .
IR x points of t:he 1egs.. R
. " l‘ W ' N _ , .
o » d . . ':. )
- . s, ,I\" 6 :':.\ - I.L"
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' -7 Next’, we muat detemine two propgrt:l.es of the trapezoid.. ‘ -_‘3,'..-;'.\'. . “
. 1. < Is the n;edian of a trapezoid parallel to the baaes? ;- Q_ ;'- a

5 ST e S ‘2.' Ip. the 1e§gth of the )nedian equal to half the eum of the 1engths A f

UL T of the bases? . - \ . 3

Al o L .
0 - : . i

. . Lt . H

T ' - 3, < .

. 4 . x . . .

. . . i : - 3
. A 1, - o e

S ’ . . - - 4

. : R . . -

Lo N L4 7 . - ‘ -
. P o i g 4 .
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With respect to the figure above we will ask~ .-9:'-}:- “ I N B
L :‘ijj;3;,¢ﬁi '2 13 Mm & (AB + nc)1 B °5~; fg‘“;{".f*,z-_s=} 'i,;nf ij;4”£?¥.,‘?;'
N ;-I') " :..'.'u'.."-':' ol . o T b - . K - . 2PN N e
TR We will uae paper cutting for th;La experiment.. On a sheet of paper e .
draw, using the. appropriate block, three trapezoids of different sizes SR AR O
i and\shapes.. Draw for each trapezoid its median’ using trial and error- - i -t J
I - determine the midpoint “of each. leg. - ‘Follow the same procedure for LT
+finding the midpoint of each!leg of -the ‘trapezoid as was used for : - . = T r
finding the midpointa af the sizee of the. t:riangle outlined in Leason #7. RN

e e S ...’,

L o Cut each gure along median W.» Pla.ce. W along KB' s /

. . . e - - - o S ..

R T Q;-,-._ Is m“m ; _ e T e

Place IB' along ‘EN auch thatuLAMN and LMDC fit together. ,‘ v

.ff?ﬂ':"fﬁ*:fwl.,-:-.Aa:féa i TQ?“ifﬁg'ff"fﬁﬁf::




Place W ii;ons thia aegment and by folding detemine if MN 15 (AB * DC) LY I

d'.-;-_ Ia )m *: (AB + DC)? : AR o : : L VR DR

S;m;ary of'prop;rties discoveted in Leaeon 08";13:; :‘:if:"L;« _';‘?Cu¥“ff %' 3 -
Aigr:pezoid is \a. Quadri.lateral with axact:ly one pair: of pa‘rallél .
-aided.’ [ : . : R T W

fliThe median of a- ttapezoid is parallel to tha basea
ﬂequal ‘€o. half the‘aum of tha lengthu of the Basea.
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'ED' and K is the midpoint of FC' R

.;.,'-In eiercises 9 and 10, the lengt& ‘of a’ baae and the 1ength of a. median o
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%Ac'rxcz EXERCISES. ) -

e

.In exer(\,ises 1-7, use- trapezoid ABCD in which J :Ls the midpoint of leg R

/' .
. B -~
| N 1

.
. . ; L s
. R . R T
e - o . : .

T s v ey "

AB" a 1o and Jx ea. :han.nc -

X

e

"‘If DC - n, and AB n-i-6, then JK - (n+3)'

',F,IE ]DC - 3x, AB - sma 'and JK - 6x, then x‘- ?

Suppose- P and Q, not shown in the figute, ‘are the midpoint",:of
E Y ¥ | La,l:zd BR." ”If DC - 9, and AB -~13, then PQ -_ 0 -
55.'.""DraLr a trapezoid which has congruent diagonala. .

.‘

“of a trapezoid -are given.-: Find the vnlue of r, the ‘:length of the other
base. . Show your w6rkings. U . g '
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" SUMMARY OF TERMS AND CENERALIZATIONS & -+ -~ ™

.
n

.}‘ A quadrilateral ia a closed four.eiﬂed polygon.

L2 A parallelogram ia a; quadrilateral?with both pairs of oppoaite

R rindicates h figure does not’ have the property. o
TN B , ‘ ’:. . . _' A .

"The propertiea of quadrilaterals are/summarized in the chart below.

o w_sides parallel‘. S P A e ,a[=¢_a:
"'_. _".‘.' K ! .J‘ i -' \ A. E ' .‘ Co o: ."” ‘ o

3. A reotangle is a parallelogram with four right angles.\; .},‘3::;‘: P

N

. 5. A Square ia&a rectangle with all’ aidechongruent.ﬂ A square R

;fcould alsp be defined-as a rhombus with four right angleé ‘-ﬂ.?

'-;;sideS- b I;. R U,,-/~;Q ‘g, AT T ._:.

v

‘A (v‘) :indicates a figure has the- property._ The abaence of a (v')

; ) P

5_4;;fA rhombus ia a parallelogram with all sides congruent.

R Parallelogram NS MR PR
"7~ lwhich 48 neftheroff ;.- - . . -1
"+ the other three * ) Non-square Non—square L

",WZ;', -

LR
"“'Acongruent triangles.

\

Disgonal forms. two O TICHERLURI FENS
g o e

2k

Qppoaite aidea parallel 'fQ*;"#Q_

3

-Opposite sides congruent-'

]Oppoaite angles-;:
' congruent

A\

1rDiagonale°biaect each *;~-‘:;:;L?1 Y'Lg.- l“fﬁ'uijf’.}ﬂu"Vl
Other C » o I B -."‘ Ca S | (‘:'.. N

; All anglea are right B N T AR
"angles ; ,a S ) e

'}Dingonala are con gruent R ST NS e BV S I
;Diagonals are perpen— TR :

‘\

.dieulap: . = . .° Lo T "tm'"gj-f”*'uéf.;:;' T Y I I
_”Diagonals bisect ‘:*,.'.fi“':fif'f”}_ﬁﬂ;ff;'\“T;W.*“Jf R "
)opposite anglea T I AT s

A

'A11 sides are congruent j"?:ﬁ“ZJ;T:L;,':;P';f~f~3“§ff“-,b}g(;”.:'-*

:jibigﬁthe median of a trapezoid is the segment joining the midpoints .f_ﬂﬁ-f.‘t :
'ﬁ:.lgof tﬁf 1egs of the trapefoid. ' . . .- S _.‘~ﬂ7-fbﬂ5*“f*

DR figuree R 'reotengie‘ rhombus: - Square .
L .o | rectar _jPauere -

Jvér[ A ttapezoid is a quadrilateral with exactly one pair of para11e174L"' S




)

:If parallql liues cut'off congruent aegmeuts ‘on.- one szfgversal
'-1they cut off congru nt aegmenta on every tranaversal.- e

'LfThe segmenc joining the midpoint of two.: sides of a triangle ia :Lp}b

AN »parallel to. and balf as 1ong as, the third side., o

The median\of a trapezoid 1is. parallel to tihe 'Dases
1s half the sum of the lengths of the basea. R
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‘:.:- K \? . REVIEW EXERCISES. . N DR R A AT
o - For exercises 1-3 fﬂl in the blanks. o o

o - fl., A diagonal of a patallelogram separates the parallelogram 1nto

" Tt T "_‘ tw'o‘_- :2_ triangles.,. vongniﬁt) " 2 _,.:. L SRR

B T St 2 Opposit:e X o and Opposite ne of a parallelogram are. con- S :
‘ SR T T 3ruent. (ez%e, angles) Tl »‘:f{‘ __-«,..-_.. . el , X

; ‘ S ;:, ki 3 The diagona:l.s of a pax:allelogtam ? each other”- (bvz.sec'b)

Exereiaes 4'-7 refer to quadrilateral ABCD with diagbnais T and BP.-
S Uaing the 1nformat:ion given 1n ‘éach” exercise,write the eaaon why the
T quadrilateral 13 a parallelogtam S : . -« 5

‘ 5 mum ID'"FC (both pa-bra paraZZeZ) .
RS GAE- EC' BE - ED (dzagonala b‘wect each othez‘)

- 7_. IB' 'f)'C KIJ' 'B'C' (both pcnrs congruent)
o T Exete:lsea 8-13 tefer to: AABC., D E andSF\‘are the midpointa of the sid a.
DUl Claasify each atatement as’ t:rue or falae.,_ Lt : '

’ n;,-. REEANNAT : R

R '.;"--'_ ,8"?.'2,-131’"FE (e

Sl T L .'4..."9','-":..'If e - 12 “DF = 6. (I'rué)f:'-;-'f‘- i

R »fll.;- j"If hc =14, EF'= 7 (Ealae)

e "7.:':,1"2.,~_-Quadr11uera1 nnrz 16'a -3 :
e R T 'patallelogram.. (.’l’rue)

13.. ‘.-...ADFE = AFDA. (1'rue) °";,,




L _M;_;..AL.'_‘.. AN L, . : vl e _,. A.;_,’_.,..\—_..-.-r;wuqq—“rﬂ'.!n*"ﬂ'c"‘_”";f":“:
” el Vo s A
:'
g 15 -
. .
’ . '
4 g - . ” i

.. . N v
S

.- . ~In ezercisea 14- 19, corréctly complete the follow:{_ng atartments by using
A ‘, the most deﬂcr:lptive of the w0rds RZCTANGLE RHOMBUS, or SQUARE

-\I

- 14, If one angle of a thombue has’ a~measure of 90, che rhombus 15 .
T, a_1.. (square)’ - '

r

.
.
¥
>
-f.l .
oY
b
2
,
¥
',i\._
Y
“;.'\
AN
B P
o
[ _'i
-
%
-3
-

15. 'If a parallelogzam 1s. equilate:al, pat_allelogram 3.3 a | B
L ,-.? 20 (rhanbua) . /} B o
. S A' 16. If.one a.ngle of a. pdrallelogram 18 a right nngle, the parallelo-\
R _g:am must bé"a _ 2 but‘. may be a i (reatangle~ square)
An equilateral\ and equiangular parallelogram ia a2 (bqwzme)

‘:*

-
C
ot
b=
[+ )

-

R TR PO S _"::'j-If the diagonnla of a non-aquare parnllelbgrmn are congruent “but " *
R R S .Zu'f.'_are not perpendicular, 'the para]_lelogrmn ia a. T (reotangle} :

v

R C
- ST PR

"

Qe

-J

»,

G

-ﬁ_.Bquare rhombus) IR & RS I :_' T

YRR ST, >

points of Iﬁ and BG, reapective.ly.

,;f Wiy e e .of theAttapezoid. ‘ - , e
21 H‘henm FC tbe' ’
- N tra‘pezoid 15 gaid to be ’
AR t o \M{ 1) " (iabacelee)
22, rgad My uhen AR 10. /-

’and DC = 6." (MD = 8) ‘
23. 2 F:Lnd AE when Dc - 12 A
a,nd HN = 17 {AB 22) '-

' ‘-;;‘,Exereises 24—-37 refer to the quadrilate):ala s‘hm on the follouing page.
. 7 : ' For each axetcise mme aJJ. of .the figurea that satisfy f_he i_ndicated
i --',-condition){. AR ' .

‘ "

'A'E[ Be (aZZ e:z:oept taupemtd) g ‘»“ ' _
1_ A 13 a r&d:t ang,le. (non-eqwzre rectangZe, Bqucme)
(azw ol

127. mLA-l- Ey LB‘.+A;m Lc ¥ mLD - 36‘0.

o

( "'.-.'If the diaqonals 6f s a parauelogram bise.ct the opposite anglee . LA
> but ‘aré not congruent, the ,parallelogram is a; B ,{nanv R SR

Exerdaée 2Q—23 refer ‘tow trapezoid ABCDi ‘Pointsuangl{ "zla_i-e' the,mid- ',

WNto dal1ed the o 1 L T T

2 -:;ﬁ =. m:. (aZZ ea:oept tmpexmd) L e

Blaany




F-n ':"""'"l'.'wm-____,.'._'_,,-\ , . ) L | oo ‘

et et e 1 1o e e e e e 2 e e oy e e AT TR AT RN

) '_ ! . 116.

- ' : 29. IC = TD. * (non-square rhombus, aquare) '

. . 30. AC bisects BD. (all 'excaat tmpe:éoid)
' : ¢ 31, Ml.si&ea are congruent. (8qua.re rhombua) - . C \"
i ' ' . 32 Exactly one pair of aides are parallel. ('l:mpezozd)
3 o To33. Al-l'angle.s are congruent, (Peatangle, squara),

34. i) G and BB j) °D. (reqtangze, square) IR

35, ;Iﬁxnc and E&'GB\. (rhambus, square)

b Lot L B
. . 36, ».when r is drawn, _two congruent triangles are formed. (aZZ BRI T
. ) o -'.‘»e:ccepf: tmpezozd) e S d e R S

s i R Y A A regular polygon. : (8quareJ AN L S L

Parallelogram
; (which 18" neither

I . .' : : npn—square
of othe‘r figures I

Rectangle i

non—square
Rhombus




R B

Prove. \E is the midpoint of AC R

-/ X

o 117

) . .
In exercises 38-41, fitid the value of %, Show your workings., -

R is the midpoint: of TC'.
T ."S is the midpoint: of BC. .
) '\ "’,‘ . - 12

."'I /".',‘,1' e/' \,;
W .,.Answer :c & 6 SN

mr m;
ST < 7

. ' '_".-."Ansder.. :c = 7
(L ,./ /‘_

SRR R 'cmm ABCD 1s & parallelw-‘ams?"a S

: 'A o '10,‘ |
Quadrilateral ABCD ;l.s 8’ trapezoid. TR

| AR = 203 cn - 16

"'-;; ¥, Answer. :c=18 /

.xy'- 125 AB <l

’ -..'.-‘Anqwer,:' :c = 8

-3 /A

Wia the median. L

. : .. ’ ..'I’z

O

Quadrilateral ABCD is a trapezoid .
H 18 the median ‘ ' ’..".I.l '. .‘.: --‘, . ," i .

“

oY s

. L, T LR AP .
! e s e e e

e ..l . o tiia R
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) 118
PROOF: . Y ‘ I T . S S I
) - '\. ) . X ) R s Py ‘ N . . ) . ) . \'
oo Statement B Reagon o ‘ T
N g " . .. L

l ) ) 1. ABCDiB a pamZ-ZeZogrén ;1.. 'G'rlpén

: 2 OB 2. 'Def%fﬁiiion'-of a'pa:m'izezbém Lo e
f‘ 3. LAFE = LCGE o .. 8. If two pamllel lines are’ cut by . ’

TG ' - © . a transversal, the aZtemate R 1
‘ *mtemor anglee are oongruent '

Co .o 4, LFAE = LGCE - L 4. If tzw paraZZeZ Zmea are. cut by —
A T oo atraneveraal ‘the- Ztemat-e

_ Correapondmg parta af‘ congruent
RS manglea are congzuent

10.CAEECE LTl veﬁmmon of oong:r'uent segmentﬂ

1. E’wthe mdpozn'bonZ’ 11- Defbrn'bwn Of mdpmmt A
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NP .
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N
RO

PR )
Ty 0T e

[T o A
R FPIRL T
N S

N N :‘.”

kg N .
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A PP
) L.
B :
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I
: 1
BN S .

[EDRNR

. ('18) _‘.“’ vided For each Btatement. e TE T ,
’ - °f \\ : I"'..' ""'—il"f - | .I\._ ".\ .,,'- .A I '

R

e - ‘

<

Cha _«te‘r- Test:'-_‘ uadr:llatera].s, ¢ . Cedmetry 10 >Nov_.'e‘mber SUY IR

7 You are required to’ anqyer all ,gueations. Shov aanq‘cesaary calcula—

-tions. ' The. wvalue of “each quencion -1e ahown in the mrgin 'to the left. R

TI}E‘ N 40 miﬂuteﬂ. . ,A‘ - . < ) . . _'a.‘ X
:Vaiue:- :1 Yor each oE ‘the’ etatemente below, 1ndicate whether *Lt ig. K
© o true- (T) “or false (EI by’ writing ‘I or F 1n the blank. pro—

PN

. nOa) AN 'Every rhombua ia a ‘Bqusre. _@'ﬂ) PR

(u' ‘-': BRI ‘.: > - ‘: -:I LT 'A,"‘.". -
DR .' (b) R Bvery aquare ie a; rectmsle. ( )A P

m(e) Ever:y uquare ‘ia a thOmbua. IR

R (g) ‘.:_:‘-.,-'The diagonala of a rectengle are perpendiculat
Pel PRI 12 each uthe-r, (F) R
S ' M .‘Tbe diagonala of a equare are petpendicﬁlar gnd
Sy T ._'.:-'_bisect each ot.her.-,» (T) o

b

/

w f’l 2 Hould the fo]louing conditions Eor a quadrilateral be auff:l-—

. eleat- to\prove ‘that it is e parallelogram (P)? 8" ‘rectangle L.

_ (14) .- (Ry1'a Thombus (m)? a_square (8)7.a t:rspezo:ld (M2, conaider'

';". eal:h 1tem eeparetely. “Prite. P, R, RH, s, or T in t:he blank
provided for .each statement. xPar eech queation there may
be more than one anwe;., VL ‘. e

K

‘(l) . ,It has t:vo paira of parallel sideq__ (P)

oA

Y (8) 'I.'h:ee of its e‘ngle.s are right anglea. (R /P)

i ‘1 4

It haa Eour sidaa cungment.- TP RH)

f) o :'_-'The diazonals of a rhonbus bisect eac.h other.a- (T) sl
l“‘l:-+-‘.‘ .-y

N - o ‘ N . e '/ -
oo iTE ‘the, diagonala of a qundrilnteral ‘are perpen- g
c A _"j dicular, the quadrilatera.l iB a rhombus. , (F)




o o~ b, S e ey X .
1 . s,
N e y . -". . P ’ T N : R ’ L o
r I e i [ T TS I R P e e s At
. v - . o i
(RS o
N '
L , >, o
: L \ >,
B / y > .
H N . -
. , 2

~ 4 P .

o o a'_"(e;') ‘I‘wb sidee are patallel. ; (mme)

C o Ul(f) ) 'Ita diaaonsle bisect each of.hetl (
TR A e

T . . f T (8) "-'._'_.Its diagonala ‘are congruenc. ate perpendiculat, _
Loty T and bisect: each otbet. -{P, Ry 5)". e,
e T e Quadrilatera.l ABCD ‘46" & trapazoid. 'PU 1s a: mgdian. -1£-

A IR .PQ - 9 and BC s 12, find, AD. Show your workingm (AD = 8]

.. i?.- .
) . ABCD ia’a«patallelogrmn.“ K
. -2" " ;" (Do, this"proof vaing . , 5 o N
; o e :., By statement—teaeon form) . i Oy «"J}
S oy h moom ’ 'T- .. ] i c
| e o Dm» IC' B : Thmugh t;opf chfferent SRR e
. . $3 - \ N .{ pomta/ thare 8. aa:aotl.y one - R A
o e szuw Sowen e
LT ":;f':ja. ABAc = Am .Tf £ parauez Tines' ‘are” L
. o e RN T A ", .. lout’by ‘. transvereal, t SRPRREEI R
' ‘ ' LS alternate {.ntemor anglea SR

d.z'e aongment

J'J A

C'ongmnoe of aegments w :
reﬂmve, _

SAS ‘poetuZate
..'Comapo:idmg parta of oon-

gmnt trianglea are con- ORI
gruent L O

s
i




I, If m Zznee a:x-e aut by a

, , 'rtmzsvemaz 80- that\alter-
T S ) . nate intértor mgles are
- s el T T e \ ';'-,./z-..congz'ueﬂt, t}le Zﬁlwa cme ‘

. oo T ,_paraZZeZ .
E R \ L s s
R ‘?.5 Three aides of'a t:iangle measute 2B 33 and 270 _The mid~
L R pointa ‘of _thiese 61des ste ~Found and»the segmnta deternﬂ.ued .
G 10)] ) o By them form. & new trisgle: What is the petimeter of the.
PR B |- trﬁmgle fomed? Show a].‘f workinga., (44} Co
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. "POSTTEST .

. Chapter Test: .. \drilat'érala. e _Geometgz' 10 - Novemb'erdQﬂ

l You are required tq anawer a11 queetiona. ~Show all ne(:esaary calcula-
o tions. . The .value of: each question is shown in t:he margin to the left.,
: . EIMB_. - 40 minutea e .

L ,' : / S L _,\{é_aipé. ' Tor each of the statements below, 1ndicate whether :Lt is .
AT T r.nr" (1)1 false (F) by. wri.ting T-or F in the blank Pro=
i e (18) vided for each s 'te]me,nt. SRR ,‘_f P L

: Every r,ombua ie a square. '(_F) e -'-~ S

. Every sq ~re -is .a' rectangle. - (.’Z’)

_" Every rect ‘gle.ie a equare. _;:(E)',,:-.*. e

thombus. (T)

;biaect each __ther. . (T) _& ,-',;

‘ 'If the diago _'ls of a: quadrilateral are perpen— -
= ;dicu’lar. thz_ quadrilateral 1? a rhombus. _ (F)

_ ¢dent " to prove that It is“a’ parallelogram {P)? a rectangle -

(14)
' -eae item sqgarately. - Write: B, R, 'RH, 5, 0r T in. the’ blank
o . provided for each’ statement. i For each queation there may
o be more than one answar. S - o
e R ..’.' LT N - : . . '.'./' :

1.

(none).:_._:'

~'EVery squa 'e ;La a,,parallelogram. (T)', R ,

) ;-"_'j.' 1, Would the fonomng conditions for a: quadtilateral be suffi- -

""" LR a rhombus - (RH)? a’square (5)7 a trapezoid ('1‘)‘2 Cousider -

" -"?_5 '.'(5‘5‘7?" ‘ "’"LIt o o pairs of. Parallel aides. (P_),‘ﬁ:_.:; R

".Three of 1ts angles ate)right angles.', (R_, P)

(c) ';It has four sides‘ congruent.,\ (P RH) 7\\

Ita didgonala ar:e congruent and perpendicular.f RS




l_': , ,_" ."I:.‘%'I_A

Y ) . . . ) ) . g
{ S SN v s T s s s v e T el e g cdi o L e e s g MRSy, Vimganl ca e . L ek T T et S . .
. B b P - . -

L ¥ 13
: (e) Two sides are parallel.__ "(nbne) T B
.(f)' . Its diagonals bisect each othet. (P) - LT ‘-::- '

o N ) (g) Its diagonale are congruent. are perpend:lcular,
g ' ' ‘ 'and biaect each other. (P R,.8)

-~

- P 3 Qua’drilatetal "MNOP - is a trapezoid. XYie a mediax;. CIf SR 37 .
: XY = 7 and NO. = 12, find MP. Show. y°gr..‘_'vorkinga."."'(1‘ﬂ’ =2) ° . i

: .7"-".“1"1'."6\?;@ :'f"':ABCD Aa! ; parallelogrmt
*"+ ", . (Do “this proof using

. : .-‘st:atement-reason form)
PRDOF. ' '.‘. ' SRR ,' O I S TR A
. . ¥ . : - L B \ R ' ::.- '-.,I: -" ; \'l' ’ 1' ' . ".‘1';." .'; ':-‘_ . l' P Jhe
AT T ) Statement ST ,‘Rec‘zs"on o T 3\' RS

R Thmugh any two dszerent\‘ o >
; povmi's, t'here ig. exaatly ‘arig. :f-, S (A

IR Y Ruﬂr e ' ':'-':-'_'.:-3". C'ongruence of eegmenta zs |
L - T l;,_refzmve o Gl

ST L : . '.:,4 o

4 MBC:ACDA

| “-?'f":4' sss poatulate

Cor'reapond‘mg parts of con :
e S AR gncent tmanglee ai'e con—-‘. '

a mugﬁ

e T [CAB £ I.App ' _' 5.

I

If i:wo Z'mea are cut by a L
tnznsvarsaz 80 that’ alter- ::.--‘: b
: nate mterwr anglea are RN T
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AT LI . AL T T fem e Py vea e T .
PR - o SCRUI B Gt L T NN N st . . ,
K e L
) ~ -
e -t . . d . . - b : ’
g R A NI TON PR pan- R y : o 0 b o e et 2t s G e 8 et ¢ v ey s A s Syt S imveg b33 0T
" T Pl T
. i - ‘~
. .
. ~ b . . \ I
« . . : ‘, ..

s . - -

‘7 Ad . ! . H - ) toe ’ . * v et Co- . : H
i . . . . . L : .-

) . , oL SN -‘ s s 125 7.

. . - P . . Lo .ot

L, . . LI o ) !

) v

.. A :/

!

: L . . 7. ~ ABED e a pavallelogran 7. Ifa quadmlateml Fis ‘one
; _ , S co IR pair of cpposite sides that
' ' o e Cu o are bothpazuueicmdoan-
. .- ~gruent, the quadnlateraz '
o ST 'w a pczmllelogmm ) '_, R
S B . '5, Three sides of a triangle masure. 30, 25 and 21. 'I'he mid- A o
e ) T _pointa ‘of these qides are: found -and’ the segmenta determined TR
~ (10)° by them form a new triangle. “What 18 the perimeter of, the
g /\f T new ttiangle formed? Show a11 workinga. . (38) Tl
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s . RETENTTON'TEST™ . ©. . ° - . -

‘ Chgpeer' Teéti'. 'Qtiad'ri'late_ral"s L "Z'G.eifa‘ihet'n_:g'" 10 . ,‘.::. ) .'No‘;'emb'ér;"i‘197.9'7"’ g

-

You ‘are required to anawer ‘all. questiona. Show all necessary calcula—.-' ‘_ S
The value of each question - shown in. the margin to t:he 1eft:. .
40 minutes. . : | . -

t:iohs .
- TIME:

Vlalue':'

Lt

(14)

'.' /' (18) -

- (a.) O _"'.It haa twa pairs of parallel sides. . (P)

-,

- e R o L

: 1,' For each’ of the atatemet/xts below, _indicate whether it 1d _'j*"'

“true (T). ox false AF) by writing T 0T, F in t:he blank pro- D
. vided_ for each statement.. A :

’l. " -(. f . N + 4_—_

o . - ". A
Lk ".(a) Every rhqmbus :Ls a square. . (E) Lo
_ (b) Every square :l.s a. rectangle. (T) PO o
' Every square 15 a parallelogram.. _ N

Every rect:atrgle 15 a sqﬁare.‘?(F) "

Every aquare is a rhombus. Lo
/ , _. .~'.‘ . . "”'

The diagonale of a. re_ctangle are perpendicular
0. each other._ (F) S :

»bisect each other. _ (T} o . ,_,‘.. '

L S .' ]"-.’_..‘."

. (i) < If the diagonals of a quadrilateral are perpen-'-\ ’

diculér, the quadrilateral Ie a rhombus. - (F)

2 WOuld the following conditions for a quadrilateral be suffi-
‘cient to. prove that it-is-a parallelogram (®) 724 rectangle .

(R)?7 a rhombus (RH)? a ‘aquare’ (S)? a. trapezo:ld (me Coneider' '
,' . f «each item separately., Write.P, R, RH, S,or T in the: blank

" provided. for each statement.:; For- each ‘queation there may -
be more - tfmn one anBVer.~, 1‘ B P :,

'. '»:Three of 1t:s angles a::eiright angles.. (R .P)

_ 0 none),

(h) S The diagonals of a square are perpendicular and

-

The diagonals of a: rhombus bisect each ot:her. (1') |

NN




P e )

¢} Lo Its diagonals bisect each otyer..,:.'l?) Vi

"l‘wo sides are pgrallel. - (mme)

RS . Vo "',;:

R S R () Its diagonals are congruent, dré. perpendicular, - .

',‘and bisect each other.. (P By S)

L Quadrilateral ABCD s a trapezoid. Tis a mediap. If
S PQ u 9 and BC = 12 find AD Show Xour workings. (AD = 6‘)

.:,

a parallelogram.
(Do this ‘proof using:
atate‘ment-teason fom

Through any i:wo dtfferent

Z-z.ne 2

; cutbya tranaveraal ‘the.
ol altemate; mtenor angZea .
frme &nqruent ,__ :_ X

R

: L pointe. there 1.8 ea:acf:Zy one B

R I




f wa ‘Lm e are aut by a’
tnqnavemal .80 that: t::Zteih
_nate uztem,or angles arg-
aon'gruent, the Zmea a.m

Three aides of -8’ triangle maaure 28, —33 and 27. Tbe»:nii-._-

. polita of these sides aré found ‘gnd- tha- segrents-deternined

. by .them . foru ‘& new: ttiangle. What is. . the’ perimoter of th& .

neu triangle £ormed,? Sho#‘all vorkinga. ( -
T
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