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It was the purpose of this!/ study (1) to construct an .

o 1nstrument for determlnlng how dlfferent 1nd1v1duals percelve

“ the obJectlves of deductlve geonetryz and (2) to determlne

&

~

. how concerned groups percelve the obJectlves of deductlve

L]
n.’pr

An 1n1t1al llst of 78 obaectlves was obtalned from an

‘ana1y31s of llterature and a survey of current textbooks at

the secondary school level, - The initial list of objectives -

}
.

‘was edited and rev}sed’to'jj-items, Suggéétions were ,

‘ elicitéd'from‘a panel of mathematics educators on clarity,

comprehen51veness and compactness. Thé final form:-of the'

. \1nstrument cons1sted of 35 possxble obaectlves_of deductive

! . r

v

sThe- list of 35 obgectives. each on a separatg card, -

o and a 5 p01nt scale for ratin the 1mportance of each
"obaectlve was submltted by . mall to 85 individuals 1dent1f1ed

. as belng members of one of the follow1ng groups: (1) Geometry

hY

teachers in Newfoundland secondary schoois, and (2). Mathe-‘ -

matlcs educators 1n un1ver31t1es in Canada and the Unlted*

ot , . R A -
States. ‘ . S . PR b

Mean ratings:were:computed for.each itém as.perceived

. N

o
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' levels.

7by each group. These were used to rank the 35 items in

.'order of 1mportance for each group. Comparlsons were made

between groups to determlne whether or not agreement ex1sted

on the_important and ‘non-important items and other general

i 3
conclu81ons were drawn. Implications of “the study were

“ °

cons1dered. ' '

The ‘-major findings and conclusions -of the study were
as follows:' = .j \ e ’ |
'." h

o

- 1,- Geometry teachers 1n Newfoundland schools dld

not agree with mathematlcs educators on the lmportant !
objectives of deductlve geometry.

2. Geometry teachers 1n Newfoundland schools agreed

Yo

with mathematics: educators on the non—important obgectives

of deductlve geometry.
L 3. In general geometry teachers seem to put'more‘
stress on those obJect1Ves which are at a low taxo omlc‘

level whlle mathematlcs educatqrs stressed those at hlgher

L . ’

Vb, Both geometry teaohers and mathematlcs eduoatorsjﬂ

cqns1deréd the rote memorlzatlon of theorems, to be non—

] . -

1mportant.

: . - .
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' _nchanges

S e . CHAPEER'I
-\, " THE PROBLEM . _

- INTRODUCTION )
-~
‘ -The past few years have been marked by 1nnovatlons

‘and'changes in the content and teachlng methods of’ ." L

mathematics in the secondary school The "new math" and the

,-"revolution in mathemat*cs" have become part of - the language'"

of" the past deoade. In splte of these ex01ting changes,_

however, it has provpd difficult to obtain W1despread agree-“

ment concernlng changes in’ geometry. AlthOugh there seems

B to be general agreement that geometry must contlnue to hold.-

a place in the hlgh school currlculum. and that traditlonal

thlnking on the subaect ‘must be modifled, there, éontinues to
) be much debate on Just what should form the ba81s of a high ,

school geometry programme, and what exactly should be

|
K

.accomplished by such a course. ' ' T

;. . On the first of these questlons; namely,.what should

N
form the basis of a programme. there have been numerous

© proposals that many tLaditional topics and approaches be
~jettlsoned in favour of newer perspectlves.‘ The suggested

% have inclqged approaching.geometry through sﬁch

o ’ Howard F Fehr, Frank M. Eccles, and Bruce Meserve.i'
"What Sh :

« 1d. Become of the High School Geometry Course?
The Mathematlcs Teacher, Lxv (February, 1972). 102.

' . o, . . ¢
. o . 1 o
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and- "deductlve geometry" ‘are stlm‘

" Meserve

" means as transformatlons, vectors and coordinates. Never- o

"theless, the treatment of geometry in the high school today

is remarkably gimilar to the Euclidean model set down more

than twenty-three centuries ago Fehr2 descnibes the present ;

course as ",.. tradltional Eucfideanié‘"

2~ and 3-space, modlfied by an introductlon of ruler and.

jprotractor axioms." In short, the terms "Euclldean geometry

....

'teachers and educators. In Newfoundland secondary schools L

¢

'all of the'present geometry course ‘'in Grade Nine and much_of'.

',the courge in Grade Ten is-Euclidean.'3 The present study

restricts itself solely to a Euclidean approach to high.
school geometry and the qa\stion of whether or not other -
approaches might be better was not considered. )

" On the questlon of vhat should be’ ‘accomplished by a

- felt that while the obJectives of algebra are

‘fbas1cally to develop the - properties of the field/ of

rationals, reals-and complex numhers, the changing role qg[“

. geometry remains "... a source of confusion to many teachers

A Y

. _ .
: . 2Howard 'F. Fehr, "The Present Year-long Course.in
Euclidean Geometry Must Go," The Mathematacs Tea her,. LXV
(February' 19?2) ’. 102. ' ‘ . R Ve

3Newfoundland and Labrador‘Department of Education,

 Programme of Studiee, 1972-73, Grade I—XI p. 38.

4Bruce E. Meserve, "Geometry in the United States.

", Geomet in the Secondary School, National Council of - ~
. geachers of Mathematics Conference (Washington National

ouncil of‘Teachers of’ Mathematics, 1967), P 2.

.. A 3

‘ course in deductlve geometry there is a d1versity of views, L
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and administratbrs, a challenge “o0 a.ll who are. alert to the
. needs of their students. lLllendoe:z:':t’er.5 too, expressed a .

senge - of confusion ov'ef geometry whenhe stated: "To some ’lt e

~ . is the study of geometric figures, while in the 'minds of '-‘

UL ) ' others it is almost 1dentif1ed with a method of proof.
' . With such a lack of consensus, ‘the task of deve'lopmg
a reallstlc ‘set of. obaectives for the deductive geometry

-

course in the secondary school is, at best, a difi‘lcult one. '
Many d1vergent factors must be consldered in arrlving at
such a set., Obviously it will depend upon the elementary
school geometry program and must be related to the nature of
the learner and his needs in society. Consequently, no one
g set of ob;ectlves is likely to 'be accepta‘ble for all groups ' ‘
e - of students a.nd rcertamly not :for every indiv:.dual. Another ‘
cons1derat10m is the level of generallty oi> the statements
of obaeptlves. Such geheral statements as, "To acquire the = :
Bkj.lls and lmowledge for good 'citizenship" ser‘vé 'only‘ths . '

purpose of’ keeping certam ideals about education :rna T | '

“democracy .well in mind. ® ‘ Tn order to bs useful.‘to't'hev

- o ' teacher, o’ojectives .are required in ‘terme of specific ‘
’oehavlors to be obteined by tne student. As labe.? states: - “ o

v

"~ Bearl B. Allendoerfer, "The Dilemma in Geometry,
the ema i _Teacher7 IXII. (March, 1969), 165.

. sl
LA

: N. Hardlng, "The Qbjectives of Mathemat:.cs
- ducat:l.on in Secondary Schools as Perceived 'by Various ;
ncerned Groups" (unpublished Ddctor’s dissertatlon,
iversity of Nebraska, 1968), p. 6. o

7H11da Taba, Curriculum Deve 1opment: Theory and .
ctice (New York: Harcourt, Brace and World, Inq,, 1962), ‘




.A platform of general obaectives, no matter how well
defined is still an inaﬁequate guide for the specmfic
aspects o:‘,’ curriculum,ﬂ such as the. selection of content: . , -
"and experiences for particular units on a particular
grade level, These géneral’ objectives néed to be -
,translated into more speciflc ones. -

Such specific. obaectwes are useful in plam:;:.ng content ‘and

. -
sequence of a- course of study a.nd are requlred in. order -to

’ evalua'te the products of 1earn1ng. :

. The strongest 1nf1uence on s‘ba‘bements of ob;ectlve.s'

for geome't;ry is preqently w1elded by orgam.zed groups- of o
3 scholars” and mathematics educators.  Yet it is the classroom'
'.teacher who ul‘tlmately determines the importance of varlous
obaectives and the nature o&f classroom experlences t6 be
provided 0 meet the ob;ect:wee. There are 1nd1¢ations that
‘ classroom teachers have traditionally been unaware of .
recogm.zed goals’ and have often taught in a manner ‘which has N
not reflected current thinking on the sub;ect. . As far back .
(aas 1930 Betz8 wrote: T ‘
D) Unfortunaf:ely. the teache'rs of geometry, who should -
- have “been its most enthusiastic and successful exponents, -
hive only too often been its worst enemies by their lack
of acquaintance with its history and its distinctive
xcharacterlstlcs, and by their apparent inability to
< iformulate and to realize the immediate and ultimate
ob;jectiyes of the subject. -

Quastg cited a more recent example of the same problemx -

8w1111am Betz, "The Transfer of Trainfng With
Par‘ticular Reference to Geometry,” The Teaching of Geometrx.
Fifth Yearbook -of the National Council of Teachers of
Mathematics (New York: Buréau of Publications, Teachers °
College, Columbia University, 1930), p. 151,

9W1111am G, Quast, "Geometry in the High Schools of .
the United States: An Historigal Analysis from 1890 te‘ 1966 "
(unpublished Doctor's dissertation, Rutgers. The State
Unlveréity, 968), p. 330. g

. - e oo A A
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TS tcday th idea o:t‘ student dlscdvery is wldely ) )
accepted as means to develop insight: and understandmg

of geometric principles, yet many teachers'fail to )
‘achieve these goals by . emphaszing the memonzation of .

*propositions. S ,_1

. The conclus:Lon to be drawn is that wh:.:].e the formulatlon o:t‘

' goals is essentla.l for. a sound geometry program, of - equal

dmportance is the degree to whlch such goals ar'e ﬁransmltted
. e

to the teachers of the program. A C
8. 1 /(’"“

g ~ « THE PURPOSEJOF THE,STUDY,'

I

It was the purpose of this study (1) to construct an
”
1nstrumeht for determln:mg how different md:va.duals percelve
the obgect:LVes of deductive geometry; and (2) to deterﬁme

how concerned groups percelve the obaectlves of deductlve

.‘geometry :Ln the secondary school. T hy .‘ [

)

Some Specific Questlons ST o K

The foliowmg were ‘the type of qUestlons to 1&

i 'answered in the studys

!

; \ 1 Do geometry teachers and mathematlcs educators

agre on the 1mportant ob;ectlves ‘of deductWe geometry?

.2, Do geometry teachers and mathematlcs educators

'_agree on tl)e non-lmportant ob;)ectlves of deductive geometry"

\ ¢
3. What trends can .be determlned trom’ the ‘way

L)

-~

teachers and educators perce:x.ve the obJectives of - deductlve W

- . R

N geometry"" '

(A



. ' . SIGNIFICANCE OF THE STUDY

o ‘Uohnson‘and Risinglo cite the lack of ¢lear goals

for teaching mathematiéscas. one ofthe most important

unresolved issues“in mathematics.' %his is'just as much of~

an 1ssue in geometry as in any other area of mathematics.
_Yeb one of the prlmary decisions of g geometry teacher must

be 1n regard to the goals he sets up ‘for the counse. The |
hexperlences he prOV1des for the pupils and the flnal

evaluation should be 1n reference to the objectives- he has‘ .

‘s

determlned. Today s geometry teacher, in Newfoundland as

d elsewhere, is challenged to present modern geometry as a ﬁ
! ¢

' 4

subject that 1s llvller, freer ‘and more 1nformal yet no -
less precise.11 .The author feels that teachers are prevented-

: Irom fully meetlng thls ohallenge by a confusion .of aims

s

?1‘ ~ resulting from the fallure of reformers to-transmit
‘reasonable goals to- the geometry classroom teacher. Many

" students are stlll taught" ,..a5 though the subJect can best 8 “.

be learned and understood by commlttlng facts to memory nl2
el

'The new geometry recognlzes that for01ng students to reoall

3 A ¢

a given number of-theorems and faots day after day does not

. J-UDonovan A. Johnson and Gerald R. Rlslng,q
K " Guldellnes for Teaching Mathematics (Belmont, Callfornla;
- N Wadsworth Publishing Company, 1967), p. 382.

& o,

: 1ljelen R. Pearson and James R. Smart, Geometry
(Bostonx Glhn and Company, 19?1), P v. )

' 12Quast, op. c1t., p. 3404

N B B
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-necéssagily‘produce undérstaﬁding of geoméﬁry.l3_'_
The.éignificance of this gtu§y.~then,,1ies in the

" need for determining to what extent tﬂé goals of deductive
geometry have beeﬁ clarified.by_present.day,éducatorg‘and to
‘what extent they.have been transmitted to,&eachers in . n
Newfoundland scﬁools. According to Adlerl* such are "..othe
questions we must.ask ourselves to ﬁeasure the extent é? our
suctes;jduring the sevenﬁies." Adhittedly, suéh infdrmatioh .
is a small step toward'achiEVing changes in the gedﬁe?ry‘
cléésrqom,ﬁbut it is'a necessary pfelude to achieving a -

curriculum based upon clearly stated.objectives;

¢ DEFINITION OF TERMS

A

1. Deductive Geometry: . ‘
Deductive geome%gy is a formal étruéture'of
dndefined terms, definitiohs;_ppstﬁlafeg based pboh"
assumptions, and theorems which can‘bg proved reasbnaﬁly
and logically through the use of these aésﬁmptions;
2. .Maﬁhematics Educator: ' ;
, The term."mathematids educator” is used to refeér to
faculty members of the Mathematics Education bepartmentpor

Mathematics Department of recognized universities.’
. , . | |
13Pearson and Smart, op. cit., p. V.

o

141rving Adler, "Criteria of. Success in the
Seventies," The Mathematics Teacher, IXV (January, 1972), 41.°



» - . \ \
3. Geometry Teacher:
. N ‘ The term "geometry teacher" is used to refer to any

) teacher who taught at least one class in Grade N1ne or Ten

°

.

geometry in Newfoundland in the school year 1972-73.
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~ CHAPTER II
REVIEW OF RELATED LITEthﬁRE
This chapter will trace the maaor changes that have
occured in the thlnklng on Euclldean geometry over the past
seventy years or so. The review will thus be a summary of

the changes in emphasls, .the differences in opinion, the

::additlons, deletlons and reorganization of objectives during
: (.

- that tlme. Such an historical perspective is necessary ‘to

_ become acqualnted with the traditional obJectlves of

deductlve geometry, some of .which may still be emphaslzed by

classroom teachers, as well as to-illustrate how.present-day

"objectives have evolved from ;those of the past,

-

: Objec;ives Prior to 1920 - . coa "."‘ L e

. S
. The objectives and teaching methods of deductive
J : .

geometry at the turn of the present dentury generally

reflected a bellef in mental discipllne as the goal of all

1

. mathematics. Brooks stated the mental dlsclpline thesis as

©

: fol;ows:.

‘The mind is cultivated by the -activities of its -
faculties... Mental exercise is .thus the law of mental
- development, As the muscle grows strong by use, so any

faculty of the mind is developed by its use and exercise,

An inactive mind, like an unused, musclé, becomes weak

IRdward Brooks, "Mental Science and Methods of Mental.

: Culture,” Readings in the History of Mathematics Education, -
eds. J. K. Bidwell and R.  G.. Clason (Washington: National
Counc11 of Teachers of Mathematics, 1970), p. 8k,
‘ 9

Ch

28
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and unsklllful... let the mind remain lnactiye and it
acquires a mental flabbiness that unflts 1t for any
. severé or prolonged activity.

The domlnatlng value of geometry under such a phllOSOphy was
seen as an exercise in logic, a means .of mental tralnlng,
based on the bellef that ft gaVe formal power whlch could be
applled to other flelds.2 Consequently, the main act1v1t1es f
were to memorize and reproduce theorems and the1r proofs:
ThlS is verlfled in the report of the Commlttee of Ten whlch'

recommended that ample opportunlty for rec1tatlon should be

prov1ded and that’ all proofs that were nbt formally perfect |

&

~ be rejected. It stressed elegance in both oral and written B

proofs and considered the lack of "oral elegance" a'flaw

that made the-recitation of proofsﬁpractically valueless.,

‘ ThlS, it added. "...prevents”the discipline fgr which this

< I

exercise is chlefly prlzed n3 ) - : S
Gradually it was belng recognlzed, however, that
mere learnlng of theorems would not. develop greater
reasonlng power or increase ability to apply the pattern of .
reasonlng outside geometry. The ‘whole 1dea of mental

dlSClpllne as a theory of 1nstructlon was being questloned.’

-The emphasis in Euclidean geometry was shlftlng to tralnlng:

2R. E. M. Wong, "The Status and D1rect10n of
-Geometry for Teachers"” (unpublished Doctor's dlssertatlon.

) Univer81ty of Michigan, 1968),. P. 9-

3Alan R.‘Osborne and F. Joe,Crosswhite, ?Forces and
Issues Related to- Currlculum and .Instruction, 7-12," :
A Histo of Mathematics in the.United Statés. and Canada.
Thirty-Second Yearbook of the National Council 0f Teachers
of Mathematics (Washlngtonz Natlonal Council of Teachers of
Mathematlcs, 1970), p. 166. .

(
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in the method of. attacklng orlginal exerc1ses and discovering
u A
proof. Thus, while mental dlscipllne as a v1able theory of

education, and dr111 as a procedure lasted to some extent
into the early 1900's, the three steﬁ'process of "state a . ,:

I

rule, give an ‘example, practlce" was beglnnlng to show 51gns \

. of‘yleldlng to inductive reasonlng and dlscoveny teaching

processes.%

| 1920 o 1940 o - . L

" utilized: (i) practical or utilitarian eims, (i1) disoiplinf""

) The flrst s1gn1flcant report on mathematlcs ‘
education 1n thls ‘period wasg publlshed 1n 1923 by the

Natlonal Commlttee on Mathematical Requlrements.5 This
‘0 _
Committee prov1ded an extensive discussion of the aims of

o

instruction 'in mathematics. Three categories of aims were

ary;aims,'and (iii) cultural aims. The practical aims to be
achieved through the. study of geometfy were: familiarity «
w1th geometrlc forms common in nature, 1ndustry and lgfe;

knowledge of the propertles and relatlons of these forms;

lknowledge of the spatlal relatlonshlps ands development of Q@

-

nPhllip 5. .Jones and Arthur F, Coxford, Jr., .
' "Mathematics én the EVOlVlng Schoolsd," ~A_History of ‘

- Mathematics Education in the United States and Canada, B
Thlrty—Second Yearbook of the National Council of Teachérs
of Mathematics (Washington: National Council of Teachers of
Mathematlcs, 1970), p. 32, .

5The National Commlttee on Mathematlcal Requlrements, .
"The Reorgantzatlon of Mathematics in Secondary Education,"
Readings in the History of Mathematics Education, eds. .
J. K. Bidwell and R. G. Clason iWashlngton: Natlonal Council
of Teachers of Mathematlcs, 1970), P Bb




. ‘b ‘ « - S o' i . 1'2 -
spat1a1 1magination. Properties and relations were consid-

ered- to 1nclude congruences, 51m11ar1ty. trlangle angle
‘sums, the Pythagorean relation, areas and volumes.
Disclpllnary aims were concerned with developlng correct .

3habits and attltudes and w1th the’ development of the ability

'.to think clearly w1th quantltatlve concepts.‘ Appreclatlon

of geometric form, loglcal reasonlng and "the power of

hought the-maglc of the mlnd. n0 were~the s;ated-cultural
goals.‘ Such a statement of- ob;ectlves is elgnlflcant in

that it proposes a compromlsé\p051tlon between the idea of.
‘mental disclpline and geometry for ‘practical use. It, there-
'.fore. abandoned extreme p051tlons and sald that, with
: proper restrictlons, general mental dlsclpllne is a valid
aim for geometry.7' ) \

Among the recognlzed 1eaders 1n mathematlcs educatlon .

at that tlme, Reeve dld exten51ve work in 'defining the T i?
obgectives of mathematlcs teaching. He .defined the general
objectives of mathematics in'termsgof'establiehing certain
‘hapits'of action. thinking,!morai‘conduct:and*character, and
'.in~terms‘of creating.idealefof simple 1anguage, accurate
reaeoning, original thought, and reliable information.af -

'

b1bid.

7w. G. Quaet, "Geometry in the ngh Schools of the
- United States: An Historical Analysis from 1890 to 1966"
(unpublished Doctor's dlssertatlon, Rutgers, The State
Un1ver81ty, 1968), P. 117. :

BW. D. Reeve, "Obgectives in the Teachlng of. '
Mathematics,” The, Mathematlcs Teacher, XVIiI (November. 1925),

pp- 385-89.

’ )
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' Gemeral objectives of geometry, as enumerated by'Reeve,

included umderstandinglof the need for proof,,the‘difgerence.

between proof and intuition; and the’meaning of deductiyei

.termihology. Desired behaviors 1nc1uded 1oglca1 thlnklng,l

9

cr1t1ca1 attltude, neatness’ and accuracy. Apprec1at10n of

’rigorous thinking, as well as the aesthetic values of

L]

'geometry were also listed as general objectives. Reeve also
.itemlzed twolhundred thlrty-flve speclflc bits of knowledge }
. or abilities the student shouTF master in ‘the’ study of the

subaect.9

During the 20%s and early 30's mathematics courses
as a part of ‘the school curriculum were coming under heavy - .

Jﬁtaci. Many progre851ves and other educators were

-advocating max imum appllcatlon to dally life and consequently

Mthe removal of much mathematlcs from the currlculum entirely.

Bedause much of this- crltlcism was focused partlcularly on

T geometry, mathemattcs educators were forced toidefend-its-

.poeition.lq As a result numerous attempts were made at this

time to formulate obaectlvee for geometry that would clearly

Justlfy its place in the school curricuium.

A primary argument used -in the defense of. geometry

uaé ité logical nature, which was unltke that of any other,

9W D. Reeve, "ObJectlveB in Teaching Demonstrative

o Geometry," The Mathematics Teacher, XX (December, 1927),

b33-50. .

1°w D. Reeve, "Attacks on Mathematlcs and How to
Meet Them,” The Place of Mathematics in Modern Education,

Eleventh Yearbook. of the National Council of Teachers .of
Mathematics (Washingtons National Council of Teachers of

Mathematics, 1936), Pp. 1-21, - od - a
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subaect in the secondary school. Allen _summatiz&&Tthe

~

argument as followss _ oLl
At the’ risk of becoming a welqome target for the

. ‘utilitarjian edycator we shall make the claim for ' .

< " demonstrative geomeiry primarily as an. exercise in logic,
as a means of ment training, &and as a medium for,
developing high ideals of accuracy and truth. In oppos- .
ition to those who would train for specific utility only,
we have sufficient: evidence safely to0 maintain that there
is far greater educational value in the power to think
through a new problem for one's self than in acquiring
rote knowledge of time-honored facts. .

Y

1While such an argument retained some 1mp11cation of mental

discipline, the 1mportant goal*was training in deductive

. thinking. Reeve further supports the'same idea:I?

 If demonstrative geometry is- not taught in order to.
engble the pupil to have the satisfaction of proving
something, -to train him in deductive thinking, to give
him the power to prove his own statements, then 1t is
not worth teaching at all. .. | N

. Eetzlulcontended that the development of deduciive thinking
‘ ability not only justified geometry but made it aosointely
» essentiel. "It offers? he ergned,"the simnlest and moet >

' convenient introduction to. postulational thinking which has

,f&et been devised.

' ;ilQuast, Op. cit., n. b2, -

lzGertrude Allen,'“Objectives in Teaching of
Mathematics in Secondary Schools,™ The Mathematics Teacher.
- XVI (February, 1923), 75, cited by Quast, op. cIt.. P. 152.,

' 13W. D. Reeve, "The Teaching of Geometry," The
Teachin of Geometry, Fifth Yearbook of the National Council
‘0of Teachiers of Mathematics (Washington: National Council of
Teachers of Mathematics, 1930). p. 13, _

1*rilliam Betz, "The Transfer of Training With
‘Particular Reference to Geometry," ibid.. P. 151. -

v

' : . -
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In view of later th1nk1ng along 91m11ar 11nes. 1t is

|
necessary to p01nt out that most people in thls period saw

" the goal- of.developlng 1ogical thinklng 1mportant for

4

‘transfer to non-mathematical 31tuations. This 1e illus- ‘
trated for- example, by the report of the Committee on the
Function of Mathematics in General Educatioﬁ15 which stated o
that ‘many teachers of mathematics believed that:
ves the rlgorﬁof the proof "in”this field sete a standard
' which careful démonstration in other fields.of thought
‘may well attempt to emulate, and that, students should
therefore learn geometry in order +o. learn to reason’
with equal rigor in other fields. : .
Obviously, the Commlttee saw notions of proof to be broader.
. than the restrictlve mathematical view of deduction and felt
that the student should have experlences with the appllcatlon
/of deduction out31de the f1e1d of mathematics. '
Christoffersen16 went even further in this direction in
statlng: i o L
Geometry'achlevee its hlghest p0351b111ties if, in -
addition to its direct and practical usefulness, it. can
.~ develop the power to think &jledrly in geometric
- gituations.and to use the same discrimination in non-
geometric situationsy if it can develcp the power to
" generalize with .caution from specific cases and to

_realize the force and all 1nc1u51veness of deductive
statemente. .

15Comm1351on on Secondary School Curriculum of‘the -
Progre581ve Education Association, M@jgemagics in General '
Education, Report of the Committee on the. Function of - :
‘Mathematies in General Education (New York: D. Appleton-
Century Company, Inc., 19ko), p. 188 _

16H. C. Christofferson, Geometry Professionalized
for Teaéhers (Oxford, Ohio: Published by the Author, 1933),

 ip. 28, cited by F. B. Allen,"Teaching for Generalization in
Geometry." The Mathematlcs Teacher, XLII (June.,1950). 2hs,

~/-

')—“,



IR . S - 16

He seems to have felt that only when an attempt is made to
) generalize’to non-mathematical .situations are the full

potentialities of the subject realized.

)
It is, noticeable that in these expressed aims of

deductive geometry little reference was made to the facts of
' geometry.‘ The subject was not being Justified on ,the’ bagis
of giving students control of useful geometric knowledge.17'

18

Wuest advanced the idea that problem solving wae _the cﬁief

ob;ective and knowledge of geometrlc fact was a minor goalz -
" hence analytic thinking should be stressed, ‘Webbl? advocated
rigorous logic established by uSing a few non-1ndependent

20

assumptiong. in the teaching of geometry. Stroup urged an

‘intuitive approach, leading eventually to formal proof, S
without too much concern for rigor, Hall21 emphasized the '
. application of geometric methods of thinking to life situeh

ations as an important outcome to be sought; These and

t

17R. N. - Harding, "The ObJectives of Mathematics -
Education in Secondary Schools as Perceived by Various
+-Concerned Groups" (unpublished Doctor's dissertation,
.University of Nebraska, 1968Q_A£\ 23,

18Alma M. Wuest, "Analysis Versus Synthesis,” The ‘i.

Mathematics Teacher, XX (January, 1927), 46~ b9, cited by
Harding, Ibid., p. 24,

' 19H. E, Webb' "'Elementary Geometry and the ‘
'Foundations®,” The Mathematics Teacher, XIX (January, 1926),

o 1-12, cited by Harding, op. citey Do 25.~ o ,

20p, .Stroup, "When is a Proof not a Proof," The

Mathematics ‘Teacher, XIX (December, 1926), 499-505, cited by
Harding, op. cit., p¢»24.

2! 21E L.- Hall, "Applying Geometric ‘Methods of Thinking
to Life Situations,"™ The Mathematics Teacher, XXXI. (December,

. 1938), 379-84 cited by Harding, op. cit., P. 2k, =



: similar arguments were probably best summed up by
22

when he concluded:

15

' most important values to be achieved from the study of
demonstrative geometry are an acquaintance with the

. "nature -of proof" and a familiarity with "postulational

, ~th1nk1ng. R 3

Towards the end of the period under study. however,'
the stated JbJectives of geometry began to reflect the

social eonditions of the time and the imminence of the.War,
N !

- resulting in greater consideration of'practical aims. As .

‘. Kinsella contended: "When many people d1d not have enpugh to
" eat, education had to Justify itself in practical terms.,23“
The ehd result was a perlod when social utility was a ma;or
wfactor in. determining what.was taught. ThlB is reflected in
the goals suggested by suchlpeople as Breslichzu who cites
.obJectives like acquisition of" geometric knowledge’ and
abildty “to use facts and principles ands 'the development of

’draw1ng.skills, spatial imagination and . an appreciation of

L]

A
geometry as a science.

. There is some eVidence t6 1ndicate that the- way

teachers perceived geometry objectives in the 20's 'and 30'

22Harold P.: Fawcett, The Nature of Prdof, Thirteenth
Yearbook.of the National Council of Teachers of Mathematics
(Washington: National Council oT Teachers of Mathematics, .

_ 1938), p. 6.

’ “2370nn Je Kinsella, Secondagx School Mathemgtics, e
(New York: The Center for Applied Research in Educat on, Inc. -

19 5)’ P- 11' . ,/ . [y

) 2“E R. Breslich, "The Nature and Place of Objectives
in Teaching Geometry;" The Mathematics Teacher. XXXI
(Novegber, 1938),. 307-15, cited by Harding, op. cit.. p. 2h
. : R '

.:17 -

The consensus of opinion therefore seems to be that the” .

e
o
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-did not exactly coincide with that of educators of the timer‘

Fawcett25 reported the existence of % communacatlon gap when

L

he wrote: ' . ~
"While allegiance is paid verbally to those large general
. objectives related to the nature of proof, actual class-

~'room practice" indicates that the major emphasis is .. ..

' placed on a body of theorems to be learned rather. than'
on the method by which these theoréms are established.
The pupil feels that these theorems are important in
_themselves and in his earnest effort to 'know them -he
resorts to memorization,

N
S

.Concrete ev1dence.of the discrepancy betwe

educators and
"teachers was reported by Shlb1126 who publis ed the results-'
of a questionnaire reSponded ‘to by lBI*teachers in secondary

'educatlon. In the study participants were asked to rank

.g twenty" glven dims of teaching geomstry, selectlng what they :

cqnsidered the seven most 1mportant. The aim "to make clear
.the process of deductive thinking recelved little support
from teachers. Thls would indlcate that while mathematics
educators considered the value of geometry to be in postul-

- ational thinking, practicing teachers placed little emphasis

on this aspect of the subject. 27 ‘ ; . ‘(

Further study of Shibli's aims showed that the most
frequently cited goals were concerned w1th developlng clear

thinking, preclse expression, the abiisty to analyze‘a

e L od

2f‘F'awcett, op. cit., p. l. e _
o 26J Shibli Recent Develo ments_in .he Teachlng of
‘Geometr (State-College, Pennsylvanias J, Shibli, Publisher,‘
1932), pp. 213-16,°c1ted by Quast, op. citey B 168' P

27‘Ezuzatst, op. cit., p« 168‘ )

1
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- " complex: situation into 81mpler parts. an 1nquir1ng;or quest-

LY

joning attltude of mlnd and mental habits and att1tudes

2

> that are needed 1n llfe situations. Thus it WOuld appear
that traditional habite 6f mental- discipline and transfer of .
trainlng were still considered 81gn1fican by teachers. -_
In summary, the eVolutinn/of obqectives‘of dedﬂhtitéi'f- l_‘:
! geometry. and 1ndeed of all mathematics, in the 1920's and’ ‘ |

'i.P - 1930°'s centred prlmarily on the- issue of the usefulness of \q,'
- mathematlcs. Consequently, exen though the most frequently s
;w;, cited aim of geometry was the. develo%ment of critical \
: thinking ability 1n the student. it is signlfkcant to nome
'f that most; educators seemed to value such ability strictly ’ o

for transfer to non-mathematical 51tuations. This pOSltlon .

'i 'was to be the subaect of considerable debate 1n«the next two '":' q%.ﬁ

- decades. , ' ‘ . ' PR

The Dawn'of Reforin28

The more\w1dely known.of these was the repdrt of the J01nt l

1 -
¢ “A . t'
9 [ e
-~ -
. " *
.

..* CodmisSion of - the Mathematical Association of America, Incd.f._
and the National Council’of Teachers of Mathematlcs. The ° 5‘;
"'.Commlssion was originally appoi&ted in 1933 by the 4 _Tﬁw .
Mathematical Aesoc1at1on of America to study the place of - )

. mgtpematics)}n secondary education, and was later

- C e

-
¢

~ oo : - A '4‘_-5\‘

783, H, Hlavaty, "Cepsule History f the NCTM.)" S
,The Mathematics Teacher, LXIIT (February, 1976), 141. O
‘ R e SRS
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'ingorporated into the Joint(Commissionzg
~The Joinf Compission expressed the view that a high

‘I . . o .

;level of understanding of both inductive and deductive

.3
T

E processee was considered necessd%&, and the ahility to,make
appllcatlons de31rable. It pr0posedithat the student have
"con801ous experlence“ w1th both 1nduct1ve and deductlve
reasonlng. Other behaviors recommended were:\habltually '

. seeking tq identify the inductive or deductive nature of a
problem, seeklng to discover and remove amblgulty in the use
.of terms, understanding the .relations between assumptlons
and conclu51ons, and the abillty to Judge the va11d1ty of

’ reason1ng.3° In the fleldﬂof geometrlc form the Comm1331on

1dent1f;ed three ablllthSl (i) +to recall and apply funda-

Y 3

:mental metric felatlons, {ii) to recognlze spatial relations,

and (1ii) to recognlze and state functional relatlons

P

"between area and volume as the dlmen31ons of a flgure are

changed.31

The second report appearlng in the.l940's-was the

&

report o£ ‘the Committee on Post War Plans. It was treated,

'by the Na%ional Councll of the Teachers of Mathematles and

_This Committee was worklng,at a time when thefprlmary

°

29J01nt Comm15s1on of the Mathematical Agsoojation
of Amerlca, Inc¢., and the National Council of Teachers. of
Mathematics, The Plate of Mathematics in Secondary Education,
Fifteenth Yearbook of the National Council: of Teachers' of
* Mathematics (New-York: Bureau of Publication, Teachers
College, Columbia University, 1940), 9p. 6—?.

':" ~ ' 30Ibi'-do' P 2“’ v alIbld" P 62—69‘

,issued two reports: the flrst in 19&4 and the second in 1945..



'groﬁbs as the Committee on Post War Plans, many people

T deductive proof important for ¢

situations. Van Waynen

his understanding of gaometry:

21
concern. was the war effort and the.probIEms connected with
manpoﬁer, It jherefore expressed a,bias toward teaching
mathematics from a utilitafian point of view! In all of its

reports the aim stressed was development of functional com-

" petence and mathematiéal power, with attention given to

32

aseful‘applications. The checklist of necessaryfmathemat-
. ' *

—

iecal competenciee publiehed by‘the*Commi%tee stressed the

skills for "deallng with the problems of everyday life."33 ;

- Despite the movement for practical aims by such

continued to cite understanding of deductive thlnklng and
f*’a

postulational systems as primarz/éoals. Many still saw

rl
argued: "Geometry is the ideal

nsfer - to non-mathematical

34

vehicle for teaching the simple pattern of clear thinking

. 4nd ite application to the vital problems of everyday life.

35

Kinney and Purdy contended‘that 1t was through the

transfer of deductive reasoning that the student demonstrated

\

32¢ommission on-Post War Plans, "Second Report," The
Mathematics Teacher, XXXVIIIb(April. 1945). 195-221, cited -
by Harding, op. cit., p. 37. .

33%. D. Reeve (ed. );'"Guidance Report of the
Committee on Post War Plans,"™ The Mathematics Teacher, XL
(November, 1947), 315.

-

3*M. Van Waynen! "What Kind of Geometry Shall We
Teach?” The Mathematics Teacher, XLIII. (January, 1950), 3.

35Lucien B. Kinmney and C. Richard. rdy, Teaching

. Mathematics in the Secondary School.{New York: Rinehart and

Company. Inc., 1952), p. 100, . c

t
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hen thoroughly understood, similar 1og1cal processes
may be transferred to ‘social and personal problems, to
- explore their appllcabillty and the readjustments that
"~ are necessary._ ‘ A !
A\91m11ar argument had earlier been advanced by Smith;36

»s. according to present day thlnklng, students who

understand the meaning of proof, who are able to form-

ulate proo¥s, and who are capable of making rntelllgent

criticisms of alleged proofs in geometry can use much of
. this knowledge in other flelds.

Significantly, however, Smith later conceded that such
transfer as an obJectlve was subsidiary to the largest
obaective of all - developing the abllity to understand, PRI N

make and criticize deductive proofs.37 - :

——e -

 This latter opinion was typical of a definite change
in emphasis that %as oceuring in the goals of geonetry in
the bo*s and 50's. Aims other “than the development of oo
1og1ca1 thinking began to be stated, and there began to grow -
the 1dea that an understanding of postulatlonal thinking was
V1taH to0. the understanding of mathematlcs. It was thus

t D . : o
important in its own right and'not just for possible. trans-

: / . , 8
fer to other areas. .Ag early as 1942, Mallory and‘Fehr3

had protested that: ‘
Agcther movement that has weakened the mathematics

program is the introduction of an excessive amount of
'Reasoning in Life Sltuatlons' into the subject of

36R, R. Smith, "On the TeachlnE of Geometry," The -
Mathematics'Teacher, XILII (January. 1949), 57.

37Ibld-’ P 590

- 38Virg11 S. Mallory ‘and Howard F. Fehr, "Mathematlcal
. Education in War Times," The Mathematics Teacher, XXXV
(November, 1942), 292, cited by J. Wilson, "Trends in R
Geometry," The Mathematics Teacher, XLVI (January¢ 19529, 68 !

..

“~ . . . o
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: geometry. In many cases this has resulted in, bafuddled’
thinking and a lack. ‘of. knowledge of plane geometry...

Attention was focussed more and more on methematlcs as’a
d}scipline‘}n the early §O'§§:ith the growiné»aw;§enees of
.?ﬁe need for highly trained mathematicians in industry,

defense ah& sbace programs. The new empha91s was belng

placed on meaning and understanding: go much so, that in -

1955 Kinsella39 charged that some schools were neglecting

the development of skiliL. _ e s i

Most of the other aims put forward for deduetive

. ’gmometry in this.period stressed knowledge of geometrical

faets and their practical applicationg. As WilsonuP stated, '
" much emphasis was pléced on i;{. information concerning the v
:M}acts and prlnciples of space, includirg 1nformation which .-~
- serves as a backdrop for the appreclatlbn of the mechanical -

life of today." o o e

The Era of Refo ( 1955~ 2 .
The years since 1955 have ‘seen _;precedented change A £

- in the teaching of mathematics. ‘It has been an‘aéglof "new"

fﬂand "modern” mathematics.when schools have made radical

e e
-changes in the courses being offered. - In 1962 Moisegz was.

4§9Kinse11a; op. cit., p. 72.

: uOJ Wllson,,"Trenda in Geometny," The Mathematlcs
Teacher, XLVI (January. 1952), 8.

. 41

Quast, op. eit.,. p. 225.

qudw1n Moise, "The New Mathematlcs Programs, "

~Revolgtion in Teaching: New Theo;x, Technology, and
Curricula, eds, Alfred de Grazia and David A. Sohn (New York:
Bantam Books, 1962), p. 171, -

.»
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‘procedures persisted throughout the 50's. Quast

'.failure to change. Allendoerfer

. ' R
Lot . «-

»eo the sheer volume of new programs and experimental

text materials is by now overwhelming. The publlcatlens f

of the School Mathematics Study.Group (SMSG).now fill
over three linear feet on a bookshelf kigh enough to
hold them in a vertical position; the production of the
University of Illinois Committee on School Mathematics
(UICSM) are quantitatively less, but-still impressivey
"and if we add these to the Maryland group, the Ball .
State group and others, it is plain that a full crltlcal
survey of this literature would require™a book.
‘ ¥
Unfortunatelv, geqmetry was tthe area of mathematlcs least’

. affected by the reform momement.’"l'3 Although sOme changes

[ Bl

did occur in the teaching.of gebmetry, traditional ideas and
4#

-

cited ;'

poorly prepared teacherg who were unable to discern the

: {
means of 1mp1ementing stated goals as a maJor ‘cause of thls -

ks

summarlzed the commonly
held obaectlves of the 1ate 50's when he llsted the three

main goals of deductive geometry as (1) to .teach some of the

l.'lmportant facts about geometry as such ‘such as the propert-
' ies of triangles, clrcles. parallel 1ines and the like; '
- (3i) to teach the deductlve method as it is applled to mathe-

I3 $

"+, matical reasonlng, and thus to glve students a Tirst taste

6f the nature of mathemat1ca1 proof; and (111) to teach.loga

1cal reasonlng per se and to show the students how it can be

. , .
\ oL . . ‘ . [

~}“'7~ 43Quast, op. clt., D 237. oy o 'j \ ,_ ,f

‘.

Mrpra. R L ;
T . 45

-

Carl B, AllendOerfer, "Deductlve Me&hods in Mathe-

matics,™ Insights into_Modern Mathe tics, Twenty-Third .-

- Yearbook of the National Council of Teachers of Mathematics
-(Washington: Naticnal COuncll of Teachers of Mathematlcs.
‘1957)' Pe 650 ! : .

r
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- development of'understanding of the deduotive method as a

. svof opportunltles for original and creative thinking by --

. _ 25
applied . in non-matnematical situations. Allendoerfér feit éED:
)

d . i ~

., that to achleve .these obaectlves was too much to expect fr

one course and consequently the geometry offered suffered

from watering down and a lack of popularlty.f"’6 It did 1ndi- 3
cate clearly, however, that.teachers.ﬁére intereeted in . |
develoningldedgqiiye reasoning ﬁer transfer in metheméticef
ee\weli as to other areas.

‘ » ' One of the most eignificant reports in recent yeers'
in mathematlcs eﬁucatlon was the report of the Comm1581on on
Mathematlcs. The sectlon of the'report devoted to geometry
emphasieed teachlng geemetry for its own sake, rather.than'
for application to non-methematical situétions. It gave |
three main obJectlves for the inclusion of geometry in the-
high school curficulums (1) the acqulsltlon of 1nformatlon
about geometrlc‘flgures in the plane and spaces (ir) the
way of thinking and a reaeonable skill in epp}ying‘this

.~ / .
method to mathematical situations: and (iii) the provision

etudents.l"'7 The Commission took the pos1tion that it is a
dlsserv1ce to the student and to mathematlcs for geometry to.

be presented -as though its 'study would” enable’ a student to.

' .solve a substantial number of his life prooleme by deductive

~ lbr1pia,

h7Comm1s51on on Mathematlcs, Proggam for Colleg I

. . Preparatory Mathematics (New York: College Entrance Examin—
' ation Board, 19595, pp. 22<23, _ ,

4 ) , R N . J\ -
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"reasoning.gg

, With.some reservations the three objectives put

’ forward by the Commission have received w1despread accept-

ance up to the present day. 1"‘aweett,)"'9

-

" review of literature related to school geometry, concluded

citing a careful
that in the first two obaectives the Commiss1on was undoubt-
,‘edly reflecting the p081tion of the profess1on. The third,
' however, he,questioned, since "... prov1sion of‘opportunif

. ¢ - ' ' ) . ' S
ties for original and creative thinking is not a functidn of

L

the subject, but the respon81b111ty of the teacher. ’

. All%endoer:ﬁ'er50 was in general agreement , Wlth these -

"obaect1Ves but suggested that two more should #be added He_

* a /

included (1) integration of geometric‘adeasxw1th_other parts

of mathematics, and (ii) aniunderstanding“of the basic“%acte

LI
" .

"about geometric'transformations.
'Adler51'called attention to'goals of‘geometry that‘
.put less emphasis on deductive reasbningﬁ He listed_the

following as being the most significant ‘goals of geometry:‘

.(i) exploration of relationships among geometric, facts pre-'

viously learneds (1i) 1ntroduction to the role of transfor-

mations of space in the study of gEOmetrys (111) mastery of

. A
1] .
T A

481bid. ’ . N L

Mathematics Teacher, LXIII (May, 1970), 44,

ugHarold B. Fawcett, "The Geometric f:jtinuum," The :

5°Carl B. Allendoerfer, "The Dilemma

- deometry,
- The Mathematics Teacher, IXII (March,,1969), 165.

A

~ -

5lirving Adler, "What Shall We Teach in High School = °

’Geometry?" The Mathematies Teacher, IXI (March, 1968), 228,

- :
v B
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CL aSVariety of techniques; (iv) deveiopment of critical think-
;ng. and_(v5 development of‘an'underetanding'of the nature

oi a mathematical model. Although he cited many good .
reasons‘for etressing axiomatic-deductive reasoning in.the
tenth ggade( Adler. contended that "... unfortunately, during‘.

'wthe last decade there has been a tendency to .stress deduct-.

ive reasoning more and more while the need foy’it has become
-iess and 1ésé."52 ‘ ‘ *
Fehr 53 t00, recently cautioned against over-
. stressing Jogidal reasoning in geometry when he stated: "We ,
| 'shouid(npt'identify geometrio_thinking with-logical thinking,
" for the Iatter is the domain of all mathematics." He listed -
three primary objectives: (1) to knom what geometric thlnking
“is, what. it studies, and how it devises its method to do this
study; . (ii) to transmit important information about space;
iand (iii)\to devalop a high degree of ski;; in geometric

., problem solv1ng.

.

. One of the more prominent aspects of" mathematics ‘

teaching An the paet few years has been the attention given

.,-, A to structure. Many educators have seen the development in

£

students of a feeling for the structure of mathematics as a

major objecti;e to be achieved._ Rosskopfsu argued: "If we

» ’ o - ' . ~ -

= 521pia,’ o T 2

Saﬂoward F. Fehr.’“The Preeent Year-long Course in
Euclidean Geometry Must Go,"% The Mathematics Teacher. LXV
(February. 1972). 102,

. - 5L"Myron F, Rosskopf, "Modern Emphases in the Teaching
- of Geometry,” The Mathematics Teacher, (April, 1957),. 273.

. . .
o . - .
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\
.want to teach secondary mathematios in a more modern snirit{

then these modern concepts of'axioﬁatic gtructure and.relat-'
.ionships.between structures must be,reflected in‘?ur {
teaching. On the subject of structure, Buck55 stateds

«ss the geometry course should be designed to reveal,
rather than to conceal, the structure.of the subJect.
For example, a course éhlch introduces postulates in
great gobs, and lumps together a11 the theorems about -
parallels, is designed for ease in memor gation,rather e
. than for clearness of understanding. Ins®far as possible -
the significance of postulates should be explored and the
. theorems ‘'should Be grouped according to the assumptlon
;under which they are proved.

Butler et a156 saw emphasls of structure as the main obaect-

 ive of geometrya . _ ‘
»so the course will aim ‘mainly at giving the students
deeper insights into how geometry may be structured; how
a large body of geometric. facts and relations can be -
made to grow by logical processes from a few simple °
S statements made at the outset L 4
This implies that the students gain some feeling for the
meanlng of implicatiort and for the roles of undefined terms,
definitions, postulates and theorems in the deductlve process.
It also 1mplles that geometry teachers should emphasize
elements of mathemat10a1 structure that are found not only in-

geometry but are also common to other branches of mathematids.57

5 5charles Buck.,"What Should High School Geometry
Be?" The Mathematics Teacher, LXI (May, 1968), b69.

, JSCharles H. Butler, F. L. Wren and J. H. Banks, The
Teachin of Secondary SchoolMathematics (Sth ed.1 New &orks
McGraw-H111 Book Company. 1970), p.+ 390.

&

57Ib1d.
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Summar; - ' _ ‘ o
" Gradual, but continual change has marked the ob;ject— o
1Ves of deductlve geometry irwthe secondary school. In |
general terms thls change could almost be cons‘ldered' as a
'variation‘bin',relativ”e importance of practical and intellect- <
ual objectives‘. In the early part of the present century the
‘primary ams were basically utilitarian and many felt that
geometry dieclplined and trained the mind to thJ.nk logically
in other areas. 'Although the eory of mental dlsc:u.phne '
gradually lost support,_' the -idea of 'transfem of training to -
other areas persisted throughout the 20's and 30's and to a
1esser extent through the 40's a;nd 50's. In receht years the
'. aims of geometry have evolved to become more mathematical. dn
‘content. | | .
. It should be pointed out here that while the review
of’ literature has been very wide in scope it is none the less
‘ .applicable to the Newfoundland geometry curriculum. In )
geometry, as in all of mathematics, this,_,province ,h'as' been a
part of the North 'American trend in ourriculum‘development‘
ouer the.. past two'decades; "'I‘he subject matter presently .
ﬂ'taught here, as elsewhere, reflects the reform movemen}t o©f the
60*e and the work of the various study groups of that time.

WX
-

" This does not in any sense imply -that -the study is unlversal

L}

in mature since schools and teachers and a variety of other /

" parochial factors are unique to one particular area., ' Thus

any conclusions drawn would have to be. restricted to the area - -
" under study. L
' ,
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CHAPTER IIT - - . . .
INSTRUMENT CONSTRUCTION AND' THE GROUPS STUDIED --* .o |

In Chapter I it was proposed to answer duestiOnJ
'conaern,ing how two groups of :mdrnduals perceived the ‘
objectlves of deductlve geometry. In order to answer these
questlons an :Lnstrume;nt was constructed whlch consisted of
C-.a. 1ist of objectives’ and this was used to obtain 1nformatlon
from mathematlgs educators in- selected univers;tties and from

geometry teachers in secondaryd, schools throughout. the

'pro.vince of Newfoundland. LT ..

[ L4

This" ‘chapter glVeB a deseription of how the i’inal
list of obaect:.ves was obtalned how the- sample was selected

" and how the sﬁrvey of teachers and mathematlcs educators was

¢

carrigd out .
0

CONSTRUCTING THE INSTRUMENT . ..

- The In1tia1 Form - : ‘ , . Co

The llterature pertlﬁent to. the ob;ectives of
deductlve geometry was surveyed and analyzed. ~ This a.nalysls
served to provide a framework of general- categories w:.thin
~_which' to gset the more epeciflc goals of 1nstrgction. Thése
| g'eneralzgte‘gories are ones that have'rec‘e";ved varying ‘,
edphgsie at J;different_ periods of. time in tl{e teaclrin_'g‘_o’f
. deductive geometry and thus :‘t,hey pro,v—ided a satisfactory

¢

, .
e .30 0 SR
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ba.BJ.S for enumeratmg the possible obaectives of deductlve
geometry at the present time. The four categories weret . , .

' L The ‘basic terms and. manlpulat:we skills of" | |
d,eductive geometry, '(By manipulative skills’is meant’ the , | '-_ﬁ
ability to use geometric instruments in making simple. ,
drawings. ) o ] 1

2. The structure of deductive geometry. |
- - 3. Proofs" in deductive geomeiry.
, ) ok, . Appllcatlons of déductive g:ometruy, both
practlcal and. to other areas of ma.thems.tics. _ ,
Using the categories stated above and by analyzlng a. \— :
selectlon .of current textbopks on. deduct:we .geometry. a ¢ |
comprehenswe list of behavioral objectives was prepared. N
The criteria used in writing these obJectJ.ves were: . : T
' 1. That they be expressed in terms of behav;or .

Y

expected from the student rather than orlented toward the _ - |

V

teacher.. In other words, they expressed what the student

should be able to dorafter studymg deductlve geometry ‘
rather than what the teacher should teach in a partlcular '
‘\ course.-') o . | '

‘_2. That they ‘DeS specif;l.cally stated to clearly
infer the deSJ.red be“ha.vior expected of” the s‘tude‘nt. o s .

The latter crltenon presented one obv:Lous problem, .. ‘

that of bala.nclng the 1evé1 of generallty of each 1tem with
“the des:l.red length of the 1ist. It was intengled to make the

Ca

) list comprehensive yet the nature of the study restricted <

o L4

its length, An effort was made. ther_efore, to establlsh-a
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level of generality which would preserve meaning and avoid

=3

ambiguity as much as possible. and at the same time ensure a

-

degree of compactness. It was recognized that efforte in

!‘this d1rection could never be totally successful as

different 1evels of meaning are attached to many- words by

different 1nd1viduals. To facilitate clarity as much as

;'pdssible an example was supplied with all but a few of the

objectives. . )

<A preliminary list of very’specific objectlves

? t

‘contained seventy-eight 1tems. After careful study the llst
~was found to contain many repetitions and many ambiguous —

statements which necessitated the ellmination of several

items. In.addition it was found that by raising the level W

"of generality slightly, as many as three items couldusome+

times bve combined into one. The initial -editing produced a

" list of thirty-five possible obgectives of deductive

8 : 2 ®
. el

geometry. - g . ; ‘ K - S

3

It/should be pointed out that 1t was not intended

that all of these obJectives be necessarily the best or most

_desirable ones. Rather 1t was intended that they should be 2

a- reflection of what is 1mplied in the 11terature as being Ly

the goals of instruction of deductive geometry held by

secondary‘school teachers and other educators at difierent

‘e . \\
periods of time. ’ . ] ' o

@ .
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") F:mal List of Ob'ectlves

panel of mathematics educators at MemorlaI.Unlversity for ) 'KﬁF"

valldatlon. They were. asked to comment, 1f necessarx, on _ ¢
? N R .

P the fOllOWlngl, o

i - ‘1. Comprehenslveness - Have 1mportant 1tems been
§

. omitted? )
2, Compactness - Can some 1tems Justlfaably be

‘ om1tted° Should they be shortened? Should two or' more

obJectlves be ‘combined? ‘, o ' _ .

v : 3. Clarlty - Are the basic meanlngs clear? How can

.

A

" Lo 01arity be, improvgd‘? : co .
: I, Instructions accompanying ‘the ins%rument - Do

the 1nstruct10ns clearly. ‘indicate what is requlred?

~ The 1nd1v1duals contacted felt that very few changes‘

were necessary ‘in the 1n1t1a1 11st. The changes that.were ‘-

umade resulted’ from‘questhons about the meaning of certaln R

=

obaectlves or obaeetions to certaln words or phrases withln :

"
rd

«
‘

e’ L

/ .

L_‘-.“ objectives, and the misuse of examples to . 1llustrate the Lk

- - S U

Toe <,'. meanings of cerﬁaln items, . , "~ _ S T
The £1na1 list of obgectives consisted of thirty-frﬁ?
- ,statements to be evaluated. ~The flpal list of objectlves.

i'-" ‘ together with the 1nstructlons and recordlng Sheet .can be
‘ found in Appendlx A, f, T
.\ = ‘ ° a ‘. -
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:" Final Form offtheHInstrumentq o ~ . .

¢.._Fach Of the thirty-five objectives in the final 1ist

v » was reproduced'by off-set printing process on a 2 X 4 card, -

Cards wene used rather than booklet form because in the -
Y P
ratlng process they would allow maximum flex1b111ty on the

.'9_fﬁ' NMQgrt of the subjeg¢ts by providing the optnon of changlng an
initial ratlng.; The groyps under study were asked to make

\ .
§§se of thls partlcular feature of the instrument by arranglng

the cards lnto groups and ensurlng that the fihal arrange-
‘s ment really reflected thelr thinking on deductave geometry.

Only then would the arrangement be recorded on the Recording
Shegt. &
"o 7 “

. ’ In _summary, the instrument con31sted of thlrty-flve

I
Q

obgectives of deductlve geometry each on a geparate card

together w1th approprlate 1nstnuct1phs and a recordlng sheet.

s lm o b

>

; L - THE GRO¥PS STUDIED

o

"\ B Two groups of 1nd1v1duals were 1dent1f1ed for use in
v :.‘ the °study. These were mathematics educators 1n selected

universities and geometry teachers in secondary schools in

. Newfoundland. - _ - v

L]

- The list of mathematics educators numbered 25 and .

5 .

o~ were arbitrarily seﬁected from universities in_.Canada and

. the Unlted States.

Geometry teachers were obtalned by randomly selectlng
schools in Newfoundland and using 1nformatlon obtdined from
' ' VR 0.

. ¢ . . P . ‘
s _  the Department of Education to obtain the identity and address
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of the geometry teacher or teachers iﬁ‘eéch school.1 Only

teachers of Gradés Nine ‘or Ten geometry were used in the

- study sinceQif is in these courses that deductiﬁe processes «

are most émphaéizedz. The. roster of'geometry te2k<:rs

numbered 60.

) ’ CoX Packets contgining the objective cards, inétructions,

and\recprding sheet, together with a covering letter were

f,mailed to teachers in late October, 1972, and to mathematics

+ ‘educators in December, 1972, For both groups follow-up.
letters were necesgary and these were sent appf%ximately one

month after the original inqﬁiry. CopieS'of’all letters to

L

both gloups, together with the names of universities

_contacted, are found in Appendix B. ' f .
A reliability study was carried out gﬂ one of the

two groups under sfudy; namely, the geometry teachers. It

. " .. - was assumed thaf relia?ifify in the group of mathematics

. © educators would be at least as high as for this grdup. The

reliability was deterﬁined by administering the instrument a -

.second time to a subgroup of the origiﬁal sample. The time

' . “ . lapéz between the first and second survey was approximately
///’- 2 months,

Y

lGovernment of Newfoundland and Labrador, The
Newfoundland and Iabrador Schools Directory, 1972-73,
-{S%., John's: Government of Newfoundland and Labrador, 1972).

2 . ,
. Newfoundland and Labrador Department of Education,
Programme of Studies, 1972-73, Grade I-XI, (St. John's:
Governmgnt of Newfoundland and Labrador, 1972), p. 38.




ANALYSIS OF DATA SR

’ -The chapter which folloﬁs gives a"desﬁ}iption of How
'Yhe”data gathéred'from_geometry teqchérs énd;mathematicg - o
educators was analyzed. The analysis'wasldone pfiﬁarily,with

'a view to examining the éxtent‘of agreement between the two
gfoups.w To Aécbmplish this, mean ratings of importance were '\
‘calculated for each item as pérceived bydeach group. ‘Thgée
WEre.?sed to rank the 35 items in order 6f importance for
e;ch group. {Cpmparisons were made between groups to' o,

. i , .
determine whether or not agreement existed on the important. :

Al

and non-important igems and other gener?; ¢onclusions were | }X

drawh. ..
17 =




CHAPTER IV
RESULTS OF THE -STUDY

'.Qhapter III described how an ‘instrument wag Y

constructed to determine how different individuals perceive.

. . f . L
. * the objectives of deductive geometry._ It also describéd how

Pa
that 1nstrument was useg in a small survey on two groups of

,people closely connected ‘with the teachlng of deductive

A
geometry in the'secondary school.‘ This chapter outllnes the

:results of that survey and presents answers to the qﬁestions

7/

posed_inOChapter“I. T C

~

* .- RESPONSE‘TO THE.SURVEY .

Vo

;A total bf 85 inquiries were digtributed and 63 (74 |

»percent) useable respbnses ‘were obtalned and used in' the

-calculatlons. These wereé ‘broken down falrly evenly on a f;

-

percentage ba31s between the two groups as 1llustrated 1n the

table. below. L ‘ I

Table l
ReSponse to the Survey

s’

e

. Group. . - Number:.of . - Number of | Percent
! - Inquiries Made | Responses . :
Mathematics Educators - 25 o 19 . fé .
Geometry Teachers _ '. . 60 e bk o .73
Totals D 85 63
AR \
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| TREATMENT OF RESPONSES .
/ : PR § ! ) ’ f. . ’

Each individual who respondéd to the.inqui}y was

e}

“asked to rate each of the thirty-five 6bjecti§es on a five

r . . ! - %
point scale of importance. Rating "1" indicated that fﬁe
‘ . v . 4
objective was considered extremely impértant, rating "5"
. A} . % -

[4

indicated unimportance, and.the other three ratings

represented unspecified intermediate points along the

continuuﬁ._ Respondents were 1nformed that there\was no

. 1imit on the number of items that they ¢tould place 1n any

one ratlng-categpry. (See Appenplx Q). Results of teachef:
and educator ratings are shown 'in Tables 2 and 3 respectively.
As indicated in Table 1, the size of the sample in-

both the group of mathematics educators and geometry

" teachers was limited.‘ This was done beeaﬁeeua“majer portion

of the study was devoted to constructing the instrument, and

-'that hecessitated_1imiting_the scope ef the survey which_ﬁ

followed. Because of'the-sample size no attempt was made - to

:dq an extens&ze analy51s of the data gathered. Rather very

genaral trends only were p01nted out and used to draw

impiicatiohe and make siuggestions for further study.’.(see

Chapter V).
The data gathered was analyzed with a view to

determining the extent to which there was agreement between

groups on the 1mportant and non-lmportant items. To study’

. the obJectlves which were rated as 1mportant and non-lmpor-

tant ‘the mean ratxng.and rank for each. 1tem was determlned

, ; o
. S . | R

.
.
,

' o _ - o {
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Table 2

Results of Teacher' Ratings

39

Item - Distribution
s : _ ‘ 1 2 3 4 5
. 1 26 10 5 2 "1
2 16 “ 10 3 B
3 2. .5 9 2 L
I 9 20 9 Iy .2
5 1, - 20 © 9. 1 0
6 13 L 21 8 1 1
. 7 12 17 10 L 1 -
8 - 16 A 14 I 5 5 -
. 9 1 6 6 11 20 .
- 10 5 7 9 14 . 9
11 . 19 13 7 3. 2
12 .20 13 5 3 3
13 15 - 9 b 8 6
ik 17 V. 10 6 . .4
15 18 15 9 1 R
16 5 8 3 - 9 19
017 5 -~ 13 .10 i 9
18 3 i 4 9 26
19 7 11 8 -~ 9 9.
20 19 1 10 - 3. .0
21 23 12 6 2 1-
22 "6 8 15 8 ”
23 3 18 18 8 7
2L 13 18 10 2 1
25 11 *1h 5 9 5
26 15 . 16 Iy 6 -3
27 6 9. 13 8 8
28 . 13- 8- 7 -9 7
, 29 12 - 11 10 C 6 .5
- 30 3 13 11 9 - 8
/- 31 17 6 10 6 5
32 5 1 7 14 -7
33 28 12 2 1 1
34 19 9 10 ly o2
35 18 5 5 10 6

,- ’ .o }
R '
.

Y
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Table 3.

- Results of Educgtor Ratings

Distribution

- L ,

’

{
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was calculated for each of the 12 respondents, ' These were

“ M

for dach of the-twd groupsﬂ"These results made .it noeeibIe

to examine what type of item'was rated very high and very low

- by each group, and to what extent there was’ agreement ‘on . .

these items between the two groups. ‘ T

1

T p REL;ABIL:TY | T '}'

As stated previously (Chapter.III) a reliability

 study was conducted on the group of geometry teachers.: A I

. subgroup of 12 teachers.waslasked to eValuate,the objective

items a second time, two months after the first'inquiry;"

The correlation coefficient bétween first and second ratings -

LA

LY

1traneformed ueing Fieher 8 2 and the mean . obtained. The

mean was then tranefqrmed back to give a reliability

coefficlent of .79 - . 3
" ‘EXTENT OF AGREEMENT BETWEEN CROUPS -
To gain some insight into the extent to which agree-
ment existed between the two groups mean ratings were

A
calculated and used to. rank each .of the 35 items. Table 4 .

:presents the mean ratlngs and the rank of each iten‘for each

of the groups under etudy.

' Since the items were rated on a 5 point scale of N

7 importance with 1 being the most 1mportant and 5 being the .

—
least important, the items" could be graded as followsi_q
Items with mean rating 1 - 2 ....,.Important,

Items with mean rating 2 f 2.5 «oeoTrend tdward”impo?tanceik

Y
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\ ) |
\ : 3
N Table 4 -
) *.  Mean Ratjings and Ranks '
Item Teachers * - Educators
' Mean Rank Mean Rank
. ~Rating A Rating )
a *
1 1.68 % 2 2.7 21=
. 2 2. 54 19 3.0 29
3 2,02 10 2.61 27
L 2.31 - 16 2.73 21=
5 1,93 * 5z 2,26 '10=.
6 2.00 -8 2.47 16
7 2.20 t13 2.8l 25
8 2.29 - 15 2.89 27
.9 3.97 34 L.63 35 .
10 3.30 30 2.73 23
11 2.00 8 1.47 1
12 .2,00. 8 . 1e52 2
13 2,56 . 21 2,05 8
1 2.38 - 17 L1.73 4
15 1.90 L . 2,42 14= .
17 3.04 2gjf 2.42 =
. 18 J11 3357, b b2 34
R 19 g 3.0“’ . 26 1.9“’ 7 -
. 20 o 1.93 52 2.31 12=
21 - 1.81 3 2.78 . 24
22 3.0 26 2,68 19=
2 . '3.63 31 . 2.89 27
2 2.09 11 2.68 19=
25 2.61 2 1.89 6
26 * 2.22 - 1 1.57 3 -
27 - 3.06 28 2.52 17 .
28 2.75 . 24 - 2.31 A2=
29 2,56 21 ©. 2415 9
30 3.13 29 3.97 30="
32 3.8 33 .57 30
3 1.52 1 2.63 . 18
3 2.11 ‘12 2,26 10=
35 - 2, 56 21 - 3.84 33 |

'~

s

*#The symbol "=" is used in the table instead of .5 . ..

-
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Items with.mean'rating 2.5 - 3:5 s Nentral' ‘:
Items~with'nean rating 3.5 - ? eses Trend toward_non-importanoe
’: Items with'mean,ratiné b -5 ..4s.. Non-important

- - -hs a justification of .this classificatibn. it must be
‘pointed out that if the items had been rated rendomly a
“/normal.distribution would be expected to result,:with,a mean

rating of 3. . Thus the probability)ie very low t;at a random_:
':distribution would yield a mean reting of 2 or less, or of by
.‘or more. Indeed, a study of'Table 2 would reveai thet for |

those items which had a mean rating.of 2 or legs (important

" range) a minimum of 70 percent of the teachers and 68 pe
of %he educators placed the items -in the firet WO eategoriee
. of the rating scale. For the items which had mean.ratingﬁ in_'
the non-important range (4 -ﬂf) a minimum of 75 percent of
the teachers and 84 percent of the educators placéd the 1tems:
1n the laet two categories of ‘the ratlng ecale.v ,
Uelng tH% above claeelflcatlon it can be observed -
4from Table h that ﬁ%ry few of the 1tems were rated as non~
3 1mportant by Jlther group. In the group of geometry teachers
only item 18 -'Without using references reproﬁuce a complete
proof of Pythagoras' Theoren - was con51dered non-important.
In the gmoup_of mathematlce educators 1tem 18 again and item
9 - Make neat drawings to represent th;ge dlmen51onal flgures-'q
fell into the same‘category. Both.the non-important and the
trend toward nonTimportant ranges comblned contained only" 5

,
o1

* .items as rated by-geometry teachers,and_o as rated by

mathematics edycators.

. N . .

. ©
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* Geometry teachers rated 9 1tems (1, 5, 6, 11, 12, 15,
'20 21, ZBTﬂ:n the.lmportant range as compared to 7 iteme
(11 12, 14, 193 25, 26, 31) by 'the other group. Altogethe
out of the 35 1teme evaluated, geometry teachers considered

18 1teme to benelther important or tend toward 1mportance,

while the(comparable number for mathematics educators was 16.

)

Group Cbmparison'on Items '
. The degree of agreement between groups can be

xlllustrated by comparing the items ranked at both ende .of. the
; scale, A comparieon of those items occupylng the mlddle
ranks would not be mean1ngfu1 elnce the neutral ratlng has'
emer ed in some cases from a disagreement within groups, w1th

some rating the_ltem high, others'low. hence the mean rn the

. centre,iand in other caeee'from,widespread.neutral‘ratings.on“

the part of indiyiduals within a group.

Tables 5 andgé show the items occupying‘the upper-lo .

" ranks for each of, the groups oonoerned and the comparadble
ranks of the same items for ‘the other group. Comparing B
Tables 5 and 6 it can be readily obeerved that in the - upper
extreme range, for example ranke 1l to 5, there are no items

. in .common whatsoever. Even in’ the first 10 ranke only three
-1teme - Item 51 St?te a set of conditlons under which two or
:more trlangles are congruentr Item 11: Make reaeonable
conjectures; 'and Item 12: Reoognlze false aseumptlone ~ are
oommon'to both tables as having‘been ranked in the upier 10
by both groups., There did not, therefore, seem tp;be‘any, |

o o
-
.’3 ..

)
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1 ' "~ Table 5 )
Aﬁalysis of Items Ranked Highest by Téachers
Rank Item as Rated fy Teachers - Comparable'Rankn ;
. .. . | of Same Item by
. - |.Educators
1 53 - Appiy geometry in're;lalife* ; 18
2 1 - Define basic géometric ternms - 21
3 .zi - Provfdeucomb;éte pfoofs . o 1:. 2#1-'
Tﬂx’ 15 - Jpstify:simple‘cénclusibns g l "- 14; "
"5 5 -.Conditionslof triangle congruency | . . 1o
8 20 -~ @ive reasons for~s¥eps in broofs C 128 e
7 6 -,éonditionélgf'triangle similarity | 16
8. 11 - Make-réésonable conjectures ; s :l;f~ )
9 | 12 - Recognize false aésﬁmﬁtions'l ‘:.’ e ;
-10i 3 = ferfofm Basic_cohstructidps K4 - 27

. *For complété'statement of items see Appendix A. -
w
! ' >
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' Table 6 o

Analysis of Items Ranked Highept-by Educators

.. Rank Item as Rated by Educators . {Comparable Rank’
\ . ' - of Same Item. by
’ Teachers .
1l .1l:f Make feasdnablefconjectures* I - 8 ) S
2 | 12 - Recognize false assumptions 8 '
3 'fZG’??%iplain the statement of a theorem 14
: I 1% - Draw conclusions from statements | 17
5 4 31 - Describe the structure of geometry 18
6 25 - Identify errqnecds,statements 23
7 |+ 19.- Disprove simple bropoeitions. 26
. 8 | 13 - Distinguish betwegri inductive gnd 21 ‘
deductive ptoof ' . .
9 29 - Distinguish between postulates'and 2i~ ~ .
I theorems oo !
ST 5 - Conditions of triangle congruency ) o=
10 |7 _ . . _
- -} 34 '~ Apply geometry to mathematics . 12-

/

D

*For complete statement of 1tems see Appendlx AL"
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significant agreement between the two groups on the more

.
vyt

:1mportant obaectives of deductive geometry. - ' J B

. ": At .the other end of’ the'scale, however, a somewhat

1 »

':different result was apparent. Tabre 7 shows\the.s items
’rated*by teachers in- the non-important or-trend toward non='°
1mportance range and the cqrresponding items fbr educators.‘
'From Table 7 1t can be observed that - 1n the bottom 5 ranks .
~there waS'very strong agreement w1th L items (9. 16 18; 32)

) being placed there by both groups. The only exceptions were
“- items 23 and‘35. Item 23 which was ranked'Bl by tc\fhers wag
 ranked 27 by educators. Item 35 which was ran&ged’}Q |

educators was ranked 21 by teachers.- ; : o

It would seem then. ;n summing up thls section, that
the tno ‘groups were in basic agreement on picking out those
objectlves that are superfluous *to a deductive geometry
course but could not agree on Selecting the objectives which

i.
should be emphasized most in such a course.

% : ‘ : e, K

e
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- and .as such are on a low tax

3

ko
ANALYSJS OF TRENDS AND' SELECTED ITEMS

In eramining the objectives as they were evalﬁated
by the two'groups‘under study a few trerds became aﬁbarent,
'the tirst of these being probably the)most important.‘
. 1. Qlthough no attempt was mede to classity the/

oﬁjectives‘taxonomically. there is some evidence to suggest

. that teachers ﬁave placed more emphasis on topse';tehe which

1 and mathematics

are on the lowed levels of the taxonomy
educators have stressed.those items ;hich are at higher
‘levels, In the upper ranked items teachers have included'
many of the obaectlves stre551ng the basic geometrlc terms
and manlpulatlve skllls (Items 1-9) " These obaeotlves
1nvolve only the recall of prev10usly’i;erned material and

as such occupy a low taxonomlc level. On the other hand,

- most of the objectives éssigned to the upper ranks_by

. educators are those %hat refer to some facet of proof and as

such generally represent a higher 1ntellectua1 level.
Table 8 shows .a breakdown by categorles (Chapter III)
;;f the 16 items rated by educators in the range of 1mportance

or trend toward importance and the correspondlng 1tems by

4 —

geometry teachers. There it can be seen that 13 ot these

items as ranked by educators refer to deductlve proof. (4 of

the:s"proof'~objeotives excluded eﬁbhasi;e rote memorization

nomic level.) In comparison the.

1Ben3am1n S.,Bloom (

éd.), The Taxonomysof Educational
itive Domain (New Yorks'Dav?d



" Table 8

Cafégoriés* of Upper Raﬁked Iﬁeﬁb o
Ranks iagtegori_gf items Category of items
assigned by Educators | assigned by Teachers.
R T ' P v A
-2 ) P -, - B’
.3 L P P
L P P
5 Q ‘ S B ’
6 P P :
7. P B
8 P . P
9 P . - P
10, B "B .
11 A .. P
12 P A
13 P B
14 P. P "y
15 . - B ‘
.16 P B

‘as follows:

B - 'Basic terms and manlpulatlve skills
S = Structure of deductive geometry

P.= Proof -
A - Appllcatlons

Summary of .Table 8

“#pbbreviations of categorles (See Chapter III) are.

?

B S R
NumbéE ofiitems‘ ' ‘
placed by educators X 1 13
Number of items . . .
placed by teachers - 7 0 7.
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table shows that the corresponding’ ranks by teachers include

-only 7 items p;rtaining to proof, but all éxcept 2 (Items 2 i' v

aand 9) of those items which refer to the basic skills, ‘Mosti'

. teachers grogp\%s concerned since the traditional crltlclsm

-'geometry teachers to be -the 1east iﬁportant‘of all items

appllcatlons of deductlve geometry very hlghly. resulting - ‘in , . i

v

. for Teachers" (unpublished Doctor's dlssertatlon, Unlver31ty

‘an. overall rank of number 1 for that item. ThlS ig in

of the basic skllls objectives wére a951gned by educators to
' '
ranks beldw 24 (1ower one-third). . ) L e ,

2." As Table-9 indicates, those items which stress

' rote -memorization of theorems wene.ranked very. low by both - ’
1 ' * . . .

groups. . This™is particularly'significant as far as the |

La . y
of the teachlng of deductmve geometry in the secondary school

t L

has been the over emphasis on memorizlng theorems.z. Item 16+,

Wlthout using references reproduce the complete proof of an: any

theorem after being given a reasonable time to study it + was

ranked ‘32 by geometry teachers. The same trend was further ’

. eV1denced by Item 17 whlch was ranked 26 Item 23 which was { .

ranked 31, and perhaps . most 51gQ1flcantly, Item 18 - Without
using references reproduce a complete proof of Pythagorae‘

Thebrem -~ which was ranked 35, and so was considered by

n

evgluated.
7

3. Teacheﬂe almost unanlmously rated the practlcal

contrast to the educators,who agreed that the subJect is not

y

2R. E. M. Wong, "The Status and Dlrectlon of Geometry

of Michigan, 1968), p. 9. , ' , _ c‘
i .o ' N }
P . : .
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I Ranks of Rote Memorization Items

S - . mable 9

~”,Item'and.nggcription*-”

', . X

Rank by
Teachers

Rank by
(\Educaﬁors

-

16 - Reproduce complete thepfeﬁs

17 -'Reprdauce outlines of proofs

23 ~ Reproduce an outline of

S .. ' Pythagoras®' Theorem

18 - Reproduce complete. proof of
*° Pythagoras®' Theorem . . E

32
2
35,

‘3i~

1k

27 , -

k)

*For, completé statemeﬁt'bf'items,sée Appendix-A.
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_one of,the'moré.importanf ones (Taﬁle L), ,The high rating
by teachers is innsplte of a lack. of emphasis byvcurrent .
textbooks (Appendix C) and ralses some congecture on the
degreg to whlch teachers emphas;ze in the classroom the

objectiveé they would rate as important..
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CHAPTER V ' S
SUMMARY, CONCLUSIONS AND IMPLICATIONS' ' .
SUMMARY . )/

It was the purpose ot this study (1) to construct an -

’ wlnstrument for determlnlng how dlfferent individuals

percelve the obJectlves of deductive geometry: .and (2) to
determine how concerned groups percelv;’t;e obJectlves of
'deductive geometry in the secondary school. ‘Some-ques‘iﬁps
.of the folloﬁing'type were to be answered: o ’
'wli Do geometry teachers and mathemetics educators-
agree on the 1mportant obaectlves of deductlve geometry? .
2.i Do geometry teachers ‘and mathematlcs educators
agree on tHe non-lmportant obJect1Ves of deductive geometry°
' An, ana1y51s of the literature pertalnlng to
_deductlve'geometry revealed four main areas of emphasis and
_a survey of .current textbooks of the secondary school level
A(Appendix C) produced an 1n1t1a1 list of 78 spec1f1c
1ob3ect1ves. . )
| The 1n1t1al llst of obJectlves was edlted and
;rev1sed to - 35 items. Suggeetlons were ellc1ted from a panel
- of mathematics educators on comprehensiveness, conpactness
.“and clarity,  as well as the,instructions accompanying the.
| objectives; The final form of the instrument consisted of
.35‘possible.objectives-of'deductive) geometry in the - .
secondary school. - o r. . |
. , .o o “ o



s
The list of 35 objectivee, each@bn‘a eeparate card,

| 'and a 5 point scale for ‘rating the 1mportance of each 1tem

were éubmltted by mail to 85 1nd1v1duals jdentified as belng

members of one of the follqwing groupst
1.” Mathematics educators ’

-‘2.' Geometry'teaehers _
Replies were obtained from 65 individuals in selected
'univereities in_Caﬁedé and’ the United States and in
sesondary schog}s throughout the previnee of’Newfoundlend.-

" Mean ratings of 1mportance were computed for each

,item as perceived by each group. These were used to rank

the 35 items evalugted in orger of 1mportance.for each group.-

’Compariéons were made, between groups to determine whether or

‘not agreement ex1sted on the important and non-lmportant

4

1tems and other general conclu51ons were drawn.‘

Limitation of the Study '

Ae stated prev1ouely the\mejor limitation 6} the
stuﬁyfuee the size of the sample investigated. This
permitted only very generalrstatrstical descriptien of +the
information oepained and oniy the-mest obvious trends and

conclusions were pointed out.

]

A o CONG_LUS,IONS‘ :
..'.‘-.“ ‘
“WHen the two groups were c0mpared on "the items rated

Ao ’og ‘moBt 1mpor'tan't there was no agreement. In the 1'tems

a851gned 0 the upper 5 ranks there were no items ‘at all

-
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common to both E£roups. In the upper 10 ranks 3 items only
appeared from both groups. -
When the two grglps‘ were compared on the items rated
- : ' °
to be least important there was significant agreement. In

the items aengned to the bottom 5 ra.nks there was agreement

.on 4 out of the . 5,

A brief analys1s of the ob,]ect:wes as rated by both

;groups found that generally teachers put more emphas:Ls on

‘those objectives at the lower 1evels of taxonomy while

mathematics educators stressed those items which would

' occupy the higher levels, The major exceptlon to 'thlS was

rote memorlza \.ion of theorems whlch was rated VETrYy 1ow by

. teachers as: well as- educators.

In summary, then, the major conclusmns drawn from

the study could be enumerated as IoLlows:

1. . Geometry teachers. in Newfoundland'schools did

'not agree with mathematlcs educatgrs on the 1mportant

h obaectlves of deductive geometry.

zg. Geometry teachers in Newfoundland schools agreed

. with mathematics educa‘tore on the non-lmportant objectives

. of deductive geometry.

i
3.. . In general geometry teachers seemed to put more

,stress on thc)se ob,]ectlves which are. at a low taxonomlc level

_gthile,.mathematlcs\ ‘educators stressed those at hlgher levels.,.

~ 4, %ieo)metry teachers and mathematics educators:’ -
‘considered the rote memorization of theorgms to bé non--

.- - important.

2,
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IMPLICATIONS AND SUGGESTIONS - -
FOR F{RTHER STUDY o ~

The results of this study would seem to imply that
» in one partlcular area of mathematics. deductive geometry,~
_ any course based upon the. ob;ectlves con51dered important by
an 1nd1v1dua1 or by a. small group of 11ke—m1nded 1nd1v1duals,
will qulte possibly 1ack balance as to the obJectlves
perceived important by other‘grohps of individuals. " This
suggests a possibility for further investigation on a more .
‘exteﬂg;ie level 1nvolv1ng more groups and a w1der range of
"lnd1v1duals. Consideration couldﬂ:ce given 'to 1nc1ud1n§ such>
addltlon\I'groups as skllled people not dlrectly concerned
27)W1th the secondary school currlculum such as sclentists.
engineers and mathematiclans; secondary schcol studentsa fy

parents of secondary{school mathematlcs students: and

provincial ‘curriculim.planning committee.

s ) This - study also po1nts to the need for 1nvest1gat1ng

the effects of various external factors 6n how - geomehry
'.teachers view the obaectlves qf deductlve gecmetry. Uslné
:mathematicsieducators as a basis for connarison, it coul&

be determlned if teacher-educator ?greement was affected Py
H%he followang teacher varlablesz number of years of unlver51ty

tralnlng, number of years of teachlng experience, the etudy

'of Euclidean gecmetry courses at un;ver51ty, and the

- parcentage of feacﬁing time spent- in teaching mafhematics:

.e



Differences of opinion between educators and teachers,

~_ as. deflned in thls study may be due to a number of factors.*

1nclgd1ng.1ack of knowledge or apprpcaatlon of wide varying.

-

sdtuations. In any case it must be recognized that these
individuals occupy positionelip their respective'inst;tutione
ﬁherenthey can influence-what is to.be taught in any gdten ‘
course. This study points to’ the adv1sab111ty of contlnued

collaboratlon among university educators and secondary school

’teachers, not only in preparlng 1nstructlonal materlals for
" high school geometry and determlning the content of .

mathematics courses for teachers, but in examlnlng “the total

4

preparation program for geometry teachers. Because of his

deep 1nterest in, and 1nt1mate knowledge of his own

,sp901a11zed area{ each should have a unlque contrlbutlon to

make in thls determlnatlon_

'
[y
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APPENDIX A

* FINAL LIST OF OBJECTIVES AND RELATED MATERIAL

PN

List of Objectives
1.

2,

Define the basic geometric terms.;

iExamplegikn angle is~defined AS .us

Use precise terminology in written and oral work.

Example: Incorrect reference to "line" when "llne
segment" 1s intended. - @)

>

. Use straightedge and compass to perform ‘the basic . -

-geométric constructlons. ' .

" ' 'Example: To construct a. perpendlcular 1ine from a,p01nt

5

.
)

”trlangles are 91m;14r;m.ﬁﬁ”

.on the’ 11ne.

Differentiate befween the properties of quadrilaterais.

<t

Example-~What is the dlfference between a square and a
rectangle° o

-

-

HState a: set of condltlons under whloh two or more

.trlangles are- congruent.- e

E;ample:‘Trlangles are congruent 1f oo *

., ’ A

,ﬂState a set.of condltlons under whlch two or more

" . s
" <3 ..- ._-., e

‘\ zf' . ' -

Example: Trlangles are elmllar if ...

State all the condltlons under whlch two or more’ lines
are parallel R - S '.. .
Example: Lines are parellel,if‘and}only,if-...

-

)



10.

11,

12,

13l

67 -
State Pythagoras' Theorem. [ : I

Example: For any right triangle, az.k b2 = ¢?, where a°
. - and b are measures of the legs and ¢ is the - -

_measure of the hypotenuse, )

Make peat drawings td'represgnt three dimensional

ffigures.

Example: Make a neat drawing of a tetrahedron. “ﬁa )

Write a conditional sentence..

Example: If x is greatef than y, then y is less thah~x.

B A . '

Make reasonable conjectures.

Example: If AB is the longest side of triaﬁgle’ABC, then

" the largest angle is' ...

Recognize false assumptions,

" Example ¥ Assumptions such as corresponding angles being .

scongruent when lines are not Parallel.

L2

Distinguish between inductive énd”deductiVe reasbning.

- Example- The difference between 1nduct1ve ahd deductlve: ;f;-

1k,

- 15.

'order to state conclus1ons from given statements. - .

-Exampler

reasoning is ... )

0 N 2 "
Apply the methods of 1nduct1ve and deduct1Ve reasonlng in »

—-—

Example: Barklng dogs do not bitej My dog barks.

What 1s the eonclusion?

Stateﬁtheldefinitions,'axidms, and postulates used to

‘4

' justify a simple conclusion.

) If AB - CD, show why
A B C D * AC = BD. .



N ’
-* \
.

rﬁj

16,

" any theorem after belng given, a reasonable time %o study

17.

. 1t.

Example: Wlthout'u51ng references write out the proof of
"The sum of the measures of .the angles of a-
trlangle 1s 180 " ot

J .

’Without using references, construct ah‘outline'of the © .

_ proof of a partlcular theorem.

18,

19.

. examples. e

ie

20.

21'

Example: Without g1v1ng details,. outllne the proof of
© the following ... ,

5
wlthout using references reproduce a complete proof, of

)
Pythagoras -Theorem,

Disprove simple propositions through the use of counter;

.
‘Example: Prove that all’ equllateral trlangles are not
‘ congruent.
13

Example: - . STATEMENT ~ REASON

- KC¥DF; BCEEF - -2 . .
e C = . _— e
‘ ~_ /\ ABC & DEF ? .

Provide complete proofs of given statements usihg
deflnltlons, axloms, postulates, thEOrems and corol-'

1ar1es prev1ously proved
Examplea' Q. T - Givenr QRST is a
‘ : L - parallelogram:
. . - RM E&NT .
R. s L _ Prove:; QM £ SN

'

Withoutiusing references, reproduoe the compiete prdof of

‘Write the reasons for the various steps in a given proof.,



22,

correct.

23«

~2k,

25-

26.

‘Example: ‘Idertify such erroneous statements as:

__69
Prove that-a comﬁaés and straightedgé construction is

v

Examples Write a justification for the construction of . -
- the perpendicqlar bisector, of a segment.

Construct an outllne of -the proof of Pythagoras' Theorem'

w1thout filling in the detalls.

-Perform constructions on figures in- ordet to“prove‘some,w
-conclusion. S C ’ Vo
Example: P © Given: PM = PN )
QM = QN
5 .- Prove: M E /N '

M - N
I&ehtify:erroneous statements in a given proof.
/\ ABC £ /\ DEF (SSA)

Without giving the proof, illustrate'ana explain tﬁe

:étatément of any particular theorem when given the’

" statement.

27,

- geometiy

-~ v 4 ‘ - T e

Example: With the aid of ‘a drawing, -explain what is’ .
. stated in the followmng: If a line is tangent
to a circle, then it is perpendicular to the
' radlus at the’ p01nt of tangency.

Explaln the various steps in the proof of Py@hagoras'

,Theorem 1f glven.a completed proof

e ~ T B BN

. : \“‘.: ‘ PO

Explain wjg?some terms are left undefined in deductlve

A
‘4

Example: The term p01nt" is 1eft undeflned because-...



29,

. 70

Dlstingulsh between postulates and theorems.

‘ EXamplex The difference, between a postulate and a

30,

31,

theorem is cen -

Reproduce selected postulates. - -

Examples Without referrlnglto a book, state three
postulates ‘conce 1ng 11nes and planes.

¢

Descrlbe the ba81c structure of postulatdonal geometry.

L Examplez Explain the relatlonshlp between undeflned

. 32,

' 33,

C 3.

35..

terms, postulates, definitions and theorems, .

State the purpose of a lemma,

.Name some practical uses for geometry in real-life

situations.z

Examplex Use Pythagoras' Fheorem .to solve phys1cal
' problems. ' .

- -,

Apply geometrlc jdeas to other areas of mathematlcs.

-

Example: Use deductive methods to prove that for any
real number x, —(-x) = x

" -

Formulate an answer to the questlons "Why do I need to

study deductive geometry°">



INSTRUCTIONS FOR;SORTiNG,OBJECTiVE CARDS
: _ o7 ) .
.~ .'Each of the enclosed cards contains'oneup0951b1e
objective of deductive geometry. You are kindly‘'asked tq

YI sort:the 35 cards into 5 groups, ranging from Group 1, which

contains what you feel are the very important objectives of

-deductive geometry, to Group™5 which you feel are the

unimportant objectives. The Grfoups 2, 3, 4 will thus - ‘
contain groups of objectives(which are perceived in * '
decreasing order of importance. In short, Group 1 are the
most important,. Group 2 are glightly less important,, and 80
on to Group- 5 whlch are the unlmportant objectives, -

. Pleaserfeel free to place as manynobjectives as- you
wish in any one group, as well a8 leave any group empty,

The idea of placing the objectives on cards was to
allow you the maximum flexibility in changing- your initial
ratings. It is hoped, therefore, that you will satisfy
yourself that your final rating really reflects how you
percelve the obJectlves of- deductive geometry. - ‘

: When you have sorted the cards to your satisfaction
record the number shown.on each card 1n the approprlate
column on the Recordlng Sheet. ‘

Please return the Recordlng Sheet in the enclosed

;envelope., ' :

Thank you very much for your con91derat10n. e -

PR

71.

o~
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U

'represenf points along the continpum.

72
Return'SheetJ
I \

RECORDING SHEET FORfRATING.OF'OBJECTIVES

,. "~ After you have sorted the. cards into the five groups

‘5p1ace the number on each card 1n the approprlate column

8
below. For example, 1f you place objectives numbered 2, 4,

6, 8, 10 in group 3, then these numbers should be recorded
in column 3 below. '
‘Please remember tﬁét a rating of "1" indidates that

you consider the objective to'be‘very importants a rating of

""5" indicates unimportance. Ratings "2", ."3", and "L

o

* VERY' IMPORTANT UNIMPORTANT

b .

v [ e 3 Y4 B p
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APPENDIX B
CM DNDENCE L

} Letter of Vglidation | o :"' 'g .

“Dear . cL e : - e

. L}
Enclosed'you will find the 1ist of obaectives, \
" instructions and scoresheet which I intend to use in my
- thesis:. "The Objectives of Deductive Geometry in Newfoundland -
Sécondary Schools as Perceived by Concerned Groups.”™ The - .-
~.purpose of aubmitting this to you is.to ask your aseistance
in the valldatlon of these objectives. - _ o

Concerning the validatlon would you comment if
necessary on the following: ,
1. Comprehensivenees - Have important obaectives been
o _ ‘omitted?
2, Compactnese ~ Can some items. justmfiably ‘be- ommitted”
Should they be shortened? Should two ' or-
. ' more ob;ectives be combined?.
3. - Clarity - Are the basic meanings clear? How can clarlty
be improved? ‘
. h.* Instructiong - Do the instructions clearly indlcate what
) is required? . N R

- In additlon. would -you please sort the obaectlves as
'outlined in the instructions. Your sorting will not in any
way be part of the thesis but I would just like to get some
1dea of 1tems on which there might be wide'disagreement.

Than;ryou for your cooperatlon.,

-

-_.Sincefeiy,‘_,:'

~

<l ey o 4 - . ¢ o

&y .



'u'would be valu

Letter to'Geometrx.Teachers-,f' o R L ks

. . - .
e " - 4 M :
[
1 : ‘ .
. A .
- ) .
. . .
. . -

-

-

Dear Teacher. L S ' , SR

™ =
What ‘different people see. as the important

'objectives of deductive geometry in the high school ie the
"subject .of 'a thesis I'am writing for the Department of

Curriculum and Instruction at Memorial University. To. do
this P need the -opinions of geometry teachers such as your-

- -gélf, who ultimetely decide ‘what should or should’ not be

emphaslzed in the classroom.

To get the oplnlone of teachers I ‘have drawn up a

list- of 35 objectives of deductive geometry which can be

rated in terms of importance. or non-importance. The,

. objectives are not based specifically on any particular .

. .geometry course but they do generally reflect the deductive-
. geometry content as presently covered in our Grade 9 and 10
‘gourses, . . N

~
I‘NJ

w I realize that your participation in this study w111
be an extra burden in an already busy scheduie. However, if
you can possibly spare-the few minutes requlred to sort the
cards as outlined in the instructions, it would be greatly
appreciateds  Please note that there are no right or wrong
ways to sort the_cards; rather the qbject is to see to what -
extent our geometry teachers can agree'with each other.i

.There is no need for you #o ;dentify yeurself in any

way 1f you do not want to. Any comments you might:want to- ~

make on the 1list of objectives or on the study itself would
be welcome. ggey would not be a part of the. fhesis -but °
a le in shaping my own thlnking on the subject..

o

Many thanks for your cooperatlon.

L~

i

S "__ , Sincere;y,",

-~



.8

‘Dear __. L7 .o Lot s

A}

Your name was . suggested to me by _ of

Memorial University, Newfoundland, Canada, as a person who
'might be helpful to me in a Master's thesis I am presently

writing for the Department of Curriculum and Instruction at

» Memorial University. The. topic of the proposed sfudy is
~"The Objectives o{gDeductive Geometry in Newfoundland

Secoﬁﬁary\Schools s Perceived by Concerned Groups."” One of
the groups whose opinions I am surveying is educators in

selected universitles in Canada and the Unlted States..-

- school 1s not a con51deration of the study.

. To get the 0p1nion of educators 1 have ‘drawn .up a.

_'list of 35 possible objectives of deductive geometry which

can be rated in terms of importance or non-importance.

" Please note that the question of whether Euc¢lidean Geometry

or some other geometry should be taught. im the secondary -

-

I realize that- your participation in. this study will

.be an extra.burdén-in’an already busy schedule however, if

‘you can possibly spare thé. few minutes. required to sort the

. cards as outlined in the 1nstructlons. it would be deeply
.  apprec1ated. . - : n y > -

Many thanks for your: conperatlon.

P - . .
- ,‘-» & . o= “
. A . . . §

ERE RS Sinbefeﬂyﬁ

.
» . - .
‘e . . . . s '
- .

: ci

.0 .
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sorted them for me. I he

"~ them again. The reason fo

A

itate to take advantage of your
gaklng if you would please sort

this' is that in the study which
I am doing I have .to demonstrate the reliabllity of the

good naturg, but I am now:

»

ingtrument being used. This can only be done by asking you _

to repeat the procedure so that I can compare the results of
both gortings and see to. what .extent they agreée, -
[}

you -find the time to respond to this lnqulry or not, :I thank

, you very . klndIy for- your assistance in the past. .

L . L. . *s : »

* .
¢
' ‘ . . L4
“ .

e - Sincerely,

ﬁgbloglze for having to bother you again 1n this" ;
.'way and wowld certainly not do so if there were any other
‘means of establishlng reliability. In any’event, whether

-
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The following textbooks in deduct;ve geometry on the

-secondary sthool 1evel were analyzed in preparlng the 1ist

.of objectives used in the etudy: IR L .
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B -Keedy, Mervin L.,'End'othérs;_'Ex%;gfing'Geomet;x. o~
" New York: Holt; Rinehart and Winston, Inc., 1967. "
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Company, 1971&

. .
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Pearson, Helen‘ v, ‘and James R. Smart. Geometry. . Boston:s
‘Ginn and Company,: 1971, S . o T

v .
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QWlleox, Marle S. Geoﬁetrg; A _Modern Agproaehl Menl;,Park,

Callfornla: Addxsoﬁ—Wésley.Publlshlng Company, 1 68._
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