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of :hlnking of studahts antqlled‘ i.n Acndan!.c n\d adv-ncnd mlthlmll:it!

* “coutses, 'to thetr 3. for d Foawontng and to 4 .

- make comparisans betyeen these groups and a group tésted ifi the United . . |

. States, . ..

Do s,smplg~nt 17 gnhoal?vns candnly S1s6esa Erow; both: esR e &
[}

dland ,and Labrador A,

and :urul settings . in 'the ,' 0 of

oi cha van Hlele Leval Tesc l.n October !97 5, and a;nin tn 'Oe:oblt 1986. g

An analysl.! of tha rssul:s Lndlcutad thn: at :h- beginnlng of o B

level I1 the majorlty of scude\-u:s 57.1 parcent. using m 3'of 5 ¢iite

and 7.8 pezcenc using - the scmcu 4of ' griveria, were ' ot at’a -
"

sufficient van’ Hlele Lével; ta be;ln the, scudy of “deductive gnometty 3

van Hiola lovel Ser 1ev;i T Hovever

38, 5 yer ent ns;ng the 3 of 5 crite:in und 64T p!tcan: ustns :nqm ox

- s cri:ex'ia. were ‘still below :ha ngca.uury vaniiiele level.

Comparisons of "t ndvnm:ed wd acadentc EFgups sEivored tha (

at higher van Hiele” =

udvnm:ed gtbup! in bol:h level II und III. Ihey w!.rg
lnve].l “then Sheke_ asadents coun:expln:s. A cém}’pxuon of ‘van Hiele .
Lees Fth & grouptésted by umkm 1h the United stacu favored th

auiaundland student. ﬁm both the -udﬂun and. advanced ptugtm& o
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[ Ly Tlla PROBLEM - ¥

SLR E ' :Introduction 5

) The teaching of deductive réasoning l:)geome:ry_has'been the
"+ coméar of controversy for macy years. Reeve' (1930) advised teachdrs - :
§ that ‘"fiformal geometry represents about all the geometry that many of

. their students are:cipable of understanding” (p: 1), Freudenthal

(1973) summarized the situation’ facad by, teachers in a cypical geometry

classroon whien he stated that: "fhers are students who.yill never build

4 Bl dsducctve’systems “of their own or even rebuud these of er.s, chough

% they ‘musc seill learnypathematics" (; p 403). - /"
L, o /- ceometry students have thetr own preferences.. In a sqrva)}, i ™
o (U.!hkln, 1980). students were Asked what they. Liked, and disliked most . (

about geometty. There were a wide range of ansuers t6 what they llked

most about gecmaczy but to what :hey duuk_ed ma::.there was only one s

strong reply; daducciv-'p‘mof‘* This negative attitude towards one
. lspe:t of the geomar.zy p:c‘gtam hns generated renewed discussion about

' uhat geomatry =hou1d be cuushc, at what grade lef 1s should it be

2 nughc and- co whom should ir, ha tuught. Much of the nsafch now haing

\.eanduccqa scem £ron. the work oE the van Hieles. .

L ' Pierre Van Hiale and his vife, Dina van Kiele-Geldof, both
« . - 'high school teachers £n the Netherlands, vere concerned ibout the level

s . )
of: difficulty being experienced by their students. They believed that

geomatry, involved: thinking at a high level and that their students had
not yet reached that' level because of a lack of experisnce in thinking

AR ) "
“ at lower levels (Geddes, 1984).

‘..' o, ¥ e




. A study af thy van Hiele thebry of different thought levsla- - .
has resulted in aducators rethinking the junior and sentor high school '
_geometry prograss. In an actempt to have schools in che ‘United States © '+
fit -better into che van Hiele zheory,.sh-ughnauy and Byrger (19!5) have
proposed that all students in the United States study geometry without -
proof for at.iaxst one-half year. ) .

Piaget's levels of thinking, which have thelr basis in the

i maturation of the child (Adler, .19'715, have given way to the van Hiele -

. theory of thinking levels based oh "imstruction rathér than-biological

maturation” (Geddes, 1984, p. 3). This change in theories has created

courses bdsed on thé indun:lve appxo;ch to yom:ry at the juni.or hlgh

- Jevel. The problem of uhat npprouch 1s needed in :ha\innlor high ..

school has lnvnked a grelt éeal of discussﬂon because of studam‘_u' : ¥
failure to master the ded ctlva aspects of the pr-unc course. Fx;aud-n:hal
(1973) bCe:eved LB ded(z::ivlz:y was not taught hy reinvention as Socrates

at is was (nfpoud on the learner" (p. 402). He supported

did, but

the van Hiele view fhat {nstruction and’ experience are essential in the ' -

o
development of deductive skills. The van Hieles saw the problem as the ¥
3 : result of the }/unkdnwn in comnunication betveen the teacher u 1sing
language nyt/opxlutn to!a higher level of reasoning and the student >
N

using'a lgWer level and thus being unable to understand the teacher,

= (Geddes/ 1984). % 4

- Allendaatfer (1969), Haitt (1979), Hoffet (1981), Sherard

,auch more to snomatry than proof and cmc too much l:!.ma is hung devoted
/ \
to ‘writing proof. This hu ruulud ina dlvatli.ﬂcutton DE the cuumum,




soving avay. fron tes enphasis on proof and Sxpanding the use of other
types of debmerry, such as transformational geometry. This shift in
emphasis was not intended o dovnplay the importance of proof. Semk
(1982) scressed the stgnificance of proof {n geomecry when she wroce:
An underatanding of the concept. of proof and the

facility to write proofs are fundamental to succéss
in the study of higher mathematfcs. (p..1) L

The devel of through the :luchin‘

of goomscry wad. Acc-p:ld as one of the gohls of mathematics educ-:ion in

N : d <cm;m o for Acadent sagics 2203, 1982).
HaveveE,, Ui Probles ad t':usr.:n:lanl exper!.encsd by students u'ﬁ its
“{ncluston 'in the cuzr;uulug & £t B it aasaumm Kiwafoe study: in
the' United States, ‘(u:ugln.: 1982), and Wo'n.uzounélgnd—;:udiaa “(Boone,
1984 and Te

affe, 1983)/ have demonstrated that the sajority of students
{n grads nine and level I are at a low van Hiele level and are not
ready for deductive geometry. Usiskin also demonstrated that studeht
achieveaent at "i‘) sertior high level d*.ndod 6n their entry level from
jun‘lnr hl;h E s * S, =

The Newfoundland sentor high schools use-a credit system
spread over a three year period, level I, II and I vhich roughly %

corgu‘:pnnd with grades 10, 11 and 12 in o:hn' prevlm:n,
2 N

The it d is dlvided into thtuo
streams. The pnpueu courses were. designed and are offetad o students’
who kuvu nehi.-vnd minimal success vlth mathematics andywho axyecr. to
Iuvu a career in which puctlc.l Mthamn:tcs -kuu will be more useful
thln the nl;-bu ‘and geometry skills “P‘h: in the academic .m; advanced

course:




p 1203 Math Is/Geometry 2203 apnd: anh 1s nnd Tr'

- and Downs, 1975). oW o= : .

The, acadenic proXtﬁm vas desigred for the 60 to 80 B9 percent of

studants ury: have experienced “success in This 1s

a dlvsniftcd group, containing a vlrla:y of .hm:y levels ut;h(n . <

class Gaomel:ty ‘maKes up Approximuly 50 percent of their \uchumu:lc -

e .
b instructional time. Tha tux\: series fat ,the course is Math Is/Geometry

Hltchet. G; Drost, D). 1984). Doductlva ressoning - .- * -

’

and p:uef' writing first

o pcadente 1203. B oA
- _
The nd\uam:ed ndthenatics progran vas daaigud for those vt:h 7

higher 'ability levels, :hn caw 15 to 25 percent af r.h..m:hmn:iu

students. .‘The advanced prpgran required approximatnly sbﬂ‘aumc of

huzructicmal tima in grade 9, Ad ‘j‘ 1201 ’nd dv

Huthemstics 2201 to be spent on geomecry, with partiquldr emphast i -

Sedistive VeARSHLGENNE DtooE GEleloE,  Thie. et s Geonetry (Moise

- Fifty percent of the students' final grmes in 1aye1 HI .

':l

nathematics courses is determined by a provincial examination m June!

The empllasis on proof has been reduced on the final examlnlcionl to
allow for the di’fficultlas being experl.anc:d by :tudenu - Hoﬁvar’ its

continued 1ncluslon in both the demic and i on .,

the Thportance placed on deductive proof in the field f mathematics in

Neufaundlan¢ . i

In sumndry, the problems faced by educators in the teaching’

r -
of deductive pronf are not new cu.*cha 1980's. What 1§ “new is - the atténtion |

baing fooused on the pznblen of how “best to ‘develop th‘lnklng -\:Lliclu. »
The considatatiun baing given to and the re ‘to s
* L N - W T




£1nd bocter ways to-develop deductive abilities cencer on the work of

the van | Hielnl. Research has changed the currtculuu placing the emphasis

* on inductive geomcry at the juntor high level. Thess, changes and the

. continued ‘apj uc.uA of the van Hisle theory will have an igpact on

* the senfor high curriculum.

Purpose of the Study ’

A goal of educatton {s to achieve maximum learning for each

studen: in each of the subjecb areas praun\:ad 1f paximun learning is

th be achieved in geomstry, the levhl of thstruction sust be macched

wi:h ths —lavel of students' undutunndlng (Geddes, 1984).

, The purpose of this .study dohsideud students' readiness to
o ‘:énvaédﬁcuvaxy'and wrice) nnfs e reséarcher: looked at which :

prugum, icadenis’ of advénced vas most effdctivé in raising the’ van

Hiele Levels of the e T I e patticipated in the'

*wstudy Had at, Least one yeax of peométry 1 with

The ‘questions to be considered “tn this scugly are: ¥

1. Are students at the’ of Acadedi

12203 and Advanced Mathematics 2201 prepared Fo r-deductive

b ‘proof? s = b

pru students enrolled in Aﬂ\'lncud Hathemal:!.:s 2201 .

" begter prqplrsd for deducr.iva pzoo! than those in Academic. ¥

Huthaulclcl 22037 . #

3. Are students of Acadenic Mathematics 3203 and Advanced
s 8 .
cs 3201 pr foz proof?
.4, Did the students. make gains in their van Hiele levels .

£rom prefpst to posttest?




. 6 -
. ; ) -
3. How do students at the end of Academic Mathematics 2203

and Advanced Mathematics 2201 compare with those in the .

United States a¢ the end of ome year of geometry?

significance of the Study te . .
A goal of ‘the educational syscen is *. .. to stimulate ‘.l\:udam:' . Eh
to ba,cun:;ve. to hwe xdu; of théir ewn?_r_n be. 'mbta,_r»hln y\uc -nmaeutng ‘A- :
, machiner (Auendgufg:. 1965, 2. 1!66) 3y £ mpon.\n;e of develdping che. b
thinking capacity of students is one of she rusmﬁ vhy goomsclyTNg m A '
major component of high.achool un:hgm:xcs.\ Schlanch; wheri asked why .
geogetey vas caughe, replisd 2 ' ) ey

It glvas the studem: n outkgok upon a ‘great field
of human thought... it“gives him.waluable habits of
¢« - thinking and ideals of methods‘which have transfer
: value and which help him-in orderly and systematic
P thinking. (Reevé, 1930, p.134) i B

) Deductive geoietry provides ‘the oppoz:unuy €o extend the thinking
levels ot‘ a student if the propAr 1nu:uc:1.oml axperlencu a& presented
" to assist in the student's understanding. O '
s The«ran Hielés proposed a theory that ‘placed ) studsn: s,
* Level of thinking 1hto ons of five general levels. The loves level L
lnvolvas :he use of atmpu te:ognlclon and the highest lnvAs the ¢
- ability o ,understand cha natute of Mathematics. , L § 3

,“ . The wan Hieles bellrved duducl’.ivt l:llloning was a higher w

 thinking level than simple o —— or&:omprehenl!.on (v‘gi

1976). They believed that trlnsiciun frnm lower lévels of thirking to . )

the highez 1evél of deductive raunnlng cnuld be Achievad 1f .enough of

the 'symbols needed for the -new higher level had been lccun_mlnl:ad (Geddes, / .

L1984). " IR o




. . . 7

Buck (1968) believed the lal"nlng process followed some

Togteal order: 2 . -

nn hu-nn being is not born skilled in reasohing.

rns to reason by reasoning, step by step, o
fro- satisfiable hypothesis (o an acceptable
conclusion (p. 467)..

. ; 0
The van Hieles believed previous learning expbriences were an essential

component. in the deveMopment of higher levels were of thinking. The

learning process and the gains' in the thinking levels are not a continuous

The.discontinuities are ... jumps in the leagning
_curve, [and] théde jumpsireveal the presence of
1.\1.1;, m- learning process hds ltoppad later on
1

“flow but conaist of many d_;zcnn:inui:lel‘

the pupu seems
does not succeed mrmhn -xpxmu.on of the
. subjeét.. He and the other students who have '
- reached :h- new level 'seem to speak a language . \
which.canyiot be understood by the-.pupils who' have
not yet reached the new level. They might accept
the explanation of the teacher, buc, the subject -
s ‘taught will'not sink into their minds.” The pupil S
* ‘himself feels helpless; perhaps’he can imitate S >
. “certain actions; but he has no viéw of his own - P4
activity. untll he has reached the new level. At . -
that time. the learning process will take on a more -
continuous chardctet. m{::ms will be formed and
an algorithmic skill will acquired as the pre-
an ‘thqll es to a new jump which may lead to a still
highéieievel (ﬁa;uup 1976, p. 79)~ =

- These dlscontlnull:llb arfh Fhl different thinking evels of students within -

tha smna mgthomarics Slass quu_:xm the teaching of deductive reasoning
to students who are fiot yet¥ready. The intent of this study vas to

collect data to dczcmln. :h. npproytilt.n.ll of the gcom:ry courses

- taught .in Newfoundland high schools. AV the ltud-n: s van thc-

~1c;rn!a of thinking sufficient: to meet the requirements of the course?

The results of this study provide information on the nusber of students




vho have achieved st least the third van Hiele level and are thus
cupnble of elther working with doducedv ot roady for the ineroduction
GE dadUEEIH pRaIER -

There has been some doubt expressed about the value Of unit

twos in the g ry com of Academic o 2203 since ic

revieus the deductive proofs pi y studied in Academi

et
1zog The analysis of data on van Hiele levels of studenti enrolled in

" the academic’ courses will help determine the appropriateness of the _

inclusion of unit two on deductive reasoning, \
. - 5 B e ¥
.. Limitations of the S:udy

The study was conducted on a sample of Newfoundland and

Lidbrador Academic Mathematics 2203 and Advanced Hhthlﬁltf(‘.‘l 22}01 students

, using a van Hiele level .tesk designed by the.CDASSG Project '(Cogriltion
Development and Achievement in Secondary.School Geometry; Usiskin,
1982) found in Appendix A. Studencs gnrolled in the'practical stream -

were not tested, restricting the sample, and conisequently made comparisons,

to other gerieral groups, such-as'the Usiskin group in the United States, .

difficult.~ (Usiskin, 1982) - E
: e ¢
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1deas ln_ the Sovh.; mathematids curriculum. - .

. » -+ CHAPTER II -

REVIEW OF RELATED RESEARCH

.
Introduction

This chapter reviews the literature on thé van Hiele theory.
It provides a shott historical account of the development of the theory

and séme of its recent uses. Aspects of the theory are described in

detail. A sumpary of research projects are presented and the i.lplicltiulu

of the van Hiele :hccry are discussed. —

The History of the van nfm.. Theory .

- The van Htele theory, is the result oE work done by Jewo high

g lchcols tuchln in the Nath-ilands )ar.u M. vnn Hlllu lm:hnnd a "

dl!s-xtnclon on the role of ion in the of g y and

v - 3 :
e, Dina van Hiele-Geldof completed her d 1 thests on didacc

n geomecry. . Dina dted ‘shortly after the completion of her dissertation

his \Ilf

leaving her husband,. Pierre, to praxant their ideas to tha lhreuutlcs

vanl papers, . ¢ 2

Edm:-:Len community. In the years 1958-59 he wrote
including The Thought of the Child ‘and Geometry, in which he discussed,

five levels of :hau;hc development in Geometry. =
hodol and-psychologists at
the Soviet Academy of Ped 1 sci became and began

researching the levels préposed by van Hiele. The work done By Stolyar
4963) and mmulo\(lgsa) (cited in Wirszup, 1976) cnnﬂ.mad the -

vn].l.di:y of van Hhh s level chuory and they began -pplylng +these mv’




Much of the work of the van Hieles and the success of the

Soviet prograns went unnoticed in tha West. .Jn 1973, Freudenthal
‘publicized the work of the van Hisles in his book Mathematics as an

Educational Task, bringing the theory to the actention of Western

* Europe., «Wirszup belfaved the braskthroughs being sads {n gecastiy : .

L education in the Soviet Union were & irect ‘result of :he -applicatidn of oot
the van Hiele level theory. " The achievenents oq:}m Ruuigns 4td not
go unnoticed. Coxfard (1978) saw th potencial of che van Hiele \:hnnry

3 . —in the development f the muz\ sunmetry curriculun. poxfard proposed

7 % ". a structured cu:uculum in which | the level dictated the activity:

K . -The van Hiele lévels of thiught provids a structure R
tC.r f%. . yithinwvhich.a geometric -curriculum can be developed
. throughggut the school pericd, The levels suggest
N.ly 4 . the type of activity we should previde for the o 5
! Leargers’ so’ that thedr knovledge will develop: ¢
- (p. 327)

s .-’ *

He suggested that tore research should:be.done )y:m llnit:ed Stucas in T
-

the area of nugnl:lve davelogaant to] deternine how the van Hiele thaory

might be hed 6 improve the curticulum.

.o The writings of Wirazup and Coxford have resulted in several - ‘,
A s research projects in the Uni.l:ad scn:e: d!lling with the vap Hiela

levels. Thua will be dlsc\ussd later.
; . .

e The van litele 'l'haory 5 u

The van Hielu approached v:ha ptoblem being experienced by

their g y il v G0 aLeeOvone, (Pletrs :o' ulated the ? ‘.




i
i

.
* The van H1d1} level theory has -three aspects: "l. the

existence of levels 2. properties of the levels, "and 3. movement
\ s B N

| C
from|.one level.to the next® (Usiskih, 1982, p. 4).

The Existence of Levels. - - N )\ 5
° . E d @
Pierre van Hiele's work in developing levels of thought in
. a . bl
geometry vas a direct result of earlier—work done by Plaget. Van Hiele

hoticed that the.problems presented to children in Piaget studies often

* required a knovledge of bulary or propet: that were above the

child's level of thinking (Hoffer; 1982). He noted that -the learning.

of geonmétry was a discontinugus process which suggested the existence

" of levels (Geddes, 1982):

- . ) ) X 3
+ 7' MVan lusw-as cransﬂ!:ed in h.\ys (195‘&%::1“4 the levels _
of his theory uhich have ‘been ; ed for easier irison €8 work
" ‘belng done. today. ... g

§ he Base Level (Level 1) of geomal:x.",
. £1gu:u “e judged by their appearance. A'child
. recognizes a rectangle,by its form'and rectangle - -
- _ seems;different to him than a square.’ When one has i
shown a”six-year-old child vhat a rhombus is, what
5 3 a rectangle is, what a square is, what'a paraualogram
is he is cgpable of reproditing. these’ figures’
+‘without error on a geoboard of Gettagno, even in *
difficult artangements. We have used the geoboard
A 'in our feseanch so that ‘the child will not be
bothered by the difficulties. resulting. from figures.
- At thie Base Level,"a child does not recognjze a
“parallelogran in the shape of a rhombus. At the
level, the thonbul is not a parallelogram,a‘the
- xhnnbul ens to hln a cottpletely different thing.

At the of geomstry, the figités
. ‘are.bearers-of .their properties. That a figure is .

»* a rectangle means that it has four right, nngleg,

€ dlugonn S are equal, and opposite sides aré equal.
~ & Fi Ye recognized by their properties. "“If one
wm on a. bllckholtd h




—
‘igun Ais drasm badly.

> are not yet ordered, so -thgf & square is not n
sarily identified as \m.n.

At the

They are deduced one from another
precedes or follows angther'property. At this

Bt at this level prop-mn

rectangle.

properties are oxhnd.
one property

level the intrinsic seaning of deduction i3 not A

~ understood by the students. The squaye -is recognized

of figure come into pl

t the

~ as bnE:; a rectangle because at this level definitions
#E

ay. 7 & :
e L e -

, thinking is concerned -

with the meaning of deduction, with the converse of
a theorem, with:necessary and aum.cl.ont congditions .

(p. 2&5-2/46)

At the FiEth r(va
to achieve in general

P

1, which is generally impositble
education, is an anslysis of, "

, - the nature of a Mathematician activity (p. 250). -

The h level of :ha
or deductive level ind is very d:
tebg mdmds bao-un of the huh

- Hoffer (I91) has cons

Tevel theory. Hs has siaplified

" Level 1: Recognition,
and r-cqguu a shape

theory 1s’an extension of the fourth,

1££1cilE to determing ‘using conventional

level of thinking involved.

—
extensive vork using the van Hiele
the levels and yll‘n-d nazes to

The student Leanu some voubuhry .
as a whole.

{3 Amly-u. The smden: analysis properths of

Ordering. Thestudent logically orders flgunl and
‘ rstands interrelationships- betveen ftguu: and the (upornm:l_
of accurate definitions. o - 3

ction.

Level 4: Ded
of .deduction and the role of p

b

Level 5: llga: . The

The student understands the IlgnifLelnn

student, ul\dltltlndl the lmyu!t-wcl of

on in dealing with toundulon- and 1n:arnh:lamhlp-

Sy




by hty\ lcheol students and was often omitted from discussions of the

van Hiele Levels’ r.heury .

. _ The extstance of lovels has implications for the geomstry *
curriculum, Hoffer, [Mke izszp, balieved that deductive geomstry fn
hlgh school required at lusz the orderin! :houghl: leve!. und that mmy
of ththe who were unsuccessful were at a lower :hnugh: level. .

Properties of che Levels

’ 7 van Hiels (1958) ummfud som of the properties-assoéiated

j with the levels. Usiskin has assigned a name 'tq sach of the levels.

Property 1. ‘Adjacency, At each lével there, appears in an
. . extrinsic vay .that which vas intrinsic at the preceding %
E .. Level. A .

zxmuy_i; Distinction: Each level has its own linguistic
symbols and its own systam of ;clati‘ms comnecting these

. signs. = .
Propexty 3. Separation: Two people u%z i‘gpian at two different .
T . levels cannot.understood each other. " - T B

/
Propérty 4, Atfainment: The maturatibn which leadb to a-
higher happens in a special way ... the phases include inquiry,
. direct offentation, explicitation, free orienntind and

5o . integration (p. 246) . . : ‘

Ustsledn (1982) has trcluded an aditional property to the l:heoty

7 n'mm Fixed Sequence: A stident cannot be at van
Hiele levél n without hnvmg"gone rhrough level n-1 (p. 5.

Phases 'of -ulrnlng

. | .In the statement of the level theory van Hiele was optimistic
. that 1f students were provided with Sufficient instructional time and

~ geometrié experiences: they would increase their thought levels by- passin

B : s 5 & .

13’

7 ' Hoffer has also pointed out that level five was' rarely aphi-‘v.d %

8




.through the learning phases. - Hoffer (1982) described the necessary =
'

phases but noted thers was no set order through vhich a student must

ass. ' ' o s
P \ S L -
i Tha teacher en!agu the students in _

conversations” about the: objects of the study to be pursued..
Teacher learns how the students interpret \the words and gives
the students sdme.understanding of what topic is to be studied.
Questions are raised and ¢bservations made ‘that use the
vocabulary and ebjects of tha toplc and sef the sr..g- for ¢

r further study. K

Phase 2. Directed Ofiéncation, The teacher clnﬁully sequences _
activities for student exploration by which students begin to — -
realize what direction the study is taking, and they, become

faniliar with the characteristic u:ruccu:u. Many of the. )
» activities in this phase are one- step nsk.! which elicit
spedific responses. | v : ¢ '

ml' students with minival prompting. '

zm&._;mmm.
by.the . teache: building on previous experiences:refine”
. -.their use of v3cabulary ‘and express their opinions' about

the “inherent s:ructures of \:ha study. During the phase; the *
students begin to form the sy,:am of relations of the n:udy. P b
4 .\ The students now ehcounter
. multi-step tasks or diffaunc vays. They gain experience {n
finding their own way or resolving the tasks, By-orienting i
thenselves, many of the relations between the objec:s of “the
study bécome explicit-to the students. il o

Phase 5. Integration. The ‘zcudlnts now reviev ‘the methods '
at their disposal and form an overview, The ebjacu and
relations are unified apd internalized into a new domaifi of
shought: The teacher aides-this process by providing global
. surveys of what the studénts-(already know being careful not
to present new or discordant ideas. (p. 5) -

The £ive phases of leatning st be conpleted ‘before & new

thought level can be attained. Van Hiele, as :znnslat:ud in Fuys (1984) =~ !

stated: ' e [ o = ,E o
f i 3 \ s

At the tumpletton of this £1fth phase a new leved of. . =

thought|is agtained® The student has at his disposal
a systen of relations which- are related to the r [
vhole ‘of the domsin explaum (p. 247) -




Research on the van Hiele Theory
The study of geametry by children has challenged edicatars
for years, The question arising fron childrens study ‘of geometry is
why was it that so many children who master SisataeL auhjact.hava
* . lictle success {n their study of g}mm:ry'l To answer this que:z!an
researchers in the Soviet Union began an intensive study of all aspects /

of the curticulum voe

B . - In reports of Soviet research, Pyshkalo (urI) and Scolyat

who finished

(1965) concluded that only 10 to 15 percent of studen
oELfeh ;;uda reached the !.ecnnd van Hiele 1avel. 'Hovever when students v
/ in an axpatlmml:al grade two class, based on a curricilun proposed by

- Hlale. were. tested 75 percent had ac achiovad or gurpassed the second L
leyel.: Th&s rate was highier than the 50 percent level of scudants %h a’

raguhr sevem:h grade program.

s ' y Much of the resdarch in the Soviet Union concentrated on the &

movpmem’: £rom ope level to the next in childreg in grades one through .,

Ao eight. Rasen;\tex’s concluded "che mosc mpornn: factor in the unp:aveun:

# ° of curricula and teaching methods liés in es:abushmg a slnﬁe sequence

in the formatton of 1 " (Psyhkalo, 1968 cited in .-

= . Virszup, 1976, p. 91) . g A . .

Boltyanskit (cited in Wirszup, 1976) concluded that geometry
s should not be holntad u.'l a separate lessol\ for students in the urly
= grades; it. should be integrated into the cu:nculum. .

“The Soviets set as their goal the, nchlevement of level 1 in

gnda 1, -and the n:niman: of luv-l 2 ln gndes cuo and thrae




Coxford, 1like the Soviets, saw the po:.n;lll. of th. van I(laln
level theory and suggested :hu research 1n the United suns should “
collect data in a varlety of .h-s inéluding: :

. 1. farefuily documencted longitudinal case studies of children.

® gathering of data by age sampling to conpare cognitive -
ctures and davalopuen:nl stages.

N s
3.7 An hmalysts of the effects of tnacruction o cogaltive .
s o scructures (ioffer, 1982, p..14)

5 _ . Major research projects m(u the Oregon Project, the °
) Brooklyn Project ant the Chicago Prnj-:: were begun in the Unt/ d < &

su:u to y:hn' d.n on the van Hiele: theory.

The Oregon Project: Assessing Children's Development in Gedmetry .
(Burger, 1982) e = -
. ;
i The study-described here is an investigation of L g
. children"s reasoning procegses in geometry and of
Che usafuluass of the van Hiade levals i deseribing
their reasoning. (Burger, 1982, p. 1,

. : The project vas sponsored by the National science Foumuuon .

" and continued-Erom September 1979 thr6ugh February 1982. Researchers

intervieved and taped over 70 students in grades one to tvelve using
s 2 V two 45-minute sessions p-{ student. The project developed two sets of
tasks, one on triangles, the other on quadsilaterals, that involved the
use of drawing, sorting, fdentiELcation fasiliar and mystery figures, .

‘and establishing the logical equivalence of several geometrical definitions

(Burger, 1982). .

: +
As a resulk of Burger's work, a sat of Indicators were éstablish

N that could bd used tf identify the van Hie

©of age. The levels had nou been wricten in terns of observed Inhlvloun:




. Glcy Schools (Geddes, 1982)

The general purpose ... is to determine whether the =
van Hiele model provides a reasonable structure for .

describing and uriderstanding geom
it takes place in the context of
(Geddes, 1982, p. 2) = i N

The project was spohsored by the National Sciéhce Foundation =

and continued from Decesher, fbn through Jamuary, 1982. Four instructional

d-vllup-d and pu nted to 40 lnnlhci:y adolescents in

modules we

a5, Ona. conclusion Of the study was that modules A

eight 45-minute s

| uetlizing objects ired to offer 1 2 o
The project also conducted a review of several textBooks series. They - |
found ‘that the texts wsre inconsistent wich c van Blele ‘theoiy
Students at the junior high level who required level three ehiniktng
-Mu:_xu has received only a level one saking v
of the materials difficult at best (Geddes, 1987). - ! ol
The'Chtcase Projsce: Comitive Developsent and J' :
School Geoneery (Usiskin, 1962) E ) > 'A

S The fundamental purpose of this project is to test & R
2 the .uu:y of thé&®van Hial. theory ' describe gnd
¥

predict
- geomatry. (umkxn 1982, P 8

the National Institution of

The project vas sponsored

Education and continued from Jul; 1980 to June, 1982, ‘Xt va; ;:hu most

comprehensive of all the projdets, with a sample of 2699 students enrolled .

in'a one year geometry coufe in 13 schools in the United States.

Studehts' ted in the first week of school \lslng a van

Hiele Level Test and an Entering Geomstry-Test. Near the end of the

school year, the same studepts were tested using the same van Hiele




e,

= .18
Lavel ‘Teat, & Prosf Test ind & Coaprehsnsive Assessment Program Geotetry v
Test. The van Hiele Level Test usdd was 'Consttu::ad by project \nel‘nhui
“using the description of behaviours expectad at osch level by che® van
Hieles. y '
The van Hiele Level Test classified students using a 3 of 5 LR
stions correct at each level or a lcric:ar E of 5 correct at each
level. Using the 3 of 5 criteria Lt was pussxble to classify+J0 percent  +

of the students_ tested and _using the 4 of 5 critarin 88 percent. . .

Analysis of the FaRLES 1ndlcn=s that the entering vhn Higle Laval € &

the majority of students, 54 percent uah\g 3of5 “and 81 Peréent. using

the 4 of 5, were at or below the base recognitinn Level (p. 100),

. The results of the posttest, using the van Hiele Loyl T a, i

showed some gains. However 16 percedit and.3S percent, using the Bers "

-and 4 of 5 respectively, were at or below the recognition level (p.

105). : i . % )

Project researchers compared vag Hiele levels and geometry
achiebement. They found a strong relationship between th two, sugg

*the {hh Hiele test was a good predictor of success in proof, whitch - -

requites -a yan Hiele level of at least four.
Thelov van Hiele levels of students enrolled in the gne-year

_Beometry course, taplied one of the reasons 47.percent of all scudents

chose mot to take the goonstry. The low levels clearly demonstrated

.

the truch of Wirszup's and Hoffer's claims, chat proof was inappropriate cC

for a large numtrﬁ- of students. - o % 5

u.ukm was ablé to compare students’ who failed in geomefry ~ -

proof with their entering van Hiele leyels, 71 percent of those who
: 5 |




. knovledge indicated that uuden:s were ‘not learning even the sL.phn:

"of the CSASSG profect, concluded that even After a full year cour:

failed had entrance levels at or below recognition. To add further to
\ .

the ‘student placement problems, a text analysis found .that some of the

_texts used wvere xupyu}rm. for the average class.

hé low van Hisle levels and  lack of entering geometry

geometry concepts at the j\mtnz high ac!ml. levels.

Other, less nnllvn sl:udies using the van Hiele levala have

been undertaken. Mayberry (1983) reported a study n: undergraduaté
prauwzc-'n.qhan in which she found that 70% of theyresponses of

“students vho had copleted a high zchon\ geometry course’ ere below the
v

1ev-l fout needed to u,ndau:nnd deductiv ‘unnxng.

He e Semk (1982), using the data collected from the proof spction

> of

gebietry with proof only about half the students could do anything more

than simple proofs.
w8 recent Newfoundland Studies of geometry have used the van
¢ :

Hiele levels

Taaffe (1983) ‘studied thie relationship between van Hiele
Levels and proof writing bilities. He found that students with high

‘van Hiele 1.::-1- had increased chances of writing correct proofs. He also
found a slight attforence batween students in advanced and acadeaic
programs, vith the advanced students being sIightly better in proof writing.
Taaffe's concluded that even after.a year of study, which

included deductive reasoning, only 9.5 percent of the level I mathematics
students in his sample’ were at the deductive level on the van Hiele  *

stale. In a second Newfoundland study, ‘Boone” (1984) found that the

* vast majority of grade nine students were at.van Hiele levels below’
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that required for deuctive veaboning. He also studied the effect of two |
different .text series on the van Hiele level and found that text selection
vas a factor in deternining the van"Hiele level.

S

Implications of the van Hiele Theory -

A major implicatiop of th‘e van Hiala ‘theory 1s that it permits
educators to test the presen: thinktng level, .of students and to assign
materials that will aldow r.hem to reach the next: thought level. It may
nov be- possible to R p— learning of a student using )
‘appropriate cau\;\se natertals based on their current van Hiele level.
Hoffer (1982) saw\ir?a\signzsicnnca dE ehewan Hiele :heo'q'r when he stated:

. .. it provides us with a peephole through which we )

B can use. our mathematical ye to viéw chfldren . vy

interaction with mathamlclcl (pN19) »

v As a means of reducing some of the problems encountared by
studerits in the past, the use of the van Hiele, Level Ehhey Whau A R

a significant.impact on teaching methods, materials and the gonnral

cursiculum. P B .
h The van Hiele'theory demonstrates that bafura students cun
deduce on their own they mést first dove :h;ough the lower levels of

thinking and that this can only be achieved by ptoviding the instruc-

tional ting and geometric experiences necessary. Usiskin (1982) and Taaffe

' X1984) found: chat the magpricy of students entering a geametry course

. that required a thmxgh: leval of thtae or more had :hough: levels of
onb or two. Thus, many of the ‘students who enrolléd in proof-oriented \
courses experiericed 1ittle or no success with proof. Usiskin (1982).

. - ' .
- sd the need ‘for change. He stated: "This study confirms the .need for




systematic geometry lnlc;uccion before high school if we desire greater
geometry knowledge and proof-writing suicess among sm:\dem:u" (p. 89).
The writers of text \an:erhls should be aware of the van |
Hiele levels of zhair students. They lxust insure-that :he level of the
teie “does not exceed Phe Level of the student buc,.at the same time,
provide experiences that will raise the thought level of the student.
Van Hiele, as translated in Fuys (1984), described what he thoush:
should be the structure of n geome::y course. The first part ot‘ the
course, the aspect of geuma:ry stage, ought to allow for ‘the attainment

collection of

of ‘the Eirst tvo lévels of thought. One would use a
conérete geometric figures and materials with which students would
:},am.’lvu nake models of the figures. The second part of the course,
the 'ssasnce of geonetry, would allow.for the attaliment of the third
level ;f though: Students begln to learn rexationships by again
nanipulating the learning materials. Hext, the discernment of gnomar_ry
stage develops :ha fourth level of :hough: in which students would

begin using the thegrems in an érderly fashion. This would reveal ehé

ideas behind and the links between the various theorems. If the course
could be continued to thé £ifth level, usually not possible for high
schools, the stydents would begin to analyze the nature of mathematics.

The geometry course structure proposed by van Hiele need not

be confined to a ulngl- Year-of - geom:ry study but should be Lm:egncad

into the K-12 prograii. developers and ::xcbnok
‘authors can no longa: ‘focus on a plrti:ullt gnd- or school level, but
should consider the sn:lu mthenltics curriculum from K-12 to pravnnc

possible gaps in the learning cutve or the onission of a vin Hiele
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level. Students move through each level in an ordered fashion; missing ’

one level would make the attainment of ,|:th next level of thought ibpossible.
The_ curriculun should reflett this upward development of thought levels ;
1f the goal of deductive geometry is to be .cmeved"by a high percentage

of students.

.Teachers should not Allow the establishment of communication

barriers. They should npproach each student with a vocalilary that is

suited to the level of that particular student.. Geddes (1982) wrote: o
.
Many failures in teaching geometry résult from :
« - language barrievs... the teacher using a language .
of ‘a higher level than,Ls understood by the student. :
(p- 5) ~.

The ‘curriculum in the Newtnundland Juntor high schools was .

" changed to follow more l:losply r.he :hnughr. devolopmant process put

. £0rth by the van'Hieles. The senior high progran was changed to include

N

more and difficul: types of g:oma:ry wi:hau: conudeur.inn of l:he : &
_thought 'levels possessed by the students in the senior high. Taatfe's
work indicates that the vast majority of students in level I are not .
yet ready for proof. Are the students in level II and IIl.nady for .

deductive reasoning? . .

L . Summary

\ The van Hieles, in the later 1950's, developed a theory of
thought levels in geometry. They proposed, that .a student's 1:\!{1 of

l:haught £it into one of five levels and that a s:udun: could move through~

the levels if certain criteria were met. 2

slnc-_thm, researchers in the Soviet Union and the United Stavtes -

have verified the existence of these ‘t‘hough: levels. They have found
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that a large number of students were operating on too low a van Hiele

-- thought level to perforf sophisticated behaviours such as proof. The
P . v

** major implication of the theory vas that students can only learn material

that are at the appropriate learning Level. ;
'c-o;ctry serves as a vehicle for stimulating and exercising

general thinking skills and problem solving abilities® (Sherard, 19|

p. 21). Stnce probla eolving has been made the focus of uthm:l:l

(Course dulc!iptiol\ for Acldllllc Mathematics 2203, 1982) chen the

geometry program rhnuld be uade as effective as possible to insure that

studeits learn and reach their highest possible van Hiele :hnuy.e level.
B -1.‘h- research to date, lm:ludlng the :vn Newfoundland n:udiu. .
Taaffe (1983) and Boone (1984) haveshown that uua.n:. w & grade 10.:

.are not. prepared to study.deductive proof. The van Hiele theory suggested

that the. level of these students can be raised to the appropriate -
levels if the pr’epn’ materials were presented in uru:er' courses. The
ressaieher 1n.this study il collsct data ou oLbic high school stadents’ *
who have already studied deductive proof as part of their eatiiar :

aatheaatics courses {n an .éu-}: to, deteraine not ofly their Tovel of

‘readiness for deductive proof but to determine if the study of |eom:ry 1

in hvul I and ll has

n -ft‘acnvn in raisiog :hn uudnn:s thinking

level. The work'of T agfe and Bocne ‘will-be extended to present d

Eulllr Plcture of the present state of-geoastry in the senior high
schools of Newfoundland., s p d

T
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* CHAPTER I1I » $ .
THE EXPERIMENTAL n&chN ' : .

" Introduction

The major purpose of this study was to {nvestigate the deductive

» 8" s "
reasoning readiness of second and third level académic and advanced °,

. students. In addition different groups' were compared to determine if

one group was better for

/

ing than the dther.

Population

; . - - -
The population for this study consisted of all Newfoundland

enrollad in Acac s 2203 or | s

2201.

. i . 5

Smp].ing Procedures -

A salnple of 561 students vas chos!n from 17 rlndmnly ulac\:ad

schools in both rural and utban semngs  Students who had changed

Mn:henatics programs, advanced to, academic for' uxmpla vh‘n .not includes

in the sample

The schools chosen offered a variety of. Hn':hamclca streams

including those which offe:ad no advanced program. Students enrolled

in the ptac:ical stream were not tested, nst:lcﬂng the ‘sample and

making cross group references with other general graups such as Usiskin's

more difficult.

Tes: Ins:rumlm:

' ‘The modlﬂed' van Hiela hvel test used in thi: !I:udy yas

daveloped by the CDASSG oect in Chicago. The otlglnll test contained

25-multiple choige quss:iu wuh five questions on each of :ha ﬂ.va van

Hiele levels.

The modified|version used fpr this study contained che 20

-




.m\. . Coas

‘ .aultiple choige items designed to test the first four levdls of the van
. . N

Hiele theory, since the fifth level is very seldom achieved|by high

- school students,” ..

y . Usiskin (1982) tested the reliability of his test design and ;

. dtscussed*Te results: . LY Lo

N The van Hiele test, for purposes of reliability, is
o B * . considered as five 5-items tests: The K-R formula
20 relisbilitles (Horst modification number in
parentheses) for the five parts in Fall are .31
(.36), .46 (.48), .49 (.60), .13 (.13); and .10
(.11), and in the Spring.are .39 (.43), .55 (.59), o ;
. .56 (.59), .30 (.31) and .26 (.27), One.reason for- .
. thé low,reliabilities is the small number of items; - v . 3
¢ similar tests at each level 25'items long would b
. have reliabilities .74, .82, .88, .69 and .65 in
: Spring.:” The low reliabilities gt levels & and 5

may be .a by product of the lack of specification of .,

2 & *  the van Hiele theory at these levels. (p. 29)

| Bty . <
L The van Hiele test has.been agmini d twice im Lland
: fhe results of the Taaffe (1983) study cohpares favofably'with the TR

' overall ‘results of the Usiskin (1982) study, For student placement - .
_into the ‘van Hiele model Taaéfe reported 83 and 93¢ on the. 3 o3 and 4

W L of 5 criteria respectively while ‘Usvip'mn feported 87 and B63. Taaffe's i

© mean van Hible scores also compared favourably with Usiskins: Gunerie -

. o 2.22 and 1.45, op the 3 of 54dnd 4 of 5 respectively, while Usiskin g

réported 2,55 and 1.7§’.; : R ;

' The ansverpghieet required the students name ind school so. -

2 I - that pre and posttest comparisons cofnlfl be made: Students were also -
< % . asked o ohsce :\uvfoum“;: ' ) £
5 1. What Hn‘chaméelc.s ccuz‘;;\an you enzolled in this -
BeEE v B " - Acadentc Mathematics 3203 AN RV
. ' - Acadenic Mathematics 2203 ; 2 L
3 ¢ . = N Y




* N .
¢ ‘ 7
s N - 2 26"
- - Advanced Mathematics 3201 ’ "
- Acadenfc Mathematics 2201 »
ot ’ 2.  What n.:h-..m. course did you take 1;: ynﬂ :
) ) . M:m!.lic Mathematics 1203
.. Advarced Mathematics 2201 L %
N «
) & i - Academic:Mathematics 220!
. 5 -
o * - Advanced Mathematics 1201 @ L
. - Consumer Mathematics 1202 * .
- Vécational Mathematics 2402 ’
% P R o, ) 4
. Test Adnfpiftracion - ’ .
© ™ -y ._The test papers and answer sheets vers forvarded to the \
i 5 < program :eatdlmcorl of the board} froa which schools ‘had been selected.
et The conrdlp‘:%l vere given the follouing instructions. k ¥ LW
X N ; ¢ u's
11, Tésts were vu.::-n in early Gotober. -
g e ) 2. Deliver test plpars and ahswer sheets in a-sealed mlolug
. ol
i to the schools imvolved the day before testing with tnstructions to the -
teacher that the enclosures not ba opened before testing.
5 s B 3. Frovide the teachers with a list of regulations for the
i w
. students: -'"};) Students are not to wiite on the test paper, orly on the -
answer !halt provldnd. (b) All test papers and answer sheets are to be
. |4 .. . s
*  collected-at the end of the exam. (c) The exam shall last for 35 o
\ . minutes. (d) No aids such as calculators are peimitted.

4. Collect -and ‘retirn all answer sl

s to the experimenter

i)




A list of the names of the students wxycing the precest was -

J

sent to all schools so that the same group would write the posttest one
o - - .
year later. . . T

o = - Analysis

" The study considered five wajor questions.

b \ .
Question 1.  Are students at the of
il L 2203 and Ad‘\ullced 2201 for
Be =am 2 proof? s
K This question was tested by adatntstering a modtfied vutalon'

," of the van 1 Hiole lovel test to all students 1\'\ the umplu in October.
Ta . The weidenta vere then cl um.ed using -mm— _the 3 of s criterid.or
the stricter 4 e s cuuu-. "The results vere then dlsplayed in both

nunhu and p-rccnc fan in t.bles.

. Usibiin (1982) discussed the pos-mu:y of Type I or Twa ™

v V5w [N
. etror. “The choice of critepion, given the nature of this test. is
. _based upon whether one wishes to reduce Type 1 or rypé II error.
® 7 ‘" Recall that Type I error refers to, a deciston lnda (ua this case a

student meeting a cr::lrlnn) when it should not have been made.

P (3 of 'S correct by r-{nd;:n ‘guessing) = 0.0;

= . . P (4 of 5 correct by randon guessing) /'0.00672
ﬁ-raron._:h- 4 of § criterion avolds aboyt |5 percent of cases in

‘which a Type 1 error may be ‘expected to manifest itself... The.3 of 5

", criterion avolds about 7 percent of cases tn’ vhich Type II may'be
expected to appear” (p. 23-24) .

N Question 2.  Axs students enrolled in Advaned Mathematics 2201 better
“prepared for 'deductive proof than those in Academic
Matheaatics, 22037 . &
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P} This questions was tested using the following hypothesis.

i . o
Hypotheses: The students® van Hiele levels of thinking and .their:

course enrollment are independent. . o
This was tested using the chi-square test for independence of
the van Hiele level and the course enrollment. Tables were copstructed

for both criteria and the 0,05 level of significance was applied. §

Question 3.  Are students of Acadeni 's 3203 and

3201 d for ?

This quéstion vas tested by administéring a modified version
of the van Hiele level test to the students in the sample the following:

October. Studsrts were classified into van Hiele levels, using either

the 3 of 5 of the stricter 4 of 5 criteria and the results were displayed ,

both in number and percent form in tables. \ @
Question 4. .Did students make gains in ctheir van Hiele levels from
@ pretest tosposttest? ®

This question vas tested using the follslwng hypothesis.
Hypothesis: (a) The dx‘:;uxu:xon of levels from pretest to posttest
in the academic course enrollment were independent.
(b) The diseribution of” levels from pretest to posttase
and the advanced couzga-enzollmen:‘u'eu indepetlent,

This was tested using the chi-square test for indeperidence of

the van Hiele levels achieved on the pretest and posttestand the °

coursé )¢ Tables were

using both the 3 of 5 and 4
. v
of 5 criteria. . .o ® g ’
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Question 5.  How do students'a the end of Academic Mathematics 2203 «
and 3203 and Advnnch Mathematics 2201 ‘and 3201"¢omp.|te
with those in the ,Unlud Seatss at: the: esdiof ione gear:
. . of geometry? B . & ’
" Ihis question was tested using’the followtng hypohesis.
* " Hypothesis: There was no significant difference in van Hiele levels e
" : . of Academic and Advanced &a;hemn:tc. séudan:.s at the end .
. of the courses in Newfoundland and stulents having completed \
£ one ye’-r of geometry in the United States. . 5 b
This vas tested using a chi-square test for 'S\omoggnell;y' of
van Hiele levels in students in Newfoundland and in the United States. -

— .

\ . -~




6 = CHAPTER 1V ¢ : _
. THE RESULTS OF THE STUDY

-
RESEARCH QUESTIONS AND RESULTS A

ented.

In this chapter the results of the testing are pr

The van Hiele levels of students at the beginning of level II and level

1Y were exanined. The relationship between course 7/vm Hiele level
was analyzed and comparisons weré made between NewfouAdland students
and students in the Un;éoe States. - -
The sample for this .l:udy was chosen fgom all the studencs .
enrolled in Academid M s 2203 and 201 )

] ” 3
| the 1985-86 school yesr. The students writing the pretest who continued
Into the next level of mathematics were tested a second time in October

| of the 198687 school year. TH

ample was restricted to the academic

and advanced groups because the students in the practical program study

had very 1itfle deductive semlat\:]y since the course was intended for |

the lower ability students.

chfoundllnd students have three choices in nthln:l:l

study, deatc and 48 The majority of students

choose the middle stream acadedic program with smaller numbers choosing
. e T
or . many of the smaller schools in the \

Province offer only the .c.d.[u progean sthae- it meats the needs “of

the majoifty of studsnts while others offer a chaice'batwesn acadenic

and prad¢tical because of thé 'swall numbers of students targ

advanced douises. and the Lhability to provide a teacher for such a
small number of studentss

! g
breakdown of the sample used for the pretest and posttest

\
is puvuu{a in Table I:

The sample in the pretest consisted of 561 -
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TABLE I

7

¢

Sample Breakdown by Course on the Pretest and Posttest

5 N . -
Testing .
" Pretest Posttest
Course” ) # oK # s
Acadenic i 0391 69.8 ) 279 67.2
p ~ )’
Advanced ; . 170 30.2 136 32.8
Total 561 100 415 100
. " : LY
N -
. 5 i
> i
. L P




students of Which 69.8 percent studied Academic Mathematics 2203 and
s . 30.2 percent studied.Advanced Mathematics 2201. The sample used in the

. pos:';sc :ontnined 74 percent (415) of the original suddents of whum #
. 67.2 percent were enrolled in Acndemic Mathematics 3203 And 32 8 percent

in the Advanced Hathenm:ics 3201 prugru The decline in tha sample

- size was due to student migration and the dtopplng or changing of
courses from one year to the next, The number of advanced students in
the sample made up 30.2 ﬁ,arcs}x: of the sample and was higher than the
Provinclal averages of 18.9 pgreent of level 1 students to a low of
12,5 percent for level III students who are erfolled in the Advanced

Mathematics Program, The higher percentage was selected to ensure

sufficient numbers of students to make'comparisons with other groups . . .

possible. - _ . £ o= . .
- ° Nl -
Question 1-
1 T scydents at the beglaning of Acadeaic Hathematics 2203 .
, .
and cs 2201 g for dedu::tva 1 -’I
: PR The measure of 'students' levels,of readiness was assessed by 2

aduinistering a modified version of the van Hiele Geometry Test to 391

' in AcademicTH 52203 and 170 students in Advanced
* Mathematics 2201. X

Students were classified using the“tesults of this testing

based on the van Hiele levels of ‘thought: Recognition, Anaiy.x_s, ’
_ozdenng, or Deduc:lon s RS
Tvn)critatla were ur@bllshed 3 of 5 correct on each level
< of the test to reduce the chanca of Typa 11 Error or a stricter 4 of 5 = . -
.correct which reduces the change of a Type I Exrok. Yo stugent could
attain a level of n without h.vu'.s meet the criteria for each of the

. : ¥




levels below n. Students not satisfying this criteria were classified
as nofits. ° o
" The number and percentage of students in Academic 2203 and

Advanced 2201 and their van liele levels is shown in lefe II. It was

possible ‘to classify 86.4 parcent of the students tested using the 3 of *
5 criteria.
" ‘ihe: pusbercand pexcantags oF srulencs wt sadtven el Tevel
by course stidied’ using the scricter 4 f 5 is displayed in Fable 111.
It was possible co classify 90.7 percent of the students using this
criteria, . ’ o
The study of deductive geometry fequires an entry level of at
least thres on the van Hiels scale. Students were tested and their van
Hiela levels vers recorded in Table I and 111 An analysis of the
“res Lts tndicaces: that thé third Level or higher on the van Hiele scale
had only been achieved by 22,2 gercent ‘and 42.9 percent of students
Sihen.the 4 of 5 and 3 of 5 criteria were applied respectively. A
breakdown by course reveals thy 15.3 percent of the academic and 7.6
’pemn: of the afvanced students were at or above z%; third level and
were rendy for materials mvolving deductive geome:ty

Consequently, it can be concluded that the majority of students

" are not ready for deductive geometry at the beginnipg of level II,

regardless of the testing criteria chosen,

Question 2

Are the students enrolled in Ads 8 d 1 2201 di

prépared than the ‘students in Academic Mathematics 22037




TABLE 1T

~ Van Hiele Levels Achieved on the Pretest

3 of 5 Criterion
-

, T

Testing . . .
. ‘Academic2203 Advanced 2201 Total
. Course . .
# s Lo® " ® - \W
¢
Recognition # 757 9.2 . 6 3.5 81 - 14.4
or Below -
Analysis To.o128 82 35 20.6 163 29:1
Ordering 9% . *76.0 42 2.7 136 262
Deduction ' ) 10.5 64 37.6 105 * 18.7
o -
Nofit 53 13,6 23 13.6 76 13.5
\ 5 .
Total 391 100 170 100 sl 100
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TABLE 11T
Van Hiele Levels Achieved ori the Pretest
. 2 4 of 5 Criterion
. Course Lo . ) "
. . Academic 2203 Advanced 2201 Total ,
-Level . )
b & \
# s # -8 . # s
. i t s " & . g
Recognition 176 . 66.5 19 22.9 213 37.9
or Below . i & s
. v i :
Analysis - 122 3.7 's0 29.4 " 172 30.6
= N N ¥ 5
Ordering 48 12.3 36 21.2 8 15.0
= 3 Deduction 12 3.1 128 16.5 40 7.2
Nofit % 35 9.0 17 10.0 52 9.3 §
' Total .9 69.8 170 30.2 sl 100
. 3
. g - ’ .
. s »
it ' . =
3 5 ‘




Hypothesis: The van Hiele ghvel of thinking and the course enrollment
,, are independent. ’ :

The hypothesis Jas tested using the chi-square test of "
tadependence on van Hisle level snd course.. The level of significance
was 0.05 and the degrees of freedom 5. A chi-square value of at least

11.07 was necessary to reject the null hypothesis.
The contingency table for the 3.of 5 criteria was constructed
(see Table Tv). ‘A ¢ht-square value of 71.9 vas found, resulting (n the

rejection of the hypothesis. The advanced students were at higher ~

Levels than the acadenic s ts. The cable for the 4 of
5 criteria vas constructed (sse Table V). A chi-squsrs valus of 50.9 vas
" found causiog the rejaction of the null Kypothests. ’
Consequently, it can be concluded that there 1s a -1gns£1c.n:
difference in the van Hiele level of students in Acldn.lc‘ Mathematics

. - r
2203 and Advanced Mathematics 2201.

Question 3 . - -
Are students at®the beginning of -leve: }u who study Academic
5 3203 or 2 3201 ready for deductive nnonh\g?

The answer to this quas:lm\ was obtained by ‘administering &

modified version aE the van lu.l- Geometry test to the students puviou.ly

unly 74 percent of

tested in thie Fall of wus. The posctest sazple w

\:h- original du to -:udann migration, drop outs, chlngln; program of

study and failure £o advance to the next course Level. 3
Table VI contains the mumber and percentage of students in’ L4
Acadenic Mathematics 3203 and Advinced Mathematics 3201 and the van

Hiele levels achieved ustng the 3 of 5 criterta. It vas po

classify '91.1 percent of the students :-.nd An .ml.y-
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Ry © TABLE IV. \ .
N
Cnnt\ingenny Table for the 3 qf 5 Criteria to Test
2 In dupandance by Course
N 5
* . Course L - :
, # Academic 2203 . Advanced. 2201
Level: . . e e : e B
Recbgnition v " 75 AT
or Below it ® £
Analysis 128 35
o;dn-mg k . 9% - K 2,
Daduction | b 41 : ) 64
- ~ :
vofte . B .53 23
S 3 ¥ o v =
v ‘ . ! . .
A} % N ) s
-1 P <0,05 ¥
\
- yir -
t
. .
. , _
o « e
iy “ .
: ~




. TABLE V
L 4
. Contingency Table for the 4 of 5 Cri:arll to Test
Independence by Course
. .
Course ) . ki %

. Academic 2203 Advanced 2201
Level k -
Recognition o - 39 ;
or Below . -

. :
Analysis " 122 - .50
Py E

Ordering 48 7 16

Deductiof) . 12 - 28
Nofie N A 35 17

»

{: .

%2 -50.9 P <0.05 @




Van Hiele Levels.Achisved on che Postegst

TABLE VI

'3 of 5 Criterion
K

" * Course : By x .
. g Academic 3203 Advanced 3201 Total
Level < . . » #
2 . \

Nex = G0 3

‘ , 8w LU s s

T 7 >
Recognition 26 9.3 0 0.0 26 6.2
or Below \ 5,

¥ -

Analysis’ - 80 28.7 17 125 97 23.4
Ordering 88 31.6 48 35.3 136 32.8
Deductipn 53 1900 ¢ 66 8.5 119 . 28.7
Nofit 32 T 1.5 F-3 \ 3.2 37 '* 8.9

e -
Total . 279 100 (us 100 100

39
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overall results Ndicates that 61.5 \percon: of the students tested had
uchiavéd the ordering level or above.( A breakdown by course reveals a
large diffenm:o in lchiavnmen: of the ordering level or above batvun
«the academic (50.6 parcant) and the advanced groups (83.8 pmme)
The ninbers and percen:ugel oftstudents at each of the wvan
Hiele lgvels using the 4 of 5 crigeria are shown in Table VII. It vas
_possible :u'iln;sii?' 89.4 percent of .cunant: tésted using the grricter

cncaxm A total of 35.9 percent of students cu:.a were ‘at the

“ordering or deductive leveis. & breakiown by course shows: nn1§

pertent of thé academic students had achieved at least the ordering
level whereas 60.3 percent of the advanchdl_students had redched chat .
level. Closer exanination of Table VII alp revealed-a largs number. of *
_students who were at or below the Tecogaltion level of thought, -31.6

percent for in cs 3203 and a smaller 8.8

percent for st in v s 3201.

The resylts from this part of the study indicate the majority

(61.5 percent) of ning Academic

Mathematics 3201 are at an appropriate van Hisle' level to study daductive,

reasoning in geometry. However, there {s still & large percentage

‘ (28.3) of students who gre below the-trdering level and who are poor

/ 5
suticis 55 Ao N

B Iy .

Question 4 .
. D1d the distribution of levels of students changs from procaac:
‘to pos::u::' .
Hypothesis: The scores on the pretest and posttest are independent. .
The hypothesis was ':n.ted using ‘the .chi-square "test for

independence on the.van Hiele level.and course for.tHe-pretest and

W . N,

!

_k-'.

3203 and Advanced .
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, I TABLE VIT %
° Van Hiele Levels Achieved on the Posttest:
b 4 of 5 Criteron - .
* N B -
Acadenic 3203 Advanced 3201 Total
=y Level E e
- 4 ‘- .
% :
s " \ # % #* % - # % .
I LI
Recognitison 88 31.6 12 8.8 1000 21.%
. or Below
e " Analysis 9% = 34.4 26 19.1 122 29.4 Q
Ordering 51 183 48 . 35.3 99 23.9
Deduction 16 5.7 % /zs. 0 50 12.0
Nofit 28 10.0 16 1.8 4 10.6
Total 279 100 136 100 415 - 100
' ¢
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. . posttest. Both the 3 of 5 and brof 5 criteria were tested at the 0.05
" level. A chi-square of at least 11.07 was necessary to reject the null

hypothesis. ) s i
= The contingency tables Used for the chi- lqu-rc test with
{ acadenic and.advanced students using both the 3 of 5 und % of 5 criteria,
- were constructed, Tables VIII XI. Thc chi-square test proguced a '
p ® result greater than 11 07 in each case, rejecting the hypothesis. The

distribution of the,van Hiele level depended on'the level of course i

. t studied for both the academic ‘and groups, | dless of the
| criteria chosen. - : o 8 e
v i ) o b
i . The distribution of mean scores for the pretest to posttestdsing N\ '

bboch the 3 of 5 and 4 of 5 c;i'tarin {fe shown tn Table XII. Both groups
in che’samply taproved chatr van Hisle levels from pretest’to posttest.
The academic group increased from 2.29 to 2.6 using the 3 of 5 and from
1.6 t0 1.9 on the 4 of 5 um;—u\. ‘The- advanced group increased’from
3.1%0 1.37\on the 3 of 5 and from 2.3 to 2.86 using the 4 of 5 criteria.
~S However; the mean-for the acadeaic group vas below the level thres

necessary to deal effectively with materials requiring deductive thought.

’ Question 5 . ¥
Hov do students who have completed Academic Mathematics 3203
and Advanced Mathematics 3201 compare with students in the United

States who have completed a one year course in geometry?

R Hypothesis: There is no significant difference in van Hiele

‘level of students at the 'bigimlng of Academic Mathematics 3203 and

3201 arkd st having leted a one year

.
course in the United States.




TABLE VIIL

Contingency Table for the 3 of 5 critorfu to Test Independence

Academic Mathematics 2203 versus Academic Mathematics 3203
\
. Courss "4 i i
o Academic 2203 Academic 3203’
. Level
* s B ! # #
" =
_Recognition ~ 75 = 26"
or Below
- X
) Analysis 128 80 -
- \ Ordering A 88
-+ Diduction a1 ' 53~
Nofit | ; 53 ) 2 °
L
f g .
" . ; .
2 -19.3 P <0.05

x
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. TABLE IX

Contingency Table for the 3 of 5 Criteria to Test Independence

Advanced'Mathematics 2201 versus Advanced Hltha_mll:iu 3201

& 3
N
s o (2
\ : . Advgnced 2203 Advanced 3203
/ . Level ! .
. E 0 Toow #
. -
neco'gm.:'ﬁon . N 6 ]
or Below P
¥ .
Analysis 35 R 17
Ordering W 48
7
Deduction 64 . 66
_Nofit ’ 3 5 s
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TABLE X 3 ’
Contingency Table -for chefs of S Criteria to Test Independence
) Acadeatc Mathematics 2203 versus Academic Mathesatics }203 .
: Course’ S . (.
LIS Academic 2203 Acadeaic 3203
Lol Level . . . A
.
- .
. ‘
Recognition 176 . . 88
\ or Below .
\
\ Analysis 122 % ; .
Ordering: 4 . s 51
Deduction * % 12 16
i
Nofit 3s a0 N
- e jiale? amatais
’
‘ 2104 % '
; ; C ot P<0.05 ) F
: . . * .
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TABLE XI . Tk
7 . Contingencs Table for the & of 3 Critaria to Test Independence
Advancs® Mathematics 2201 veisus Advanced Mathemacics 3201
+ Course & . .
% . .Advanced 2201 1, Acadeiic 3200 o4
8 Level . 5 oo
. A # # <
. L © * . <@
i Recognition . 39 ) 12
or Below . N .
) Analysis . % BT
". Ordering 36 - 48
Lo : Dedugtion 28 ° W .
. . . £
Nofe . 17, 16
» o i - B
¥ ¢ P < 0.05 ., =il
s, ¥ ‘ 5
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. . . 3
4 TABLE XII
: . . Distribution of Mean Scores for Pretest and Posttest
- 4 . i
. 5 # [
o
30f'S Y 4ofs
: Course Aégdenic Advanced Academic Advanced
§ ¢ L. 2203 2201 2203 2201
Testirg - E . , . :
L i ] R ] .
% Prettest 2.29 i s 1.6 2.3
.- ‘Posttest 2.6 . 3.37 1.9 2.86
: 7 P g
. e . ¢
\ .- - 2
. % ~ i i
s B _ . L "
. = - &
. s . ; \: . R -
% ¥ x 1
: I Z
' o
’ - AT .




. 2 °
a one‘year course in Geometry.

The hypothesis was tested using the chi-square’ test for

homogeneity of the van Hiele levels of Newfoundland and the United

States. Both the 3 of 5 and 4 of 5 criteria were tested using p<d.05

level of significance.

" .
The contingency Tables XIII-XVI for the academic/and advanced
groups compared to the United States group as tested by the CDASSG

Project were constructed. Chi-square values of for all tables exceeded

11.07 rfjecting the hypothesis. There s a significant difference in

the van Hiele level of

land students studying Academic 3203 and

Advanced 3201 and students in the United States who have completed a
one year course in Geometry. '

. Newfoundland students, i particular those in Advanced )
Mathematics, are at a higher van Hiele level and aro better prapared for

deductive geometry, than students tn the United States who have completed.

<
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. 'rm_s\}ux
Contingency Table for the 3 of 5 Criteria to Test Independence . \
Newfound2and versus United States

Academic Mathematics

N Course .
Ew > Acddehic 3203 JUnited States
. Level »
5 by .
- T
. ; P o5 . . . -
. i . ~
¢ % : i L . L
Recognition 26 323 C—c
-~ or Below :
- Analysis T 0 wo Lo
G Ordering - . ¢ 88 . .630 . L
Ly / . " Deduction < . 53 365
. R 9
Nofit Vo 32 ( 269 * s
Ny .
-~ o
. .
N ' ! -
. g
? 7‘2 - 11.13 P <0.05 s
N ' : . 2
.. 5
. . ; o, i N
L . ht :
’ [ Y L




TABLE. XIV

Contingency Table for the 4 of 5 Criteria to Test Independence

Newfoundland versus United States

Academic Mathematics

-\ L

Course

Academig 3203 United States
Level . ¥ N
= # # "
~ = =
Recognition . 88 732 &
of Below < 4 3
_ -
= 3 - :
Analysis 96 ) 513
N N -2
Ordering sii = 413 °
Deduction 5 16 o ‘na :
Nofit . » . i - 286 -
- % k>
- ) R &
.)(2 - 12.77 . P<0.05
rl‘v ' ‘e
.
B $ 1
~




Contingeficy Table for the 3 of 5 Criteria té Test Independence -

K

TABLE XV

Newfoundland versus United States

g , Advanced Mathematics " % ' {
. ‘
Course i« E
v , Advanced 3201 °  United States,
" Level *, | ) ) o @
. i : ) :
nacu;m:iokn g o /393
o or Below , = *
2 Analysis 17 470
N Ordering : %8 630 ‘ .
= - % 5%
- Deduction ‘66 365
" Nofit, g i 5 269
LV ey 3 " - c ’
. é, S P <0.08 ) E :
: E ? ’ . / v .
S e L Ay : 3 (
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TABLE XVI * =}
i g * ) Conttnguncy Table for the h of 5 Criteria to Test Independence
Naufoundhnd versus United States R
Advanced anhem:lcs
° .
" i
L 3 .
w7 Course :
-~ Advanced 3201 . United States - &
.« "Level ¥ o
' 2 = 3
. : \’ R #
* = > Py =
' Recognition - ‘12 - ; 732 :
or Below ® o .
- s R o e :
; Analysis. .., % - 513 .
Ordering 48 413 , \
[
, Deduction’ 3 \\ 113 5 \
Nofic " . 6 286
. “
i 3 . ]
. . ”: . ’
- , + P <0,05
) w2=11s sﬁ ;




SUMMARY
e Lo

esults demonstrate clearly that the majority of level II

students have not attained the ordering level on the van Hiele scale

, and ‘are not ready for deductive reasping. The advanced students are #

ch becter but a large, percentage of these students are at- too low a
van Hiele level to.be successful. The level achieved does depend on
"the coursé studled, with the advariced group soring higher in both
levél II and III. Some gains were made from level II.to II%, by both *
groups vith the gain belng dependent on the course studied. The
Newfnu‘nz:md and Ez.:u comparison favored the Newfoundland

group, particular thdse studying the advancéd dourse:’




Chapter V

Discussion and Implications

- . Tro—
The goal of this study was to evaluate the appropriateness of

the present Newfoundland geometry curriculum by comparing studencs' van
Hiele levels with that rgquired by the leval 11 and 111 geometry curriculum.
A comparison vas also made between the academic and advanced groups in -

- 8 .
an effort to determine which course was most effective in raising the

‘van Hiele level of the studeiits. Finally, a comparison was nade between

- land students and tested by the CDASSG Project M

United States. .
‘ A modified version of the van Higle Geometry test vas administersd
to a sample of 561 acadeiic and advancéd students in sarly October,

1985 of these, ‘391 were retested in the Fall of 1986. The posteest

sample was énly 74 percent of the original number due to student migration,
high school drop-outs, chnnglng courses or fallure to advancy to the

next’ gradg level in mathematios. - . ? . P
ol .

B © Conclusions
“The majogjey of students tested enzolled in Acadeaic Machemacic
2203 and Advanced Mathematics 2201 were not at an appropriate van Hiele

- - level to begin the study of deductive geometry. One year later many

P ) s in Academic &s 3203 were still balow the level three
* necessary to begin’ the ‘study of 8 y. The ad .
tested wers'better p; for than: those in the

' scadente program buc many fall shore of the level thres needed for daductive

reasontng.




Both the acqd: and advanced - matics vere

ScEeHALUL IR Falilig B Vam HLeTe Teval: ofEhn s tidenta’ “The dtstribution
of levels from the pretest :;; posttest were dependent on coursc’; the

Levels of the advanced students increased to higher levels than those

of the academic students. "A comparison of students in Newfoundland and

the United States Students showed a significant difference in the van Hisle
level of the two student groups. The academic students in Newfoundland
sseored slightly higher chan, thely councerparcs in tHe United States and

the advanced group scored congiderably higher than thé¥American students.
; : 2
.

EDlscusslm:l
Reeve (1930) was quoted in the introduction of this study:
“Informal Geomstry represents about all the Gsomo:ry that many of :he!.r
students are :A?nlglq of undarscanding" (p. 14). ‘n\e results of chts
study s\:ppor: this 'statement. The majority of Academic 2203 students
feil far below the level three needed td¥begin study of proof, using the
3 of 5 over 65 pércent and us‘ing the 4 of 5 over 84 percent did not

achieve level three. One year later 49.4 percent and 76 percent using

. the 3 of 5 and 4 of 5 criteria of the, academic: studepts were at a level

less than 3, an indication of their lack of readiness :o,s:udy?gducuve

geometry. . 4 =8
. (

" A, large number ot A:Adanlc Mathenatics: 2203 and Academic
H-:hamncic: 3203 scudam:s 44.5 percanc 31.6 percenc respac:ively were J
at_or below the recognition level when, the 4 of 5 criteria was applied.
Even an optimistic Dina van Hiele réported that a total of 70 lessons

vere necedsary té raise-a student from level one to level ;m—u:._

Because geometry constitutes aboit 50 percent of the academic program,

it is unlikely that these stydents will achieve the daductive lavel of
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thought since most of the year should be spent getting these student to
the level three needed to begin the study of deductive materials. The -
validity of teaching pro~z in level I and II was questioned because so

many students were below the level rbcessary to begin such work.

,  Why vere che 1ts so poorly for geometry on a
highef' van Hiele level? Probable conclusions drawn from the research .
would be that the students have not moved through the levels properly i ®
or that the level of the material presented was inappropriate to more

the students through the levels. Since students can not attain level n

without first having achievéd level n-1, the advancement in.level

i ' stopped. The students“were unable to understand the higher level b
. matertals because of the absence of the lower skill levela. ’ . §
& Y. The results for the advnnced studen:s were better :h-n :h-
academic for both level II and III. +In Advanced Mathenatics 2201, 62.3
percent and 37.7 percent achieved at least level three using o 30f 5
and 4 of 5 criteria 1y. To EHe e it, 83.8 percent and 60.3 * 7

percent, using the 3 of 5 and 4ot 5, achieved.'at least the third

level. However, some students, 22.9 percent of the Advanced Mathematics

2201, and § 8 petcere of thh Advansed Hashesstise 3201, were at’or below

the recognition level when the 4 of 5 c;xcqr{a vas applied, -numbers

that can not be 1gnend in a- proof -orientated program. '

The higher levels achieved by’ the advanced students'could be o
. related to the type of student choosing the advanced program, since ie i

was intended for the upper 15 to 25 percent of @athenatics students.

Another difference in the two streams was the exposure to deductive

reasoning, with the advanted students having spent a larger portion of

their time on deductivé items. A third possible reason was that the
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advanced program presented material in an order that allowed students
to move more quickly through the van Hiele levels without missing any
of the lower levels. : 3 A
;'ha gap ba:veen the levels of advanced and academic students
could have been Larger 1f schools mot offering che advanced-prégran had
been n\md £ron the sample. Some of the higher level academic students

in these s\ hnuls would have chosen the advanced course if it was offered,

_thus fux:het\ a the of academi at or above
. the third van Hiele level. ’ = %

L4 2
The majority of Newfoundland students were not at the first
van Hiele level, but the nusber was large enough to lend some support .to
utruup"- claim that "the majority of sl:.u;i.am:l qua at thétfirse 1eve‘1
of davelopment in gedmetry whils the course thay take demands the !
fourth lovel of thought” (cited in Usiskin, 1982, p]n)f
) ' Boone. (1984) and Taaffe (I985) concluded that the van Hiele .

Km0
levels of grade 9 and level I students were less than the level three

for the dug of deductive . The low van
Hiele levels caysed Boone to question the content of the junior high
school geometry prograp. The course content was modified to downplay .
the role of deductive proof and.include other types of geometry consideted
Lover iq terms of the van Hiele level required. The number of students E
th level TI and "ITI who have van Hiele levels at or below racogr\l:!.on
_reinforced :h- néed for an assessment of the ‘ma:arivals presented at the
Juntor high level. Gould it be that material presented in the previous,

@

grades has ndt been: suited to thefstudents' van Hiele level and has

kept them from advancing on the van Hiele' scale? -
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i The results of the testing done on the level III students

provi. ed information sbout the students who have almost completed the
Newfoundland mathematics program. The students' low van Hiele levels
were a result of the geometry taught or not taught, over the last 13
years of school. The low levels of many.students shoved a program that
has failed to meet the needs of a large percentage of l:udfncl‘. The
idda of what geometry should be taught and'how it should be taught were
a topic of huchidiscussion in the Late 60s and 70°s. leu:l_du: the
geometry Rrogram used in Newfoundland vas changed to’include ,uff-tant
* types and levels of geometry, can the low van Hiele level be -xpu ed?

1Is, cha Geometry ‘bging taught to all students? Are the ld-\ ptuanc-d

at tha appropridte grade level or the appropriate van Hiele level? The
answers to those questions have serious implications for the senior
high school program. Academic students study proof in levels I, II and
III but the majority are’ below the van Hiele level three, using the 4 of
5 criteria, and are cgm'-qunny unable to begin to develop deductive
thought patterns. The question of suitliilll:y of the present academic
course should ke considered. One of two paths May be followed, either
 change the course conteng renoving the higher level items or design a

program r_hn: rai: the levels ut the students to a point where :huy

can begin working towards at the deductive Ievel.

The proposed 15 pm:an: practical ~70 academic and 15 percent .

may nqutru luation. Studénts' van Hiele

lavals for the Acldnm!c stream were lower.-than needed to study dcducci.vc

reasoning. Some of the gtudents in the academic prog¥am may ba misplaced -

‘In the sections involving deductive proof, by may be able to understand
the other topics in the course.’ A switch to the practical stream by a
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. i ) '
large number of is le, but a of some ®

of the deductive materials in the academic ‘stream may be in order. The
smaller number of advanced students at low van Hiele levels suggests
some form of testing may be appropriate to determine the students best
suited for the deductive reasoning in the advanced program.

The distribution of vah Hiele levels was céipared from pretest
to posttest. Students in both the academic and ‘advanced programs had

increased their levels over the pretest levels. Some of.the gains made

can be attributed to :ha fact :hm: some students at the 1uu: van Hiele

levels dropped \fo the next level of nathematics program in leve!. I,

advanced to acadenic for. example, leaving a higher proportion of higher

4 3 5
& van Hiele level students enrolled.in the course for the posttest. Part

of the increase.may be dus to experiencés provided in the courses’ /

* themselves, the academic stidents 'study proofs very similar to those

studied {n level I and look at proof from a coordindte viewpoint, thus
providing students-a second or third opportunity to see ‘proofs missed ° /
at an earlier lgvel. The increase in Van Hiele levels for the advanced

N A
‘students may be -r::ribu:ed to the type of proof studied and the variety

-
of experiences in the course.

I
\-v— A comparison ba:vun land & ‘nts with

"+ having complated a one year course in geometry in the United States

showed a sl;nlflcln: dlfflram:a in favour of the Newfoundland students.

The di in the adve group was ced since these
‘ e 5
were drawn' from the high achievers whereas the United States study i
covers a sample of all studénts enrolled in geometry. The resilts for
B ;

the academic group was slightly higher thap their counterparts in the

United State,

an dndication of soue success in the Newfoundland mathematics




program when compared to the United Stnces progras. This dlff-tenca ’
nay be due to the time perfod in which the geometry is presented to
students, I:hree ynré instead of one. .Thn con:em: of the curyiculum
may account for some hf the differences. The inclusion of different
topics over the past years may have increased the Tevela &f sEaRsHEs
compared to that their Tounterparts in the United States. "

The differences ,bel:wee;\ the United States and Newfoundland

'
were more Uhan the of tudyi

geometry were considered. .In the United States only 53 peréent of all

‘students take geometry in high:school where as in Newfoundland 80 to 8

petdent of atudents study sither'the acadeais’or advanced programs,
The students choosing not to take geometry in the United States i be
the low van Hiele level students who hlva‘ux‘?utluncu difficulcy at the
junior high level. If they had been included in the sample the results
favouring Newfoundland may have been even higher. " -
2 The results of this study were not unlike those of Usiskin who
found a large proportion of students studying deductive Ceomstry were
below the third van litele level. The:;iilndings verify the propertiss
of the Van Hiele levels which predist difficulléxa; in increasing the thought
levels unless certain phases werd presenc® These include, inquiry,
direct ordentition; a)ép‘licit.u:i.on, free orientation and integration. _
The difficulties {n comunicating geomscry co a student on
any‘glvan level may result in a failure to increase levgls. A aixed

class or evén an advanced class may have students of all van Hiele

levbls pregent. Thus, material presented at level thres would not be

understood by students whose thought levels werg below the level of the

n. The bt in ication was a result qf materials
\ 5

2
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i in thq Heulun not being st to meet the level of the students.
. Coxford (1978) believed the level suggested the activity needed to
develop the coficept (p. 327). i ;

The students in level-II Bnd II1 had higher van Hiele levels

than those tested in grnda 9 lnd “Tevel 1 by Boone (1984) and Taaffe

(1983). The gtudents tested increased. :huz mean van Hiele levels in each
t year.” An indication that the geome:ry curriculum has had at 1eas:

v limited siccess For the academic ‘groups and a higher rate of success *

for the advanced groups. 2 °

Reconmendations for Further Study

. ] an .nuyaxs of the result of the data collected in this study
§oas not answer gu th_.a quu:lons that need to be uskad, Thev discussion -

fx‘ the results indicates a largA/numbu. of students have not-achieved el
the third van Hlsle‘ level. The question of why these %tudents have '

readtied thils Tovel hds F8E €0 be ansvered. N - v

\ i It has been shown that many students incrsas; their ‘vnn Hia‘la

level as they progress through the grades while others rémain at or —_

, below the recognition level throughout:-high scs1.  another question

' . that needs answering is; What are the characteristics of students who *
taprova their van Hiele levels compared to those who do not?

\ - The discussion of the results'has indicated a significant
‘difforerice in the van Hiele levals of students fn the advan:;edvptog:m

\
compared to those in the academic program. The question that arises =/

from this {s; Ate the increases in van Hiele level of the advanced ~ .
- , progran a result of the curriculum or the type of student entolled in cs ks
‘ - R i
- the program? . » -
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g "
VAN HIELE' GEOMETRY TEST™

Directions

e Do_not open this test booklet until you are told to do so.
This test contains 20 questions. It is not expected that you know )

everything on this test. . X

; i @
- When you are told- to begin:"

Read each question carefully. .

2. Decide upon the answer you think is correct. There is only one
correct answer to'each question. ' Cross out:the letter corresponding

to your answer on your answer sheet. .
e i 5

-

~

3. Use the space provided on the answer sheet for figuring or draving.

Do not mark on this test booklet.
' . R . . s
4. If you vant to change an answer, completely erase the first answer. .
- - )

. 5. You will have 35 minutes for this test. .

GRS 5

Wait until your teacher says that you may begin.

% X . -'./ ‘




VAN lleLE GEOMETRY TEST

Which of these are squares? :

(A) K only

K

Which of these are triangles?

VY

(A) Nonme of these are triangles.
(B) V only

(C) W only P
(D) W and X only
(E) V and ¥ only

Which of these are rectangles?

(A) S only
(B) .T only

“(C) 'S and T only,

(D) S.and U only
(E) ALl are rectangles.

ajesli




-

.mfh ot mI:_:_.ilm..v D 5 IO ;)

- =

(A) None of thesa are squares. .
(B) G only 5 h
(C) F and G only i
(D) G and I enly

(E)- 'ALL are squares.

Which of ‘these are parallelograms?

(A) J only -

(B) L only z .

(C) J and M only . & @
(D) None of these are parallelograms.

PQRS* 13 a square.
. S
. *Which relationship is. true in all sql;kﬂ 5 I

(A) 7S and RS have the same Length. MR

(B) QS and PR are perpendicular.

(C) PS and QR are perpendicular. E !
N S

In a'rectangle GHJK, GH and HK are the diagonal.

(D) PS ‘and QS have the same. Length.
. i
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Which of (A) - (D) is not trus in svary rectangle? 7
_ (A) There are four right angles. . ol

(B) There are four sides.

(C) The diagonals have the same length.
i (D) The opposite sides have the same length.
B (E) ALl cf (A) - (D) are trua in every rectangle. i

8. A rhosbus is a4 - sided figure withall sides of the same length. N

Hore aro thres examples.

'Jhlch of (A) - (D) is not. true in .evary rhombus? .

The two diagonals. have the same length, ¥

Each diagonal bisects two angles of the rhombus. . v
The ‘two diagonals are perpendicular. ¥ 2

The opposite argles have the same measyre.

All of (A)--(D) are *true in every Thonbas.

9. an msceus' triangle'is a triangle with tib sides of equal léngch.

N L " Here are three examples. o

ich of .(A) - (D) 1.! true in evsty 1soueles triangle?

+ .. (A) The three sides must have the ‘same length. .
” * (B). One side must have .twice the length of another side.
(C). There must be at least two angles’with the same measure.
. 4 (D) The three angles must-have thé same measute.
{ (E)’ None of (A) -(D) is true in every isosceles :rlangle.‘
E - =




10. Two circles with cente:
4-sided figure PRQS.

P and-Q ‘tntersect at and S to form a
‘e are two examples.

. ; s % \ )
(A O |

. Which of (A) - (D) is pot always true?

(A) PRQS will have two pairs of sides of equal length.
(B) PRQS will have at least two angles of equal measure.

(C) The lines PQ and RS will be perpendicular.
(D) Angles P and Q'will have the same measure.
(E) ALL of (A).-. (D) are true. . = S

¢

- : 11. Here are two statements,

ement 1: Figure F is a rectangle. )
Statement 2: Figure F is a triangle.

Which is correct? *

(A) If 1 is true, then 2 is true.
(B) 1If 1 is false, then 2 is true.
@ T © (C) 1 and 2 cannot both be true.
- (D) 1 and 2 cannot be false.
-(E) None of (A) -(D) .is corkect. .

12. “Here are two ‘statements.

- . Statement S: AABC has three sides of the sade length.

7 AN . Statement T: _IN A ABC, £B and 4C have the same measura.

‘Which is correct? . .

(A) Statepments S and T cannot both be true.

(B)+ If S is true, then T is true.

(C) If Tis true, then S is true. . p 5 .
?’) 1f S is false, then T is false: %
E)_ Nome of (A) -(D) is correct.




16. "

Which of these can be called rectangles? . ‘

(A). All can.
(8) Q only
(€) R only
(@) P and Q enly
(E) Q and R only

.-

¥hich is true? p-- i 3 R

(A) ALL propertish of rectangles are properties of all squares.
(B) ALl properties of squaré

(C) All properti
(D) All properties of squares
(E) Nome of (A) (D) is true.

e propereiss of ‘all parelleloprans,

What do all rectangles have that some parallslograms do riot have?

(A) Opposite sides equal.-

(B), Diagonals equal .
(C) Opposite sides parallel

(D) Opposite angles equal

(E) None of (A) -(D)

Here 1is a right triangle ABC. Equilateral triangles ACE, ABF,
and BCD have been constfucted on the sides of ABC. -

A E

From this infornation, one.can prove that AD, BE and CF have ‘a

- point in common, Whht would this proof tell you

(&) Only in this :runglu dravn can ve be sure that AD, BE and
CF have a point {n common.
(B) In some but not all right criangles, AD, BE and CF have a
. point in common
(¢)  Inany Fight triangle, AD, BE and CF have a pulm: 153 oo,
(D) In any-triangle, AD, BE and CF have a point in common.
(&) In my aquLll:-xll triangle, AD, BE and cr\ have s pofat dn ¢




°

Here are three properties of a figure.
Property D: It has diagonals of equal length.

Property

Property R: It is a recunglm

Which is true?

(A) D implies
(B) D impties
(€) S implies
() R implies
(E) R implies

cwoux

- \
18. Here are two statements.

I. If a figure is a rectangle, its diagonals bisect each other.

II. If the dlagonals of a figure bisect each other, the figure is a

rectangle.

Which is correct:

(A) To prove I is true, it is enough to prove that II is true.
(B) To prove II is true, it is enough to prove that I is true.,
(C). To. prove II'is true, it'is enough to find one rectarigle vhose
diagonals bisect each other.
. (D) To prove II.is false, it is enpugh to £ind one mmuctang&e
whose diagonals- bisect each other.
(E) None of (A)-(D) is correct.

.. In geometry:

(A) .Every term can be defined and every true statement can be

proved true.

(B) Every term can be defined bu: it is necessary. to assume that
certain statements are trus

(C) Some terms must be left undeﬂned but every true statement can
be proved true.

(D). Some terms must be’ left undefined and it {s necessary ta have "
some statements which are assumed true.

(E) Nome of (A)-(D) is correct.
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20, Examine these three sentences.

(1) Tvo lines perpendicular to the same line are parallel.

P (2) A line that is perpendicular to one of two parallel lines is
pn-penu:jur to the other.
g (3) 1If two Ifnes are equidistant, then_they are parallel.

«

In the figure below, it is given that lines i and p are perpendicular
bl * and lines nand p are perpendicular, Which of the above sentences
could be the reason that line m is parfallel to line n?

’
(a) (1) only - N

(B) (2) only - ! § )/_
5 (C) (3) only

(D) Either (1) or (2)

(E) Either (2) or .(‘3)
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