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CHILDREN'S ACCEPTANCE OF THEQREMS IN GEOMETRY

Michael de Villiers, Facully of Education, University of Durban-Westville, Durban 4000,
South Africa
(Draft for poster presentation at PME 16, 6 - 11 August 1992, University of New
Hampshire, U.8.A4.)

Introduction

As part of a previous study (see De Villiers, 1990, 1991 a & b), the author asked high
school children to judge 42 geometric theorems from the formally prescribed South
African syllabus according to the following codes:

Code 1:  Believe it is true from own conviction;

Code 2:  Believe it is true because it appears in the textbook or because the teacher

said so;
Code 3: Do not know whether it is true or not;

Code 4: Do not think it is true;

It was then found that the certainty or conviction of the majority of pupils (509% - 709%)
seemed to be based on Code 2, i.e. authoritarian grounds, rather than on personal
conviction. In an attempt to verify this finding in township schools in the Durban area
and also to gain further information about why children made certain choices, each of
the four categories above were subdivided into three or more subcategories to give a
total of 19 subcategories, In contrast to the previous study, some false statements were

also included to see whether, and why, they would choose category 4.

Aims

The general aims of the improved questionnaire was to try and establish:

*  which geometric statements the children were ¢onvinced about, and the reasons for
that conviction

*  which geometric statements the children found doubtful or false, and the reasons

for their views in this respect
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Hypotheses

It was expected that
*  the majority of children would basc their conviction of the truth of the given
statements on the authority of the teucher and/or textbook rather than personal
conviction

the majority of children would not easily distinguish false statements on their own,

but will be dependent on the authority of the teacher and/or textbook for this

distinction

Participants

The improved questionnaire was given in August 1991 to 40 Grade 10 (15 - 16 year
olds) from 2 different schools and 99 Grade 11 (16 - 17 year olds) from 5 different
schools, and asked to evaluate 15 geometric statements according to it. The

questionnaires were completed in a standard classroom period of 35 minutes,

Results
The reader is now referred to the appendix which contains the list of 15 geometric

statements, as well as the table containing all the results (given in percentages).

For the convenience of the reader, the four categories in the table have been totalled
and are given in brackets in respectively columns 6, 10, 14 and 23, With regard to the 11
true statements, we find with the exception of the first three statements, that the
children’s responses in Category 2 were more or less equal to or slightly greater than
those in Category 1. Although these findings do not entirely support the first hypothesis
or the earlier findings reported in De Villiers (1990, 1991 a & b), it nevertheless still
shows that the conviction of a large mumber of children are based on external rather

than personal grounds.

Very noticeable also was the lack of responses in Code 6 (a friend convinced you by
proving it), perhaps signifying the lack of group work and cooperative learning in these

particular schools.
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Tt is also interesting to note that generally code 8 (it is given as a theorem in the
textbook and/or the teacher said it was true) was preferred to Code 7 (the proof of the
textbook and/or teacher convinced you). From this it seems that for many children a
proof is less convincing than the official approval by the textbook or teacher. That
deductive proof is not necessarily the most convincing factor for many children is also
confirmed in Category 1, where Code 5 (you proved it yourself) responses were clearly

far less popular then Code 1 (it's obvious) or code 2 (it looks true) responses.

The generally low number of responses in Code 3 (you constructed it accurately and
measured it) and Code 4 (you folded the figure or cut and pasted it) seems (0 suggest
that either these children were given little opporturity for quasi-empirical investigations

or that they did not find them very convincing.

The rather steep decline in the acceptance of the true statements from statement 11
onwards can be ascribed to the fact that these are usually not dealt with before Grade
11, Furthermore, statement 11 itself is not formally prescribed in the curriculum and
would probably have been unknown to the majority of these children. In statement 12 a
less familiar, but essentially equivalent formulation to statement 15 was given,
Somewhat unexpectedly, and contrary to the previous finding reported in De Villiers
(1990), the profiles of the children’s responses to these two statements were almost
identical. However, the tesearcher suspects that this could be due to statement 15 not
yet having been treated in some of these schools. Category 3 (you do not know whether
it is true or not) was also noticeably more popular for these statements. However, there
were also between 13 % to 21% of the children in Category 4 who thought these results
were not true, the most popular being Code 14 (it doesn’t look true) and code 18 (you

haven’t yet seen a proof of it),

The 4 false statements were statements 7, 8, 10 and 14, From the totals in Categories 1
and 2 for these statements as compared to those in Categories 3 and 4, it can be seen
that the second hypothesis is clearly confirmed. In addition, very few children (between

0% and 29%) indicated that these statements were false because they were able to or
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had constructed counter-examples 10 show that they were false (Code 17). This is
probably due to the lack of attention usually given to methods of disproof, as children
are traditionally given only true staternents to prove and not true or false "conjectures"
which have to be either proved or disproved. From the higher number of responses in
code 19 (the textbook and/or teacher said it was false) for statements 7 and 8, it is also
clear that in some of the schools children had been explicitly taught that these
conditions for congruency were false. This again confirms that the certainty /conviction
of many children, even with regard to the falseness of statements, is based on

authoritarian rather than personal grounds.

Some drawback of the study

Ideally children should have more time to complete such a questionnaire at leisure,
especially with regard to statements that might be unfamiliar to them. The data was
however collected by student teachers during practice teaching and it was not possible
for them to obtain more time. Regrettably also these children were not available for
interviews at a later stage, which would have been useful to clarify and substantiate the

findings of this questionnaire.
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ESecomeae Ty QaaestIonrmna i e
Important
'he purpose of this guestionnaire is to obtain information with which
to improve the gecometry curriculum. You are therefors regussted o
answear =1l questions honestly., There are no right or wrong answers —
we just want to find out how you feel or think about geometry.

Question 1

Lo yvou think the statement is true?

i?lace the code of the category below with which you agree most in the
iirst row of twoe blocks next to each statement)

Category 1: You believe it is true from own cenviction, becaouse:

it’s obwvious {code:@1)
— it looks trus {(code:@2)
- ¥ou constructed it accurately and measured it (code 023D
- you folded the fTigure or cut and pasted it (code:a4d)
- vou proved it vourself {code 657

Category 2: You believe it is true, because:
- & friend convinced you by proving it {code;@&>
— the proof of the textbook amd’/er the teacher convinced you

fcode @70
— it i given as a theorem in the textbook and/or the teacher said it
was true (code 32)

Category 3: You do not know whether it is true or not, beacsuss:

- you haven’t ssen 1t before fesde @8)

- yoau do not understand The terminology or representation (coda:lay
- you haven’t yvet had the opportunity to congtruct it accurately to
see 1f it is true (code: 117

Category 4: You do net think it is true, because:

- There could be sxceptions (code:12)
= you haven’ t seen it before (code: 133
- 1t doegn’t look trus {code:l4a?

— it seems highly unlikely (eode:15)
vou doubt whether it is possible to conmstruct it sccurately

foode: 163

- wou constructed a counterexample where it is not true (code: 172
- vou haven’t yet seen a preooi for it (code: 182

~ the textbook and/or teacher said it was false {code:19)

Muestion 2
I1f you have no doubts that the statement is true, do vou perhaps

still have a need to know why it is true?

Nies Creenidem + 100
CNe o feode:

ncertain (oodg 132
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(1 If two straight lines intersect
at the point of intersection

=, then the directly opposite angles
. are oqual.
,;:::3>{5:::; N

L3
(23 IfT twe parallel lines are cut by a Ltransversal line, then the
altirmwte anglllc—w are egual.
— AB[ICD G
=
¢ >~ 3 o T=3& &a
(27 The qum of the intericr angles

of o trisngle is 198 .
/////NRM\“H\RHxME“had¥3higﬁ &l

G
{43 The exterior angle of a triangle is equal to the sy
opposite interior angles.

= . z sum of the
/\I -‘-a Q]

G
L5 In &n isomceles triangle the angles opposite the sgual sides are
N=liE A . A
=qual. me=AC =»7=3
Qi
G
C
(8D Two Trianglas ara conﬂruent
equal,

if thelr corresponding
g DE

) Dides @Are
AC Dh - §

"*‘) AARCZADER

G
t =
C?) Two triangles are congrusa if their corresponding angles are
A o,
equal. A D A:‘Q
§::E Gt
Z=F N
=5 AABL = ADER
& i

0N

(8) Two triasngles are congruent if two sides and an angle of the one
trlﬁngle iz egqual to Two sidaes and an angle of the other triangle

ABR=DE

//\\’\ /\‘\/‘\M- Dr .

=u AABC =ADER

Ga
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2y The diagonals of 2 parallelogram bissct sach othor.
A D ADBC % ABHDC al
=2 AC=0C L BO=0D
Ga

B

fig) A guadrilateral with perpéndicular disgenals is 2ith
rhombus or,squars,

8 b AL L RN Qi
=> AB=AD LCB=CD i)
or
Aa:ggsggzbhp&ww%mﬂ Q2
oy ul Ay
Ve AB= B Sep= PR & A= 8= -Bxae” faguane )
£11) Two pairs of adjreent angles are equal in an isoscel

(where AD//BC and AB=DC).
A o ADJIBC & AB=DC Qt

=" Tza,&fa:ﬁ
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[

kite,

as traperiom
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©133Y A unigue circle can be drawn through any three point
on s straight line.

=

not lyving

=

circle are

A Q\
B Q2
—_ c’

{13 Any two tangents te s circle from a point ocut=ide th

agual, ABEAC
Qi

A

Qa3

143 In amy triarngle the altitude to one side and the two
the other sides are concurrent (intersect in one point).

madians to

AF=FB. AE=EC LADLBC Qt
E = :}I&B;BE?&CF(M@
AN &a

a C

(15) The perperdicular bisectors of the sides of any triangle are

concurrent (intersect in one pointy,

DO, FC % EC ane . &
OV
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