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Abstra
t. The arti
le deals with the geometri
 imagination in relation to intelligen
e

tests. During an exploratory investigation of geometri
 imagination of pupils aged

15-18 years, a non-standardized test was 
reated and evaluated, testing the partial

and 
ombinative abilities of students of this age group. The test 
onsists of 40 tasks,

and its evaluation pro
ess also 
ontains a 
omparison of the results based on gender

and mathemati
s mark.

1. Prologue

For movement in our world we should have an aptitude, whi
h allows us to

orient in the spa
e, to be aware of lo
ation of our body and its parts in the

spa
e, to per
eive the interrelation in the spa
e. Varied names are used for

this aptitude, e.g. Visual Thinking, Spatial Ability, Visualization, et
.

Gardner [2℄ talks about the spatial intelligen
e. He says: �Prime is ap-

titude, whi
h se
ures the a

urate per
eption the visual world. It allows to

transform and to modify original per
epts and it makes notions from own

visual experien
e without further outward stimulus.�
We de�ne Geometri
al Spatial Imagination as a �set of abilities, whi
h relate re-

produ
tion and anti
ipation, stati
 and dynami
 ideas about shapes, about attributes

and about relations between geometri
al �gures in spa
e� [4℄.

Restru
turing s
hool mathemati
s often 
aused a 
onsiderable diversion from tra-

ditional parts of geometry. More time was given to more modern, more attra
tive

parts of mathemati
s whi
h are more pra
ti
al. The limitation of geometry was

justi�ed by la
k of time and inappli
ability of traditional geometry. These remarks


an be 
onsidered as tangible. The total 
ontribution of geometry is important in

a balan
ed edu
ation system. It should not be omitted.
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2. Test of triangles

The geometri
al spatial imagination is tested e.g. by standard Test of squares,

whi
h is a part of Amthauer I-S-T tests of universal intelligen
e and it 
omes

out from Rybakov �gures. We 
reated a dida
ti
al test based on the similar

prin
iple. We divide an irregular plane �gure into two parts only with one 
ut.

Then we put together these two parts to 
reate an equilateral triangle. The

test, its administration and results are the 
omponents of Jana Slezáková's

dissertation [7℄. This dissertation was suggested at the Fa
ulty of S
ien
e of

Pala
ký University in Olomou
. The test was 
reated and used in the ESF

proje
t 
alled �The spotting of talents for the 
ompetitiveness and work with

them�, the area of assistan
e �The tantamount opportunities for 
hildren and

pupils, in
luding the pupils with a spe
ial edu
ational needs�, the registration

number CZ.1.07/1.2.08/02.0017.

The test was 
reated so as:

• it was interesting for pupils and it in
reases the interest in geometry,

• the tea
hers 
an easily apply it in tea
hing,

• it is used for the age 
ategory 15 � 18 years,

• it is fo
used on the geometri
al spatial imagination.

The author 
reated a 
oordinate grid of equilateral triangles and looked up

various irregular �gures, whi
h 
an be divided into two parts with only one


ut and put together into the equilateral triangle (only in our fantasy). The

author 
reated 40 plane �gures in the �rst stage. These �gures were tested by

a small number of students and then the test was adapted. Two groups about

40 problems arised. The �rst group of problems � The geometri
al spatial

imagination (TP1) is for the age 
ategory up to 15 years, the se
ond group of

problems � The geometri
al spatial imagination (TP2) is for the age 
ategory

from 15 years. In both 
ases it is an unstandard test of geometri
al spatial

imagination, whi
h is easily usable for a mathemati
s tea
her.

The task of resear
h was to �nd out whether the mark in maths and the

result in the test are related, whether there exists a 
loseness of boys results

and girls results. It also should order the problems by di�
ulty.

The test was 
arried out in June in s
hool year 2009/2010, and 1690 pupils

of a grammar s
hool took part in this test. 548 of them (234 boys and

314 girls) were up to 15 years old (the se
ond 
lass, the fourth form) and

1142 of them (421 boys and 721 girls) were older than 15 years (the �fth form,

the sixth form, the �rst 
lass, the se
ond 
lass). It was realized at the fa
ulty

grammar s
hool, whi
h is binded by 
ontra
t with Fa
ulty of S
ien
e, Pala
ký
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University in Olomou
. We tried to �nd out the quality of our surveying and

we 
ompared the validity and reliability with values of standard IQ test � Test

of squares.

Figure 1: The order of the tasks a

ording to 
orre
t answers in the test TP2.

3. Results

Here we present only the results of the test of the imagination � TP2 for the age

group over 15 years.

Table 1 shows the relationship between su

ess in the test TP2 and the mark

in mathemati
s (represents the average s
ore for ea
h group of pupils a

ording to

marks in mathemati
s, in
luding their average point di�eren
e in %).

The table shows that pupils, whi
h have the mark 1, are 
learly better than pupils

with the marks 2 or 3. An interesting result is that pupils with the mark 1 were better

than pupils with the marks 2 or 3 in ea
h task. This result was not 
on�rmed in the

test of lower grammar s
hool pupils. Next testing [7℄ demonstrated the 
orrelation

between su

ess in the TP2 test and the mark in mathemati
s.

We also attempted to illustrate the sequen
e of tasks in the TP2 test with their

evaluation by the number of 
orre
t answers. Now we 
an see how tasks were di�
ult

for ea
h group and how they would be sorted. Table 2 shows the average s
ore for

all the 1142 pupils in various tasks in the test TP2.

Figure 1 shows how tasks are sorted on the basis of test results of ea
h group

(parti
ularly for girls, boys, pupils with the marks 1, 2, and 3).

Our results shows how to sort tasks a

ording to in
reasing di�
ulty. The task

numbers are as follows: 14, 9, 2, 30, 3, 28, 21, 7, 33, 38, 23, 15, 25, 36, 1, 34, 27, 32,

16, 8, 5, 40, 39, 13, 4, 29, 20, 24, 18, 17, 10, 11, 22, 26, 31, 6, 12, 35, 37, 19.

Figure 2 shows the dependen
e between a gender and the test results.
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Overall Di�eren
e Di�eren
e Di�eren
e

Task results Mark 1 Mark 2 Mark 3 between between between

1 and 3 2 and 3 1 and 2

1 81.0 89.2 80.8 76.6 12.6 4.2 8.4

2 91.6 93.7 93.2 89.7 4.0 3.5 0.5

3 89.8 94.9 90.4 87.2 7.7 3.2 4.5

4 70.8 82.9 71.2 67.2 15.7 4.0 11.7

5 76.0 88.6 79.1 68.4 20.2 10.7 9.5

6 55.4 60.1 59.3 52.3 7.8 7.0 0.8

7 86.2 91.8 88.1 82.7 9.1 5.4 3.7

8 78.2 88.6 78.8 76.9 11.7 1.9 9.8

9 92.4 94.9 94.6 89.4 5.5 5.2 0.3

10 62.3 78.5 63.3 58.1 20.4 5.2 15.2

11 62.2 75.9 64.7 58.1 17.8 6.6 11.2

12 54.5 72.2 55.4 48.0 24.2 7.4 16.8

13 74.3 86.7 75.1 69.6 17.1 5.5 11.6

14 93.3 96.8 95.5 91.5 5.3 4.0 1.3

15 82.9 91.8 86.4 76.6 15.2 9.8 5.4

16 78.3 89.9 79.1 72.6 17.3 6.5 10.8

17 62.6 76.6 65.3 55.3 21.3 10.0 11.3

18 66.8 77.2 68.4 56.8 20.4 11.6 8.8

19 43.8 60.8 43.8 39.5 21.3 4.3 17.0

20 68.0 81.0 70.3 59.6 21.4 10.7 10.7

21 88.4 93.0 89.8 86.0 7.0 3.8 3.2

22 61.3 69.0 66.7 54.4 14.6 12.3 2.3

23 83.8 91.1 83.6 81.2 9.9 2.4 7.5

24 68.0 75.9 71.5 63.2 12.7 8.3 4.4

25 82.8 88.0 85.9 81.2 6.8 4.7 2.1

26 60.9 77.2 61.6 55.0 22.2 6.6 15.6

27 79.7 88.6 82.5 73.3 15.3 9.2 6.1

28 89.8 93.0 91.2 86.9 6.1 4.3 1.8

29 68.3 82.3 72.9 59.0 23.3 13.9 9.4

30 91.0 95.6 92.9 89.1 6.5 3.8 2.7

31 57.4 67.1 57.6 55.3 11.8 2.3 9.5

32 78.8 89.9 80.5 72.0 17.9 8.5 9.4

33 86.1 94.3 86.4 83.3 11.0 3.1 7.9

34 80.0 87.3 84.2 75.1 12.2 9.1 3.1

35 53.4 69.6 54.8 47.7 21.9 7.1 14.8

36 82.7 91.8 84.2 77.8 14.0 6.4 7.6

37 52.1 69.0 50.0 48.3 20.7 1.7 19.0

38 84.4 93.0 87.3 78.4 14.6 8.9 5.7

39 74.6 86.7 76.0 67.8 18.9 8.2 10.7

40 75.2 86.1 78.2 68.4 17.7 9.8 7.9

14.5 6.5 8.0

Table 1: The relationship between su

ess in the test TP2 and the mark in mathe-

mati
s.
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TP2 Did not

(1142) Solved: Corre
t Wrong solve

n n % n % n %

u1 1119 925 81.0 194 17.0 23 2.0

u2 1068 1046 91.6 22 1.9 74 6.5

u3 1089 1025 89.8 64 5.6 53 4.6

u4 980 809 70.8 171 15.0 162 14.2

u5 1088 868 76.0 220 19.3 54 4.7

u6 1091 633 55.4 458 40.1 51 4.5

u7 1040 984 86.2 56 4.9 102 8.9

u8 1009 893 78.2 116 10.2 133 11.6

u9 1092 1055 92.4 37 3.2 50 4.4

u10 900 711 62.3 189 16.5 242 21.2

u11 828 710 62.2 118 10.3 314 27.5

u12 754 622 54.5 132 11.6 388 34.0

u13 975 848 74.3 127 11.1 167 14.6

u14 1104 1065 93.3 39 3.4 38 3.3

u15 1037 947 82.9 90 7.9 105 9.2

u16 1069 894 78.3 175 15.3 73 6.4

u17 849 715 62.6 134 11.7 293 25.7

u18 945 763 66.8 182 15.9 197 17.3

u19 696 500 43.8 196 17.2 446 39.1

u20 997 776 68.0 221 19.4 145 12.7

u21 1073 1010 88.4 63 5.5 69 6.0

u22 799 700 61.3 99 8.7 343 30.0

u23 1023 957 83.8 66 5.8 119 10.4

u24 881 776 68.0 105 9.2 261 22.9

u25 1051 946 82.8 105 9.2 91 8.0

u26 912 695 60.9 217 19.0 230 20.1

u27 991 910 79.7 81 7.1 151 13.2

u28 1058 1025 89.8 33 2.9 84 7.4

u29 910 780 68.3 130 11.4 232 20.3

u30 1065 1039 91.0 26 2.3 77 6.7

u31 953 655 57.4 298 26.1 189 16.5

u32 963 900 78.8 63 5.5 179 15.7

u33 1027 983 86.1 44 3.9 115 10.1

u34 977 914 80.0 63 5.5 165 14.4

u35 821 610 53.4 211 18.5 321 28.1

u36 1013 944 82.7 69 6.0 129 11.3

u37 713 595 52.1 118 10.3 429 37.6

u38 1032 964 84.4 68 6.0 110 9.6

u39 905 852 74.6 53 4.6 237 20.8

u40 953 859 75.2 94 8.2 189 16.5

Table 2: The average s
ore for all pupils in various tasks.
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Figure 2: The dependen
e between a gender and the test results.

The investigation (average points from test of boys and girls) of grammar s
hool

pupils shows a big di�eren
e between the results of boys and girls. Girls were better

than boys only in seven tasks (1, 6, 9, 11, 28, 30 and 34). The largest di�eren
e of

overall average points was for task 28, it was 11.5% for girls. Also next investigation

[7℄ shows that there is a 
orrelation between su

ess in the test solution TP2 and

a gender of pupils.

4. Con
lusion

Another goal was to determine the quality of our measurements and to 
om-

pare the values of validity and reliability with a standardized IQ test � squares.

The values of reliability, validity of measurement are in the following tables.

Statisti
al pro
edure of SPSS program whi
h determines the value of the

Cronba
h alpha and the 
oe�
ient for the split-half method was used for

reliability. Validity was veri�ed by using the 
orrelation between the mark in

mathemati
s and test results.

Spearman's 
orrelation 
oe�
ient was used for �nding the right relations

between tests. It allows to determinate quantitatively how 
lose is the 
on-

ne
tion between variables whi
h were used for 
reating orders.

These tables show how high is the grade of reliability for the test TP2. This

value is higher than reliability IQ test - Test of squares. (When reliability is

higher (
lose to +1), then pre
ision is higher too). Reliabity is r = 0, 837 for

test TP2 and reliability for IQ�test of squares is r = 0, 812 [9℄.

The mark in mathemati
s was 
hosen as a 
riterion to assess statisti


validity. Predi
tive validity was used as well as in the 
ase of square test.
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Reliability Statisti
s

Part 1 Value .831

Cronba
h's N of Items 20(a)

Alpha Part 2 Value .80

N of Items 20(b)

Total N of Items 40

Correlation Between Forms .727

Spearman�Brown Equal Lenght .842

Coe�
ient Unequal Lenght .842

Guttman Split-Half Coe�
ient .837

a The items are: u1, u2, u3, u4, u5, u6, u7, u8, u9, u10, u11, u12, u13, u14, u15, u16, u17, u18,

u19, u20.

b The items are: u21, u22, u23, u24, u25, u26, u27, u28, u29, u30, u31, u32, u33, u34, u35, u36,

u37, u38, u39, u40.

Case Pro
essing Summary

N %
Cases Valid 324 28.4

Ex
luded(a) 818 71.6

Total 1142 100.0

a Listwise deletion based on all variables in the pro
edure.

Reliability Statisti
s

Cronba
h's Alpha N of Items
.902 40

Table 3: Values of reliability for split-half method in test TP2.

Correlation(resear
h1d)

Correlation are on signi�
an
e level p < .05

Summarize the 
ondition: TP="TP2"

and resear
h="JS"

Variable Mark Points Corre
t (% )

1.0000 −.2162 −.1981

Mark N = 973 N = 973 N = 973

p = � p = .000 p = .000

−.2162 1.0000 .7823

Points N = 973 N = 1142 N = 1142

p = .000 p = � p = .000

−.1981 .7823 1.0000

Corre
t (% ) N = 973 N = 1142 N = 1142

p = .000 p = .000 p = �

Table 4: Values of predi
tive validity for test TP2.
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Based on the results and from the tables, we 
an state that our measure-

ments on the signi�
an
e level of 0,05 
an be 
onsidered valid.

It 
an be said that the test TP2 is suitable for verifying the level of geo-

metri
 imagination of pupils of grammar s
hools.
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Appendix. Test TP2. Divide the polygon using only one se
tion so that the trans-

fer of one part to another (only in the imagination) 
reates an equilateral triangle.

1. 2. 3.
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4. 5. 6.

7. 8. 9.

10. 11. 12.

13. 14. 15.

16. 17. 18.

19. 20. 21.

22. 23. 24.
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25. 26. 27.

28. 29. 30.

31. 32. 33.

34. 35. 36.

37. 38. 39.

40.


