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ABSTRACT
Spatial ability is an important notion because of its application in everyday life
Submited: 13 February 2020 and its place in science and engineering. In recent decades, there have been many studies on spatial ability
Reviseed: 27 September 2020 in the field of mathematics education. Part of these studies have been conducted in the field of school

mathematics, emphasizing the importance of the spatial ability in the process of teaching school
mathematics. Of course, it should be noted that the number of research studies related to mathematics
education in Iran is not very large and most of them have been conducted in the field of psychology. It is
KEYWORDS: also stated in the educational documents such as the principles and standards of school Mathematics
Spatial Ability (NCTM) that students should use a variety of visual representations to analyze mathematical problems and
Spatial Visualization issues. Numerous definitions of spatial ability have been proposed and various terms, such as visual
10" and 11" grade students thinking, intuitive thinking, and visual ability have been used to describe it and various factors and
Gender components have also been identified to explain its nature. The purpose of this study was to investigate
Experimental Science the spatial ability of students with regard to their gender, grade, and field of study and also according to
and Mathematics Field of Study factors including spatial visualization, mental rotation, and spatial orientation.

The method of this study was the survey method and its participants were 901 students from
- secondary schools in Shahriyar studying in the 10th and 11th grade in the academic year of 2017-2018. The
&l e_reyhani@sru.ac.ir measurement instrument was a researcher-made test whose formal and content validity was confirmed by
@ (+98) 9124501611 a number professors and teachers of mathematics and its reliability was also confirmed by the approximate
amount of Cronbach's alpha which was 0.83. In addition, descriptive statistics (mean and standard
deviation) and inferential statistics (independent t-test) were used to analyze the data.

The findings of the study showed a significant difference between male and female students in
the field of spatial ability. In addition, the performance of math students was significantly better than the
students in the field of experimental sciences. Also, the performance of the 11th grade students was
significantly better than that of the 10th grade students. This difference can be justified by the implicit
teaching that takes place in the 10th and 11th grades, as well as the courses which are taken by the 11th
grade students in geometry until the exam. These findings show that the growth of spatial ability depends
on education, and because of its place in everyday and professional life, needs more attention in school
mathematics. The qualitative findings of this study showed that tasks related to spatial ability are a good
platform for developing mathematical thinking and mathematical processes, such as problem solving,
reasoning, and proof. Moreover, teaching and increasing the level of education seem to have an undeniable
effect on the growth of spatial ability and the improvement of students' problem-solving performance.
Although the problem-solving approach has clearly established its presence in lIranian
mathematics textbooks in recent decades, little research has been done on the place and role of spatial
ability in teaching the process of solving mathematical problems. Moreover, the field of school mathematics
needs more research on spatial ability in different areas, such as curricula, teacher training, and methods
of math teaching and learning. The findings of this study can be useful in modifying and strengthening the
strategies, educational processes, curricula and appropriate educational instruments to improve students'
spatial visualization.
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In this test you will be given a series of figures. In each figure there is concealed a basic figure, masked by additicnal line. The three basic figures are

shown here marked A, B, C

A B C
In every case the basic figure will be of the same size and in the same position within the masking figure as it is shown abave.

Your task is to identify the basic figure appearing in each masked and mark under the corresponding letter for each item on the answer sheet

1

Look at this example: K >:1 l[ : A [ B ‘ C

100 .

(Vo] olad s 6lp oleds IS8 oyge3] ) JSCs
Fig.1: The hidden figures test for spatial visualization

Identify the two responses that show the standard in a different orientation

Standard D D Responses D D

(V8] (23 ()90 oy digas ¥ S5
Fig.2: The mental rotation test

l Top Draw the views of the figure given here according to situation given below

Top Front Right

Right

:l--—-

/ Front

(VW] lad ohcas oypeyl ¥ USS
Fig.3: Spatial orientation test
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Table 1: Statistical population divided by gender, discipline and educational background
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Gender
Girl Boy
Field Mathematical Experimental Mathematical Experimental Total
Grade Tenth Eleventh Tenth Eleventh Tenth Eleventh Tenth Eleventh
Frequency 423 445 884 882 462 477 572 656 4801
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Table 2: Initial and final sample size divided by grade, discipline and gender
Gender
Girl Boy
Field Mathematical Experimental Mathematical Experimental
Total
Grade Tenth Eleventh Tenth Eleventh Tenth Eleventh Tenth Eleventh ota
First sample 56 86 128 74 116 157 109 175 901
Deleted 0 2 2 1 0 1 5 1 12
Evaluated 56 84 126 73 116 156 104 174 889
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Table.3: The results of male and female students' spatial ability performance levels
Spatial ability levels
Very weak Weak Medium Good Very good Total
Gender 0-4 4.01-8 8.01-12 12.01-16 16.01-20
Frequency 2 30 116 209 193 550
Boy Percent 0.4 5.5 211 38.0 35.1 100
Cumulative Percent 0.4 5.8 26.9 64.9 100.0
Frequency 2 31 87 123 96 339
Percent 0.6 9.1 25.7 36.3 28.3 100
Girl Cumulative Percent 0.6 9.7 35.4 717 100
40.0%
Gender
35.0% HBD}F
[Mcit
30.0%%—
o 25.0%
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w
=
£ 20.0%=
=9
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Spatial ability levels
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Chart.1: Distribution of spatial ability performance of male and female students
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Table.4: The levon's and Independent t-test results to evaluate spatial ability performance of male and female students

Independent samples test

Levene's test for

equality of t-test for equality of means
variances
Spatial ability 95% Confidence Interval of
: : ’ Mean Std. Error the Difference
F Sig. t bf Sig. (2-tailed) Difference  Difference
Lower Upper
Equal variances assumed 3.329 0.068 3.045 887 0.002 0.783 0.257 0.278 1.287
Equal variances not assumed 2.984 669.398 0.003 0.783 0.262 0.268 1.298
b Ul gl )3 a3l 5 00 Gligel (23l 3 Shoe JlslE 598 0 Jsur
Table 5: Frequency distribution of tenth and eleven students' performance at spatial ability levels
Spatial ability levels
Very weak Weak Medium Good Very good Total
Grade 0-4 4.01-8 8.01-12 12.01- 16 16.01-20
Frequency 2 38 90 167 105 402
Tenth Percent 0.5 9.5 22.4 41.5 26.1 100
Cumulative percent 0.5 10 32.3 73.9 100
Frequency 2 23 113 165 184 487
Eleventh Percent 0.4 4.7 23.2 33.9 37.8 100
Cumulative percent 0.4 5.1 28.3 62.2 100
50.0% Crade
45 0% [ Tenth
Elewenth
40.0%— [I]]
35.0%
B 30.0%—
a
2]
T 250%—
[«
20.0%
15.0%
10.0%—
5.0%=
0% T I
0-400 401 -8 801-12 12.01 - 16 16.01-20
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Spatial ability levels
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Chart.2: Distribution of spatial ability performance of 10th and 11th grade students
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Table.6: The result of Levon and independent t-test for spatial ability performance of tenth and eleventh grade students

Independent samples test

Levene's test for

equality of t-test for equality of means
. - variances
Spatial ability 95% Confidence Interval of
Mean Std. Error the Difference
F Sig. t Df Sig. (2-tailed) Difference Difference Lower Upper
Equal variances assumed 0.629 0.428 -3.097 887 0.002 -0.777 0.25086 -1.269 -.285
Equal variances not assumed -3.10 859.915 0.002 -0.777 0.25050 -1.269 -.285
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Table.7: The results of spatial ability performance of mathematical and experimental students
Spatial ability levels

. Very weak Weak Medium Good Very good
Field of study 0-4 401-8 8.01-12 12.01-16 16.01-20 Total
Frequency 3 21 72 156 160 412
Mathematical Percent 0.7 5.1 17.5 37.9 38.8 100
Cumulative Percent 0.7 5.8 233 61.2 100.0
Frequency 1 40 131 176 129 477
Experimental Percent 0.2 8.4 27.5 36.9 27.0 100
Cumulative Percent 0.2 8.6 36.1 73.0 100
40.0%—
Field of study
B0% EMathematical
30.0% ﬂ]]F.xpemuental
L 25.0%
§ 200%
a
15.0%—
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5.0%—
0% T
0-4 1201 -1a
Very weak Weak Medium Good Very good
Spatial ability levels

@7 g 2l ax) plisel tils plad Ul o Slee (FaiSy g5e5 ¥ laged
Chart.3: Distribution of spatial ability performance of mathematical and experimental students
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Table.8: The results of Levon and independent t-test for spatial ability performance of mathematical and experimental students
Independent samples test

Levene's test for

. X t-test for equality of means
equality of variances

95% Confidence Interval

Mean Std. Error of the Difference
F Sig. t df Sig. (2-tailed) Difference  Difference  Lower Upper
Equal variances assumed 0.121 0.728 4.158 887 0.000 1.037 0.249 0.547 1.526

Equal variances not assumed 4.152 863.254 0.000 1.037 0.250 0.547 1.527
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Identify the basic figure appearing in each masked figure and mark under the corresponding letter for each item on the answer sheet
B C D
B Cc D

<O«

1 3
4 6

[Y0] (b s (sl gty S5 o531 F S5
Fig.4: The hidden figures test for spatial visualization
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Fig.5: The sample of students' correct answer to hidden figure test
B D
\ Y \ ik %
¥ d ’ @

Ol SIS Qy’}‘ 4 Q‘}g&‘&b S ol @L Wges £ S
Fig.6: The sample of students' incorrect answer to hidden figure test

5 65 6 5

For shape each representing the same cube. The letters A to F are written on each of the faces. Try to determine which letters are on opposite faces.

Letter

Opposite

[7] (3 oye0 geyl ¥ IS
Fig.7: Mental rotation test
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Fig.8: The sample of students' correct answer to the mental rotation test using the elimination method
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Fig.9: The sample of students' incorrect answer to the mental rotation test by placement method
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Fig.10: The sample of the students' correct answer to mental rotation test using the widespread cube method.

Draw the views of the figure given here according to situation given below

Front Right

f Top
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Fig.11: Spatial orientation test
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