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ABSTRACT

Spatial ability is an important notion because of its application in everyday life
Received: 13 June 2020 and its place in science and engineering. In recent decades, there have been many studies on spatial ability
Reviewed: 15 September 2020 in the field of mathematics education. Parts of these studies have been conducted in the field of school

X mathematics, emphasizing the importance of the spatial ability in the process of teaching school
Revised: 27 September 2020 mathematics. Of course, it should be noted that the number of research studies related to mathematics
Accepted: 13 October 2020 education in Iran is not very large and most of them have been conducted in the field of psychology. It is

also stated in the educational documents such as the principles and standards of school Mathematics
(NCTM) that students should use a variety of visual representations to analyze mathematical problems and

KEYWORDS: issues. Numerous definitions of spatial ability have been proposed and various terms, such as visual
Spatial Ability thinking, intuitive thinking, and visual ability have been used to describe it and various factors and
Spatial Visualization components have also been identified to explain its nature. The purpose of this study was to investigate
10t and 11*" grade students the spatial ability of students with regard to their gender, grade, and field of study and also according to
Gender factors including spatial visualization, mental rotation, and spatial orientation.

Experimental Science M The method of this study was the survey method and its participants were 901 students from
and Mathematics Field of Study secondary schools in Shahriyar studying in the 10th and 11th grade in the academic year 2017-2018. The

measurement instrument was a researcher-made test whose formal and content validity was confirmed by
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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shown here marked A, B, C

In this test you will be given a series of figures. In each figure there is concealed a basic figure, masked by additional line. The three basic figures are

CAC)

1

K

Look at this example:

A

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 above.

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

v

A]B|c

Oo0oOm.

(YOl (olad a5l oy US55 (y90y] o) JS
Fig.1: The hidden figures test for spatial visualization

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

]

Standard

D Responses

u O

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

l Top

Top

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

Front Right

Right

/ Front

[YV] olad ol ol ¥ S
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
Gz g 4l iy SIS @ oS 5 adgl aiged o iV Sy
Table 2: Initial and final sample size divided by grade, discipline and gender
Gender
Girl Boy
Field Mathematical Experimental Mathematical Experimental
Grade Tenth Eleventh Tenth Eleventh Tenth Eleventh Tenth Eleventh Total
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
9 530 Ghgal il (plad Gl o Sles zslaw gl ¥ Jgar
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
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Chart.1: Distribution of spatial ability performance of male and female students
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Table 4: The Levene'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 o0 Gligel (23l 3 Shoe Jlsl8 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
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Elewventh
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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 Levene’s 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%~
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Chart.3: Distribution of spatial ability performance of mathematical and experimental students
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Table 8: The results of Levene’s 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

Mean Std. Error

F Sig. t df Sig. (2-tailed) Difference  Difference
Equal variances assumed 0.121 0.728 4.158 887 0.000 1.037 0.249
Equal variances not assumed 4.152 863.254 0.000 1.037 0.250

95% Confidence Interval
of the Difference

Lower Upper
0.547 1.526
0.547 1.527
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identify the basic iguee appaadng in each masked figure and mark under the corresponding letter for @ach item on the answer shaet
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Fig.4: The hidden figures test for spatial visualization

B _C D

¥ 2 ¢

Ol IS8 ga3l @ Oligal s geome Gy 4iges DS
Fig.5: The sample of students' correct answer to hidden figure test
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Fig.6: The sample of students' incorrect answer to hidden figure test

For shape wach reprasenting the same cube. The fetters & 10 F are written on each of the faces, Try to determene which letters are on opposite faces.
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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.
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Draw the views of the figure given here according to situation given below
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Fig.11: Spatial orientation test

lygaliils o Shae wglas ol 108 51 atwe; ol ,o bl o, Shee
5 Sy Oy adllae @S b 5 (se30l,e0 adlie o g 5 20
Rodan, et) o ,Ken ¢ )10, 9 [\v] (van Tetering, et al) o) Ken
5 5 wile Slidss wls b ple bl .cwl @lhs [Y7] al
oS
OhlSen 5 3lleS ouie

& <l V] (Toptas, et al) o, Ken 5 3lugs o [Vl
2 by g Oy G gl pas
5 070355 S5 & by Sl el 5l S3U Wl oo la8 LUl
@ ooy 5 0Uj dawgs Jgene jsboay a5 ol il b gl slacJles

1 058 oo plonil aiBlianwgs 5 Soio slo,giS [0 S lie Ojgo

S 35 Az

5 020 sloarly olisel iils (lad LUy g pol Gheghy S
(2 lad st s dw (o olad Slles cosndiis 4y azgi b paosly
Lig o2k, 5 @2 4l SIS a4 alad obcwz 5 23000
3 awd e olid adlas ol gleandl cwl Coniz al>d
azeS b el Sloline g g o o Slas glas o olad ,Ulgs
Lol oo @ .o)ls e [Vo] ol )en 3 olo, Gudios gli b
Sl ggi 5l b plad SUles 1o Gl g ol im0 o Slae oglas
olyzo aijls Jiles
215 e 3l Sl £95 9 0S5k edle b (i 5 Ssgie b

Slyole 9 ol i ralag5b olewl g lassb



E. Reyhani et al.

oK 5 il y et lyo]

03D QLQ,«‘MJ J?‘ aMy Ja.uj.\ d,».n?u 4...]5‘ c;l.uo 9 S..ij); d.ﬁ.w.o
g 5 Sl fygeyl il ails ¢ SKhen § o Lie oy
sl ulfd.._wy A Egomo 4O Ll 00 )‘)'f).g 299 03 b

]

‘5§|.>)..\§ 9 M& y

GBI ol (el ad)l (lid )5 aliplly s 51 Jlo )l dlis
5 750 Qligeltils (lad Gl (o plsie b (ool bl 8
(2l S Glabele 4 azgi b opasih 5 e slaaly o e
Coy olRails jo aS ozl puinl €« olad ohcys ¢ 030,90
oygline 5 Slowy el ol 15 GBI lasal, o 5 ol g 0

el 00y plonil 4y oz, o) 550 Wil

&élw oyl

ol oaid o B aing s lawgs xdlio (o ,las aigS g

A’L‘as@b.o

[1] Reyhani E. [What is spatial ability?] Roshd Mathematics
Educational Journal. 2006; 24 (1):27-35. Persian.

[2] Nagy-Kondor R. Spatial ability: measurement and
development. In: Khine MS (ed), Visual-Spatial Ability in STEM
Education: Switzerland: Springer international Publishing; 2017.
p. 35-58.

[3] Gardner H. From conflict to clarification: A comment on
Egan's “narrative and learning: A voyage of implications”.
Linguistics and Education. 1993 ; 5 (2):181-185.

[4] Gardner H. Reflections on multiple intelligences: Myths and
messages. Phi Delta Kappan. 1995 ;77 (3) :200-203, 206-209.

[5] Ethington CA, Wolfle LM. Sex differences in a causal model
of mathematics achievement. Journal for Research in
Mathematics Education. 1984, 15 (5) :361-377.

[6] Maier PH, (ed) Spatial geometry and spatial ability-How to
make solid geometry solid. Selected papers from the Annual
Conference of Didactics of Mathematics; 1996.

[7] Tartre LA. Spatial orientation skill and mathematical problem
solving. Journal for Research in Mathematics Education. 1990;
21 (3) :216-29.

[8] Organization ERaP. Geometry (1) - The tenth base of the
second high school. 4, editor: Iran Textbook Publishing
Company, Tehran; 2019.

[9] Ahmadi F, Ahmadi T. The role of management position in the
evolution of the country's educational system. Paper presented
in the The Pathology Conference on Educational System:
Scientific Research Institute of Dynamic Scholars of Iranian
Campus; 2017. Persian

—ols o Shee gl pgat o 58S Sl LBl aw e B 4
5 e Slllas el (olad QIS )0 120 5 ey Oljsal
Lol (55 Gaos

8 ,Skes gl canlllan ol 5l ode] Cewdas sloosls oS Julos
S e 0l 1) Gl g o2 ana, gl s olad Ul
Sfles 5l 025 Ghigal tls @ Cod 2k, an; pligel il
44z 55 b oligel tils Jseme jsbar ilsy55 5 6 5Vl (lad LUl
g wladls alawgie pgd 095 5| b3 laJlo ,3 &5 (Jraxd Cundg
ol 0 510 5y e 4, bl 4y s Sl pei 5eSilie bl
ooy Cuwl g BB (Ul oo Cunidg 4 axg b oaxs
SE L) dwain uyd 50 ead wb 0 (b, anh) oligel sl
3 ol les S edl o oo bigal ainey cl )3 g o Lisl (comas
Slele j2alS @ axg b o,z and, oljael ils a5 cul J>
ez ol 3 (il il g e sladle po 2k, ugy
Oyl sy Y 51 (S Wl e 52 909e (nl i ool
ik plad ol s o) ad,

@l (heams Al 4 4z b olisel tils 0 Shes Sglis sy o
al Ol il (lad GUlsy o Slas was o (a5 pol> iaghy
Gigel @ azgi b olds Gl el e oo b 4 o a0l
wiblioo BT 033l g mos 4l yo (Jeaxs glaaly jo &5 el
Sz 0leg) oles ol B a3l 0550 (gl 2o oS sy o (rizean
Sl dzgi BB cailond] )45 awasa (o 50 (g

2y 2 e al Gl g Bisel deye A i e
b hgalls e o 0 Slae s 5 lad Ul
P ol k) e ol o dlus J> 9,55, 0,0 5330,
J onl bl 00,5 cnii | 095 j9an (ST joboay p3 ams
hisel 5o plad ally A g oSl 050 y0 Sz sl segl
otl 5t ey ol sl o ot ol ol s o aiyT 3
Erog Hlaed wilg g0 slad Slly Corwe a5 &l cdYs 4SS
U155 i (oS glaoanT b gl 5w Sa5 a5l camslie
Gigel 5o SYlail g Slbls )l )18 5 laalesl (ST g Yol
Flowe Ll Jds a4 (olad Ul 0,05 )18 ooliiul 590 (2L,
Sl cadb 55 Gl slis 5 o8ly S5 Lol & by
Sl (Kl o @ aisly Jlaws 51 (55l 0 Az slageuly
laazdl culls igs 5 (390l 039> 40 Sy ax gl sl
5 shisel slaanlyd g oo aly Cughl g i )0 Wl oo anlllas
2 s 5 2isel Glstelin g (yd G35 eilie Sl izpen
255 1,8 oolawl 0,90 «yl g0l ils  Lad s 059>

LU S RUR 1 P



https://www.roshdmag.ir/fa/filepool/download/d6d854f42b3845fb945a23fcd6dbecf0.
https://www.roshdmag.ir/fa/filepool/download/d6d854f42b3845fb945a23fcd6dbecf0.
https://link.springer.com/chapter/10.1007/978-3-319-44385-0_3.
https://link.springer.com/chapter/10.1007/978-3-319-44385-0_3.
https://link.springer.com/chapter/10.1007/978-3-319-44385-0_3.
https://link.springer.com/chapter/10.1007/978-3-319-44385-0_3.
https://www.sciencedirect.com/science/article/pii/0898589893900348.
https://www.sciencedirect.com/science/article/pii/0898589893900348.
https://www.sciencedirect.com/science/article/pii/0898589893900348.
https://www.jstor.org/stable/20405529.
https://www.jstor.org/stable/20405529.
https://www.jstor.org/stable/748426?seq=1.
https://www.jstor.org/stable/748426?seq=1.
https://www.jstor.org/stable/748426?seq=1.
http://webdoc.sub.gwdg.de/ebook/e/gdm/1996/maier.pdf.
http://webdoc.sub.gwdg.de/ebook/e/gdm/1996/maier.pdf.
http://webdoc.sub.gwdg.de/ebook/e/gdm/1996/maier.pdf.
https://www.jstor.org/stable/749375?seq=1.
https://www.jstor.org/stable/749375?seq=1.
https://www.jstor.org/stable/749375?seq=1.
http://chap.sch.ir/
http://chap.sch.ir/
http://chap.sch.ir/
https://www.civilica.com/Paper-PCES01-PCES01_155.html.
https://www.civilica.com/Paper-PCES01-PCES01_155.html.
https://www.civilica.com/Paper-PCES01-PCES01_155.html.
https://www.civilica.com/Paper-PCES01-PCES01_155.html.
https://www.civilica.com/Paper-PCES01-PCES01_155.html.

Tech. of Edu. J. 15(2): 379-394, Spring 2021 (yay)

VFee Jlgs oF oylous I8 wls i jg0] (59U code 4y puii

[25] Miller DM. The relationship between some visual-
perceptual factors and the degree of success realized by sports
performers [doctoral dissertation]. US: University of Southern
California.; 1960.

[26] Vandenberg SG, Kuse AR. Mental rotations, a group test of
three-dimensional spatial visualization. Perceptual and Motor
Skills. 1978; 47 (2) :599-604.

[27] OZDEMIR AS, YILDIZ SG. The analysis of elementary
mathematics preservice teachers’ spatial orientation skills with
SOLO mode. Eurasian Journal of Educational Research. 2015;61:
217-236.

[28] Mohagheghian Yaghoubi R. [Relationship between amount
use of computer games and the spatial ability of students].
Instructional Engineering: Journal of Instructional Technology
and Design. 2014; 3 (4):75-82. Persian.

[29] Reyhani E, Hajibabayi J, Arabzadeh R. [A study on the
impact of a vissualization-based teaching method on
mathematical problem solving performance of eighth grade
students]. Journal of Educational Innovations. 2011; 10 (38):25-
50. Persian.

[30] Hagh Joo S, Reyhani E. [Study on performance of secondary
school students in solving a spatial ability task based on SOLO
theory]. Technology of Education. 2019; 13 (4):639-653 Persian

[31] Reyhani E, Bakhshalizadeh S, Nazari K. [The effect of
visualization- based teaching approach on understanding the
concept of limit and the spatial ability amongst high school
students]. Advances in Cognitive Science. 2013; 15 (1): 27-42.
Persian.

[32] Uttal DH, Cohen CA. Spatial thinking and STEM education:
When, why, and how? Psychology of Learning and Motivation.
2012;57:147-181.

[33] Shea DL, Lubinski D, Benbow CP. Importance of assessing
spatial ability in intellectually talented young adolescents: A 20-
year longitudinal study. Journal of Educational Psychology.
2001; 93 (3) :604-614.

[34] Patahuddin SM, Rokhmah S, Ramful A. What does teaching
of spatial visualisation skills incur: an exploration through the
visualise-predict-check heuristic. Mathematics Education
Research Journal. 2020: 307-329.

[35] Gilligan KA, Flouri E, Farran EK. The contribution of spatial
ability to mathematics achievement in middle childhood.
Journal of Experimental Child Psychology. 2017; 163: 107-125.

[36] Rodan A, Gimeno P, Elosua MR, Montoro PR, Contreras MJ.
Boys and girls gain in spatial, but not in mathematical ability
after mental rotation training in primary education. Learning
and Individual Differences. 2019; 70: 1-11.

[37] Harris D, Logan T, Lowrie T. Unpacking mathematical-
spatial relations: Problem-solving in static and interactive tasks.
Mathematics Education Research Journal. 2020:1-17.

[10] Rasaee S, Razavi SA, Saeedi A. The effects of 2 dimensional
and 3 dimensional video games on spatial ability. Journal of
Educational Psychology Studies. 2015; 12 (22) :95-112.

[11] Toptas V, Celik S, Karaca ET. Improving 8th grades spatial
thinking abilities through a 3D modeling program. Turkish
Online Journal of Educational Technology-TOJET. 2012; 11 (2)
:128-134.

[12] van Tetering M, van der Donk M, de Groot RHM, Jolles J.
Sex differences in the performance of 7-12 year olds on a
mental rotation task and the relation with arithmetic
performance. Frontiers in Psychology. 2019; 10.

[13] VYiksel NS. Measuring spatial visualization: Test
development study. In Khine MS (ed), Visual-spatial Ability in
STEM Education: Springer; 2017. p. 59-84.

[14] Linn MC, Petersen AC. Emergence and characterization of
sex differences in spatial ability: A meta-analysis. Child
Development. 1985; 56 (6): 1479-1498.

[15] Williams CB, Gero J, Lee Y, Paretti M., (ed.s). Exploring
spatial reasoning ability and design cognition in undergraduate
engineering students. ASME IDETC 7th Symposium on
International Design and Design Education; 2010.

[16] Lohman DF. Spatial ability and g. Human abilities: Their
Nature and Measurement. 1996; 97:116.

[17] Olkun S. Making connections: Improving spatial abilities
with engineering drawing activities. International Journal of
Mathematics Teaching and Learning. 2003; 3 (1):1-10.

[18] McGee MG. Human spatial abilities: Psychometric studies
and environmental, genetic, hormonal, and neurological
influences. Psychological Bulletin. 1979; 86 (5):889-918.

[19] Roca-Gonzalez C, Martin Gutiérrez J, Garcia-Dominguez M,
Carrodeguas M, del Carmen M. Virtual technologies to develop
visual-spatial ability in engineering students. Eurasia Journal of
Mathematics, Science and Technology Education.2017,13: 441-
468.

[20] Mohler JL. Examining the spatial ability phenomenon from
the student's perspective. The Engineering Design Graphics
Journal. 2009 ;72 (3).

[21] D' Oliveira TC. Dynamic spatial ability: An exploratory
analysis and a confirmatory study. The International Journal of
Aviation Psychology. 2004; 14 (1): 19-38.

[22] Thurstone L. Some primary abilities in visual thinking.
Chicago, IL: University of Chicago psychometric lab report No.
59. Psychological Bulletin. 1950; 86 (5): 889-918.

[23] Michael WB, Guilford J, Fruchter B, Zimmerman WS. The
description of spatial-visualization abilities. Educational and
Psychological Measurement. 1957; 17(2): 185-99.

[24] Guilford JP, Fruchter B, Zimmerman WS. Factor analysis of
the Army Air Forces Sheppard Field battery of experimental
aptitude tests. Psychometrika. 1952 ; 17 (1): 45-68.


https://jeps.usb.ac.ir/article_2150.html.
https://jeps.usb.ac.ir/article_2150.html.
https://jeps.usb.ac.ir/article_2150.html.
http://www.tojet.net/
http://www.tojet.net/
http://www.tojet.net/
http://www.tojet.net/
https://www.frontiersin.org/article/10.3389/fpsyg.2019.00107.
https://www.frontiersin.org/article/10.3389/fpsyg.2019.00107.
https://www.frontiersin.org/article/10.3389/fpsyg.2019.00107.
https://www.frontiersin.org/article/10.3389/fpsyg.2019.00107.
https://link.springer.com/chapter/10.1007/978-3-319-44385-0_4.
https://link.springer.com/chapter/10.1007/978-3-319-44385-0_4.
https://link.springer.com/chapter/10.1007/978-3-319-44385-0_4.
https://www.jstor.org/stable/1130467?seq=1.
https://www.jstor.org/stable/1130467?seq=1.
https://www.jstor.org/stable/1130467?seq=1.
https://asmedigitalcollection.asme.org/IDETC-CIE/proceedings-abstract/IDETC-CIE2010/44144/669/342168
https://asmedigitalcollection.asme.org/IDETC-CIE/proceedings-abstract/IDETC-CIE2010/44144/669/342168
https://asmedigitalcollection.asme.org/IDETC-CIE/proceedings-abstract/IDETC-CIE2010/44144/669/342168
https://asmedigitalcollection.asme.org/IDETC-CIE/proceedings-abstract/IDETC-CIE2010/44144/669/342168
https://books.google.com/books?hl=en&lr=&id=JQX-PlF6EgYC&oi=fnd&pg=PA97&dq=Lohman,+D.+F.+(1996).+Spatial+ability+and+G.&ots=_qNPaytMXP&sig=6Z9cv5Y8Bmr-teoRBv4S2YR492g#v=onepage&q&f=false.
https://books.google.com/books?hl=en&lr=&id=JQX-PlF6EgYC&oi=fnd&pg=PA97&dq=Lohman,+D.+F.+(1996).+Spatial+ability+and+G.&ots=_qNPaytMXP&sig=6Z9cv5Y8Bmr-teoRBv4S2YR492g#v=onepage&q&f=false.
http://www.ex.ac.uk/cimt/ijmtl/ijabout.htm.
http://www.ex.ac.uk/cimt/ijmtl/ijabout.htm.
http://www.ex.ac.uk/cimt/ijmtl/ijabout.htm.
https://psycnet.apa.org/record/1979-32746-001.
https://psycnet.apa.org/record/1979-32746-001.
https://psycnet.apa.org/record/1979-32746-001.
https://accedacris.ulpgc.es/handle/10553/36053.
https://accedacris.ulpgc.es/handle/10553/36053.
https://accedacris.ulpgc.es/handle/10553/36053.
https://accedacris.ulpgc.es/handle/10553/36053.
https://accedacris.ulpgc.es/handle/10553/36053.
http://gpejournal.org/index.php/EDGJ/article/view/50.
http://gpejournal.org/index.php/EDGJ/article/view/50.
http://gpejournal.org/index.php/EDGJ/article/view/50.
https://www.tandfonline.com/doi/abs/10.1207/s15327108ijap1401_2.
https://www.tandfonline.com/doi/abs/10.1207/s15327108ijap1401_2.
https://www.tandfonline.com/doi/abs/10.1207/s15327108ijap1401_2.
https://www.jstor.org/stable/3143593.
https://www.jstor.org/stable/3143593.
https://www.jstor.org/stable/3143593.
https://journals.sagepub.com/doi/abs/10.1177/001316445701700202.
https://journals.sagepub.com/doi/abs/10.1177/001316445701700202.
https://journals.sagepub.com/doi/abs/10.1177/001316445701700202.
https://link.springer.com/article/10.1007/BF02288795.
https://link.springer.com/article/10.1007/BF02288795.
https://link.springer.com/article/10.1007/BF02288795.
http://digitallibrary.usc.edu/cdm/ref/collection/p15799coll18/id/85106/
http://digitallibrary.usc.edu/cdm/ref/collection/p15799coll18/id/85106/
http://digitallibrary.usc.edu/cdm/ref/collection/p15799coll18/id/85106/
http://digitallibrary.usc.edu/cdm/ref/collection/p15799coll18/id/85106/
https://journals.sagepub.com/doi/10.2466/pms.1978.47.2.599.
https://journals.sagepub.com/doi/10.2466/pms.1978.47.2.599.
https://journals.sagepub.com/doi/10.2466/pms.1978.47.2.599.
https://files.eric.ed.gov/fulltext/EJ1087527.pdf.
https://files.eric.ed.gov/fulltext/EJ1087527.pdf.
https://files.eric.ed.gov/fulltext/EJ1087527.pdf.
https://files.eric.ed.gov/fulltext/EJ1087527.pdf.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=513709.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=513709.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=513709.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=513709.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=247771.
http://icssjournal.ir/article-1-191-en.html.
http://icssjournal.ir/article-1-191-en.html.
http://icssjournal.ir/article-1-191-en.html.
http://icssjournal.ir/article-1-191-en.html.
http://icssjournal.ir/article-1-191-en.html.
https://www.sciencedirect.com/science/article/pii/B9780123942937000042.
https://www.sciencedirect.com/science/article/pii/B9780123942937000042.
https://www.sciencedirect.com/science/article/pii/B9780123942937000042.
https://www.researchgate.net/publication/232466160_Importance_of_assessing_spatial_ability_in_intellectually_talented_young_adolescents_A_20-year_Longitudinal_Study.
https://www.researchgate.net/publication/232466160_Importance_of_assessing_spatial_ability_in_intellectually_talented_young_adolescents_A_20-year_Longitudinal_Study.
https://www.researchgate.net/publication/232466160_Importance_of_assessing_spatial_ability_in_intellectually_talented_young_adolescents_A_20-year_Longitudinal_Study.
https://www.researchgate.net/publication/232466160_Importance_of_assessing_spatial_ability_in_intellectually_talented_young_adolescents_A_20-year_Longitudinal_Study.
https://link.springer.com/article/10.1007/s13394-020-00321-2.
https://link.springer.com/article/10.1007/s13394-020-00321-2.
https://link.springer.com/article/10.1007/s13394-020-00321-2.
https://link.springer.com/article/10.1007/s13394-020-00321-2.
https://europepmc.org/article/med/28753435.
https://europepmc.org/article/med/28753435.
https://europepmc.org/article/med/28753435.
https://www.sciencedirect.com/science/article/pii/S1041608019300019.
https://www.sciencedirect.com/science/article/pii/S1041608019300019.
https://www.sciencedirect.com/science/article/pii/S1041608019300019.
https://www.sciencedirect.com/science/article/pii/S1041608019300019.
https://link.springer.com/article/10.1007/s13394-020-00316-z.
https://link.springer.com/article/10.1007/s13394-020-00316-z.
https://link.springer.com/article/10.1007/s13394-020-00316-z.

E. Reyhani et al.

(Ya¥)

oK 5 il y et lyo]

Reyhani, E. Associate Professor, Mathematics Education,
Shahid Rajaee Teacher Training University, Tehran, Iran

t= e reyhani@sru.ac.ir

1 slelioe i (b, o ol Al 48
Olaal .l )b e b o ooyl pas bl
Gd &by o1y 05 b i )l5 S0

e Sy o&zils SIVYAL Lo jo g 220,
)| i )5 S jae g ol ap
Owed SIYAY o o) b, ui"}ﬁ"'
o 53 4l o b o 0 WWAY Jlo 5l iaioged o olKisls

Bl go w4 Jarioe alawgie 090 0,90 0 (5 m0

Ghasemi, F. Teacher, Mathematics Education, Tehran, Iran.
t= faraj ollah2006@yahoo.com

D95t 5 D90l 09,5 Jlsbil (goa>y 152
—olgy eastuils jo liws Sl ¢ olss
SLbLL adle oliils (5 pole 5 (oulid
sy ol 0gr wlih)5 S ae o ol
dyo sl olasls 5IYYA Lo jo 5 2ol (6 yme
52l Al o YWAA Jlo 1) )l cwlis IS

G20l 6558 5 wyde Loy oS 10 B9 5 Ubgel Al
39> gl .Cewlos,S 8l 0 VYA Jlo ;o g olKiils (e 51, g yo
mgﬂgﬁjoOyijbghéaﬁﬁ)ost)w)ﬁoJuw
S @53.49 ‘5>|~.\4)‘ é]a.s.a)d ‘@L\w Lgl.o.&‘) 9 LS'@Li) LS“J)Q ULS
GlSer (o0l 5,50k 0j> (cwyd sl slesal) (pgad )0 g
S ol u’h)'yo] Hlasle plasl 6,5 sladin) culaisls

Ol 5l G 5 Gl jsel e somad S5 (2L

Rahimi, Z. PhD, Curriculum Studies (Studies in Mathematics
Education), Allameh Tabataba'i University (ATU), Tehran, Iran.

L2 za.rahimi@atu.ac.ir

[38] Xie F, Zhang L, Chen X, Xin Z. Is spatial ability related to
mathematical ability: A meta-analysis. Switzerland: Springer;
2019.

[39] Woolcott G, Le Tran T, Mulligan J, Davis B, Mitchelmore M.
Towards a framework for spatial reasoning and primary
mathematics learning: an analytical synthesis of intervention
studies. Mathematics Education Research Journal. 2020.

[40] Bektasli B. The relationships between spatial ability, logical
thinking, mathematics performance and kinematics graph
interpretation skills of 12th grade physics students [doctoral
dissertation]. US: The Ohio State University; 2006.

[41] Cakmak S. An investigation of the effect of origami-based
instruction on elementary students’ spatial ability in
mathematics [master’s thesis]. Ankara: Middle East Technical
University; 2009.

[42] Kozhevnikov M, Hegarty M. A dissociation between object
manipulation spatial ability and spatial orientation ability.
Memory & Cognition. 2001; 29 (5): 745-56.

OB g (S yro
AUTHOR(S) BIOSKETCHES

sasasle L?@L') 05; )L._wlo ‘sﬁl?v) M‘f‘
Sl i 00 Con i o iils ayly pole
o1y by 6 (gl 5 S o auil o
S g o)l ol —zils JIVYFA J—w
WYY Jlos jo 1) ame (ool ol )| wlis )l
Jlos ;0030 )5 28l o i dged o8l
2y isel GRS b (o0l (6550 S pse S 4y 3890 VTAY
Oz po Alie VO« 5l oo lia] asays )T S g0 oRils
alos (555l 5 sode 4S5 g Wilosgad &3l sole lo il oS g
By 3l @233l30 4L b p)lez a5l (o2l (gmaps LS TV b
koSS Mt 0,98 (ggmiils Fo 5l iy eSU L cl )]
Glodaise; iles S glas 03 asli LG 5l sl slesal; coo
5 b, Adlas )b (ol Al Jo 1l o be oLl (maass
(2l Glelre (355e

Tech. Edu. J. 2021; 15(2): 379-394

g http://dx.doi.org/10.22061/tej.2020.6461.2404

Citation (Vancoure): Reyhani E, Ghasemi F, Rahimi Z. [Investigation of spatial ability of male and female students
in 10th and 11th grade according to factors including spatial visualization, mental rotation and spatial orientation].

COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original
authors and source are cited. No permission is required from the authors or the publishers.



https://link.springer.com/article/10.1007/s10648-019-09496-y.
https://link.springer.com/article/10.1007/s10648-019-09496-y.
https://link.springer.com/article/10.1007/s10648-019-09496-y.
https://link.springer.com/article/10.1007%2Fs13394-020-00318-x.
https://link.springer.com/article/10.1007%2Fs13394-020-00318-x.
https://link.springer.com/article/10.1007%2Fs13394-020-00318-x.
https://link.springer.com/article/10.1007%2Fs13394-020-00318-x.
https://www.researchgate.net/publication/253009463_The_relationships_between_spatial_ability_logical_thinking_mathematics_performance_and_kinematics_graph_interpretation_skills_of_12th_grade_physics_students.
https://www.researchgate.net/publication/253009463_The_relationships_between_spatial_ability_logical_thinking_mathematics_performance_and_kinematics_graph_interpretation_skills_of_12th_grade_physics_students.
https://www.researchgate.net/publication/253009463_The_relationships_between_spatial_ability_logical_thinking_mathematics_performance_and_kinematics_graph_interpretation_skills_of_12th_grade_physics_students.
https://www.researchgate.net/publication/253009463_The_relationships_between_spatial_ability_logical_thinking_mathematics_performance_and_kinematics_graph_interpretation_skills_of_12th_grade_physics_students.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.633.1841&rep=rep1&type=pdf.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.633.1841&rep=rep1&type=pdf.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.633.1841&rep=rep1&type=pdf.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.633.1841&rep=rep1&type=pdf.
https://doi.org/10.3758/BF03200477
https://doi.org/10.3758/BF03200477
https://doi.org/10.3758/BF03200477
mailto:e_reyhani@sru.ac.ir

