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PRE-SERVICE PRIMARY SCHOOL TEACHERS’
SPATIAL ABILITIES

luliana Marchis

Abstract. Spatial abilities are used in many aspects of everyday life, thus developing these
abilities should be one of the most important goal of Mathematics Education. These abilities
should be developed starting with early school years, thus pre-school and primary school teachers
have an important role in setting the foundation of these abilities. A teacher can successfully
develop students’ competencies/abilities if she/he possess those competencies/abilities. Thus
evaluating and developing pre-service primary school teachers’ spatial abilities is an important
goal of their training. This paper presents a research on pre-service primary school teachers’
spatial abilities. Students were tested using an online problem sheet and the results were
quantitatively and qualitatively evaluated, trying to identify some common misconceptions. The
results show the necessity of developing these students’ spatial abilities. Based on the results,
some hands-on activities and paper based problem types are proposed for developing students’
spatial abilities.
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Introduction

Spatial ability is an important ability in our everyday life and in many careers. This ability is important
in learning Geometry (Battista & Clements, 1991; Capraro, 2001), but also there is a strong link
between spatial ability and success in learning Mathematics (Grissmer, et al, 2010; Mix & Cheng,
2012) or even in Sciences (Wai, Lubinski, & Benbow, 2009; Newcombe, 2010). Spatial thinking is not
only correlated with mathematical results, but also predicts the later mathematical performance
(Cheng & Mix 2013; Farmer, et al., 2013; Verdine, et al 2013). Researches show socioeconomic status
related differences (Verdine, et al, 2013) and gender related differences (Lippa, Collaer, & Peters,
2010) in spatial ability.

Developing pupils’ geometrical competencies and spatial ability is not one of the main goals of
primary school education (Uttal et al., 2012), usually there are only few hours per year spent on
Geometry focusing mainly on geometrical notions, not on the development of abilities and
competencies. Children come to preschool and primary school with an informal spatial ability (Bryant,
2008), but this usually is not formally supported until the end of the secondary school. In Romania
pupils learn Spatial Geometry in 8" grade, before in primary school and 5" grade just learn about
different geometrical solids on a level of notions, without trying to develop spatial skills. Therefor in
8" grade many pupils have difficulties in seeing in space the figures which they make for solving
Spatial Geometry problems. This also highlights the necessity of developing spatial ability starting
with preschool in order to reach an adequate level for studying Spatial Geometry. For an effective
formal development of this ability the teacher should possess high spatial ability level and
methodological knowledge on how to develop this ability in students. Thus evaluating and developing
pre-service primary school teachers’ spatial abilities is an important goal of their training.
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The aim of this paper is to present the results of a research on pre-service primary school students’
spatial ability.

1. Theoretical background

Spatial ability is a set of mental processes which are used in perceiving, storing, recalling, creating,
arranging and making related spatial images (Linn & Petersen, 1985), the ability to create mental
images and to manipulate these images in mind (Battista & Clements, 1998). The most important
spatial skills are the following: the ability to visualize mental rotation of objects; the ability to
understand how objects appear in different positions; the ability to conceptualize how objects relate to
each other in space; the ability to understand objects in 3-D space (Sutton & Williams, 2008). In the
literature the terms spatial ability, spatial skills, visualization ability, visual-spatial ability are used
interchangeably (Cantiirk-Giinhan et al., 2009). In this paper we will use the term “spatial ability”.

For testing spatial ability there are some tests, as mental rotation test (Vanderberg & Kuse, 1978), cube
comparison test, paper folding test (Ekstrom, French, Hartman, 1976), hidden patterns test (French,
Ekstrom, & Price, 1962). In the mental rotation test a 3-dimensional image is given and some possible
rotated correspondences, and participants have to choose that image which is the rotated
correspondence of the given image. In case of the cube comparison test participants are asked if two
cubes are identical or not (two cubes can be identical but seen from different angles, so one is obtained
from the other by rotation). In case of the paper folding test a piece of paper is folded three times then
there are some holes punched in it, then participants have to identify how the paper will look when
unfolded. In case of the hidden pattern test participants have to determine if a given figure is
embedded in a bigger figure (Silver, Tremaine & Velez, 2006).

Physical manipulatives (Moyer, Bolyard & Spikell, 2001) and digital technologies that allow visual
and kinetic interactions (Clements & Sarama, 2011; Sinclair & Moss, 2012) help developing the
spatial ability.

2. Research

The aim of this research is to study pre-service primary school students’ spatial ability, mostly related
with solving spatial problems dedicated for primary school pupils. The research was carried out in the
2014/2015 university year at Babes-Bolyai University from Cluj-Napoca (Romania).

2.1. Participants

73 Primary and Preschool Pedagogy specialization students from Babes-Bolyai University have
participated in this research: 36.99% first year, 31.51% second year, and 31.51% third year students.
4.11% of the participants were male students and 95.89% female students. This high percentage of
female students is usual for this specialization. As regarding the participants age, 71.23% were
younger than 25 years, 28.77% between 25 and 45 years old, and 2.74% older than 45 years. Students’
participation was voluntary.

2.2. Data collection

The research tool is a problem sheet with 7 problems (see the Appendix) and a short questionnaire
with 3 demographical questions and 2 questions related with the felt difficulty level of the problems.
Students were forced to give an answer for each problem, they didn’t have the possibility to leave the
solution blank, if they were unsure.

The given problems were selected mostly from problems dedicated for primary school pupils. Problem
4 was given International Mathematical Kangaroo Contest in 2000 for grades 3-4; Problem 5 was
given at the final of the International Mathematical Competition “Zrinyi Ilona” in 2008 for grade 4;
Problem 6 was given at the first level of the International Mathematical Competition “Zrinyi Ilona” in
2007 for grade 3 and 4; and Problem 7 was given at the final of the International Mathematical
Competition “Zrinyi Ilona” in 2007 for grade 3.
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As the main goal was to see how pre-service primary school teachers solve spatial problems dedicated
to primary school pupils, we didn’t use a standardized test for studying students’ spatial ability, we
have chosen from different problems from textbooks or mathematical competitions instead.

2.3. Results and discussion

In Table 1 we summarize the percentages of students choosing each variant in case of each problem.
The percentage for the correct variant is with bold.

Table 1. Percentages of students choosing different variants in case of each problem.

Problem A(%) B(%) C®%) D®%) E®%) F®%)

1 137 0 9178  6.85

2 1233 1233 3425  39.73

3_valueofd 548 2603 1370 5068  1.37 2.74
valueofe 3014 61.64 548 1.37 0 1.37

value of f 58.90 4.11 6.85 26.03 1.37 2.74
2.74 76.71 8.22 6.85
28.77 0 17.81 28.77 19.18
13.70  38.36 19.18 16.44 12.33
1233 274 8.22 67.12 8.22

~N o o1 b~

In Problem 1 a cube with different patterns on its sides is given, and student have to choose its net
from 4 possible nets. (See Appendix.). Most of the students (91.78%) solved this problem correctly
(Table 1). The difficulty level of this kind of problems very much depends on the
images/shapes/numbers from the sides of the cube. In another research related with pre-school primary
school teachers spatial reasoning there were three problems in which connections of a cube and its net
occurred (Zsoldos-Marchis, 2015). The problem in which a cube was given and students have to find
it’s net from given possibilities (so similar with the problem in this research) was the easier for them,
three quarters have solved it correctly. The other two problems was solved correctly by one third of
the participants. In one problem a net was given and students have to find the cube which can be
folded from it; in the other problem a cube was given and the students have to find the images of the
cube from other orientation. To help students to cope better with this kind of problems, manipulatives
could be used at the beginning and then gradually moving to mental folding or rotation. So students
make the net given in the problem, fold it, then choose the right cube; or they make the cube given in
the problem and rotate it to find its rotated image, etc.

In Problem 2 (see Appendix) a 3-dimensional construction is given and students have to choose the
right view from above from 4 given possibilities. 39.73% of the students solved it correctly. The
students, who gave incorrect answer, didn’t take in consideration the lines which can be seen from
above (see Figure 1), and how the lines from the higher part of the object connects to the lines with the
lower part of it.

Figure 1. The lines which are guidelines when identifying the above view

In Problem 3 (see Appendix) a net of a regular dice is given with 3 missing numbers, and students
have to find these humbers. For this they have to fold mentally the net into a cube in order to observe
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which side are opposite sides. (The sum of the numbers from the opposite side is 7.) 50.68% of the
students found correctly the value of d, 61.64% the value of e, and 58.90% the value of f. A high
percentage (26.03%) of the students gave the value 2 for d, these students considered d being the
opposite of side 5, but in fact these sides are adjacent. The same mistake appears in case of the value
of e, where 30.14% of the students considered e to be 1, and in case of the value of f, where 26.03%
of the students considered f to be 4. In case of this problem making the net given in the figure then
folding it helps students visualizing which sides are opposite sides.

In Problem 4 (see Appendix) the views from 4 directions are given, and students have to find the 3-
dimenstional construction which corresponds with these views. This problem was quite easy for
students, 76.71% of them solved it correctly. This kind of problems are quite frequent in different
mathematical tests or competitions. As a first step for helping students who can’t cope with this kind
of problems is to encourage them to build the object from cubes then observe it from different angles.
A good learning material which can be used is Tridio® (Bakker, 2008).

Problem 5 (see Appendix) was given at the final of the International Mathematical Competition
“Zrinyi Ilona” in 2008 for grade 4, where 5% of the pupils solved it correctly and 64% leave this
solution blank (Csordas et al, 2009). It is a more difficult problem, where the solver have to roll
mentally the dice and draw the dice in the new position. In our research 17.81% of the pre-service
primary school teachers solved it correctly.

Problem 6 was given at the first level of the International Mathematical Competition “Zrinyi Ilona” in
2007 for grade 3 and 4. This problem was solved correctly by 8% of the 3™ grade pupils and 11% of
the 4" year students, and half of the pupils didn’t give any answer (Csordas et al, 2008). As regarding
pre-service primary school students, 38.36% of them solved it correctly. 13.70% have chosen variant
(A), they didn’t take into account the fact that “every two sides, on which the sum of the numbers are
9, are different color”. 12.33% have chosen variant (E), they didn’t take into account the fact that “the
opposite sides are not the same color”.

Problem 7 was given at the final of the International Mathematical Competition “Zrinyi Ilona” in 2007
for grade 3. It was solved correctly by 52% of the 3" grade pupils. As regarding pre-service primary
school teachers, 67.12% of them solved it correctly.

Analyzing students’ answers related with the difficulty of spatial ability problems, 45.21% of them
found them difficult, because “it was difficult to imagine in 3-simensions the figure drawn in 2-
dimensions”, “it was difficult to imagine and rotate mentally the cube”. Also, some of these students
said that these kind of problems are unfamiliar for them. Part of those students, who didn’t find these
problems difficult, used manipulatives to solve the problems, as a dice or self-made manipulatives.

Conclusions

The average of the percentages of correct solution in case of each problem is 55.86%, so we can say
that in average about half of the students solved the spatial ability problems correctly. But the results
differ very much from a problem to another one, the lowest success having Problem 5, with 17.81% of
the students solving it correctly, and the highest success having Problem 1 with 91.78% of the students
giving the correct answer. An important aspect to highlight is that most of the problems are selected
from those given for primary school pupils at different competitions, so future primary school teachers
should be able to solve this kind of spatial ability problems. The research results show the necessity of
developing pre-service primary school teachers’ spatial ability and the competence of solving different
spatial problems.

Manipulatives help students to visualize the problems, and progressively they can switch from
concrete folding/unfolding and rotation into mental operations. Also, using manipulatives with pre-
service primary school teachers help them to learn methodological tricks for developing their pupils’
spatial ability.
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Appendix

Problem 1. Which net corresponds to the given cube? (Matlap, 2002/9)

A A 5 |O ¢ L D |[]
ol 70 L O |A A

7

A O

Problem 2. In the figure below we see a three-dimensional objects and it’s possible views from above.
Which one is the correct one? (Széplaki, 2008)
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Problem 3. Knowing that in case of a dice the sum of the numbers from the opposite faces is 7, find
the values of d, e, and f (Matlap, 2002/4)

Problem 4. Which construction is shown as given from different directions? (Kangaroo Contest, 2000)

A B c D E %
Problem 5. In the upper left side of a 3x3 square grid is a regular dice (see figure). In 4 steps the dice

is rolled to the square marked with a star in all possible ways so that in each step the dice is rolled near
an edge to the adjacent side. How many dots can’t appear on the top side after the 4 steps?

>

(A)1 (B)3 (C)4 (D)5 (E)6 (Csordas et al, 2009)

Problem 6. Zoli painted the sides of a regular dice with red (R), yellow (S), and green (Z), using each
color for exactly 2 sides. The opposite sides are not the same color; and every two sides, on which the
sum of the numbers are 9, are different color. He painted with yellow the side with 1 dot and the
opposite side of the 2 dot side; and he painted with red the opposite side of the 4 dot side. Then Zoli
wrote the initials of the colors next to each other in the increasing order of the dots from the sides.
What Zoli wrote?

(A) YGRGYR (B) YRRGYG (C) YRRYGG (D) YYRGRG (E) YGRRYG
(Csordas et al, 2008)

Problem 7. In the figure there is a 3D object build from 5 identical cubes. Which letter is on the
opposite side with letter C?
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(A)A (B)B (C)C (D)D (E)E (F)F (Csordés et al, 2009)
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