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Abstract

The purpose of this study is to compare and analyze the effects of physical manipulative and exploratory
geometry software on the spatial sense for 5 grade elementary school students in learning nets. For this purpose,
ton experimental group used Geofix, an operational learning tool, and the experimental group used Cabri 3D, an
exploratory geometry software to learn the nets of solids. The comparison group was learned by worksheet only
without any manipulative or software. Spatial sense tests were conducted before and after to determine the level,
and eye tracking were used to analyze the strategies of students in solving nets problems. As a result, it was
confirmed that the using Geofix group was the most effective for the spatial sense, and Cabri 3D could also be a
good tool for learning the nets of solids. In addition, after learning the nets of solids, the analytical strategy,
which was the most effective strategy for students’ solving strategies, increased. In the process of solving spatial
tasks such as the spatial sense tasks, eye tracking technology become a very useful tool for exploring students’
strategies, so it is expected that objective and useful data will be collected through more active use in the future.
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[Table 1] The schedule of the course activities

Contents

After exploring the components and
1st properties of cube and cuboid, make
various nets

Course

Znd

——— Find all nets of cube(11 types)
3rd

flattened  view of  the
faces and vertical faces

Create a
4th cube(parallel
when folded)

5th Find the correct nets of cuboid
6th Solve a cuboid net problem(1)
Tth Solve a cuboid net problem(2)

8th Exploring the nets of a patterned cube

9th Exploring the nets of prisms

10th  Exploring software freely

1) algt
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[Table 2] Contents

of spatial sense test

Spatial Sense
Factor

Contents

Question
Number

2d

Choosing what can’t
come out by ‘turning’
the presented plane
figures

2d

Choose one by rotating
the presented figure
clockwise or
counterclockwise

3d

Choose the same shape
from different angles

3d

Choosing something
like the picture when
the cube is rotated

2d
2d

Create a new shape
combing several pieces
of figure

5 6

SV 2

Choosing a three
dimensional shape
created by folding an
open picture

3d

Choose the right
stacking blocks from
the top, front, and side
Views

MT q

Pick the shape when
you fold and punch a
hole in the paper

2d

Choosing a cross
section when cutting a
three-dimensional figure

10

Find the number of
blocks when stacking
several solid blocks

11

3d
3d

‘When you create a
shape by combining
two solid shapes,
coloring the parts
corresponding to each

12

Recognizing the position
when you stand at a
specific position and

look at the object

13

SP
SO

Find the location where
the landscape presented
on the map is visible

14

Find where the picture
presented in the picture
is visible

15

SD

Finding a target’s
location using
orientation on a map

16, 17

SV Spatial Visualization, SO Spatial Orientation, MR
Mental Rotation, M7 Mental Transformation, SP Sense
of Position, SD Sense of Direction
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[Table 3] Sample questions in eye tracking tasks

Part] Part2
N efy
e @)
4 A% 74 9 2
D) &3+ 27 A
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[Table 4] Strategy division of the development tasks

Strategies description
holistic Fold developments into
strategy your head

. Compare analytical factors
analytic
Solving strategy Sulc(; gatsh fgﬁg’ ;}Zlgpe’
Strategies - ——
Using both holistic and
integrated analytic strategies or
strategy converting from one

strategy to another
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[Table 5] Descriptive statistics of the three groups in pre
and post tests

mean
Category n mean differ t D
ence
Pre-t
. 10.78
Geofix __est g 166 2976 008
group  Post-
h 12.44
est
Cabri Tt 1063
3D Post_ 16 31 391 701
group test 10.94
Pre-t
Control __est 1078 B -1.37
18 61 186
group  Post- 1017 7
test '

[Table 6] Descriptive statistics of the data from eye
tracking tests

mean

Category n mean differ t D
ence
Pre-t
. 7889
Geofix __est 1333 3087 013
group Post- 9229
test '
Cabri et 7852
DS 667 2553 023
group test 85.19
Pre-t
8111
Control est
ool 10 . 667 1068 313
test ’

ANE ol wet Al A 7k F7 2zbel] o3

AEA Solrr] 3 ALE HAF AFE Hhg
A2 (One-way ANOVA)S A8kt
Frefmg Aol 7h W Gl om (F=3.345,
= H ol Aolrh ASAEA A
Aa AHE HA 2 Bonferroni WS

[o ot

il
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Aoz Yedthp=.032 <05). A3t AZEYojdta} 1
gk Wk 2T EJoRE Afolo| M= foju|d Aol

7 g A sk

[Table 7] The results of Bonferroni between three groups

Result of
Catego Result F p Bonferroni
ry SE »p
Geofix group > Cabri
3D group 92 321

Spatial ™ Cabri 3D group >
Test Control group 3375 .42 92 1.000

Geofix group > T
Control group 89 .04l

R s A A 2 BgE
FUR gl A e
i), & 5% 0BA BAH O
H“ 29l E}F 261, o)

2. A% ¥4

ANE HAAE fdshe e Ags A
dl A 34 dolHE wEoR ofF FHoR EAg
Stk [Table 8] AA4 defo] wpe Al dlo]E o] o

[Table 8] An example of holistic strategy on a gaze
plot(students G20(left) and PO4(right))

Holistic Strategy
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plot(students CO5(left) and PO3(right))
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[Table 12] Percentages used the strategy in pre-test and

post-test (%)
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eye tracking tests
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