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ABSTRACT

Spatial orientation strategies are important in learning geometry to describe the position of objects from a
certain point of view. This research aims to identify elementary school students' spatial orientation
strategies in solving spatial problems with the help of teaching aids. The methodology used is case study
research. A total of 21 fifth grade students at SDN Getas 02 Nganjuk, East Java were the research subjects.
Subjects were divided into 5 groups based on academic ability and gender. Data collection through group
work results. Data analysis takes the form of presenting data and drawing conclusions. The results of the
identification are: (a) through visual aids, the group spatial orientation strategy is well developed, (b) props
in the form of a cube model with color specifications make it easier for students to show opposite sides of
the net, compared to a cube model with symbol specifications numbers, (c) it is easier for group members
to write color cadences on cube nets, rather than number codes, (d) the complexity of the shape of the nets
is predicted to have an impact on students' inaccuracy in placing specific signs in the nets. The
implementation of this research is in the form of applying spatial orientation strategies in learning geometry.
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1. Introduction

Geometry is material that needs to be
studied because it is explored to solve problems.
Studying geometry requires spatial skills (NCTM,
2000; lzard, 2020; Carbonell-Carrera, et al.,
2021). According to NCTM (2000), spatial skills
are needed to solve geometric problems using two
and three-dimensions objects. Spatial skills are
necessary when: (a) using two-dimensional shapes
to represent three-dimensional objects, (b)
interpreting images, (c) imagining objects in
different  orientations, manipulating three-
dimensional objects, and reconstructing two and
three-dimensional objects. Spatial skills and
objects in geometry are interrelated, where spatial
skills are a type of skill that involves two and
three-dimensions (Baranova & Katrenicova,
2018), while two and three-dimensions are objects
in geometry (NCTM, 2000).
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Spatial skills are an important agenda in the
field of education because they help a person's
activities. Spatial skills help someone navigate
(Wakabayashi & Ishikawa, 2011; Uttal, et al.,
2013; Atit, et al., 2020). Spatial skills help
someone learn material at school (Clements, 1999;
Yilmaz, 2009; Nagy-Kondor, 2016). Spatial skills
help someone solve mathematical problems
(NRC, 2006; Uttal, et al., 2013; Anderson, 2014),
as per Anderson's research results (2014), 38.16%
of  mathematics story problem  solving
performance is supported by spatial skills. Spatial
skills help illustrate multiplication material (for
example 4 x 5 = 20) with grids (Clements, 1999).
Spatial skills help illustrate material comparing
fractional values (for example 1/3 and 1/4) with
circles or squares (Clements, 1999). Spatial skills
help imagine numbers on a number line with small
numbers placed on the left and vice versa
(Gunderson, et al., 2012). Someone with good
spatial skills can excel in mathematics (Borriello
& Liben, 2018; Gilligan, et al., 2019; Rittle-
Johnson, et al., 2019) and be successful in
completing work in STEM fields (Buckley, et al.,
2018; Gilligan, et al., 2019; Gagnier & Fisher,
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2020). Children with good spatial skills can fold
paper or assemble cubes (Atit, et al., 2020; Lee-
Cultura & Giannakos, 2020).

Several researchers have described spatial
skills support strategies from various points of
view. Linn & Petersen, (1985), described the
strategy components of spatial skills in the form of
spatial perception, spatial visualization, and
spatial rotation. According to (McGee, 1979;
Maier, 1998) spatial skills are supported by spatial
perception, spatial relations, spatial orientation,
spatial rotation, and spatial visualization. Ramful,
et al., (2017), grouped strategies for supporting
spatial skills components in the form of spatial
orientation, spatial visualization, spatial rotation.
Wakabayashi & Ishikawa, (2011), concluded that
spatial  skills are supported by spatial
visualization, spatial orientation, spatial relations.
This difference in strategy does not need to be
debated, because each component has a different
description.

Spatial orientation strategy is a strategy in
spatial skills to represent changes in objects from
a certain point of view. There are two strategies,
namely: (1) egocentric (cannot change the object's
point of view) and (2) according to the point of
view (according to the requested point of view).
This strategy is needed to describe the position of
objects from a certain point of view, reading maps,
diagrams or pictures from different perspectives
(Ramful, et al., 2017). For example in Figure 1.
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Look at the picture on the side, if the "color"
square on the cube mesh shows the top side of
the cube, then show it with a " A" sign on the
bottom side of the cube!
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Figure 1. Example of a Problem Involving
Spatial Orientation
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The education curriculum in Indonesia
instructs elementary school students to have good
student spatial orientation strategies. Through the
Permendikbudristek number 7 of 2022, namely,
"spatial regarding flat shapes and space and their
properties to explain the environment", students
are expected to have learning experiences in the
form of spatial orientation strategies. This strategy
is important, as in class V, this strategy can, 1)
help class V students construct cube nets from a
certain orientation, 2) help students construct the
surface area of a cube in class VI, and 3) help
students construct flat sided shapes in middle
school.

The results of observations of learning cube
nets and blocks in September 2023 of 21 class V
students at SDN Getas 02 Nganjuk, it is known
that students' spatial orientation strategies have not
developed. It is known that students are still
confused about showing opposite sides of the cube
in their nets. Like one of the results of the student's
work in Figure 2, where the student made a
mistake in showing the opposite sides of the cube
in his net.

Figure 2. Example of Student Answers

The aim of this research is to identify
elementary school students' spatial orientation
strategies after solving problems with the help of
teaching aids. The props used are, (a) a model of
an object resembling a cube with opposite sides
given the same color, and (b) a model of an object
resembling a cube with opposite sides given the
same number, (c) 3 types of cube net models.For
every data or quote statements which are taken
from other literatures, the author must write down
the reference source. References or citations are
written in  the description/text with the
arrangement of the author's name followed by the
year (Irwan and Salim, 1998). If the authors are
more than two, then only the name of the first
author is written followed by “et al."
(Bezuidenhout et al.,, 2009). Everything
referenced in the text must be listed in the
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Bibliography section, and vice versa (Wang et al.,
2011).
2. Research Methods

This type of research is a case study
(Creswell & Creswell 2018). 21 fifth grade
students at SDN Getas 02 Nganjuk, East Java were
chosen as research subjects. The research subjects
(15 female students and 6 male students) were
divided into 5 groups (each group consisting of 4-
5 students). Group division based on academic
ability and gender. In one group, it consists of
students with high, medium and low academic
abilities as well as male and female students. The
reasons are, (a) not all individuals are equipped
with spatial abilities (Cohen & Hegarty, 2014) and
(b) boys' spatial abilities are more dominant than
girls (Battista, 2020). Hence, male students were
divided evenly in each group. Data was obtained
from the results of group discussions in
completing student activity sheets on cube nets
from certain orientations.

3. Results and Discussion

Activities in solving spatial problems are
carried out by arranging specific signs from
known cubes in the nets provided. The props used
are a model of an object resembling a cube with
opposite sides given the same color and a model
of an object resembling a cube with opposite sides
given the same number as in Figure 3 below.
Through the props provided, students can
recognize the characteristics of specific cubes
(specially marked). Next, group members are
asked to imagine and manipulate to be able to
create cube nets from specific cubes (specially
marked) and represent them by placing
appropriate specific marks on the cube nets given.

.
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Figure 3. Model of an Object Resembling a Cube
With Opposite Sides Given the Same
Color/Number

Student activity in problem 1, namely
"Through a model of an object resembling a cube
with opposite sides given the same color, students
in groups are asked to complete the net with the
appropriate color code (the color on the net is
written with the code: red (M), yellow (K) and

blue (B)), so that when the net is formed into a
cube, it will become a known cube.”

Figure 4. Cube Nets in Problem 1

The activity in problem 2, namely "through
a model of an object resembling a cube with
opposite sides given the same number, students in
groups are asked to complete the net with the
appropriate color, so that when the net is formed
into a cube, it will become a known cube.

1 H 3 1
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Figure 5. Cube Nets in Problem 2

The activity of imagining and manipulating
spatial objects is carried out in the following steps:
(a) students in groups are asked to observe props
1 and 2 from various points of view, (b) students
in groups are asked to show pairs of opposite sides
in props 1 and 2 , (c) students were asked to
discuss in groups to write color codes on the nets
after observing props 1 and 2. The results of the
group members' work are summarized in Table 1
as follows.

Table 1. Number of Nets Compiled by Each
Group

The number of nets that can be arranged
1st Activity and 1st | 2st Activity and 2st
Group
Props Props
Nets 1| Nets 2| Nets 3| Nets 1 | Nets 1 |Nets 2
1 3 2 1 2 1 1
2 4 2 0 3 2 2
3 3 2 0 2 1 0
4 3 1 0 2 1 0
5 4 1 1 2 1 0

Activity 1 uses a media model of an object
resembling a cube with opposite sides given the
same color. It was concluded that 2 groups
succeeded in arranging 4 nets with different colors
correctly, and 3 groups succeeded in arranging 3
nets with different colors. correctly. These results
conclude that the spatial orientation skills of the 2
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groups have developed well, and the spatial
orientation skills of the 3 groups have developed.
Examples of group work results are as follows.
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Figure 6. Example of Group Work For Activity 1,
Props 1

The second activity used a media model of
an object resembling a cube with opposite sides
given the same color. It was concluded that 3
groups succeeded in arranging 2 nets with
different colors correctly, and 2 groups succeeded
in arranging 1 net with a different color. Correct.
These results conclude that the spatial orientation
skills of the 5 groups have developed. Examples
of group work results are as follows.
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Figure 7. Example of Group Work For Activity 2,
Props 1

The third activity used a media model of an
object resembling a cube with opposite sides given
the same color. It was concluded that 2 groups had
succeeded in arranging 1 net with a different color
correctly, and 3 groups had not succeeded in
arranging nets with different colors. These results
conclude that the spatial orientation skills of the 2
groups have developed. Examples of group work
results are as follows.
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Figure 8. Example of Group Work For Activity 3,
Props 1

The 1st activity uses a model of an object
resembling a cube with opposite sides given the
same number. It is concluded that 1 group
succeeded in arranging 3 nets with different
numbers correctly, and 4 groups succeeded in
arranging 2 nets with different numbers. correctly.
These results conclude that the spatial orientation

skills of the 5 groups have developed. Examples
of group work results are as follows.

Not opposite sides
of a cube

Figure 9, Example of Group Work for Activity 1,
Props 2

The second activity used a media model of
an object resembling a cube with opposite sides
given the same number. It was concluded that 1
group succeeded in arranging 3 nets with different
numbers correctly, and 4 groups succeeded in
arranging 2 nets with different numbers. correctly.
These results conclude that the spatial orientation
skills of the 5 groups have developed. Examples
of group work results are as follows.
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Figure 10, Example of Group Work for Activity
2, Props 2

The third activity uses a model of an object
resembling a cube with opposite sides given the
same number. It is concluded that 1 group
succeeded in arranging 2 nets with different
numbers correctly, and 1 group succeeded in
arranging 1 net with different numbers. correctly,
and 3 groups have not succeeded in arranging nets
with different numbers correctly. These results
conclude that the spatial orientation skills of the 2
groups have developed. Examples of group work
results are as follows.

Figure 11, Example of Group Work for Activity
2, Props 2

Spatial orientation activities assisted by
props can be managed using an imagiatic approach
(Cohen & Hegarty, 2012, 2014). This approach
has the potential to provide educational
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experiences for children. Children's educational
experiences must be rich, so that children's
cognitive development can run optimally
(Subanji, 2013). When a child's cognitive
development is running optimally, they can
develop spatial orientation strategies.

Students tend to find it easier to use media
modeling objects resembling cubes with opposite
sides given the same color compared to media
modeling objects resembling cubes with opposite
sides given the same numbers. Search results from
previous research conclude that, (a) color has a
strong influence on the human cognitive system
and has been proven to have an influence on
memory performance (Wichmann, Sharpe &
Gegenfurtner, 2002), (b) color can help
individuals to remember certain information
because can increase a person's level of attention
(Dzulkifli & Mustafar, 2013), (c) types of colors
are also known to have an influence on the color
binding process in the memory representation of
objects in human cognitive (Kuhbandner, Spitzer,
Lichtenfeld & Pekrun, 2015), (d) DePorter and
Hernacki (2013) stated that individuals tend to be
able to remember things that are abstract, colorful,
and striking. () Sujarwo and Oktaviana (2017)
stated that color has an influence on short-term
memory abilities, where the group that was given
color treatment had better short-term memory
abilities than the group that was not given
treatment.

The complexity of cognitive processes can
be an obstacle in solving problems (Sternberg,
2009; Scunk, 2013; Wang, et al, 2014; Yilmas,
2017). Meanwhile, according to Wulandari
(2019), a person's cognitive process in spatial
orientation is more complex than other
components of spatial skills. This condition can be
seen from the results of the group's work in
arranging nets with specific signs as presented in
Table 1. The more complex (varied) the shape of
the net is, the fewer the number of specific signs
that can be arranged correctly. This means that the
complexity (variation) of the shape of the net has
an impact on students' inaccuracy in placing
specific signs in the net.

4. Conclusions

Spatial orientation strategies are used to
view objects from a certain point of view. In this
research, spatial orientation strategies are carried
out with the help of props. Props have the potential
to make it easier for someone to imagine and
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manipulate objects in geometry. Geometry itself
includes two and three dimensional objects, so a
spatial orientation strategy is needed to study it.
The results of the identification are: (a)
through visual aids, the group spatial orientation
strategy is well developed, (b) props in the form of
a cube model with color specifications make it
easier for students to show opposite sides of the
net, compared to a cube model with symbol
specifications numbers, (c) it is easier for group
members to write color cadences on cube nets,
rather than number codes, (d) the complexity of
the shape of the nets is predicted to have an impact
on students' inaccuracy in placing specific signs in
Atit, K., Power, J. R., Veurink, N., Uttal, D. H.,
Sorby, S., Panther, G., Msall, C., Fiorella, L., &
Carr, M. (2020). Examining the role of spatial
skills and mathematics motivation on middle
school mathematics achievement. International
Journal of STEM Education.
https://doi.org/10.1186/s40594-020-00234-3

Baranova, L., & Katrenicova, 1. (2018). Role of
descriptive geometry course in development of
students’ spatial visualization skills. Annales
Mathematicae et Informaticae.
https://doi.org/10.33039/ami.2018.04.001

Bao, Min, Jing Xie, Aigars Piruska, and Wilhelm
T.S. Huck. 2017. “3D Microniches Reveal the
Importance of Cell Size and Shape.” Nature
Communications.

Battista, M. T. (2020). Spatial Visualization and
Gender Differences in High School Geometry.
Journal for Research in Mathematics Education.
https://doi.org/10.5951/jresematheduc.21.1.0047

Borriello, G. A., & Liben, L. S. (2018). Encouraging
Maternal Guidance of Preschoolers’ Spatial
Thinking During Block Play. Child Development.

https://doi.org/10.1111/cdev.12779

Buckley, J., Seery, N., & Canty, D. (2018). A
Heuristic Framework of Spatial Ability: a Review
and Synthesis of Spatial Factor Literature to
Support its Translation into STEM Education. In
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https://doi.org/10.1007/s10648-018-9432-z
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the nets. The activity of imagining and
manipulating spatial objects in this research uses a
model of an object resembling a cube with
opposite sides given the same color, and the signs
coded by each group on the cube net are in the
form of an abstract code, namely: red (M), yellow
(K') and blue (B). Other researchers who want to
develop similar research are advised to use
concrete signs, namely red, yellow and blue
objects.
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