ATLANTIS

PRESS Advances in Social Science, Education and Humanities Research, volume 619

Proceedings of the 2nd International Conference on Innovation in Education and
Pedagogy (I CIEP 2020)

Effects of Spatial Learning and Characteristics on
Completing Spatial Tasks

Shinta Wulandari'*

! Mathematic Education Department, University of Borneo Tarakan
Corresponding author® Email: pmatshintaw(@gmail.com

ABSTRACT

The purpose of this study is to describe the effects of students' spatial abilities and the characteristics of students’ spatial
ability in completing geometry tasks through learning interventions that emphasize spatial activity. This study employs
a one-group pretest-posttest design. The research subjects were 33 grade VIII junior high school students. The learning
process highlighting spatial activities was developed through three phases: initial investigation, prototyping, and
assessment. Results show that students predominantly trusted in the physical features of spatial objects, i.e. the shape
and positions also used the help of real objects as a reference for abstract concepts and took advantage of hand gestures
when conducting spatial activities. Through intervention, students were trained to recognize spatial objects through their
position, form, size, and the mental movement of spatial objects to determine the shape from a particular perspective.
Findings further exhibit that there are relations between spatial ability and language ability. This research is relevant for
teachers and students in the learning process of geometry that focuses on spatial activities, with steps of information
acquisition, facilitation of spatial activity, reinforcement, and integration of information.

Keywords: spatial abilities, student strategies, geometry, spatial visualization, spatial orientation, spatial
relations.

1. INTRODUCTION congruent. Other research states that in completing
geometrical reasoning tasks, the use of spatial intuition is
Spatial abilities are cognitive processes in capturing, very important [5].
encoding and manipulating spatial shapes [1]. An
individual with high spatial ability would have the
capability to create a mental image of unseen spatial
objects. The individual would be able to manipulate,
imagine its movements, and determine the appearance of
spatial shapes that are seen from a particular point of
view. Several researchers proposed varied categorization

of spatial components. In this research, three categories

An understanding of the relationships and properties
of spatial objects in geometry is needed in solving
mathematical problems and problems related to spatial
objects in everyday life [2], [3], [6]. But in reality, there
are difficulties for students in solving spatial questions
[7]. The difficulty that occurs is when students in grade
VII high school solve problems that require the ability to

of spatial components followed are visualization,
relations, and orientation [2], [3].

Mathematics and spatial ability have strong
correlations. Studying geometry objects (i.e. two
dimensions and three dimensions) requires spatial skills
to understand them [4]. Specifically explained that
understanding cube nets required spatial skills so that
they can determine the relationship of cube nets with their
cubes and the relationships between cube nets that are

imagine spatial objects that are viewed from a particular
perspective or called the ability of spatial orientation.
Most students do not change their point of view so that
the appearance of the object represented does not
represent the view that it should. For example, students
state that a cube that is seen perpendicularly from above
is in the form of a parallelogram, whereas if he changes
his point of view it will look square. Another study also
revealed that students in grades VII-IX in Japan have
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difficulty in giving reasons correctly to questions that
contain spatial representations [4].

In school learning, geometric learning steps that
contain spatial activities are needed. As stated by Cheng
and Mix (2014) that students' mathematical abilities will
be better if learning is designed to contain spatial
activities. Other studies also convey that with spatial
training, students' geometric abilities will increase [6],
[8]-[10].

Learning geometry in Indonesia has not fully
emphasized spatial activity. This influences students who
have difficulty in solving problems that require spatial
ability. Through this research, information about the
effects of Geometry learning using spatial activity and
characteristics of students' spatial abilities in grade VIII
can be obtained in completing spatial tasks..

2. METHOD

2.1 Settings and Participants

This research was conducted in grade VIII students in
secondary school consisting of 33 students. Learning
material based on the applicable mathematics curriculum
in Indonesia is to build flat side spaces. During spatial
learning, students are guided by class teachers using
learning steps that emphasize spatial activity.
Participants have ages between 13 to 14 years. Learning
is done in three meetings in three weeks, each meeting
consisting of 80 minutes.

2.2. Design

This study uses a one-group pre-test post-test design
research design to find out how much the effect of spatial
learning on students. There are three steps to data
collection. First, each student is given a pre-test in the
form of a geometry task that emphasizes the spatial
component. Second, each student receives an
intervention in the form of spatial learning with spatial
learning steps. Third, each student is given a post-test in
the form of a geometry task that emphasizes spatial
ability. Pre-test and post-test have different contents but
are developed from indicators of spatial ability. After
being given a pre-test and post-test, the results are then
analyzed to find out the effects of spatial learning on
students' spatial ability. To find out the characteristics in
completing spatial tasks, an information search about
strategies for completing spatial tasks is done during
learning and when completing spatial tasks. In this case,
arecording is done using a video while students complete
the task and during spatial learning.

2.3. The Instrument

Instruments of spatial ability are arranged by linking
geometry with spatial ability. The spatial ability
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instrument used in this study was validated by four
experts and two practitioners.

Questions on spatial ability assessment are arranged
based on three components of spatial ability, namely
spatial visualization, spatial relations, and spatial
orientation. Questions are presented in the format of short
answers and answers that require explanation. The choice
of reasoning format for the answer is used to find out how
students use the term geometry to explain spatial
questions.

2.4 Data Collection and Analysis

Spatial ability data is obtained by assigning spatial
ability tasks to students who have participated in spatial
learning. The task completion time is forty minutes. After
being completed by students, the next instrument was
analyzed. First, the work of students is coded, and the
accuracy of the answer is measured using guidelines for
scoring. Second, variations on the problem-solving
strategy are described and supported by work results and
documented through photos and videos. Subsequently
classified the results of work and student strategies in
completing spatial tasks. Each figure should have a
caption. The caption should be concise and typed
separately, not on the figure area; If figures have parts
(for example, A and B), make sure all parts are explained
in the caption.

2.5. The Intervention

Interventions in research services to provide students
with learning experiences with spatial activities.
Intervention in the form of learning geometry material
with spatial activities with steps, namely: information
acquisition, spatial activity facilitation, information
reinforcement, and integration. After the third meeting
given a spatial task. The steps of learning have been
measured by the validator experts and practitioners so
that this learning step is feasible to be used in spatial
learning. The level of validity in the learning step is 0.87
which is in the high validity category.

3. RESULTS

3.1 Quantitative Results

In this section, the students' spatial ability test results
were compared before and after the intervention using
spatial learning. The test results are presented in the form
of a percentage obtained from the comparison of correct
answers and overall questions. This section does not
require statistical tests because the two classes are not
randomly selected.
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Table 1. Pretest and Posttest Results

Spatial Visualization 83 91
Spatial Relation 65 86
Spatial Orientation 24 44

Table 1 shows that there was an increase in spatial
ability after participating in spatial learning. The increase
that occurred was 20%. Based on Table 1, the results
show that the achievement of spatial ability in spatial
visualization is better than spatial relations and
orientation.

3.2 Analysis of Student Strategies in Solving
Geometry Problems

This section presents an analysis of students'
strategies for completing spatial ability tests. Strategy
comes from students' answers on the components of
visualization, relations, and spatial orientation. Each
component is given four questions for spatial
visualization, every two questions in relation and spatial
orientation. In each component was described, illustrated
through pictures, and counted the number of students
who answer according to criteria.

3.2.1. Spatial Visualization

This section presents an analysis of students'
strategies for completing spatial ability tests. To find out
students  'strategies in  completing  geometries
assignments, the information is obtained through
students' answers especially in the visualization,
relations, and spatial orientation components. Each
component is given four questions for spatial
visualization, every two questions in relation and spatial
orientation. In each component was described, illustrated
through pictures, and counted the number of students
who answer according to criteria.

Analysis on spatial visualization is done both on
students' correct answers and wrong answers.
Categorizing the spatial visualization problem-solving
strategy consists of imagining, comparing directly, and
using hand movements.

In the imagining strategy, students immediately guess
answers without being seen using their five senses.
Students who use this strategy can mentally imagine the
position of a spatial object. For example, when asked to
determine the position of the front side of the block with
the backside known, students can immediately guess the
position of the front side just by looking at the image of
the block net that has been given to the task. This strategy
is carried out by most students both before the
intervention and after the intervention which is around
53%.
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The strategy of comparing directly appears to
students by using models of tangible objects that are
around them. For example, female students take paper,
draw a net of cubes according to the pattern on the
problem, cut out according to the pattern, mark the sides
as caps, fold the webs to form a cube, find the sides as the
base of the cube, mark the base of the cube, reopen the
cube into nets cube net and finally answer the test
questions by marking according to what is on the paper
model. This strategy is not much done by students when
solving problems related to cube nets that are 3% of the
total students.

The strategy of using hand movements appears to
students who move their palms in such a way as if they
would form sides of a cube or blocks from the nets
provided. For example, students determine the front side
of a block through a drawing of a block of nets that has
been determined behind it.

Figure 1. The hand as a representation of the folded
side of the net

As seen in Figure 1, students place their hands in a
side position on the block. Then the student moves the
palm as a representation of the folded side, moves the
palm of the other hand to the other side, remembers the
position of the hand as the backside, determines the front
side by remembering the palm that acts as the front side,
and answers the questions according to the image. There
are 44% of students who use this strategy.

3.2.2 Spatial relations

In solving the problem of spatial relations, there are
two categories of strategies, namely connecting through
the nets without paying attention to the images on the
sides and relating the nets about the position and shape of
the images. The first strategy is done by students to solve
problems that relate to whether there is a match between
the nets with a solid shape. Students who use the first
strategy, begin to finish by determining whether the nets
have a matching number of sides, side positions, and
whether they can form solid shapes as intended in the
problem. Then after finding out the nets are suitable;
students immediately determine that there is a match
between the nets with the intended building space
without paying attention to the pictures on each side.
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While students complete with the second strategy, after
knowing the relationship between the net and the solid
shape, the students proceed by checking the images on
the sides. Checking the image by looking at the shape of
the image whether a circle, triangle, or parallelogram,
then determine the direction of the image if the nets have
been folded to form solid shapes.

After this spatial relation task, students are asked to
explain the reasons why answering in such away. For
example, in the problem of determining the relationship
between images of cube nets with images of different
numbers on the sides with cube images that contain
figures are not related meaning cube nets do not form a
cube-like in the picture in the problem. Most students
answered correctly but when asked to write down
reasons, most students did not mention the accuracy of
the position of the image and the shape of the numbers.
Students only check the shape of the net.

3.2.3. Spatial Orientation

The students' settlement strategies on spatial
orientation questions are categorized into three namely
egocentric and following the point of view. Students who
use egocentric strategies show that they mentally do not
change their point of view to be perpendicular to the
object being observed. Students with egocentric
strategies will imagine according to what appears in front
of them without changing the point of view as requested
in the problem. For example, students are asked to paint
shapes because of imagining a cube that is viewed from
an upright angle. Students who use egocentric strategies
solve problems by imagining the cube as shown in the
picture in the problem. Then he imagined the top side but
with a viewpoint that was perpendicular to the front side,
so the student decided that the top side was in the form of
a parallelogram and he painted the parallelogram shape
as an answer to that question.

Student strategy in the category according to the point
of view is the strategy of students who imagine the spatial
object by the requested perspective. For example,
students are asked to determine the appearance of a block
of a certain size seen from the right side. To answer the
question, students in the appropriate category viewpoint
will see a picture with visible features, imagine if they are
on the right side of the block perpendicularly, determine
its rectangular appearance according to the size given to
the problem.

4. DISCUSSION

The effects and characteristics of spatial abilities are
discussed in this section.
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4.1. The Effects of Spatial Activities

Students who follow learning with spatial activity on
the material properties of cubes and blocks are allowed
to explore the cube and block models to get information
on objects of size, shape from various points of view and
their relationships with other parts. By interacting
directly with learning media such as cube and box models
or other manipulative objects can help students identify
objects well [11]-[13].

Information obtained from exploring cube and block
models can be identified by the terms and concepts
students have as material for associating with new
knowledge. The terms and concepts obtained are parts of
the cube and blocks, including sides, edges, and vertices.
To find out the terms and concepts students have, a class
discussion is conducted by asking group representatives
to present the terms and concepts they have. Then based
on class discussion the teacher gives a response to the
results of the class discussion, if the concepts and terms
are correct then the learning continues to the next
activity. If there are still errors, then the teacher corrects
directly then continues to the next activity. The choice of
terms is necessary for spatial learning because in spatial
representation it is known through appropriate terms [14]

Based on the terms and concepts of the discussion
results, then students are ready to obtain new knowledge.
The next student activity is to practice spatial abilities and
has been pre-designed by the teacher. In the matter of the
nature of the cube and the blocks, spatial activities are 1)
sketching the cube after observing it before, 2)
determining the characteristics of the cube based on the
sketch made, 3) determining the size of the cube based on
other known sides, 4) determining the relation of two
edges that are parallel, intersect and intersect, 5) the
appearance of cubes and blocks that are seen
perpendicularly from a certain direction. Through
activities that train spatial ability, it is hoped that it can
improve students' spatial abilities as conveyed by Cheng
& Mix (2014) that spatial training can improve spatial
abilities so that their mathematical abilities will also
increase.

To further strengthen the information learned,
students work on the exercises provided on the
worksheet. Giving challenging assignments to the
exercises will make someone remember the material that
has been learned and organize information so that
information can be stored properly [15], [16].

Spatial learning ends with an integration activity in
which in this activity, students are asked to express their
opinions about what has been learned at the meeting.
Then the teacher gives a conclusion based on the results
of student reflection. Reflecting and concluding activities
help students in their learning process.
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Before participating in spatial learning, students have
difficulty when determining the position of parts of cubes
and blocks, recognizing the characteristics of net cubes
and blocks, determining the appearance of cubes and
beams seen at certain angles, and the relationship
between cubes and blocks to the net. After receiving
spatial learning, students can: 1) state the position of parts
in cubes and blocks, 2) construct and represent the shapes
of cubes and blocks, 3) determine the relationship
between parts of cubes and blocks, and 4) draw the shape
or position of a cube and blocks that are seen from a
certain point of view.

4.2. Characteristics of Spatial Ability of grade
2114

Various strategies are shown by students in solving
spatial problems. Most students can solve spatial
visualization problem types correctly using the strategy
of imagining and using hand movements. The strategy
used by students in solving spatial relation questions is to
use a picture of a net without paying attention to the
image on the side of a drawing of a room. While the
strategy on spatial orientation used by most students is
following the point of view. Thus, apart from
interventions in the form of spatial learning, it can be
stated that students having spatial abilities have the
potential to be further improved especially in spatial
orientation activities.

After following a spatial learning intervention for two
meetings or more than one week, students experience an
increase in spatial ability both in visualization, relations,
and spatial orientation. The increase is thought to be due
to an intervention in the form of spatial learning which
includes activities that train students how to observe
spatial objects from their position, shape, size, and
displacement. Spatial learning trains students to observe
spatial objects and then see from a certain point of view
so that when spatial objects are not in front of them,
students can imagine the object and can mentally imagine
its shape when viewed from a particular viewpoint.
Spatial learning trains students to determine the
relationship between two spatial objects both spatial
objects in space and between parts of a spatial object.

Characteristics of students' spatial abilities based on
this study are more dominant in spatial visualization.
That is, in solving spatial problems students better
understand how to recognize the shape and position of a
spatial object. Difficulties arise when spatial objects are
displayed in more complex shapes and the object is
shifted, rotated, and viewed in a particular direction of
view. Spatial problems solving strategies mostly use the
Imaginary approach (visual imagery) wherein the
strategy students begin by encoding, imagining, and
representing. In the process of imagining, there are those
without object assistance, using the help of tangible
object models and using palm movements. The results of
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this study are following Cohen & Hegarty (2014), that in
completing sliced tasks in building space, the subject is
more dominant using an imaginary approach than an
analytic approach.

5. CONCLUSION

This study describes that the students of class VIII
have dominant spatial visualization ability when solving
geometrical tasks. Spatial information given on the
geometrical objects is more frequent to be obtained from
the physical characteristics and the display from a certain
angle. The students’ problem-solving abilities on spatial
relations have also improved significantly after
participating in the spatial intervention. Through spatial
activities, the students enriched their term collections to
state relations between spatial objects. Also, regarding
spatial orientation, the students tend to be included in the
egocentric type, who tend to preserve the angle of objects
as being asked in the test items. As a consequence, an
incongruity between the real display and the mental
display took place. After participating in the intervention,
the students’ spatial orientation was improved. Through
activities stimulating students to start with an interaction
with different models, students were trained to identify
the display of objects from a particular point of view and
to represent it. However, overall, students’ spatial
orientation was still substandard after the intervention. In
this research, students were given interventions in the
form of spatial learning. The activities encourage
students to explore objects, digging up terms to describe
objects, and determine the display of an object from
certain angles.

Implications of this research are, determining that
students in junior high schools can finish spatial
problems, especially on test items requiring spatial
visualization abilities. Students’ spatial ability could be
trained by designing a learning process aiming at
elevating students’ spatial ability. Findings on this
research claimed that spatial learning should be started
with spatial information acquisition to provide students
with formal terms and concepts in geometry. The mastery
of the concepts is required in representing a spatial object
both verbally and in the form of narration. It is concluded
that in the geometry learning process, activities training
students to dig up spatial information, to represent spatial
information, and to solve the task accurately.

Future research should be conducted towards more
magnitude numbers of subjects to dig up the effect of
spatial learning on junior high school students’ spatial
abilities, particularly in Indonesia. Specifically, further
research should elaborate on the development of learning
design, instruments, and tools to improve students’
spatial abilities.
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