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Abstract

This study aimed to investigate the impact of a brain-based learning training programme on improving the
spatial abilities of a sample of ninth grade elementary school students in Karak Province, Jordan. The study
approach is quasi-experimental, the research sample consisted of 60 students selected by the intentional
method. After being divided into two groups, 30 students were in the control group and 30 students were in
the experimental group. To achieve the objectives of the study, a training programme based on brain-based
learning was developed. Seven tests which consisted of spatial perception, spatial visualisation, and spatial
orientation were used to measure spatial capacity and its components. The results showed that the training
programme improved spatial ability and its three components in the experimental group compared to the
control group.
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1. Introduction

Learning with a brain-based learning strategy matches the natural way the brain learns, as it
improves memory and student learning, as well as contributing to academic success and deeper levels
of thinking and learning. Berger (2005) has shown that brain-based learning aims not to create
threats or cause fear in the student. It can develop the person's ability to relate the knowledge they
possess to the emotions and the environment in which they live (Berger, 2005). Gulpinar (2005) also
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explained that brain-based learning encompasses educational and learning concepts and mechanisms
such as competence learning, self-learning, multiple intelligence, collaborative learning, simulation,
motor learning, and problem-based learning (Gulpinar, 2005). Furthermore, Jean pointed out that
brain-based learning involves designing learning situations based on the principles that the brain
works with to achieve meaningful learning (Jean, 2014).

Brain-based learning is based on a number of principles, including the fact that every human
being has a unique brain that is capable of learning and acquiring knowledge when the right
conditions are created resulting in the stimulation of learning neurons, thus forming the largest
increase in the number of nerve connections with other neurons. The brain is able to process more
than one task in parallel, and it performs better when biological, cognitive, emotional, and social
factors interact with one another (Train, 2003). Brain-based learning also confirms that differences
between individuals in learning and thinking patterns are caused by the fact that the brain relies on
one hemisphere to receive and process information, and that it can learn better when both
hemispheres work together in the processing, storage, and receipt of information. (Jack, 2010)

Brain-based learning plays a role in developing students' ability to visualise, shapes and perceive
the relationships between them, and this is an important factor in developing spatial skills (Al-
Khalidi, 2003). Crowder explained that spatial ability includes the ability to distinguish between
similar things, to imagine and mentally process visual objects, and to draw a realistic picture
(Crowder, 2018). Spatial ability encompasses space-related abilities which includes a set of
dimensions, such as the ability to recognise objects and patterns. In addition, it includes the ability to
change objects, and to recover parts with visual experiences (Olkun, 2003). Spatial ability means the
ability to think about movements in the field of vision (Posin, 2010). It is also a combination of skills
such as being able to visualise objects from different angles, moving objects in the mind, mental
rotation, and visualising two- and three-dimensional geometric shapes (Hegarty & Weller, 2005,
Turgut, 2015; Olkun, 2003). Hegarty (2010) has also shown that spatial abilities are an essential aspect
of human perception, and they are essentially a process related to interpreting the incoming data
visually perceived by the individual, such as images, objects, maps, and shapes as well as scenes of
specific situations in the environment in relation to either a system of standard axes to other
situations or to individuals themselves (Hegarty, 2010).

Spatial ability is classified into three components, including spatial perception which involves
the ability to distinguish shapes according to the location in which they are situated. Carter explained
that spatial ability is perceptual cognitive capacity that enables the individual to understand and
perceive spatial relationships (Carter, 2010). It also includes mental rotation which involves the ability
to rotate shapes mentally, or the ability to form perceptual assessments of shapes in relation to the
observed individual in two or three dimensions (Gilford & Friesen, 1993). Mental rotation guarantees
the ability to transform an image or a whole thing by rotating it as a whole in space, while mental
transformation only transforms part of the object or image (Contero, Naya, Company, Saorin, &
Contesa, 2005). Thirdly, spatial visualisation ensures the ability to rotate the shape mentally or parts
of it and to recognise the new appearance of things that have been modified within a complex shape
(Gilford & Friesen, 1993). Spatial perception is divided into mental rotation and mental shift
(Contero, Naya, Company, Saorin, & Contesa, 2005). The spatial perception component includes
moving an object or a component with the mind during a void, while the spatial orientation
component ensures the ability to move the view mentally while the object or component remains
constant in outer space. (Contero, Naya, Company, Saorin, & Contesa, 2005). The most important of
the spatial ability skills is the ability to visualise the mental rotation of things, the ability to
understand how objects appear in different locations, and the ability to visualise how things relate to
each other with an understanding of things in three-dimensional space. (Sutton & Williams, 2008)

Maier (1996) explained that spatial ability is an abstract concept consisting of five components,
namely (1) spatial perception, which is the ability to perceive vertical and horizontal form, (2) spatial
visualisation, which is the ability to visualise the movement of solid objects, (3) mental rotation,
which is the ability to locate something after rotating it in a certain direction, (4) spatial relationship,
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which is the ability to understand the elements and components of a thing and the relationship
between one element and another, and (5) spatial orientation, which is the ability to maintain the
orientation of our bodies mentally and physically in relation to the environment around us.

Several studies dealing with spatial ability have been conducted including the study (Yani &
Rosma, 2020) to assess the extent of spatial ability improvement in the engineering unit of eighth
grade students using Macro Media Flash in Indonesia. A quasi-experimental design and a pre- and
post-test group was used. The sample consisted of eighth grade students. The results showed that the
spatial ability of the students in the engineering unit improved. The rate of improvement was found
to be by 61.1% in spatial perception, 55.6% in the mental rotation index, and 66.7% in the spatial
orientation index.

Susilawati and Suryadi, (2020) conducted a study to improve mathematical spatial ability
through challenge-based learning among university students at the University of Bandung, Indonesia.
The findings of this study indicated that there was a significant improvement in the mathematical
spatial abilities of the students in the experimental group who received the challenge-based learning.
Also, Putri and Hasratuddin (2019) conducted a study to investigate the effectiveness of learning
mathematics based on a realistic mathematics education in the spatial and motivational ability of
ninth grade students in Nigeria. The results of the study showed the effectiveness of mathematics
learning based on a realistic mathematics education in improvement of the spatial ability,
motivation, and positive attitudes of the students. Yildiz and Ozdemir (2018) conducted a study to
investigate the effectiveness of a training programme based on engineering software to develop
spatial ability among eighth grade students in Turkey. The results showed that there were statistically
significant differences between the two groups in favour of the experimental group. Another study
was conducted by Lowrie, Logan, Harris, and Hegarty (2018) to examine the impact of a programme
based on advanced spatial inference maths exercises on spatial abilities development in Australia.
The results of their study showed that the children of the experimental classes exceeded the sample
of the control classes in terms of spatial abilities. This study differs from other studies because it
looked at how a brain-based learning programme affected spatial abilities improvement in a sample
of ninth grade students.

This study came from the observation that some students were weak in spatial ability, high
anxiety and stress while teaching spatial ability skills, and were therefore trained in spatial ability
through a program based on brain-based learning in order to help them master learning principles
that facilitate the understanding of spatial ability skills that were not of concern to students during
learning. The research task is specifically determined by the answer to the following hypothesis:

There are no statistically significant differences at the level of significance («<0.05) between the
means of the experimental group and the control group in pre and post application on the
dimensions of the spatial ability scale and the overall score attributed to the training programme.

11 Purpose of the study
This study aimed to:
a) Construct a training programme based on brain-based learning to improve spatial ability
skills in a sample of ninth grade students.
b) Identify its effect on improving spatial skills in the samples studied.
2. Method and Procedures
2.1 Study Approach
A quasi-experimental approach was used to test the effect of the independent variable (the training
programme based on brain-based learning) on the dependent variable (spatial ability) in a sample of

low-performing mathematics students from the ninth grade.
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2.2 Study Sample

Study participants were intentionally chosen from ninth grade students who were low achievers in
mathematics at the Khalid Bin Al Waleed School (a public school in Southern Mazar, in the Karak
Governorate of Jordan). The study sample consisted of 60 male students. They were divided into two
groups, the control group consisted of 30 students, the rest 30 were in the experimental group. Spatial
ability scales were applied to them before the programme was initiated, and their scores were
recorded. Moreover, ethical considerations were taken into account as follows: the consent of the
director of Khalid Bin Al Waleed School was obtained to conduct a research study on the school's
students. Also, the consent of the participant students' parents was also obtained. In addition, the
ethics of scientific research were followed, as the information was handled with complete
confidentiality and for the purposes of scientific research only. Participants were allowed to withdraw
from the training programme at any time.

2.3 Equivalence of the experimental and control group
In order to ascertain parity between the experimental group and the control group, the (T) test for
independent samples was applied to the pre-performance of the two groups on the spatial ability

scale, and on the dimensions included in the scale separately, as shown in Table 1.

Table 1: (T) Test results for independent samples in the pre-measurement on the measure of spatial
ability and its dimensions

Dimension Group number mean std df t Sig

Spatial orientation experimental 30 91.86 24.067 |58 | 0.566 | 0.574
Control 30 88.05 27.937

Spatial visualisation experimental 30 2718 9.97 0.171 0.865
control 30 26.75 9.65

Spatial orientation experimental 30 47.97 19.53 0.066 | 0.947
control 30 47.63 19.41

Total spatial abilities experimental 30 166.65 46.87 0.400 | 0.691
control 30 161.83 46.47

It appears from the results presented in Table 1 that there are no statistical differences at the level
(x=0.05) between the mean scores of the members of the experimental and control groups in the pre-
measurement, where the values of (t) calculated for the whole reached = 0. 400 and the level of its
significance is equal to 0.691, which indicates the existence of an equivalence between the control
and experimental groups on the spatial ability scale, and on its component dimensions.

2.4 Study Tools
2.4.1 Spatial ability measurements.

Seven scales were used to measure spatial ability made up of three components: spatial perception,
spatial orientation, and spatial visualisation. The sum of these three components gives a total score
on spatial ability. These measures were prepared by Ekstrom, French, and Harman (1976) and
translated into Arabic. We used the Arabic copy which was used by Lotfi (2007) because Arabic is the
formal language used in Jordan. Each component of spatial ability is measured and the sum of each of
these factors taken together indicates spatial ability.

Hence, in order to measure spatial perception, perceptual speed, its sub-factor was measured
which is the speed of recognising shapes and symbols through the following measures:

144



E-ISSN 2240-0524 Journal of Educational and Social Research Vol No s
ISSN 2239-978X www.richtmann.org September 2021

The number comparison test: this consists of 96 items and lasts three minutes. The test requires
participants to recognise the similarity or difference between two numbers in the opposite directions.
The student's score on this test is extracted by subtracting the incorrect answers from the correct
ones and ranges from 96 to -96. This test is useful for measuring perceptual speed, and is suitable for
students from the sixth grade through to the end of undergraduate level.

Identical pictures test: this consists of 96 items divided into two parts and requires each image
on the right side to match the image on the left side. The time required to answer each section of this
test is 9o seconds, and the score is calculated by subtracting a quarter of the wrong answers from the
correct answers. Therefore, the lowest score on this test is -24 while the highest score is 96.

Hidden shapes test: this consists of 32 items divided into two parts, and in this test the student
is asked to search for one of the complex geometric shapes at the top of the page and the following
symbols are given to it: A, B, C, D, and E in a complex geometrical form. Six minutes is allocated to
answer each part of the test, and the score for this test is calculated by subtracting a quarter of the
wrong answers from the correct ones, so the score ranges from -8 to 32. In addition, spatial
visualisation is measured through the following scales

Paper folding test: this consists of 20 items divided into two identical parts, and each of them
must be completed within 3 minutes. Each item of this test consists of one line, on the left of the line
there are one folded paper ,two or more which have been punched ,while on the right line there are
five drawings of papers which have been folded , punched and reopened ., the process of folding a
sheet or two or more that has been punched present, while on the right line there five drawings of
sheets that have been previously folded and punched in different ways and have been reopened, then
the student is asked to specify which of these five sheets represent the paper on the left of the line
after opening it. The score for this test is calculated by subtracting the correct answers out of the
wrong ones divided by four. And, the range is between -5 up to 20. This test is applicable for the
ninth grade until the end of undergraduate level.

Surface development test: this test consists of 12 items, divided into two parts, six minutes are
allocated to answer both sections. Each item of the test consists of a drawing of a cropped sheet of
paper, the edges of which are coloured and numbered in the places that need to be folded to form a
shape which is drawn in the item and each edge of it given an alphabet. Also, in the paragraph with
alphabet edges. The student is asked to determine the letters that make up the edges of the shape
which resulted from the folding of the edges of the cropped piece, which holds the numbers from 1 to
5. The student's score is calculated by subtracting the correct answers out of a quarter wrong ones,
and the range of marks varies from -15 to 60. The test is valid for students from the ninth grade to the
end of undergraduate level.

Spatial orientation is also measured by the sum of students' grades on the following two tests.

Card rotation test: this consists of 20 items, divided into two parts, and the student is required to
specify the eight cards on the right of the line, and if they are inverted or rotated in comparison with the
ones on the left of the line. Three minutes have been set to answer each of the two parts; the score is
calculated by subtracting the wrong answers from the correct answers, and thus the grades range from -
160 to 160. The test is suitable for students from the eighth grade to the end of undergraduate level.

Cube comparison test: this consists of 42 items divided into two parts, and the student is asked
to determine if each of the two cubes that each of its items make up represent a rotation of the other.
Three minutes are allocated to answer each of the two parts of the test, and the marks are calculated
by subtracting the incorrect answers from correct one, so the mark range from -42 to 42.

Finally, the level of spatial ability is calculated through the sum of its components, which are
spatial perception, spatial visualisation, and spatial orientation.

2.4.2 The validity of spatial ability measures

The apparent validity of spatial ability measurements was confirmed by presenting them to a group of
educational psychologists, by measurement and evaluation, and by mathematics teaching methods in
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Jordanian universities. They demonstrated their suitability for application to subjects of the study
sample.

2.4.3 The reliability of spatial ability measures

The reliability factor was extracted for the spatial ability measures by applying it to a sample of 30
students from outside the study sample, and it was reported as follows for each scale: the number
comparison test (0.76), the identical picture test (0.80), the hidden shapes test (0.78), the paper
folding test (0.91), the surface development test (0.94), the card rotation test (0.88), and the cube
comparison test (0.82).

2.5 Training programme

The programme (index A) started on 10 October 2019 and ended on 5 January 2020, at a rate of two
sessions per week. The duration of each session was 45 minutes, which is the length of a school lesson
in Jordan.

3. Results

To test the validity of this hypothesis, the researchers used the accompanying one-way analysis of
variance (ANCOVA) to compare the performance level of each subject on the spatial ability scale and
their dimensions in the post-application period according to the group variable (control,
experimental). Tables 4 and 5 explain the results.

Table 4: Arithmetic means and standard deviations of the performance level of members of the two groups
(control, experimental) in the post application period of the spatial ability scale and its dimensions

Dimension rou pre Post
group mean |Std. Deviation| mean |Std. Deviation|Estimated Marginal Means| Std
. . experimental |91.86 24.07 127.05 21.45 125.93 3.48
Spatial t
patial perception control 88.05 27.94 87.84 26.84 88.96 3.47
Spatial visualisation experimental|27.18 2:97 3687 8.96 3677 1499
control 26.75 9.65 27.45 9.60 27.55 1.499
Spatial orientation experimental |47.97 19.53 69.77 20.23 69.67 2.835
control 47.63 19.41 47.80 17.91 47.89 2.835
. ... |experimental|166.65 46.87 233.59 30.94 232.41 5.740
Total spatial abilit
otal spahatablity [ ntrol 161.83 46.47 163.43 45.19 164.61 5.740

Table 5: One-way analysis of variance (ANCOVA) to examine the differences between the two groups
(control, experimental) in the dimensional application of the spatial ability scale.

Dimension Source Type III Sum of Squares|df|Mean Square| f | sig |Partial Eta Squared
Spatial perception |pre 13633.447 1| 13633.447 | 37.72 |.000
group 20388.100 1| 20388.100 | 56.41 |.000 .497
Error 20600.413 57 361.411
Total 749969.688 60
Corrected Total 57293.261 59
Spatial visualisation |pre 1161.447 1 1161.447 17.24 |.000
group 1274.209 1| 1274.209 | 18.92 [.000 249
Error 3839.695 57 67.363
Total 68380.750 60
Corrected Total 6331.246 59
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Dimension Source Type Il Sum of Squares|df|{Mean Square| f sig |Partial Eta Squared
Spatial orientation |pre 7424.400 1| 7424.400 | 30.78 |.000 341
group 7110.413 1 710.413 | 29.48 |.000
Error 13747.766 57 241189
Total 235739.000 60
Corrected Total 28410183 59
Total spatial ability |pre 30712.907 1
group 68748.127 1| 30712.907 | 31.18 |.000 .550
Error 56258.672 57| 68748.127 |69.654|.000
Total 2525155.500 60| 986.994
Corrected Total 160821.996 59

The data in Table 5 show that there are statistical differences (at the level of a < 0.05) between the
mean performance of the control and test groups in the final measurement on the spatial ability scale
and their dimensions after control for the preliminary performance, where the calculated value of (F)
for the whole was 69.654 With reference to the modified arithmetical means in Table 4, the
differences appear to be in favour of the members of the experimental group as well as confirming the
magnitude of the calculated effect, which amounted to o.550 This indicates the influence of the
programme in improving the spatial ability of the members of the experimental group. The data in
Table 5 also indicated that there are statistical differences (at the level a< 0.05) between the average
performance of the control and experimental groups in the post-measurement period on spatial
perception, after controlling for the pre-performance, as the calculated value of (q) reached 56,413
When referring to the modified arithmetical averages in Table 4, it appears that the differences are in
favour of members of the experimental group, as well as confirming the size of the calculated effect,
which amounted to 0.497 This also indicates the influence of the programme’s effect on improving
the spatial perception ability of the members of the experimental group.

The data presented in Table 5 indicated that there are statistical differences (at the level o=
0.05) between the mean performance of the control and experimental groups in the post-
measurement period on spatial perception, after controlling for the pre-performance period, where
the calculated value of (F) reached 18.916. When referring to the modified arithmetical means in
Table 4, it appears that the differences are in favour of members of the experimental group, as well as
confirming the size of the calculated effect, which amounted to 0.249. This also indicates the
influence of the programme’s effect on improving the spatial perception ability of the members of the
experimental group.

It was evident from the data in Table 5 that there are statistical differences (at the level as 0.05)
between the mean performance of the control and experimental groups in the post-measurement
period on spatial orientation after controlling for the pre-performance, where the calculated value of
(F) reached 29.481. And when referring to the amended arithmetical means in Table 4, it appears that
the differences are in favour of the members of the experimental group, and also confirms the size of
the calculated effect, which amounted to 0.341. This indicates that the presence of the programme
improves the spatial orientation of the members of the experimental group.

4. Results Discussion

The results showed that the training programme based on brain-based learning has an effect on the
improvement of spatial ability and its components in students, and this can be attributed to brain-
based learning. Students are placed in situations where they must understand the topic on their own
(Radin, 2009). In addition, organising and presenting content for students in a simplified and diverse
way, dividing tasks and relying on geometric shapes, drawings and plans helped to reduce errors that
students may make. In addition, feedback, assistance, and support for students gave them the
opportunity to improve their scientific abilities and address weaknesses, which led to development
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and an improvement of their spatial ability.

The results of this study can be attributed to what has been pointed out by Pool (1997), namely
that the best learning occurs when the facts and skills to be learnt are linked to real life in which the
learner lives. In this study, the brain - based learning programme helped students think according to
the demands of life situations, to analyse engineering information, and to understand and discuss
real-life tasks and activities. Pool (2009) explained that brain-based learning is characterised by
continuous and focussed questions that students are asked, and these help students understand the
topic under study. In every lesson these questions are asked to students. (1) Remember: what have
you done? (2) Understanding: What was important about it? (3) Application: where can I reuse it? (4)
Analysis: what have you done? (5) Creativity: what should I do?

We can conclude that the brain training programme helped to activate a standard of thinking,
mathematical justifications, and the correct perception of spatial relationships of the shapes with
each other, as well as training the students to mentally retain shapes, despite other movements and
changes that occur with them, thus helping to develop the students' spatial ability. Cardellichio and
Field (1997) showed that brain-based learning strategies stimulate synapses, and these strategies are
represented by hypothetical thinking, symmetry, application of different symbol systems, point
analysis, task completion, and content analysis. Zull (2011) explained that these strategies stimulate
divergent thinking in learners and develop their ability to associate different things and forms with
each other, depending on their daily and previous experiences. This process of linking gives meaning
to the learning process by creating new and different links to information which the students are
exposed to, thus helping them to expand their thinking in different directions.

Pilcher (2012) pointed out that mental processes based on linking processes stimulate the
analytical and imaginative ability of the learner. In addition, Shore (2012) suggested that brain-based
learning strategies involve segmenting the learning material, then completing an experimental
assignment. After a short rest period, the assignment is discussed with an emphasis on encouraging
students to discuss what has been learnt with each other, as well as the use of humour in teaching.
Also, Evegueni and Mariana (2002) showed that brain-based learning strategies, including the use of
art and role-playing, improve attention, working memory, and visual spatial skills. This creates
mental and visual visualisations which are both correct and enjoyable at the same time. This helps
create a rich learning environment which allows learners to productively interact with activities and
tasks, as well as differentiating and comparing important and unimportant information.

5. Limitations of the Study

The programme was applied to a tiny low sample of ninth-grade students, just in one school, so the
results can’t be generalized.

6. Conclusions

In conclusion, the training program based on brain-based learning has contributed to the
development of spatial abilities of the members of the experimental group.

The current study recommends the following:

- Applying the training programme to different samples of males and females in order to
identify the impact of the programme on gender differences, and to apply it also to samples
of different ages.

- Including the principles of brain-based learning in mathematics curricula, and train
teachers to use these principles when teaching.
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Appendix A: Training Program

NO. |TITLE OF THE SESSION STRATIGIES OF IMPLEMENTATION
SESSION
1 Engineering constructions. The following brain-based learning strategies were
2 Creating a column on a straight line. used in the implementation of the training
3 Bisection of a straight piece sessions:
4 Bisection of the corner. Preparation: in terms of giving a general idea of
5 Drawing a circle inside a triangle. the topics to be understood and providing the
6 An investigation of the Pythagorean Theorem and its application in learner’s l?raln with tl"'e necessary connections,
matters related to area and right triangles. and focusing on making the learning environment
7 Creating virtual models from two-dimensional networks free from threat .
g Form networks Acquisition: It depends on forming neural
o - - connections by relying on linking with previous
9 Spatial visualization of three-dimensional shapes . .
— - - A experiences, and the most important tools of
10 The ability to imagine things s .. . . .
- - acquisition are the sustaining of visual stimuli,
1 Extrapolation of a formula for calculating the volume and surface . L .
N Lo group learning, sustaining of experiences that are
area of a prism based on solving life problems ired to be 1 d here in th
ot he f Ia for the law of volume and surf " q required to be learned everywhere in the
12 Exfra(]ipo ating the formula for the law of volume and surface area of a| )a55r00m, and role playing.
cylncer. - Detail: It aims to deepen understanding by
13 An extrapolation of the law of volume and surface area of a cone. integrating students into various classroom
14  |An extrapolation of the law of the size and area of the surface of the |;ctivities.
ball, Memory formation: aims to strengthen learning
15 Problem solving on spatial abilities. and retrieve information by presenting students
16 the law of the pyramid surface and employ the laws to solve life with questions in a way that raises motivation.
problems Functional integration of the spherical
8! P
17 |ldentifying the congruence of geometric shapes from different hemispheres: by giving students additional
directions activities related to the topic to be understood,
18 Creating and describing geometric shapes and patterns and clarifying its relationship with subsequent
19 Solving Problems Using Pentominoes topics, to strengthen and develop correct
20 Presentation and clarification of engineering concepts or properties |connections in the brain.
using pentominoes. Providing a real learning environment that makes
21 Seven Shapes Puzzles the learner try new things safely.
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