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Abstract. The aim of this work is to make known the possible applicability and
usefulness of new technologies such as virtual reality and haptic devices to improve
the education of children of pre-school age. The aim is not only to integrate these
new technologies into pre-school education but also to evaluate the improvements
that this would introduce, for which a system has been designed that includes a
computer and a haptic device whose shape resembles a pencil and its use is very
similar to amouse. Several virtual interfaces have been designed inwhich different
environments are presented where the child must perform tasks designated by
the teacher; the child interacts with these interfaces with the help of the haptic
device that also has the ability to feedback forces that will prevent the child from
performing the task incorrectly. The interfaces are designed as games to please the
child, for this 3D software is used, the haptic device is a Geomagic Touch and the
tasks are structures by the teacher, according to the age and skill that is intended
to improve in the child. The proposals and results of two previous works carried
out by the authors are presented.
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1 Introduction

Education in theworld is a very decisive factor for the development of countries, therefore
it is very important that the teaching-learning process be improved; in addition, it should
be considered that in initial education the child learns based on games and begins to
develop his abilities.

According to studies carried out, human intelligence will have better results if early
stimulation is carried out; therefore, at this stage, the use of any resource should be
focused, especially the use of new technologies applied in education to achieve the
proposed objectives [1].

Education depends on many actors, however, in pre-school education, the participa-
tion of the family is a determining factor and the teacher must adequately structure the
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teaching-learning process, therefore it is essential to use the greatest amount of resources
[2–4].

In Ecuador, attention deficit, hyperactivity, learning difficulties as well as a low level
of reasoning are problems that affect children’s learning and can be reduced by applying
other teaching methods in which new technologies are immersed, such as computers,
tablets, haptic devices, etc. [5, 6].

The new technologies with their great diversity, being attractive and attracting the
attention of the child, can improve his concentration and his reasoning capacity, espe-
cially if they are applied as tools for playful games. In Ecuador, the Early Education
Curriculum uses play as a tool for entertaining and meaningful learning. [7–9].

The computer has been widely used in education and now new devices such as
phones and iPods can be included as teaching aids, although their misuse creates serious
problems, a correct application can represent a breakthrough when it comes to encour-
aging the child to eager to learn, in these devices can use virtual reality and augmented
reality, creating 3D environments that provide the ability to educate in an entertaining
and enjoyable way, for interaction with developed environments, other devices can be
used, ranging from a simple mouse to other haptic devices that present feedback of
forces and integrate sensations that the child finds pleasant and at the same time can give
indications for the child to correctly perform the task assigned, such as sensations that
prevent him from improperly tracing a letter. [10–16].

Virtual reality (VR) allows the creation of environments with very realistic, dynamic
and entertaining images and sound, where the child can feel immersed with the help
of his imagination, if this is increased by a device that allows him to feel the virtual
elements through touch, the sensation will be more real, pleasant and very tractive. [17,
18].

Therefore, if varied and entertaining virtual environments can be created to attract
children’s attention, they can be encouraged to acquire new knowledge and thus the
teaching and learning process will be more effective. [20–25].

The present work presents the advances and results of the application of 3D environ-
ments realized in virtual reality helped by the use of a haptic device, in the teaching of
basic concepts to children of initial education, such as: to recognize and to use colors,
to recognize geometric figures, to locate objects in designated spaces, to recognize and
to realize figures, finally to recognize and to write vowels. The haptic device will serve
as a tool for interacting with the virtual environment, which may guide the child’s hand
to perform an action or stroke, or will also present a force in the child’s hand to prevent
the child from performing an incorrect action or drawing a stroke inappropriately, such
as drawing the letter OR in the wrong direction. [26, 27].

2 Material and Method

The system has virtual environments realized with the software UNITY 3D, in addition
it is possible to interact with the Geomagic Touch device, which indicates the position of
the cursor and allows bymeans of the buttons to realize some actions like: select primary
colors, combine colors, pick and place objects, also indicates when to start or finish the
stroke, if the task is done correctly the haptic device does not present any force to the
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actionperformed, otherwise prevents the child fromcontinuinguntil you correct the error,
at the end, an audio signalwill tell the child if the taskwas successfully performed, always
with words of encouragement even when the task has not been performed correctly. Both
the inputs and outputs are managed with scripts made in Visual Studio with language
C, these scripts execute functions that depend on the data received from the peripheral
and the virtual environment that is used. With MatLab the data management algorithms
are controlled, the validation of the traces made is carried out, based on the established
pattern and the data entered with Geomagic Touch. Figure shows the block diagram of
the implemented system (Fig. 1).

Fig. 1. Block diagram of Implemented system.

Input The device that allows giving the entries to the system is a Geomagic Touch, a
haptic device that resembles the arm of a robot with six degrees of freedom and can be
handled in a similar way to those of a mouse, also has the shape of a pencil, through this
device the child can choose colors, draw strokes and write vowels.

Scripts
The scripts are a set of instructions programmed in language C# in Visual Studio, they
are in charge of the administration of the system and specifically to deliver the outputs
according to the inputs.

For the game that allows to select and locate objects, the child must choose the
object with the help of the Geomagic Touch, when choosing the object he wants, thanks
to the respective script the haptic device presents a feedback of forces that gives him the
sensation of taking an object with a certain weight and when he moves it in places that
are not allowed he has the sensation of colliding with the virtual objects that delimit this
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space, which gives him a sensation of realism. For the stroke game, the device opposes
incorrect strokes, just as for the vowel game, it opposes the child writing in the wrong
direction. In addition, the scripts turn Geomagic Touch into a teaching device, since
it can move autonomously guiding the child’s hand to learn how to perform the task,
before performing it by himself.

Interfaces
The interfaces are environments that present everyday objects in 3D to make it more
realistic and more accepted by the child, is programmed using Unity 3D software, with
which you can assign properties to the objects, such as rigidity, sound and animation
among others. The properties of the objects give the child an experience that is both real
and attractive, since it resembles a game in which the child can interact.

The environments try to adapt to the theories of Vigotsky, that is to say they try to
create environments similar to the reality of the child but with a touch of play, since in
this way the teaching-learning process is more effective.

Control
TheControl of theSystem is performedbyMatlab, interactswithUnity, receives informa-
tion from the interfaces and the haptic device and based on these, provides the necessary
information to Unity to indicate if the task was performed correctly or can manage the
Geomagic Touch to perform a specific task such as guiding the child’s hand to learn how
to draw a figure or write a vowel.

To validate a stroke, Matlab takes the one made by the child and compares it with
a pattern, using classifiers that use the Euclidean distance to determine if the stroke is
very close to the pattern. To ensure that the haptic device terminal follows a path, a PID
position control is used.

Outputs
Outputs are presented in different ways:

• Graphically in the environment, to indicate the progress of the task performed.
• With sound to give auditory indications and stimulate the child while performing the
task or to indicate if it was done correctly or not.

• Finally, the Geomatic Touch can deliver a force feedback that opposes the action
performed by the child if it is incorrect.

2.1 Use of the System

The system currently has six games:
Primary Colors - Allows you to recognize and learn primary colors, the child must

choose the color that the system asks him to choose.
Spatial Notion -To improve his spatial perception, the childmust choose a particular

object and place it in a set position, the device generates a force of opposition to the
child’s hand through the terminal of the Geomagic Touch when the trajectory he tries
to follow is incorrect or when he tries to place the object in a different place from the
established one (Fig. 2).
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Fig. 2. Interface for learning primary colors and spatial notion.

Secondary Colors - In this case the child learns to combine two colors to form a
secondary color, the system asks the child to choose the correct colors that combined
serve to give color for example: a carrot or a bunch of grapes (Fig. 3).

Fig. 3. Interface for learning secondary colors.

Geometric Figures - The child must recognize figures related to the environment,
for example a rectangle with a door (Fig. 4).

Drawing of Figures - The aim is to improve the way the child draws a line, for this
the system uses the Gemagic Touch as the hand of a teacher guiding the hand of the
child, then behaves like a pencil for the child to draw the line by himself (Fig. 5).

Vowel Writing - Being a system for children in initial education, this game aims to
give the notions necessary to write basic letters, in this case the vowels, in a similar way
that in the previous case the system first behaves as a guide to teach the correct way to
write each vowel and then allows the child to write it on its own, it is worth mentioning
that in both cases if the child follows an incorrect trajectory the haptic device through
force feedback will not allow him to continue until he corrects his error (Fig. 6).
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Fig. 4. Interface for learning geometric figures.

Fig. 5. Interface to develop the ability to draw strokes.

Fig. 6. Interface for learning how to write vowels.

3 Results and Discussions

3.1 Tests

The system was tested by 20 users (10 girls and 10 boys) between 6 and 9 years of age,
users carried out the different activities proposed in the games under the supervision of
the kindergarten teacher (Fig. 7).
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Fig. 7. Children using the system.

Due to the age of the children the test is applied by means of observation and
interview, during and after using the system, there is only one system due to the high
cost, therefore the use is individual, nevertheless for better comfort and confidence in
the children, the interview was carried out in groups of five children.

The following questions were used for the test:

Table 1. Questions to validate the implemented system.

Ord Question Value (1–10)

1 Are the graphics and elements used in the games pleasant?

2 The selection of games is simple and easy to make?

3 Are the instructions easy to follow?

4 Are the games easy to make?

5 Is the handling of the haptic device simple?

6 Is the use of haptic device buttons simple?

7 The results are easy to understand?
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Children should evaluate each question with values from 1 to 10 where 1 indicates
low satisfaction and 10 indicates high satisfaction.

3.2 Results

When the child completes the tasks, the system shows the result obtained and also stores
all the data so that the teacher can evaluate the performance of each child (Fig. 8).

Fig. 8. Display where the results are shown.

The letters “A” indicate passed, “EP” is in the learning process but needs more
practice and the letter “I” indicates that it requires more time and help to complete the
task.

In general, the children had no problems performing the tasks using the system, the
work was done in a versatile, cheerful and pleasant way.

By comparing the performance of the childrenwith andwithout the use of the system,
the following advantages were obtained:

• The children had more fun while they learned.
• Requested less help from the teacher.
• They showed greater interest because being virtual environments, children pay more
attention.

The aspects mentioned above show that the system is designed properly, however
to clear up doubts a test was performed on children, this test resembles a usability test
with the necessary simplicity because it was applied in children. The questions applied
are those shown in Table 1.

The results obtained are the following (Fig. 9).
As you can see in the results, there is a high degree of acceptance and satisfaction

with the system.
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Fig. 9. Graph showing test results.

4 Conclusions

Education as the basis for the development of countries is extremely important, its
improvement should always be sought and done as early as possible i.e. improvement
in educational processes should begin in initial education.

Technology has the potential not only to improve an educational process but also to
make it more attractive to all ages and much more so to children.

The proposed system is a very efficient alternative to improve the learning process
in pre-school children, unfortunately due to its costs cannot be implemented in schools
in the short term.

With the proposed system, the children learn in an entertaining way, the time they
dedicate to learning is greater, on the other hand, the improvement in their abilities will
be obtained in less time, in addition, the child acquires greater autonomy since although
the supervision of the teacher is indispensable, the child requests less help.
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