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Pre-writing activities have been administered to young school children to develop their hands’ motor
skills as one of the most vital skills in learning to handwrite. There are two main activities for the
development of handwriting skill related to pre-writing, which are tracing and copying. For the most
part of the development of handwriting skill, copying has been found to be more important than
tracing as it requires more effort and more complex coordination skill. As per current practices,
children perform pre-writing activities using simple writing instruments, such as pencils and papers
or books. The training sessions include repetitive pre-writing activities of drafting straight and
cursive shapes weighted from simple to complex difficulties. Children improve their skills through
the training sessions based on feedback from instructors. Existing technologies enable pre-writing
activities to be carried out using digital technology, which at the same time, provides feedback on
the handwriting quality. The usage of online handwriting recognition algorithm was adopted in this
study. Input data is entered online by users and will be classified based on the feature extracted
upon the pre-processing using Freeman Chain Code (FCC) and pattern matching with regular
expression. The algorithm provides feedback on the copying quality and keeps track of the
participants' performances. Testing on 120 samples of copying activities, after which the accuracy

was found to exceed 70%. Therefore, it could be suggested that real-time feedback via pattern-

matching can assist children in digital learning or specifically, pre-writing activities.
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I. INTRODUCTION

Handwriting is a very important fine motor skill learned
during the early school years and formal handwriting
instruction may begin as early as the kindergarten years. The
handwriting activity for children involves the use of hands
and are an essential part of fine motor skills; young children
engage in reading and writing skills to enhance their visual
skills and fine motor skills (Steffani & Selvester, 2009).
Handwriting is a form of alphabets composition performed
using a pen, pencil, computerised stylus, or other
instruments (Nordquist, 2017) controlled by holding it using
hands. To attain good handwriting skill, one needs to acquire
motor skills while holding an instrument and scribble on a

piece of paper or a touch-input device. Evidently, most

people have been made to sharpen their hands' motor skills
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since early childhood as handwriting is a basic tool in many
school subjects (Kiefer et al, 2015). The method of
implementing pre-writing activities for pre-school children
is a great approach to build essential foundation fine motor
skills (Diah & Mat Zin, 2011; Husain et. al., 2018, Kwok et
al., 2016).

Pre-writing skills are the motor skills for children to be able
to develop their ability to hold and move a pencil smoothly
and effectively and, therefore, produce legible handwriting.
The skills are the fundamental skills children need to develop
before they are able to write. According to Diego-Cottinelli
and Barros (2010), children practice tracing and drawing
with pencils, crayons or even with their fingers to acquire a
basic pencil-control skill in the learning phase. Acquiring pre-
writing skills is part of most states’ pre-kindergarten

standards and is considered an important early literacy skill.
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The instruction is distributed across the day school within
developmentally appropriate activities (Grisham-Brown et.
al., 2006, Csikszentmihalyi, 2014). The pre-writing activities
will include hand strengths, directional movement patterns,
and effective hand positions, which will facilitate making
lines, letters, and shapes. The stroke directions, which are
top-to-bottom and left-to-right also constitute as factors in
letter formation (Li & James, 2016). Normally, pre-school
children should be developmentally ready to form the basic
lines (vertical, horizontal, circular, and oblique) that
constitute manuscript letters by the time they enter school at
the age of five (Mangen & Balsvik, 2016). A pre-writing
activity is defined as a whole set of tasks that should be
accomplished to practice and assess motor skills for
handwriting (Engel et al., 2018).

These skills contribute to children’s ability to hold and use
a pencil as well as the ability to draw, write, copy, and colour
(Freeman & Sanders, 1989; Levin & Bus, 2003). The phase of
the pre-writing process emphasises the basic hand
movements and muscle development necessary for future
penmanship. Two types of pre-writing activities are
predominantly used in early education, namely tracing and
copying. Tracing involves the connection of dots until designs
are formed; this usually does not require much effort.
Instead, copying is the greatest contributor to handwriting
skill in terms of the formation of letters. This activity
necessitates good observation as well as memorising the
letter samples, prior to sketching on a blank space, apart from
maintaining a high degree of similarity between the original
and copied versions (Cameron et al., 2012). Pre-writing
copying activity plays an important role in a different field -
early education — in which it is used as a method to help
young learners develop their hands’ motor skills.

However, copying activity is yet to be implemented in
technologies because most people are not aware of its
importance and hence, they maintain the usage of
conventional items, such as papers and writing instruments.
As of now, technologies have been made available to a wide
range of ages, including young children. The incorporation of
handwriting technology that focuses on characters and
numbers recognition (for example, computers should ideally
be able to recognise the handwriting on documents), is an

important technology in the management of digital
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businesses. Many researches have demonstrated the ability of
technology to decipher and classify handwriting input using
various techniques and algorithms. Furthermore, the usage
of technology as a platform for practising handwriting has
been proven to be more effective and appealing to the
students (Yang et. al., 2013; Diah & Mat Zin 2016).
Developing writing ability is not only important in building
a child's self-esteem and confidence but is also considered an
important element to success in school (Feder & Majnemer,
2007). Thus, to ensure the development of good handwriting
skill, it is crucial for pre-writing copying to be embraced using

modern technology to improve the modern education system

II. RELATED WORK

In this section, previous research on similar domain projects
and techniques are discussed to help improve the
understanding of the tasks that need to be done in the

progress of our project.

A. Handwritten Character Recognition

Recognition is the action and process of identifying
something from previous encounters or knowledge. In the
case of our project, computers had to recognise patterns,
forms, or characters so that they were able to use the input for
calculations or classifications and in turn, provide solutions
to real-world problems (John et al., 2014). Most recognition
systems - which focus on the recognition of numbers and
characters - have been developed to aid businesses by
scanning handwritten documents for later digital upkeep and
processing using computers.

Handwriting recognition systems are used globally owing to
the fact the diversity of languages from different countries
results in a variety of types of fonts. There are also many
different forms of handwriting within the same language,
depending on the skills of the writers (Ghods et al., 2016).
Hence, handwriting-recognition becomes hard if the features
being used are not appropriately selected. However, this does
not stop the researchers from developing systems that can
recognise and read the different characters in handwritten

documents of different languages.
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B. Image Pre-processing

Image pre-processing is vital so that the subsequent feature-
extraction process can be performed in such a way to
minimise the noise in the images. The former step usually
involves the normalisation of the images into fixed
alignments following segmentation of the images into
suitable x*y-pixel grayscale ones with the preservation of
their aspect ratios (Babu et al., 2014). Then, the images are
converted as binary images to ease the separation of the
desired character from the background noise. Figure 1 shows

an example of image pre-processing

Handwritten Character
(Original Image Resized Binary Image aftey

into 100 by 100 pixel)

D

Binarization

Grayscale Image

D

Figure 1. Image pre-processing

C. Feature Extraction

Feature extraction plays the most important part in the
process of character recognition and there are many ways to
do so. A larger number of extracted features assists to achieve
higher accuracy. The purpose of feature extraction is to
extract a set of features because their function is to maximise
the recognition rate with the fewest number of elements. One
of the commonly-used feature-extraction methods in
character-recognition is a statistical feature. Statistical
features represent the image of a character in terms of
statistical distributions of its points in a two-dimensional
plane.

The five types of statistical features, which are frequently
used in character-recognition are zoning, projections, profiles,
crossings, and distances:

i. Zoning

In zoning, the images are divided into x*y zones or areas.
Feature vectors are formed when the features are extracted
from each of the zones (Chherawala et al., 2015).

ii. Project Histogram

This feature counts the number of pixels present in every row
and column of the character, after which it presents them as
a graph on the number of pixels (Suhasini et al., 2017).

iii. Profiles

Profiling involves the counting of the number of pixels as

distances between the boundaries of the box containing the
image of the character and the edges of the character in all
four perspectives: up, down, left, and right. It is used to
describe the outer shapes of the characters.

iv. Crossings and Distances

Crossings count the number of pixels beyond the image of the
character, starting from the background (which is the outer
part of the character’s image) to the foreground (which is
usually the inner enclosed part of the character’s image) along
the horizontal and vertical lines. Subsequently, dressings are
performed to calculate the distances of pixels between the
boundaries of the box to the outer parts of the character, also
along the vertical and horizontal lines.

v. Freeman Chain Code

The Freeman Chain Code (FCC) has been widely used in
motion detection for handwriting (‘Arif et al., 2015). Basically,
given a set of points representing an image, FCC locates the
next point using the current point as the centre and assigns a
direction to which the next point lies. Eight directions are
usually used in the FCC (Althobaiti et al., 2017), with

numbers assigned to each.

D. Regular Expression-matching

Regular expression-matching is used to find the regularities
or frequent-employed sequences of any character (Cimpeanu
etal., 2003). Regular expression provides many syntaxes that
can be used in a variety of ways depending on one’s creativity.
Recently, regular-expression has not been frequently utilised
in handwritten character-recognition, but with the correct
feature input, such as a string of input, regular-expression

can prove to be useful.

III. METHODOLOGY

For this project, data was collected from randomly-selected
children of age 3 to 5 years using the drawing panel of the
early version of the prototype. The input was the coordinates

of the points drawn on the panel as shown in Figure 2.

Figure 2. Java drawing panel
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Eight patterns of activities were provided in the prototype,

each of which was assigned a number as shown in Figure 3.

NV

Figure 3. Eight patterns of activities

The input was drawn on the panel via the mouse-drag
function. In addition, the input used for pre-processing was
in the form of coordinates of the drawing. These coordinates
were saved as an array list, which was easier to be managed
regardless of the number of coordinates received as presented

in Figure 4.

[205,92][205,94][205,96][205,98][205,100][205,102][205,10
4][205,106][205,107][205,110][205,112][204,113][204,120][
204,124][204,126][204,128][203,133][203,136][203,139][20
3,141][203,143][202,146][202,149][202,152][201,155][201,1
57][201,159][201,161][201,163][201,165][201,168][201,169]
[201,172][201,173][201,177][201,181][201,183][201,187][20
1,190][201,192][201,195][201,196][201,202][201,205][201,2

the region for the 10 by 10 segmentation. The drawing will
always appear at the left side of the segmentation box. This
ensures that the segmentation will always work only in the
region in which the drawing appears. Figure 5 shows the

sample pattern 1 that is being reduced to a resolution of 10 by

10 pixels.
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Figure 5. Segmentation of sample pattern 1

Upon calculating all the points using the given equation, the
amount of data was significantly reduced as only the

meaningful or distinct points were retained, refer Figure 6.

[10,4] [10,5][10,6][10,7][10,8][10,9][10,10][10,11][10,12]
[10,13]

Figure 4. Sample input

During pre-processing, the input was reduced to a
resolution of 10 by 10 pixels only for the existing coordinates
of the drawings. Subsequently, the input was significantly
reduced and normalised using an equation that was created

solely for pre-processing.

(x,¥) of each point

@

Normalised value =
(distance x Udistance y)/10

The equation works by finding the region in the drawing
panel, which contains the drawing. First, the distance of x is
calculated by finding the difference between maximum and
minimum values of x while the same goes for the distance of
y. Then, the longest distance becomes the length of each

square side. The square box around the drawing was set as
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Figure 6. Normalised and reduced data from the given

sample

The features were extracted using the FCC and built into a
string. The single numeric value was represented by a centre
point and the next point was representing the position or
direction from the centre. There are eight directions used in

the feature extraction as shown in Figure 7.

1 2

AN

—_ 4

j?g\

3

5

Figure 7. Eight directions of FCC

The distances between the points were calculated according

to their directions in the indices of the array list from the
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current as of the centre to the next one. There were three steps
in assigning directions to the coordinates. Prior to that, the
pairs of x and y coordinates were separated and passed
through the loop, which divided the nine squares of the FCC
into horizontal divisions (x-values) and vertical divisions (y-
values).

The horizontal division comprised three rows: above,
middle, and below; while the vertical division comprised
three columns: left, middle, and right. Following the
identification of both horizontal and vertical divisions, a value
of direction was assigned from the centre point. The order of
the directions started from the first coordinate to the last one
accordingly. Figure 8 shows the different ways in which the
directions of the current point are possibly assigned, which

then stored as FCC vectors.

[ Horizontal division

next y > current y
[ =
next y = current y i a E
) S s e
next y < current y
+ +
& & &
& & c\\é
7 & L
O
o & F

Combinations of both horizontal and vertical divisions are
used to assign values for directions

(-7),- 2 L)
4

666366666366
66676666668
I 6666266668666
W 66663666666
1) 66266666666
Wi 5666766666
Py 656666666666
LN 66666666666
¥ 66646666666
0 66626666666

Figure 9. Selected data from the sample

A regular expression for each identified pattern was built
using an online regular expression-checker tool. A total of
640 data points was gathered, or 80 data points for each
pattern used in the building of regular expressions. Using a
matching algorithm in the java library along with the
constructed regular expressions, the prototype was able to

distinguish the type of patterns drawn.

IV. RESULTS OF TESTING

The users (children) around ages of 3, 5, and 6 years were
assigned as the testers. For each pattern, the data was
collected from up to 5 trials with 120 sample data. Table 1
shows the recognition accuracy for results obtained through
the prototype. The accuracy shows how accurate each pattern
is written by each child. The accuracy of each pattern is
calculated from the correct number of trials detected by the

algorithm.

Table 1. Results from the prototype

Figure 8. Point-direction assignment

All the FCCs of the given sample were appended into strings;

the data would be identified based on the matching. The

above-mentioned strings became the dataset of the prototype,

which consists of 640 data points from eight patterns as

shown in Figure 9.

Child Pattern No. Accuracy

1 100%
80%
100%
100%
60%
60%
80%
80%

3-year-old

coN oo bW NN

100%
80%
100%
100%
80%
80%
100%
100%

5-year-old

oy A W N
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100%
100%
100%
100%
100%
80%
100%
100%

6-year-old

oy oo h~ W N

Meanwhile, Figure 10 depicts the average accuracy of each

pattern, considering different age ranges.

Average accuracy(%)

100

8
6
4
20
0

Figure 10. Average accuracy of each pattern

o O o

V. CONCLUSION

This research was conducted in the form of pre-writing

copying activities so that the computer was able to
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