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Introduction: Both of heredity and the environment may play a crucial role in development of a
person's handwriting. This study aimed to investigate the degree of similarity in Arabic
handwriting of twins and features of Arabic handwriting in relation to some environmental factors.

Methods: The study included 40 pairs of adult Egyptian twins (20 identical and 20 fraternal pairs).
The study investigated the effects of genetic factor as well as two environmental factors (primary

Results: There was no significant difference between identical and fraternal twins in frequency of
similar pairs in the characteristics of Arabic handwriting. Subjects whose primary language of
education was Arabic language were found to have better legibility of Arabic handwriting and
lesser frequency of spelling mistakes. Also, they showed more frequent use of punctuation marks.
On the other hand, handwriting of subjects whose primary language of education was English
language showed greater frequency of keeping regular word spacing. Subjects who were practicing
drawing were found to keep regular right and left margins, regular spacing between lines and good

Conclusions: Both of primary language of education and drawing practice was found to affect
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language of education and drawing practice) on Arabic handwriting of the included subjects.
legibility of handwriting.
Avrabic handwriting while the effect of genetic factor couldn’t be evidenced.
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Introduction

crucial role in development of a person's

handwriting (Saini and Kapoor, 2015). Twins
represent a special situation since they are sharing
genetic construct as well as environmental factors that
may affect handwriting. Thus, studying the degree of
similarity of handwriting of a pair of twins is critical to
verify the reliability of handwriting identification
(Mohammed and Shamsuddin, 2011).

Previous studies showed a controversy about
similarity in handwriting of twins (Dziedzic et al., 2007
and Saini & Kapoor, 2015). Srihari and his associates,
(2008) found the error rate in distinguishing
monozygotic twins using automatic handwriting
analysis is about twice that of fraternal twins and the
error rate for fraternal twins is more than twice that of
non-twins.

Harralson, (2013) reported case study of a 14 —
year old — adolescent male who died from a fatal
gunshot to the head and his brother (mirror identical
twin) was charged with manslaughter. The defense
contended that the deceased brother committed suicide

B oth of heredity and the environment may play a

as suicide note and notebook containing entries that
were considered as suicidal ideation were found in the
room where the death occurred. These documents were
sent to forensic document examiner.

Handwriting exemplars; letters to family
members written by twin brothers; were obtained from
their parents. Forensic document examiner couldn't
rely upon individual characteristics because the writing
was inconsistent and was shared by both twin brothers.
Finally, identification of handwriting of the twin
brothers was determined by their handedness, since one
of them was right handed and the other was left handed
(Harralson, 2013).

Although many studies have addressed
identification of English handwriting, the studies of
Arabic handwriting identification have been much
more limited (Al-Maadeed, 2012). Therefore, this
study aimed to investigate the degree of similarity in
Arabic handwriting of twins and features of Arabic
handwriting in relation to some environmental factors.
This may help to identify the writer based on
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examination of features of handwriting that are related
to certain factors

Subjects and Methods

The approval of the local ethical committee was
obtained before conduction of the study. The aim and
benefits of the study were explained to participants
before collection of samples of handwriting. Subject’s
agreement to give samples of his/her handwriting was
considered as an implied consent for participation of
the study. AIll samples were anonymous, and
confidentiality of all data was ensured to all
participants.

The study included 40 pairs of apparently
healthy twins (20 identical pairs and 20 fraternal pairs),
their ages ranged from 18 to 45 year old. Subjects with
health problems that affect handwriting process (such
as neurological, psychological or muscle and joint
diseases) were excluded from this study.

Each pair of twins was verified to have similar
environmental conditions (i.e. socioeconomic status
and schooling). The following data were collected for
each pair of twin;

= Type of twins (identical / fraternal)

Handedness

Gender

Age

Primary language of education

Occupation

If the subject practice drawing/ not (e.g., as a

hobby, or a part of study or work).

Each one of the participating subjects was asked
to write the same text in Arabic language four times on
four separate sheets of paper (two blank and two lined
sheets) in the same session. Subjects were asked to
write on the blank sheets first then on the lined one,
using similar pens (0.7 mm). A clipboard was used to
support paper during writing and it was unified for all
subjects. All samples of handwriting were obtained in
the daylight. Each pair of twins was dictated the Arabic
text simultaneously.

The samples of handwriting of each participant
(4 sheets of paper) were kept anonymous in a file that
was given a serial number from 1 to 20. The symbols A
and B were given to the twins in each pair (i.e. 1A and
1B, 2A and 2B ...etc). There were 2 separate sets; one
for identical twins and the other for fraternal twins.

All samples were scanned and their digital
images were imported into CorelDraw™, a computer
graphics application (version 6.00.176) which enables
magnification and examination of samples. All samples
(original and scanned versions) were examined
manually by two examiners. Each examiner
investigated all samples twice.

Comparison of samples of handwriting in this
study was based on the following features:

Class characteristics: ~ Comparison  of  class
characteristics in this study was based on the
following;

- Right and left margins
- Spaces between lines

- Basic style of Arabic handwriting: Naskh
(&), Ruq‘ah (323)) or combined hybrid
style (3=l s gl (e et ).

- Legibility of handwriting: It was
classified into good, fair and poor
according to commitment to standards
and rules of Arabic handwriting

- Spelling mistakes.

- Using punctuation marks

- Word spacing
Individual characteristics: The following individual
features were selected for comparison of handwriting
because these are the most inclusive features that can
give definitive results;

- Characteristic forms of individual
letters

- Connections between letters. (¢ 40 &d5
YooV )

The study investigated the effects of genetic
factor as well as two environmental factors (primary
language of education and drawing practice) on Arabic
handwriting of the included subjects. Also, the study
investigated the differences in the characteristics of
Arabic handwriting between both genders.

The collected data was coded and tabulated in
an Excel sheet and software IBM SPSS statistics
version 19 was used for statistical analysis. Frequency
and percentage were used as descriptive statistics since
all studied variables were categorical. Chi square test
was used to compare frequencies of the studied
variables between groups. All reported P values were
two-sided (P> 0.05: non-significant, P< 0.05:
significant).

Results

Table 1 shows characteristics of the included pairs of
twins in both groups (identical and fraternal twins).
Each group included 20 pairs of twins.

There was no significant difference between
identical and fraternal twins in frequency of similar
pairs in the characteristics of Arabic handwriting
(Table 2). None of studied pair of twins were identical
in their Arabic handwriting. Figures (1-3) show
examples of the samples of handwriting of the included
pairs of twins.

Table 3 shows comparison of characteristics
of Arabic handwriting of the included subjects
according to their primary language of education.
Subjects whose primary language of education was
Arabic language showed significant increase in the
degree of legibility of Arabic handwriting (50%, 20
subjects have good handwriting vs. 7.5%, 3 subjects in
the other group, P value: < 0.001) and significant
decrease in the frequency of spelling mistakes (22.5%,
9 subjects vs. 55%, 22 subjects in the other group, P
value: < 0.003). Also, they showed more frequent use
of punctuation marks (87.5%, 35 subjects vs. 65%, 26
subjects in the other group).

On the other hand, handwriting of subjects
whose primary language of education was English
language showed significant increase in the frequency
of keeping regular word spacing (67.5%, 27 subjects
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vs. 25%, 10 subjects). There was no significant
difference in the other characteristics. Figure 4 shows
samples of handwriting of two subjects with different
primary language of education

Table 4 shows comparison of characteristics
of Arabic handwriting of the included subjects
according to drawing practice. Handwriting of subjects
who were practicing drawing showed significant
increases in the frequencies of regular right and left
margins (40%, 14 subjects vs. 25%, 12 subjects, P
value < 0.001), regular spacing between lines (75%, 15
subjects vs. 25%, 15 subjects, P value < 0.001), and
good handwriting (70%, 14 subjects have good
handwriting vs. 15%, 9 subjects, P value < 0.001).
Figure 5 shows sample of handwriting of a subject who
was practicing drawing.

Table 5 shows comparison of characteristics
of Arabic handwriting between male and female
subjects. Female subjects showed greater frequency of
keeping regular spacing between lines (42.3%, 22
subjects vs. 28.5%, 8 subjects), good handwriting
(36.5%, 19 subjects vs. 14.3%, 4 subjects) and using
punctuation marks (80.7%, 42 subjects vs. 67.8%, 19
subjects). On the other hand, male subjects showed
greater frequency of keeping regular right and left
margins (39.3%, 12 subjects vs. 26.9%, 14 subjects),
poor handwriting (53.6%, 15 subjects vs. 30.8%, 16
subjects), spelling mistakes (50%, 14 subjects vs.
32.6%, 17 subjects) and regular word spacing (53.5%,
15 subjects vs. 42.4%, 22 subjects). However, none of
these differences was statistically significant. Figure 6
shows samples of handwriting of male and female
subjects.

Table (1): Distribution of the characteristics of the studied pairs of twins in identical fraternal groups:

Groups Identical group Fraternal group
Characteristics (20 pairs) (20 pairs)
Gender Male 6 (30%) 3 (15%)
Female 14 (70%) 11 (55%)
Opposite sex - 6 (30%)
Handedness Right 18 (90%) 18 (90%)
Left 0 0
Heterogeneous 2 (10%) 2 (10%)
Occupation Student 11 (55%) 11(55%)
Graduated 9 (45%) 9 (45%)
Primary language of Arabic 10 (50%) 10 (50%)
education English 10 (50%) 10 (50%)
Drawing practice Yes 4 (20%) 6 (30%)
No 16 (80%) 14 (70%)

Table (2): Chi square test comparing frequency of similar pairs in the characteristics of Arabic handwriting

between identical and fraternal groups

Groups | Identical group | Fraternal group | X? | P value

Characteristics (N: 20 pairs) (N: 20 pairs)
of handwriting N % N %
Right & left margins 15 75 13 65 0.476 | 0.490
Spacing between lines 17 85 13 65 2.133 | 0.144
Basic style of Arabic handwriting 16 80 13 65 1.129 | 0.479
Accuracy of spelling 18 90 13 65 3.584 | 0.058
Using punctuation marks 18 90 15 75 1.558 | 0.212
Legibility of handwriting 15 75 13 65 0.476 | 0.490
Word spacing 14 70 15 75 0.125 | 0.724
Letters’ forms 0 0 0 0 NA NA
Connections between letters 0 0 0 0 NA NA

N: number, %: percentage, NA: not applicable.
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Table (3): Chi square test comparing characteristics of Arabic handwriting of the studied subjects according to
primary language of education

Primary language of Arabic English x? P-value
Education N % N %
Characteristics
of handwriting
Keeping Yes 16 40 10 25 2.05 0.152
regular right & left | No 24 60 30 75
margins
Spacing between Yes 15 37.5 15 37.5 <0.001 1
Lines No 25 62.5 25 62.5
Basic style of Naskh 9 22.5 15 375 2.97 0.227
Arabic Rug ah 5 125 2 5
handwriting Combined 26 65 23 57.5
Legibility of Good 20 50 3 7.5 18.63 <0.001*
handwriting Fair 11 27.5 15 375
Poor 9 22.5 22 55
Spelling mistakes Yes 9 22.5 22 55 8.9 0.003*
No 31 77.5 18 45
Using Punctuation | Yes 35 87.5 26 65 5.59 0.018
marks No 5 12.5 14 35
Regular word Yes 10 25 27 67.5 14.53 <0.001*
Spacing No 30 75 13 35

N: number,%: percentage, *: significant P value after Bonferroni correction

Table (4): Chi square test comparing characteristics of Arabic handwriting of the included subjects according to

drawing practice:

Drawing practice Yes No X2 P
(N: 20) (N: 60)

Characteristics N % N %

of handwriting

Keeping regular Yes 14 40 12 25 17.09 <0.001*

right & left margins No 6 60 48 75

Spacing between lines Yes 15 75 15 25 16 <0.001*
No 5 25 45 75

Basic style of Arabic Naskh 7 35 17 28.3 0.44 0.803

handWriting Ruq‘ah 2 10 5 8.3
Combined 11 55 38 63.4

Legibility of Good 14 70 9 15 22.75 < 0.001*

handwriting Fair 4 20 22 36.7
Poor 2 10 29 48.3

Spelling mistakes Yes 5 25 26 43.3 2.12 0.145
No 15 75 34 56.7

Using punctuation Yes 17 85 44 73.3 1.13 0.288

marks No 3 15 16 26.7

Regular word spacing Yes 12 60 25 41.7 2.03 0.154
No 8 40 35 58.3

N: number, %: percentage, *: significant P value after Bonferroni correction.
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Table (5): Chi square test comparing characteristics of Arabic handwriting between both genders:

Gender Females Males X2 P
(N: 52) (N: 28)
N % N %
Characteristics of handwriting
Keeping Yes 14 26.9 12 39.3 2.11 0.147
regular right & left No 38 73.1 16 60.7
margins
Spacing Between Lines Yes 22 42.3 8 28.5 1.47 0.226
No 30 57.7 20 715
Basic style of Arabic Naskh 17 32.7 7 25 241 0.3
handwriting Rugq‘ah 6 11.5 1 3.6
Combined 29 55.8 20 714
Legibility of Good 19 36.5 4 14.3 5.58 0.062
handwriting Fair 17 32.7 9 32.1
Poor 16 30.8 15 53.6
Spelling mistakes Yes 17 32.6 14 50 2.3 0.13
No 35 67.4 14 50
Using punctuation Yes 42 80.7 19 67.8 1.68 0.195
marks No 10 19.3 9 32.2
Regular word spacing Yes 22 42.4 15 53.5 0.93 0.335
No 30 57.6 13 46.5

N: number,%: percentage,

Fig 1b
Figl: Samples of handwriting of identical pair of twins. They are similar in class characteristics as both of them
keeping right and left margins, using Naskh style, with fair legibility of handwriting and using punctuation
marks infrequently.
The individual characteristics are unique for each one; the letter forms (e.g., 2<¢) and connections between
letters (e.g., the connection of the letter ¢ with the preceding letter).
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Fig2: Samples of handwriting of identical pair of twins. Class characteristics are different;
- In Fig 2a: keeping regular right and left margins, using the combined hybrid style and legibility of handwriting
is poor.
- In Fig 2b: right and left margins are irregular but keeping regular spacing between lines, using Ruq‘ah style,
legibility of handwriting is fair and with more frequent use of punctuation marks.
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Fig3b
Fig3: Samples of handwriting of fraternal pair of twins.They are similar in class characteristics as both of them
keeping regular right and left margins and regular spacing between lines, using the Naskh style, with good
legibility of handwriting and using punctuation marks.
- The letter forms (e.g., d ¢« 2) and connections between letters (e.g., the connection of the letter « with
the preceding letter) are different.
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Fig4: Samples of handwriting of two subjects with different primary language of education (Arabic language in
4a and English language in 4b).
- In Figda; the subject used Ruq‘ah style, legibility of handwriting was good and punctuation marks were more
frequent.
- In Fig4b; the subject was keeping regular and wider word spacing, used Naskh style and legibility of
handwriting was fair.
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Fig5: Sample of handwriting of a subject who was practicing drawing: he/she is keeping right and left margins
and regular spacing between lines. The legibility of handwriting is good
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Fig6: Samples of Arabic handwriting of two subjects with different genders (Fig 6a for a male subject while Fig
6b for a female subject).
In Fig 6a, the writer was keeping right and left margins and regular word spacing. The legibility of handwriting
is poor and there is a spelling mistake (red circle)
In Fig 6b, the handwriting of a female subject showed regular spacing between lines, good legibility and more
frequent use of punctuation marks.

Discussion

This study found none significant difference between
fraternal and identical twins in the frequency of similar
pairs in the studied characteristics of Arabic
handwriting. Also, none of included pairs of twins had
identical handwriting since the studied individual
characteristics of handwriting (letters” forms and
connections between letters) were unique for each
subject.

Similar findings were reported by Dziedzic
and his associates as they found non-significant
difference in the frequency of similarities of
handwriting between identical and fraternal twins
(Dziedzic et al., 2007). Also, Mohammed and
Shamsuddin, (2012) examined handwriting of identical
twins and found none of them wrote exactly alike.
Boot, (1998) found none of the studied twins were
identical in their handwriting although of marked
degree of similarity in the handwriting of some cases.
There was no evidence suggesting higher degree of
similarity in handwriting of identical twins than that of
fraternal twins.

These findings are consistent with previous
studies that have evidenced individuality of
handwriting (Dziedzic et al., 2007; Mohammed and

Shamsuddin, 2011). This has been explained by the
tendency of the person who learns to write a given
style or system of handwriting to deviate from it to
integrate their individual characteristics to produce
their individual writing style (Vos et al., 2000).

In contrast, Srihari et al., (2008) found greater
degree of similarity in handwriting of identical twins
than that of fraternal twins. This was explained by
greater similarity in genetic constitution of identical
twins that may influence handwriting as it is a
neuromuscular activity coordinated by the nervous
system. In addition to the shared environment, the
siblings and twins tend to imitate each other (Saini and
Kapoor, 2015).

The current study investigated primary
language of education and drawing practice as
environmental factors that may affect Arabic
handwriting. Subjects whose primary language of
education was Arabic language were found to have
better legibility of Arabic handwriting and lesser
frequency of spelling mistakes. Subjects whose
primary language of education was English language
showed greater frequency of regular word spacing
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These features belong to class characteristics
of handwriting that are influenced by the style that is
taught and acquired during the earlier stages of
childhood (Graham et al., 1998).

Several studies reported the impact of
bilingual education on the first language as it may
result in attrition of the first language and its
replacement by the second language (Montrul, 2005;
Dmitri, 2008 and Unganer, 2014). Previous study in
Saudi Arabia was conducted to explore the impact of
English on the Arabic language in children studying in
bilingual schools. This study found children suffering
problems in learning Arabic language related to
linguistic disability, both in oral expression and writing
(El Harethy, 2008).

Replacement of first language by secondary
language in bilingual education system will be
reflected on the writing style and its characteristics
because teachings of the motor preliminaries of
handwriting (such as regularity and neatness) vary
from culture to culture. In addition, the introduction of
cultural biases such as slant, left to right transport,
counter clockwise rotations, posture and grasp) will
affect handwriting (Saini and Kapoor, 2015). Culture
also plays a crucial role in influencing the cognitive
development of a child which will affect development
of handwriting (Saini and Kapoor, 2017).

Previous studies reported the uniqueness in
handwriting characteristics peculiar to the ethnic origin
of the writers (Cheng et al., 2005 and Saini, 2016).
This was explained by the common cultural and
environmental traits in the population group that lead
to a certain degree of similarity in their cognition and
learning behaviors (Saini, 2016).

This may explain the findings of the current
study since the observed characteristics of Arabic
handwriting of subjects whose primary language of
education was English may be due to their deficiencies
of Arabic language skills. This was evidenced by their
lack of use of punctuation marks that can be attributed
to their deficient knowledge of the rules of Arabic
handwriting.

By examination of the handwriting of subjects
whose primary language of education was English,
there was elongation in some strokes leading to an
increase in the number of lines and failure to keep
margins regular. Also, they found to have tendency to
the angular way in writing which consequently leads to
slowness during writing (this was evidenced by
increased pen pressure) that may cause legibility of
handwriting to range from fair to poor; since previous
studies reported an association between slow
handwriting and poor quality (Tseng and Chow, 2000).
Slow handwriting of those subjects leading to more
control on writing instrument. This may explain
subjects’ ability to keep regular word size and regular
word spacing.

Regarding the basic style of Arabic handwriting,
a combination of Naskh and Ruq'ah was the most
common style in both groups, followed by Naskh style.
Infrequent use of Ruq'ah in handwriting of the
included subjects may be due to lack of training on its

use since Arabic calligraphy (.=~ &341) had no longer
been learned in primary schools in Egypt for several
decades.

Similar findings were reported for cursive style
as some schools dismissing teaching it because the
Common Core Standards no longer oblige elementary
students to learn cursive (Slape, 2012).

This study found subjects who were practicing
drawing keeping regular margins and regular spacing
between lines and their handwriting of good quality.
These finding are consistent with the reported common
observation that most people with drawing skills
exhibit good handwriting (Bonoti et al., 2005). This
was explained by the strong similarities between
drawing and handwriting as both of them requires fine
motor hand movements. So drawing develops the basic
graphic and movement skills needed for handwriting
(Ainsworth et al., 2011).

The present study investigated the
characteristics of Arabic handwriting of both genders
and found none significant difference between them.

In  contrast, several studies reported
differences in handwriting according to the writer’s
gender. Hamid and Loewenthal, (1996) found ‘delicacy
and decorativeness’ as a major discriminating factor
between writings of males and females. Al Haddad et
al., (2009) examined a collection of Arabic signatures
and they identified significant differences between
male and female in some of the examined features such
as number of strokes, number of dots, height and
length. In addition, females were found to write more
legibly than men (Schneider et al., 2006).

Furthermore, some studies have shown that
gender can be predicted from handwriting with varying
degrees of success. The average rate of correct
identification of gender in these studies was around
70% (Alkahtani and Platt, 2011).

Previous study on 282 individuals provided
handwriting samples in both Arabic and English has
shown that handwriting by males and females tend to
exhibit distinctive characteristics, even across different
languages and cultures (Ibrahim et al., 2014).

Typically, the psychologists suggest that
females are characterized by neat, even, well-
organized, rounded, small and symmetrical writing. On
the other hand, males are characterized by hurried,
uneven, messy, spiky and sloping writings (Burr,
2002). These differences in handwriting of males and
females were attributed to differences in motor
coordination or the different types of hormones they
produce. This was reported by Beech and Mackintosh,
(2005) who showed how prenatal sex hormones can
affect female handwriting performance.

Conclusions

Both of primary language of education and drawing
practice were found to affect Arabic handwriting.
There was non-significant difference in the frequency
of similarities of handwriting between identical and
fraternal twins.

Recommendations

The effects of bilingual education system on the Arabic
handwriting should be investigated. Further studies of
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characteristics of Arabic handwriting in different
cultures and communities are recommended to
investigate other environmental factors that may affect
it.

References
Ainsworth S, Prain V and Tytler R. (2011): Drawing to
learn in science. Available at:

http://eprints.nottingham.ac.uk/29252/7/Drawi
ngtolearn.pdf (accessed on 15 August, 2018).

Al Haddad A, White PC and Cole MD. (2009):
Examination of a collection of Arabic
signatures. Journal of the American Society of
Questioned Document Examiners; 12:35-53.

Alkahtani AA and Platt AWG. (2011): The influence
of gender on ability to simulate handwritten
signatures: A study of Arabic writers. Journal
of Forensic Sciences; 56: 950- 3.

Al-Maadeed S. (2012): Text-dependant writer
identification for Arabic handwriting. Journal
of Electrical and Computer Engineering.
Available at:
http://dx.doi.org/10.1155/2012/794106

Beech IC and Mackintosh JR. (2005): Do differences
in sex hormones affect handwriting style?
Evidence from digit ratio and sex role identity
as determinants of the sex of handwriting.
Personality and Individual Differences;
39:459-68.

Bonoti F, Vlachos F and Metallidou P. (2005): Writing
and drawing performance of school age
children: Is there any relationship? School
Psychology International; 26:243-55.

Boot D. (1998): An investigation into the degree of
similarity in the handwriting of identical and
fraternal twins in New Zealand. J. Am. Soc.
Quest. Doc. Exam; 1:70-81.

Burr V. (2002): Judging gender from samples of adult
handwriting: accuracy and use of cues. J Soc
Psychol; 142: 691-700.

Cheng N, Lee GK, Yap BS, Lee LT and Tan SK.
(2005): Investigation of class characteristics in
English handwriting of the three main racial
groups: Chinese, Malay and Indian in
Singapore. J Forensic Sci; 50:177-84.

Dmitri P. (2008): Grievability of first language loss:
Towards a reconceptualisation of European
minority language education  practices.
International Journal of Bilingual Education
and Bilingualism; 11:95- 106.

Dziedzic T, Fabianska E and Toeplitz Z. (2007):
Handwriting of monozygotic and dizygotic
twins. Problems of Forensic Sciences; LXIX:
30-6

El Harethy 1. (2008): The impact of education in
foreign language on education in Arabic, as a
model. Available at:

http://www.marabia.com/vb/showthread.php?t=15417
(accessed on 20 March, 2017)

Graham S, Weintraub N and Berninger VW. (1998):
The relationship between handwriting style
and speed and legibility. J. Educ. Res;
91:290-6.

Hamid S and Loewenthal KM. (1996): Inferring gender
from handwriting in Urdu and English. J Soc
Psychol; 136:778-82.

Harralson HH. (2013): The decline of handwriting. In:
Developments in handwriting and signature
identification in the digital age, Miller L
(Ed.), Amsterdam, Elsevier, P:9.

Ibrahim AS, Youssef AE and Abbott AL. (2014):
Global vs. local features for gender
identification using Arabic and English
handwriting, IEEE International Symposium
on Signal Processing and Information
Technology (ISSPIT), Noida 2014. Available
at:
https://ieeexplore.ieee.org/document/7300580/
, (Accessed on 27 September, 2018)

Mohammed BO and Shamsuddin SM. (2011): Feature
discretization for individuality representation
in twins' handwritten identification. Journal of
Computer Science; 7:1080-7.

Mohammed BO and Shamsuddin SM. (2012):
Improvement in twins handwriting
identification with invariants discretization.
EURASIP J. on Advances in Signal
Processing; 48:1-12

Montrul S. (2005): Second language acquisition and
first language loss in adult early bilinguals:
exploring some differences and similarities,
Second Language Research, SAGE
Publications, 21, 199-249. Available at:
https://hal.archives-ouvertes.fr/hal-00572079

Saini M. (2016): Handwriting variations among Indian
Population. Thesis, University of Delhi, India.
Available at:
https://juniperpublishers.com/jfsci/pdf/JFSCI.
MS.1D.555605.pdf (Accessed on 15 August,
2018).

Saini M and Kapoor AK. (2015): Impact of heredity
and environment in familial similarity of
handwriting.  International ~ Journal  of
Computer and Electronics Research; 4:1-9.

Saini M and Kapoor AK. (2017): Handwriting as a
means of Cultural Identity. Journal of
Forensic Sciences and Criminal Investigation;
3:555-605

Schneider KA, Murray CW, Shadduck RD and Meyers
DG. (2006): Legibility of  doctors’
handwriting is as good (or bad) as everyone
else’s. Qual Saf Health Care; 6:445-53.

Slape L. (2012): Cursive giving way to other pursuits
as educators' debate its value, The Daily
News. Auvailable at:
http://tdn.com/news/local/cursive-giving-way-
to-other-pursuits-as-educators-debate-
its/article_c0302938-4f94-11e1-af3a-
0019bb2963f4.html. Accessed 21 May, 2018

Srihari S, Huang C and Srinivasan H. (2008): On the
discriminability of the handwriting of twins. J
Forensic Sci; 53(2):430-46

Tseng M and Chow S. (2000): Perceptual-motor
function of school-age children with slow


http://eprints.nottingham.ac.uk/29252/7/Drawingtolearn.pdf
http://eprints.nottingham.ac.uk/29252/7/Drawingtolearn.pdf
http://dx.doi.org/10.1155/2012/794106
http://www.marabia.com/vb/showthread.php?t=15417
https://ieeexplore.ieee.org/document/7300580/
https://ieeexplore.ieee.org/document/7300580/
https://hal.archives-ouvertes.fr/hal-00572079
https://juniperpublishers.com/jfsci/pdf/JFSCI.MS.ID.555605.pdf
https://juniperpublishers.com/jfsci/pdf/JFSCI.MS.ID.555605.pdf
http://tdn.com/news/local/cursive-giving-way-to-other-pursuits-as-educators-debate-its/article_c0302938-4f94-11e1-af3a-0019bb2963f4.html
http://tdn.com/news/local/cursive-giving-way-to-other-pursuits-as-educators-debate-its/article_c0302938-4f94-11e1-af3a-0019bb2963f4.html
http://tdn.com/news/local/cursive-giving-way-to-other-pursuits-as-educators-debate-its/article_c0302938-4f94-11e1-af3a-0019bb2963f4.html
http://tdn.com/news/local/cursive-giving-way-to-other-pursuits-as-educators-debate-its/article_c0302938-4f94-11e1-af3a-0019bb2963f4.html

11 Azab et al., / Ain Shams J Forensic Med Clin Toxicol, Jan 2020 (34): 1-11

handwriting speed. American Journal of Saukko P (Eds.), Encyclopedia of Forenisc

Occupational Therapy; 54:83-8. Sciences, San Diego, Academic Press, 584-90
Unganer T. (2014): 14th International Language, 2 ) gl al

Literature and Stylistics Symposium First Gobs el Can sl bl Yo F aal dese ) ad

language loss; why should we care?. Procedia lall daals AiaY) aslall dy al) Cals LSl LediS

- Social and Behavioral Sciences; 158:351 — £9 10 . oall) g

5D.

Vos M, Strach S and Westwood P. (2000):
Handwriting, in: Siegel J, Knupfer G &

el padla)
R p el @31631 o Bl g palt gl SI) e 85501 Jal ool
"ok Wl 5 B unl e g o de gl g g s

domys Al ] bl sda cdis Wy L eseal) aedl RS glar 3 el gs nly Bl e ST Cals: daddll
) Jalgal) e ddl dg e e AU aslas sl el 290l LS 3 aplad
Bl i (G gy Yoog Gilbate Bg) Yo ) ool Cpall W16 e g 80 Al U &) Ay
oSl agal) dpd) BT e (o) Byl aedad) (3 el ) ke cplele ) BLEYL L Ll 4G 8
RNV
oailas (3 aslad) e VISG eV 3 aalbdly BV Sl n alas] AN SI3 Gob ol drg dy el
g ) ) LS
A elasly (ot sagr e el dys gaddad (3 LoV AR a2l 2 OIS 0 5ESU OF g 5,
ST ol o aekamin bl Jo LU b 531 Gl ey o33l o 1SS 58T Llaseaad Taul L™
RETNE i R I (5 S BPFEGNEL R BV REHCUU N EPYREAEN IR
o e oLy Qladly G ser e s agmy e Oalls o)) Ogele cpdl) SL3Y1 OF g 3y
e el B LS (Sgimny jslandl
o ek b ) ) RS e 3s el Byl wded) (3 Bwle1 A e ST OT iy il

Shell Jeld 5t )

an 3alall (Guad e dadla ‘M|§E-M¥|?M\}§sﬂ|gﬁl?ﬁ \
e 63)&@\ caddslall IB1BY dplial) A5 ) 5 ylayl ssc).ﬂ\ hall Jalas chU}D Uand ¥





