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Abstract

The present study has been carried out to study the possibility of handwriting comparison in cases where document under ques-
tion is inscribed in different language and the available standards are in other language. The aspect is prevalent in the field of
languages since people around the globe are being attracted to learn new languages, but their native language always has some
impact on the next learned languages. Punjabi is the first language taught in the schools of Punjab and other languages afterward.
Punjabi is the mother tongue of Punjab area and in contemporary times most of the population of Punjab leaning towards learn-
ing English language. For this study, 1200 samples in Punjabi and English from 100 individuals who studied English as well
as Punjabi and using these languages on a daily basis were collected and analyzed. Class characteristics like alignment, slant,
size, the arrangement of a piece of handwriting, connections, fluency line quality of handwriting along with the characters of
letter form and formation were considered and the results were further analyzed statistically using Chi-square test. The results
of the present study revealed the handwriting written in distinct scripts is similar and comparable with each other. Additionally,
the study will help correlate a person’s handwriting with ethnicity, nationality, and region based on the characters present in the
handwriting samples.
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Introduction

Linguistic diversity is a well-versed fact among
the world’s different populations. Over a hundred lan-
guages and dialects are used by Indian people and 22
out of those languages/scripts have been recognized
by the Indian Constitution. In addition to this, there
are numerous other dialects and scripts used by people
of India for writing as well as for speaking purposes
(Saini, Kaur, 2018). Apart from English, people also
use their native language for their official and routine
work. In Punjab, the Punjabi language is used as an

official language, although some of the official com-
munication is done in English also, and similarly other
states of India follow the same pattern. Very few ref-
erences related to the present study are available in the
literature. Latin and Cyrillic alphabets were compared
to find out the possibility of similarities or dissimi-
larities between the alphabets of two scripts based on
handwriting comparison principles (Ledi¢, Rosandié,
2018). In another study, English handwriting of indi-
viduals belonging to three states, Punjab, Jammu and
Kashmir, and Andhra Pradesh respectively was ana-
lyzed on the basis of various class characteristics like
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letter form, punctuation marks, the spacing between
letters, etc. and showed that the regional language
significantly influences the English language (Saini,
Kaur, 2018).

In the present study along with these class charac-
teristics peculiar character, letter formation is included
which is dependent upon the abstract representation
of the letter known as grapheme as reported by Ellis
(1979). Punjabi is originated from the Indo Aryan
group of languages (Masica, 1991) and modern Pun-
jabi writings follow Gurumukhi script descendant of
Brahmi script (Saxena, Singh, 1992; Jasuja, Komal,
Singh, 1996). Gurumukhi script was acquired from
the Shardha script and shaped up by Guru Angad Dev
Ji in the 16th century (Gill, Gleason, 1963). On the
other hand, English is an omniglotus language with
1.2 billion speakers all over the world. It is a West
Germanic language related to Scots, Dutch, Frisian,
and German that developed its exploration amid the
medieval and early modern periods from England to
Wales, Scotland, and other parts of the British pen-
insula, as well as Ireland. Consequently, during the
17" century English disseminated to other parts of the
world through trade and colonization and new variants
appeared. In addition to the aforementioned research-
es, other researchers such as Turner Sidhu and Love
(2008) carried out a study in the United Kingdom to
determine similarity among class characteristics of
first and second-generation Punjabis. Further statisti-
cal studies were accomplished by Cheng et al. (2005)
for the assurance of nationality and ethnic origin of
writers from their English writings. Turnbull, Jones
and Allen (2010) analyzed the English handwriting of
the English and Polish people to ascertain the effect of
language on handwriting.

The literature survey revealed that there is very
little research available on analyzing and comparing
different scripts, especially concerning the Indian

context, where a lot of population variation occurs
and distinguished languages are spoken in each state.
This depicts that there is no definite conclusion that
has been derived by different workers regarding this
particular concept. The present study is focused on
the comparison of class and peculiar characteristics of
two different languages Punjabi and English following
two different scripts Gurumukhi and Latin respective-
ly, commonly used by the inhabitants of Punjab and
establishes the possibility of inter-script comparison
of handwriting samples.

Materials and method

In totality 100 individuals partake in the present
study, comprising of 50 males and 50 females. All the
writers were skilled writers of the age group 18-50.
The chosen group of individuals has acquired their pri-
mary education in Punjabi and at later stages learned
English. Along with developed handwriting skills, all
the participants knew to write in both languages. This
study was done in two parts, in the first stage the in-
terrelation of the two languages was established on
the basis of class characteristics and later on the basis
of letter and stroke formation. Figure la depicts the
copybook form of Punjabi letters, which is native to
the individuals as a primary learned language, while
Figure 1b presents the English letters in both upper-
case and lowercase form. Before the acquisition of
handwriting samples written consent from the sub-
jects had been obtained. No prior training for writing
the samples was provided to the subjects before the
collection of samples. To overcome the problems and
errors in the results due to natural variation in collect-
ed samples; six samples in each script were collected
on a plain white sheet of A4 size using a blue ball-
point pen and fountain pen from each subject. Subjects
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Fig. 1a, 1b. Gurumukhi and Latin scripts (16, 18).
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were asked to write the selected paragraphs consisting
of almost all letters and diacritics marks in both the
languages while sitting in a comfortable writing po-
sition. Samples were collected through dictation and
copying methods. Two handwriting samples (one with
a ballpoint pen and one with a fountain pen) were dic-
tated to the subjects along with that rest of the four
handwriting samples were copied by the subjects from
printed test paragraphs. Hence, in total 1200 samples
were collected from 100 individuals.

The handwriting samples were analyzed to identi-
fy the similarities and dissimilarities among the class
characteristics and peculiarities in the formation of
letters. When examining the samples, the following
features were taken into account:

— Alignment of handwriting with respect to the imag-
inary baseline,

— Inter-linear and intra-linear spacing,

— Style of handwriting,

— Size of handwriting,

— Slant of handwriting,

— Arrangement of handwriting on the paper,

— The angularity of the strokes,

— Overall line quality of the handwriting,

— Connections,

— Certain specific letter forms which possessed simi-
larity between them.

The data collected were statistically analyzed by
using the Chi-square test, to find out the significant
similarities between the handwriting of the same indi-
viduals written in different scripts. The data was cod-
ed in binary values 0 and 1. The likeness between the
characteristic was assigned as ‘yes’ and coded by 1,
while the difference in character is considered as ‘no’
and denoted by 0.

Results

The collected handwriting samples were exam-
ined for the similarity between the class and peculiar
characteristics in both the scripts inscribed by a single
individual. The results are tabulated as given in Table
1 and Pearson Chi-square test was applied to find out
the effect of language on the handwriting characteris-
tics (Table 2). The analysis revealed that most of the
individuals acquire similar handwriting characteristics
irrespective of the language. Primarily, characteris-
tics including alignment, spacing, style, size, slant,
angularity, overall line quality and connections were
analyzed and compared in the present investigation.
Following this, the letter formation and overall ar-
rangement of text on the paper were examined and
compared in the handwriting of the same individual in
Punjabi as well as in English.

After the analysis of samples, the component table
was established to calculate the Chi-square value at
the significance level 0.05, degree of freedom (c = 1),
and the critical value 3.84 for each characteristic. If
the calculated value will exceed the critical value,
then the null hypothesis would be rejected, thus, an
alternative hypothesis would be accepted because the
calculated values are statistically significant; that is,
both languages have similarities in class characteris-
tics. Chi-square represented the frequency of samples
written in two different alphabets having similarities
in their class characteristics. The calculated values
for each characteristic was found to be significant as
given in Table 2, thence, the alternate hypothesis was
accepted that depicts the similarities between the two
different scripts.

Table 1
Representing the percentage of similarity between the characteristics of Punjabi and English handwriting
S.no. | Characteristic of handwriting Percentage of likeness (%) | Percentage of dissimilarity (%)
1. Alignment 82.6 17.4
2. Inter-linear and intra-linear spacing 72.5 28.5
3. Style 43.85 56.15
4. Size 75.6 24.4
5. Slant 76.8 23.2
6. Angularity 87.8 12.2
7. Overall line quality 76.9 23.1
8. Connections 40.5 59.5
9. Arrangement 75.3 24.7
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Table 2
Representing statistical consideration Chi-square, sum of Chi-square and p-values for the handwriting samples
examined

. N . - Sum of
Handwriting characteristics Type Values English Punjabi Chi-squares p-value
Observed 10 15
Uphill Expected 12.50 12.50
Chi-square 0.50 0.50
Observed 39 26
. . Downbhill Expected 32.50 32.50
1. Alignment of handwriting Chi-square 130 1.30
(a)df=3 8.90 0.03
(b) expected value = 7.82 . Observed 12 05
Straight Expected 8.50 8.50
Chi-square 1.44 1.44
Observed 39 54
Mixed Expected 46.50 46.50
Chi-square 1.21 1.21
Narrow Observed 14 7
(0-2 mm) Expected 10.50 10.50
Chi-square 1.17 1.17
2. Inter-linear and intra-linear spacing Medium Observed 74 69
(a)df=2 (35 Eqm) Expected 71.50 71.50 6.50 0.03
(b) expected value = 5.99 Chi-square 0.09 0.09
. Observed 12 24
gﬁ;_above) Expected 18.00 18.00
Chi-square 2.00 2.00
Observed 42 12
Cursive Expected 27.00 27.00
Chi-square 8.33 8.33
Observed 12 00
Manuscript Expected 6.00 6.00
3. Style Chi-square 6.00 6.00
(a)df=3 87.17 0.00
(b) expected value = 7.82 o Observed 00 56
Handprinting | Expected 28.00 28.00
Chi-square 28.00 28.00
Observed 46 32
Composite Expected 39.00 39.00
Chi-square 1.26 1.26
Small Observed 36 10
(0-2 mm) Expected 23.00 23.00
Chi-square 7.35 7.35
4. Size Medium Observed 54 69
(a)df=2 (3-5 mm) Expected 61.50 61.50 20.42 0.00
(b) expected value = 5.99 Chi-square 0.91 0.91
Large Observed 10 21
(6 nglm_ab vey | Expected 15.50 15.50
OV | Chi-square 1.95 1.95
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Handwriting characteristics Type Values English Punjabi Chsi':lsl;u(;fres p-value
Forward Observed 68 57
(0°-89) Expected 62.50 62.50
Chi-square 0.48 0.48
5. Slant Backward Observed 26 42
(a)df=2 (91°-180%) Expected 34.00 34.00 8.30 0.01
(b) expected value = 5.99 Chi-square 1.88 1.88
. Observed 6 1
(S;I;l)ght Expected 3.50 3.50
Chi-square 1.79 1.79
Observed 13 08
Angular Expected 10.50 10.50
Chi-square 0.60 0.60
6. Angularity of the strokes Observed 72 86
(a)df=2 Rounded Expected 79.00 79.00 6.28 0.04
(b) expected value = 5.99 Chi-square 0.62 0.62
Observed 15 06
Oblong Expected 10.50 10.50
Chi-square 1.93 1.93
Observed 21 36
Good Expected 28.50 28.50
Chi-square 1.97 1.97
7. Overall line quality Observed 60 52
(a)df=2 Moderate Expected 56.00 56.00 6.09 0.04
(b) expected value = 5.99 Chi-square 0.29 0.29
Observed 19 12
Poor Expected 15.50 15.50
Chi-square 0.79 0.79
Observed 84 36
8. Connections Present Expected 60.0 60.0
(a)df=1 Chi-square 9.60 9.60 48.0 0.00
(b) expected value = 3.84 Observed 16 64 . :
(a) Intra-word Absent Expected 40.00 40.00
Chi-square 14.40 14.40
Observed 16 10
Present Expected 13.00 13.00
Chi-square 0.69 0.69
(b) Inter-word 1.59 0.20
Observed 84 90
Absent Expected 87.00 87.00
Chi-square 0.10 0.10

1. Alignment of handwriting: The variations and

likeness in the alignment of handwriting are de-
picted in Table 1. The character is exemplified in
Figures 2a and 2b, where the given piece of hand-
writing in both scripts has mixed type of alignment,
at certain instances, it is curved and at other, it is
either downhill or uphill. It was expected that the
alignment will change with the script because Pun-
jabi letters are usually placed with a headline while
English letters are placed on an actual or imaginary

baseline. However, on the contrary, it was observed
that alignment in the case of Punjabi with respect to
headline and English with respect to baseline was
found to be similar in 82.6% of the samples. The
sum of Chi-square for this particular feature is 8.90
that is higher than the critical value (Table 2), which
ultimately represents the similarity of this character
in writing of single individuals inscribed in differ-
ent languages.
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2. Interlinear and intra-linear spacing: Writing, in-
scribed in both Punjabi and English by an individ-
ual was examined and compared for interlinear and
intra-linear spacing. It was observed that most of
the individuals use medium spacing ranging from
3-5 mm and 72.5% of samples possesses similar
spacing in Punjabi and English writings. The sum
of Chi-square for this character is 6.50, which is
higher than the critical value and represents the
likeness of this feature in both languages.

3. Style of handwriting: To analyze this characteris-
tic, four different styles of handwriting were con-
sidered, i.e., cursive, manuscript, handprinting, and
composite (Huber, Headrick, 1999). In India people
usually follow the cursive style in which uppercase
and lowercase letters are connected through con-
nections while writing English but Punjabi follows
the different styles of handwriting that is handprint-
ing (Jasuja, Komal, Singh, 1996; Kaur, Singh, Jasu-
ja, 2017) where letters do not possess connections
between them. It was found that 12% of individuals
follow the cursive style and 32% of individuals fol-
low composite style even in Punjabi handwriting,
which may be due to the regular practice and their
penmanship in the language. Overall, in 43.85%
samples, this character is similar and p-value for
this character is also significant.

N

. Size: For the measurement of size measuring scale,
having horizontal lines, each line is 1 mm apart
from the other, was used. It was noticeable that
54% of individuals have written in the medium

range (3—5 mm) in English and 69% of individuals
have also written Punjabi in the same range. Over-
all, 75.6% of samples showed a similarity in this
characteristic. The p-value is highly significant for
this characteristic and depicts the relation of both
the languages with each other.

. Slant: In the present study, the slant of vertical as

well as rounded strokes has been measured with
the aid of a template referred by Osborn (1929).
Though, the method used to measure slant in Eng-
lish (from baseline) is different from that used in
Punjabi (from headline), but the type of strokes
(vertical and oval) chosen is similar in both lan-
guages. The results revealed that 76.8% of samples
have a similar slant. Earlier studies revealed that the
Punjabi population mostly use forward slant (Jasuja
et al., 1996; Turner et al., 2008) in the present study
it was found that 68% of English writings and 57%
Punjabi writings have a forward slant. Figures 3a
and 3b depict the measurement of slant in Punjabi
and English handwriting of a person, although, way
of measuring slant in both the languages is different
but still slant in both the languages is similar that
is 110.

. The angularity of the strokes: In actuality, the

angularity of a particular letter is defined in the
copybook form, but writers usually deviate from
the copybook and choose to write according to their
will. The angularity can be categorized into three
categories, i.e., angular, rounded, and oblong (Hu-
ber, Headrick, 1999). In the current study, 87.8% of
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Fig. 2a, 2b. The alignment of handwriting of an individual in Punjabi and English.

Fig. 3a, 3b. The measurement of slant of an individual’s writing in
Punjabi and English scripts.
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the samples depict similar angularity of the strokes.
In English writings of the individuals, 72% hand-
writing samples possessed rounded strokes while
13% angular and 15% oblong strokes. On the other
hand, 86% of the Punjabi handwritings possessed
rounded strokes while 6% oblong and 8% angular
strokes. The Chi-square value for this characteristic
is significant representing the effect of one language
variable on the other.

7. Overall line quality: The line quality of the sam-
ples written in Punjabi as well as in English was
compared. All the participants were well known
with the basic principles of handwriting using both
languages. In 21% of samples of English handwrit-
ing, good line quality was observed but only 36%
Punjabi handwriting samples possesses this. The
remaining 60% and 19% English handwriting and
52% and 12% of the Punjabi handwriting samples
have moderate and bad line quality, respectively.
76.9% of samples revealed similarity in the overall
line quality in the Punjabi as well as in the English
handwriting. The Chi-square value for this char-
acteristic is 6.09, which is significant and reveals
a connection between the two languages.

8. Connections: In the case of English handwrit-
ing it is evident that connections should be pres-
ent between letters and/or words, but in Punjabi in
accordance to copybook, connections are neither
placed between letters nor words. The present study
revealed a 40.5% similarity in this characteristic be-
tween the two handwritings.

9. Arrangement of handwriting: To analyze this fea-
ture margins (left and right), placement of heading,
numerals, and punctuation marks was included.
After comparison, it was found that 75.3% manner
of placement of text on paper is similar. Figures 4a
and 4b represent the similarities between the pat-
terns of arrangement of a piece of handwriting over
the paper. In both the handwritings, the heading is

placed in the center without any kind of embellish-

ment and underline. The left and right margins are

present, but irregular, numerals, and punctuation
marks were frequently placed on the baseline by
the writer.

After calculating the Chi-square value for select-
ed features, letter formation was analyzed and pho-
tographed as shown in figures 5-8. It was found that
all the selected letters written by the single individual
in two different languages possess similarities, which
represents the effect of former vernacular on the latter
one.

Figures 5-8 represent the letters of both English
and Punjabi language presenting similar formation
and structure. In figure 5, the similar letter formation
of English letter ‘E’ and Punjabi letter ‘€’ has been
depicted. In both letters the center portion of the letters
where two curves meet with retracing of the strokes.
The movement of the strokes follows the same line
in both letters, along with that writer initiated the let-
ter with a small hook and connected it with the forth-
coming letter. Figures 6 and 7 represent the same kind
of formation in diacritics ‘:* and ‘™ of Punjabi and
terminating stroke of ‘s’ and the letter ‘T’ of English.
Figure 6 shows that the individual terminates the let-
ter ‘s’ with an eyelet similar to the diacritic mark <:’;
both the letters are in continuation with the preceded
letter. Similar letter formation of letter ‘T’ and Punjabi
diacritic mark ‘<™ is depicted in Figure 7. Figure 8
shows a similar letter formation of English letter ‘n’
and Punjabi letter “H’ An eyelet is present at the meet-
ing point of two shoulders; in both cases, the shoul-
ders are rounded. In the case of Punjabi letter “H’, the
horizontal stroke is straight but while writing “H’ and
‘n’ individual drew it in a bit slanting form. Therefore,
the above studies and comparisons between the two
vernaculars revealed that forensic document examin-
ers can compare the documents written in distinctive
scripts and the comparison of two distinct scripts and
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languages can lead to a definite conclusion related to
the authorship and authenticity.

Discussions

The samples written in two different scripts (Guru-
mukhi and Latin) were analyzed to unfurl the similar
characteristics between two unrelated scripts and lan-
guages by examining various handwriting character-
istics (alignment, inter-linear and intra-linear spacing,
style, size and proportions, slant, arrangement, angu-
larity of the strokes, overall line quality, connections
and letter formation). Since both, the languages fol-
low the different script and vast difference between the
letters of both the scripts exists, but the present study
revealed that still, numerous recurring identifying fea-
tures are available, which can assist in the comparison
of totally different scripts in an individual’s writing
and aid in the formation of opinions by the experts.

The prominent reason of the similarity between
the writing of a person in two different scripts is that
the individuals follow a peculiar method to make the
strokes irrespective of the language or the script they
intend to write. In India individuals usually learn more
than one language due to many variations, as numerous
different languages are constitutionally recognized for
each Indian state. There are still few characteristics in
their second language writing which are similar to the
characteristics of primary language handwriting that
are imparted. Saini and Kaur (2018) studied this effect
by analyzing English handwriting of population from
three different states of India: Punjab, Andhra Pradesh,
Jammu and Kashmir, and their studies revealed that
ethnicity and nationality can be determined with the
assistance of handwriting due to the availability of cer-
tain characteristics in the writings of individuals that
represents the influence of their regional language. In
the present study the similar type of relationship be-
tween the regional language Punjabi and English also
has been observed. Kaur et al. (2017) also present-
ed the possibility of interscript comparison of three

gt B

Fig. 5. The similar letter for-
mation of English letter ‘E’
and Punjabi letter “&’.

Fig. 6. The similarity in the
terminating stroke of letter

Punjabi.

Fig. 7. The similar letter for-
mation of English letter ‘T’
and Punjabi diacritic mark

T

‘s’ and diacritic mark ‘<:” of

different scripts and results depicted that two different
languages can be compared in the absence of stand-
ards written in the same language. Singh et al. (1994)
explained the effect of idiosyncratic features of hand-
writing on languages especially in cases of forgeries.

Ledi¢ and Rosandi¢ (2018) compared Latin and
Cyrillic in handwriting and revealed that the compari-
son of two different languages can be made and if one
person acquires skill in more than one language than
the possibility of an effect of one language on anoth-
er is there. In all the researches made so far; the pos-
sibility of comparison was introduced, but the exact
reason is not explained. Yet this study tried to explain
and concluded that the most probable reason behind
this phenomenon can be the abstract form of the let-
ter known as grapheme, as reported by Ellis (1979).
The formation of strokes is similar if they are drawn
by a single individual irrespective of the script. There-
fore, the study revealed that the handwriting written
in distinct languages are comparable with one another
which can further help to find out the ethnicity, nation-
ality and may be the region of the individual.

This study is still at the preliminary stage and with
the advancement in the OCR technology these types
of comparisons would be possible with more precision
and repeatability.

Conclusion

It is a well-known fact that there are numerous ev-
ident distinguishable features of each script and lan-
guage, but still the similar handwriting principles are
applied to each language. This raises the possibility
of'a comparison of two different scripts that can assist
the document examiners to compare different languag-
es. Moreover, the possibility of presenting an exact
opinion is vested with the capabilities and expertise
of the expert, irrespective of the complexity induces
by the language. It is expected that this preliminary
study will assist forensic document examiners in cas-
es of unfamiliar scripts and under complex situations,

TR MM

Fig. 8. The similar letter for-
mation of English letter ‘n’
and Punjabi letter “H’.
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where standards in the same script may not be avail-

able.

This study can assist in further authentication of

the questioned documents especially when the stand-
ards are not available in the same script. This study
needs to be explored geographically, further with other
languages and populations, especially with respect to
the Indian context.
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POROWNANIE REKOPISOW WYKONANYCH PISMEM GURMUKHI
I ALFABETEM LACINSKIM POD KATEM MOZLIWOSCI ICH
ZESTAWIANIA W BADANIACH IDENTYFIKACYJNYCH

Wstep

Mowiac o roznorodnosci jezykowej jako powszech-
nym zjawisku na $wiecie, warto zaznaczy¢, ze miesz-
kancy Indii uzywaja ponad stu jezykow i dialektow, a 22
z nich zostaly wymienione jako urzedowe w indyjske;j
konstytucji. Oprocz tego istnieje wiele innych dialektow
oraz alfabetow uzywanych przez mieszkancow Indii,
zardbwno w mowie, jak w piSmie (Saini, Kaur, 2018).
Oproécz angielskiego uzywaja oni rowniez swojego 0j-
czystego jezyka w pracy zawodowej i Zyciu codziennym.
W Pendzabie jezyk pendzabski ma status jezyka urzedo-
wego, chociaz czgs¢ oficjalnej komunikacji odbywa sig¢
takze w jezyku angielskim. Inne stany Indii powielaja
ten sam wzorzec. W literaturze przedmiotu mozna zna-
lez¢ bardzo niewiele odniesien do zagadnienia, o ktorym
mowa w niniejszej pracy. Metodyka badania pisma recz-
nego do poréwnania rekopiséw wykonanych za pomoca
roéznych alfabetow: tacinskiego i cyrylicy zostala zasto-
sowana przez Ledi¢ i Rosandi¢ (2018).

W innym badaniu poddano analizie rekopisy spo-
rzadzone w jezyku angielskim przez osoby pochodza-
ce z trzech stanow — odpowiednio Pendzabu, Jammu
i Kaszmiru oraz Andhra Pradesh, biorac pod uwage rézne
cechy pisma, takie jak ksztatt liter, znaki interpunkcyjne,
odstepy miedzy literami itp. W badaniu tym wykazano
znaczacy wplyw jezyka regionalnego na jezyk angielski
(Saini, Kaur, 2018).

W niniejszej pracy, obok innych cech, uwzgledniono
budowe znakow, ktora jest pochodng abstrakcyjnej po-
staci litery zwanej przez Ellisa (1979) ,,grapheme”.

Pendzabski nalezy do grupy jezykéw indoaryjskich
(Masica, 1991), a wspodlczesne zapisy w tym jezyku sto-
sujg pismo gurmukhi pochodzace od pisma brahmi (Sa-
xena, Singh, 1992; Jasuja, Komal, Singh, 1996). Pismo
gurmukhi zostato przejete od pisma shardha, a do jego
uksztaltowania i rozwoju znaczaco przyczynit si¢ guru
Angad Dev Ji w XVI wieku (Gill, Gleason, 1963). Je-
zykiem angielskim postuguje si¢ 1,2 miliarda ludzi na
catym $wiecie, przez co zyskuje on miano j¢zyka global-
nego. Jest to jezyk zachodniogermanski, spokrewniony
ze szkockim, holenderskim, fryzyjskim i niemieckim,
ktory w okresie Sredniowiecza i wezesnej nowozytnosci
rozprzestrzeniat si¢ z Anglii do Walii, Szkocji i innych
czesci Wysp Brytyjskich, a takze Irlandii. W konse-
kwencji w XVII wieku jezyk angielski za sprawa handlu
i kolonizacji stawal si¢ popularny takze w innych cze-
$ciach §wiata, pojawiaty si¢ réwniez jego nowe warianty.

W Wielkiej Brytanii Turner, Sidhu i Love (2008) prowa-
dzili badania majace na celu okre$lenie podobienstwa
cech pisma uzywanego przez pierwsze i drugie pokolenie
Pendzabow. Kolejne badania statystyczne, prowadzone
przez Chenga i in. (2005), dowiodly, ze na podstawie
pisemnych wypowiedzi w jezyku angielskim udaje si¢
potwierdzi¢ narodowos$¢ i pochodzenie etniczne osob
piszacych — ich autoréw. Turnbull, Jones i Allen (2010)
analizowali anglojezyczne rekopisy Anglikow i Pola-
kow, aby ustali¢ wptyw jezyka rodzimego na ich pismo.

Przeglad literatury ujawnit, ze niewiele jest dostep-
nych badan dotyczacych analizowania i pordwnywania
rekopisow sporzadzonych za pomoca roznych alfa-
betdéw, zwlaszcza w odniesienu do j¢zyka indyjskie-
go, w ktorym wystepuje duze zréznicowanie populacji
i w kazdym stanie uzywane sg inne jezyki. Brak rowniez
jednoznacznych wnioskéw, ktore moglyby zosta¢ sfor-
mutowane przez réznych badaczy zajmujacych si¢ tym
konkretnym zagadnieniem. Niniejsze badanie koncen-
truje si¢ na poréwnaniu cech rgkopisow sporzadzonych
w dwoch réznych jezykach — pendzabskim i angielskim,
w oparciu o dwa rézne alfabety — odpowiednio gurmukhi
i tacinski — powszechnie uzywane przez mieszkancow
Pendzabu. Ustala takze sposob poroéwnywania probek
pisma rgcznego.

Materialy i metody

W badaniu wzigto udziat tacznie 100 osoéb spraw-
nie postugujacych si¢ pismem: 50 me¢zczyzn i 50 kobiet
w wieku 18-50 lat. Uczestnicy badania odebrali podsta-
wowg edukacje¢ w jezyku pendzabskim, a na pdzniejszych
jej etapach nauczyli si¢ angielskiego. Wraz z rozwija-
niem umiej¢tnosci pisania r¢cznego wszyscy nauczyli si¢
pisa¢ w obu jezykach. Omawiane badanie zostato prze-
prowadzone w dwoch czegsciach: w pierwszym etapie
wzajemne powigzanie dwoch jezykow ustalono na pod-
stawie cech ogolnych pisma, a nast¢pnie — na podstawie
budowy liter i ich elementoéw. Rycina la przedstawia za-
pisane w zeszycie do kaligrafii litery w jezyku pendzab-
skim, ktory jest rodzimym, podstawowym wyuczonym
jezykiem dla tych osob, a rycina 1b przedstawia litery
angielskie zar6wno w formie majuskul, jak i minuskut.
Przed uzyskaniem probek pisma rgcznego otrzymano
pisemng zgode od badanych. Pobranie probek nie byto
poprzedzone zadnym wczesniejszym szkoleniem w za-
kresie ich wykonywania. W celu uniknigcia trudnosci
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i bledow w wynikach, ktore moglyby by¢ spowodowa-
ne naturalnymi réznicami w zgromadzonych probkach,
zebrano od kazdego uczestnika po szes$¢ probek wyko-
nanych w obu alfabetach za pomocg dlugopisu piszace-
go niebieska pastg 1 piora wiecznego, na zwyklej biatej
kartce formatu A4. Badani zostali poproszeni, by, siedzac
w wygodnej pozycji, zapisali wybrane akapity sktadajace
si¢ z prawie wszystkich liter i znakow diakrytycznych
w obu jezykach. Dwie probki (jedng sporzadzong pidrem
kulkowym i jedng wiecznym) uzyskano, dyktujac tekst,
pozostate cztery powstaly podczas przepisywania tek-
stow drukowanych. W ten sposob od 100 0séb pobrano
w sumie 1200 probek.

Zgromadzone w ten sposdb wzory pisma r¢cznego
przeanalizowano w celu okreslenia podobienstw i rdznic
miedzy cechami ogélnymi i budowa znakow. Badajac
probki, wzigto pod uwage nastepujace cechy:

— sposob wyrdwnania znakdw,

— odstgpy migdzywierszowe 1 wewnatrzwierszowe,
— typ pisma,

— wielko$¢ pisma,

— nachylenie osi znakow,

— rozmieszczenie pisma na podlozu,

— og6lny obraz pisma,

— jakos¢ linii graficznych,

— wigzania mi¢dzyliterowe,

— podobienstwa konstrukcyjne znakow.

Zebrane dane zostaly poddane analizie statystycznej
z uzyciem testu chi-kwadrat, aby znalez¢ znaczace po-
dobienstwa mig¢dzy pismem r¢cznym tych samych osob,
lecz sporzadzanym w réznych jezykach. Dane zostaty
zakodowane w warto$ciach binarnych 0 i 1. Podobien-
stwo miedzy cechami zostalo przypisane jako ,tak”
i zakodowane cyfra 1, podczas gdy roznica jako ,,nie”
i oznaczona cyfra 0.

Wyniki

Zebrane probki pisma zbadano pod katem podo-
bienstw cech w rekopisach jednej osoby wykonanych
w obu jezykach. Wyniki zostaty zestawione w tabeli 1,
a test chi-kwadrat Pearsona zostal zastosowany w celu
okreslenia wptywu jezyka na cechy pisma recznego
(Tabela 2). Analiza wykazata, ze wigkszo$¢ 0sob naby-
wa podobne cechy pisma niezaleznie od jezyka. W ni-
niejszym badaniu zostaly przeanalizowane i porownane
przede wszystkim cechy takie, jak: sposob wyréwnania
znakéw, szerokos$¢ odstepow migdzy wierszami i w ich
obrebie, typ pisma, nachylenie, ogdlny obraz, jakos¢ li-
nii graficznych oraz wigzania migdzyliterowe. Nastepnie
zbadano i zestawiono budowe liter i ogdlny uktad tekstu
na papierze.

Po przeanalizowaniu probek zostata utworzona tabe-
la sktadowa w celu obliczenia wartosci chi-kwadrat na

poziomie istotnosci 0,05, stopnia swobody (c = 1) i war-
tosci krytycznej 3,84 dla kazdej cechy. Jesli obliczona
warto$¢ przekracza wartos¢ krytyczng, wowczas hipo-
teza zerowa zostaje odrzucona, a tym samym hipoteza
alternatywna zostanie przyjeta, poniewaz obliczone war-
tosci sg statystycznie istotne. Oznacza to, ze oba jezyki
majg podobienstwa w cechach odnoszacych si¢ do klasy
jezyka. Rozktad chi-kwadrat umozliwit przedstawienie
czestoSci wystepowania probek napisanych w dwoch
réznych jezykach, ktore majg podobienstwa w swoich
cechach klasowych. Obliczone wartosci dla kazdej ce-
chy okazaty si¢ znaczace, jak podano w tabeli 2, a zatem
przyjeto hipoteze alternatywna, ktora zaktada podobien-
stwa migdzy zapisami w dwoch réznych jezykach.

1. Sposob wyréwnania znakow: roznice i podobienstwa
W wyréwnaniu pisma r¢cznego s3 przedstawione
w tabeli 1. Przyktady zilustrowano na rycinach 2a i 2b
— dany fragment pisma w obu zapisach ma mieszany
sposob wyrownania, w niektorych przypadkach jest
zakrzywiony, a w innych jest skierowany w dot lub ku
gorze. Oczekiwano, ze wyrdwnanie bedzie si¢ zmie-
nia¢ zaleznie od jezyka, poniewaz litery pendzabskie
sg zwykle umieszczane z nagltéwkiem, podczas gdy
litery angielskie sa umieszczane na rzeczywistej lub
wyimaginowanej linii bazowej. Jednakze zaobserwo-
wano, ze wyrownanie w przypadku pisma pendzab-
skiego w odniesieniu do naglowka i angielskiego
w odniesieniu do linii bazowej byto podobne w 82,6%
probek. Suma chi-kwadrat dla tej szczegdlnej ce-
chy wynosi 8,90, co przewyzsza wartos¢ krytyczna
(Tabela 2), a to ostatecznie oznacza podobienstwo
tego znaku w pismie pojedynczych osob zapisanym
w roznych jezykach.

2. Odstepy miedzywierszowe i wewnatrzwierszowe:
pismo kazdej osoby, sporzadzone zaréwno w je¢zy-
ku pendzabskim, jak i angielskim, zostalo zbadane
i porownane pod katem odstepéw miedzywierszo-
wych 1 wewnatrzwierszowych. Zaobserwowano, ze
wigkszo$¢ osob uzywa $rednich odstepow w zakre-
sie 3-5 mm 1 72,5% probek posiada podobne od-
stepy w pismach pendzabskich i angielskich. Suma
chi-kwadrat dla tej cechy wynosi 6,50, co stanowi
warto$¢ wyzszg niz wartos¢ krytyczna i oznacza jej
podobienstwo w obu jezykach.

3. Typ pisma: aby przeanalizowac t¢ ceche, uwzgled-
niono cztery rozne typy pisma r¢cznego, tj. zwykle,
blokowe, na wzor druku i mieszane (Huber, Headrick,
1999). W Indiach ludzie uzywaja zazwyczaj pisma
zwyklego, w ktorym male i duze litery sa taczone pod-
czas pisania po angielsku, ale Pendzabczycy stosuja
pismo na wzor druku (Jasuja, Komal, Singh, 1996;
Kaur, Singh, Jasuja, 2017), w ktorym litery nie posia-
daja potaczen migdzy sobg. Stwierdzono, ze 12% 0sob
stosuje pismo zwykle, a 32% 0s6b — pismo mieszane
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nawet w pendzabskim pisSmie recznym, co moze wy-
nika¢ z regularnej praktyki i wyrobionego charakteru
pisma o0sob piszacych w tym jezyku. Ogoélnie rzecz
biorac, w 43,85% probek ta cecha jest podobna i war-
tos¢ p dla niej jest rowniez istotna.

4. Wielko$¢: do pomiaru wielkos$ci uzyto skali pomia-
rowej posiadajacej poziome linie, a kazda linia jest
oddalona od siebie o 1 mm. Zauwazono, ze 54% 0s6b
pisato w $rednim zakresie (3—5 mm) w jezyku angiel-
skim, w jezyku pendzabskim 69% oso6b pisato row-
niez w tym samym zakresie. W sumie 75,6% probek
wykazato podobienstwo tej cechy. Warto$¢ p jest wy-
soce znaczaca dla omawianej cechy i obrazuje zwia-
zek obu jezykow ze soba.

5. Nachylenie: w omawianym tutaj badaniu nachylenie
trzondéw i owali zostalo zmierzone przy pomocy kato-
mierza Osborna (1929). Chociaz metoda zastosowa-
na do pomiaru pochylenia w jezyku angielskim (od
linii bazowej) rézni si¢ od tej zastosowanej w jezyku
pendzabskim (od nagléwka), to rodzaj wybranych
znakéw (pionowe i owalne) jest podobny w obu je-
zykach. Wyniki wskazaly, ze 76,8% probek ma po-
dobne nachylenie. Wczesniejsze badania wykazaty,
ze ludno$¢ pendzabska w wigkszosci uzywa pochy-
lenia prawostronnego (Jasuja i in., 1996; Turner i in.,
2008), natomiast w niniejszym badaniu stwierdzono,
ze 68% probek pism angielskich i 57% probek pism
pendzabskich ma nachylenie prawostronne. Ryciny 3a
i 3b przedstawiaja pomiar pochylenia w pendzabskim
i angielskim pi$mie jednej osoby. Pomimo Ze sposdb
pomiaru pochylenia w obu jezykach jest inny, nachy-
lenie w obu jezykach nadal jest podobne i wynosi 110.

6. Ogdlny obraz pisma: formalnie katowos¢ danej li-
tery jest okreslona podczas szkolnej nauki pisania,
jednak piszacy zazwyczaj odchodza od tego i sami
wybieraja sposdb jej zapisywania. W ogoélnym ob-
razie wyrdzniane sa trzy kategorie: katowe, okragle
i owalne (Huber, Headrick, 1999). W obecnym bada-
niu 87,8% probek przedstawia podobny obraz ogdlny.
W angielskich probkach pisma badanych osoéb 72%
z nich posiadalo obraz okragty, 13% katowy, a 15%
owalny. Jesli chodzi o préobki pisma pendzabskiego,
to 86% z nich posiadalo obraz okragty, podczas gdy
6% pociagni¢¢ bylo owalnych i 8% katowych. War-
tos¢ chi-kwadrat dla tej cechy jest znaczaca i wskazuje
na wptyw jednej zmiennej odnoszacej si¢ do jednego
jezyka na druga, ktora odnosi si¢ do drugiego z nich.

7. Jako$¢ linii graficznych: porownano jakos¢ linii pro-
bek napisanych w jezyku pendzabskim, jak réwniez
w jezyku angielskim. Wszyscy uczestnicy badania
byli dobrze zaznajomieni z podstawowymi zasadami
pisma rgcznego w zastosowaniu do obu jezykow. Do-
bra jakos¢ linii zostala zaobserwowana w 21% probek
angielskiego pisma rgcznego, ale tylko w 36% probek

pisma pendzabskiego. Pozostale 60% i 19% probek
angielskiego pisma rgcznego oraz 52% 1 12% probek
pisma pendzabskiego ma odpowiednio umiarkowana
1 zla jako$¢ linii. 76,9% probek wykazato podobien-
stwo w ogoblnej jakoSci linii zardbwno w pendzabskim,
jak i angielskim pi$mie recznym. Wartos$¢ chi-kwadrat
dla tej cechy wynosi 6,09, co jest znaczace i ujawnia
zwigzek migdzy omawianymi dwoma jezykami.

8. Laczenia: w przypadku angielskiego pisma rgcznego
jest oczywiste, ze faczenia powinny by¢ obecne mig-
dzy literami i/lub stowami, ale w jezyku pendzabskim
polaczenia nie sg umieszczone ani migdzy literami,
ani stowami. Obecne badanie wykazato 40,5% podo-
bienstwa tej cechy.

9. Rozmieszczenie pisma na podlozu: do analizy tej
cechy uwzgledniono marginesy (lewy i prawy), roz-
mieszczenie nagtowkow, cyfr i znakow interpunkcyj-
nych. Po poréwnaniu okazato si¢, ze w 75,3% spo-
sob rozmieszczenia tekstu na podtozu jest podobny.
Ryciny 4a i 4b przedstawiaja podobienstwa pomi¢dzy
wzorami rozmieszczenia fragmentu pisma na podto-
zu. W obu jezykach naglowek umieszczony jest na
srodku, bez zadnych ozdobnikow i podkreslen. Mar-
ginesy lewy i prawy byty obecne, lecz nieregularne,
natomiast cyfry i znaki interpunkcyjne byly czgsto
umieszczane przez piszacego na linii podstawowe;.
Po obliczeniu warto$ci chi-kwadrat dla wybranych

cech przeanalizowano ksztalt liter i sfotografowano je

W sposoOb przedstawiony na rycinach 5-8. Stwierdzono,

ze wszystkie wybrane litery pisane przez jedng osobg

w dwoch réznych jezykach wykazuja podobienstwa, co

stanowi wplyw pierwszego jezyka na drugi.

Ryciny 5-8 przedstawiaja litery jezyka angielskiego

i pendzabskiego o podobnym ksztatcie i budowie. Na ry-

cinie 5 przedstawiono podobng konstrukcje angielskiej

litery ,,E” i pendzabskiej ,,&”. W obu przypadkach wi-
doczna jest $srodkowa cze$¢ liter, gdzie dwa polowale
potaczone sg nakrywkowo. Ruch narzgdzia pisarskiego
nastepuje po tej samej linii w obu literach, ponadto zaob-
serwowaé mozna, ze piszacy rozpoczat litere adjustacja

i potaczyt ja z nastepna literg. Ryciny 6 1 7 przedstawia-

ja ten sam ksztatt w diakrytykach ,,3” 1,27 z pendzab-

skiego i odpowiednio w finalnej kresce minuskuty ,,s”
oraz w budowie majuskuly ,,T” z angielskiego. Rycina

6 pokazuje, ze osoba konczy litere ,,s” petlica podobng

do znaku diakrytycznego ,,:3”; obie litery sg kontynuacja

litery poprzedzajacej. Na rycinie 7 przedstawiono po-
dobny ksztalt litery ,,T” i pendzabski znak diakrytycz-
ny ,,™. Rysunek 8 przedstawia podobne uformowanie
angielskiej litery ,,n” i pendzabskiej litery ,,H”. Element
nakrywkowy znajduje si¢ na styku dwdch ramion; w obu
przypadkach ramiona sg zaokraglone. W przypadku
pendzabskiej litery ,,H” pozioma kreska jest prosta, ale
podczas pisania ,,H” i ,,n” poszczegolne osoby nakreslity
ja w nieco pochylej formie. Dlatego powyzsze badania
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i poréwnania miedzy dwoma jezykami wernakularnymi
wykazaly, Ze biegly zajmujacy si¢ badaniem pisma moze
poréwnaé rekopisy sporzadzone w roéznych alfabetach,
a ich zestawienie moze pozwoli¢ na jednoznaczng iden-
tyfikacje wykonawcy kwestionowanego rekopisu.

Dyskusja

Probki napisane w dwoch réznych alfabetach (gur-
mukhi i tacinski) zostaly przeanalizowane w celu znale-
zienia podobnych cech migdzy dwoma niepowigzany-
mi zapisami i jezykami poprzez zbadanie réznych cech
pisma rgcznego (sposob wyrownania znakow, odstepy
mi¢dzywierszowe 1 wewnatrzwierszowe, typ pisma,
wielko$¢, nachylenie, ogélny obraz pisma, jako$¢ linii
graficznych, laczenia, rozmieszczenie pisma na podto-
zu). Chociaz oba jezyki postuguja si¢ innym alfabetem
i istnieje ogromna réznica migdzy literami, niniejsze ba-
dania ujawnily, ze widoczne sg liczne powtarzajace si¢
cechy identyfikacyjne, ktore moga pomdc w poréwnaniu
rekopisow sporzadzonych za pomocg rdéznych alfabetow
przez jednego wykonawce i dzigki temu pomoc w formu-
fowaniu opinii przez ekspertow.

Glowna przyczyna podobienstwa regkopiséw danej
osoby w dwodch roznych alfabetach jest to, ze zachowu-
ja one indywidualny charakter niezaleznie od jezyka lub
alfabetu, w ktorym zostaty napisane. W Indiach ludzie
zazwyczaj ucza si¢ wigcej niz jednego jezyka, poniewaz
wiele roznych jezykow jest uznanych jako urzedowe
w kazdym stanie Indii, a obowigzujace jezyki wystepuja
takze w roznych odmianach. W pis$mie osob wykona-
nym w drugim nabytym jezyku wystepuja pewne cechy,
ktore wykazuja podobienstwo z cechami pisma r¢czne-
go utrwalonymi przez nie w jezyku podstawowym. Sa-
ini 1 Kaur (2018) badali ten efekt, analizujac rekopisy
anglojezyczne ludnosci z trzech réznych standéw Indii:
Pendzabu, Andhra Pradesh, Jammu i Kaszmiru, a ich ba-
dania ujawnity, Ze etnicznos$¢ i narodowos¢ mozna okre-
$li¢ z pomocg pisma re¢cznego ze wzgledu na istnienie
pewnych cech w pismach poszczegdlnych osob, ktore
odzwierciedlajg wplyw ich jezyka regionalnego. W ni-
niejszym badaniu podobny rodzaj relacji migdzy jezy-
kiem regionalnym pendzabi i angielskim réwniez zostat
zaobserwowany. Kaur i in. (2017) rowniez przedstawi-
li mozliwo$¢ pordwnania interskrypcji zapiséw trzech
roéznych jezykow, a wyniki pokazaty, ze dwa odmienne
jezyki moga by¢ poréwnywane w przypadku braku pro-
bek porownawczych napisanych w tym samym jezyku.
Singh, Gupta i Saxena (1994) wyjasnili wptyw idiosyn-
kratycznych cech pisma rgcznego na jezyki, szczeg6lnie
w przypadkach fatszerstw.

Ledi¢ i Rosandi¢ (2018) porownatly tacing i cyrylice
w pisSmie recznym, wykazujac, ze mozna dokonaé po-
rownania dwoch roznych jezykdw, a jesli jedna osoba

nabywa umiej¢tnosci w wigeej niz jednym jezyku, ist-
nicje prawdopodobienstwo wplywu pisma w jednym
jézyku na pismo w drugim. We wszystkich badaniach
przeprowadzonych do tej pory taka mozliwo$¢ porow-
nania zostata zauwazona, ale doktadny mechanizm nie
zostal wyjasniony. W niniejszym opracowaniu podjeto
probe wyjasnienia i stwierdzono, ze najbardziej prawdo-
podobna przyczyna tego zjawiska moze by¢ abstrakcyjna
forma litery znana jako ,,grapheme” (Ellis, 1979). For-
mowanie kresek jest podobne, jesli sg one stawiane przez
jedna osobe niezaleznie od pisma, ktorego uzywa. Dla-
tego badanie wykazato, ze pisma r¢czne napisane przez
te samg osob¢ w roznych jezykach sa pordwnywalne ze
soba, co z kolei moze pomoc w ustaleniu pochodzenia
etnicznego, narodowosci, a nawet regionu zamieszkiwa-
nego przez t¢ osobg.

Badanie jest nadal na etapie wstepnym, a wraz z po-
stepem w technologii OCR (Optical Character Reco-
gnition) opisywane rodzaje porownan begda z pewno-
$cia mozliwe do przeprowadzenia z wigkszg precyzja
i powtarzalnoscia.

Podsumowanie

Powszechnie wiadomo, ze istnieje wiele wyraznie
odrdzniajacych si¢ cech kazdego alfabetu i jezyka, ale
mimo to podobne zasady dotyczace pisma r¢cznego maja
zastosowanie w kazdym z nich. Stwarza to mozliwos¢
poréwnania rekopisow sporzadzonych za pomoca roz-
nych alfabetow, co moze pomodc badaczom dokumentow
w poréwnywaniu probek sporzadzonych w réznych je-
zykach. Co wigcej, mozliwo$¢ przedstawienia dokladne;j
opinii zalezy od mozliwosci i wiedzy eksperta, niezalez-
nie od ztozonosci jezyka. Oczekuje si¢, ze to wstepne
studium okaze si¢ uzyteczne dla ekspertow z zakresu
badania pisma r¢cznego w przypadkach rekopisow spo-
rzadzonych za pomoca nieznanych im alfabetow i w sy-
tuacjach, w ktorych probki poréwnawcze sporzadzone
tym samym alfabetem co dowodowe sa niedostgpne.
Powinno ono by¢ rozszerzone pod wzgledem geogra-
ficznym z uwzglednieniem innych jezykdéw 1 populacii,
szczeg6lnie w odniesieniu do kontekstu indyjskiego.
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