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The transferability of handwriting skills: from the Cyrillic to
the Latin alphabet
Thibault Asselborn 1✉, Wafa Johal1,2, Bolat Tleubayev 3, Zhanel Zhexenova 3, Pierre Dillenbourg1, Catherine McBride4 and
Anara Sandygulova3

Do handwriting skills transfer when a child writes in two different scripts, such as the Latin and Cyrillic alphabets? Are our measures
of handwriting skills intrinsically bound to one alphabet or will a child who faces handwriting difficulties in one script experience
similar difficulties in the other script? To answer these questions, 190 children from grades 1–4 were asked to copy a short text
using both the Cyrillic and Latin alphabets on a digital tablet. A recent change of policy in Kazakhstan gave us an opportunity to
measure transfer, as the Latin-based Kazakh alphabet has not yet been introduced. Therefore, pupils in grade 1 had a 6-months
experience in Cyrillic, and pupils in grades 2, 3, and 4 had 1.5, 2.5, and 3.5 years of experience in Cyrillic, respectively. This unique
situation created a quasi-experimental situation that allowed us to measure the influence of the number of years spent practicing
Cyrillic on the quality of handwriting in the Latin alphabet. The results showed that some of the differences between the two scripts
were constant across all grades. These differences thus reflect the intrinsic differences in the handwriting dynamics between the
two alphabets. For instance, several features related to the pen pressure on the tablet are quite different. Other features, however,
revealed decreasing differences between the two scripts across grades. While we found that the quality of Cyrillic writing increased
from grades 1–4, due to increased practice, we also found that the quality of the Latin writing increased as well, despite the fact
that all of the pupils had the same absence of experience in writing in Latin. We can therefore interpret this improvement in Latin
script as an indicator of the transfer of fine motor control skills from Cyrillic to Latin. This result is especially surprising given that
one could instead hypothesize a negative transfer, i.e., that the finger controls automated for one alphabet would interfere with
those required by the other alphabet. One interesting side-effect of these findings is that the algorithms that we developed for the
diagnosis of handwriting difficulties among French-speaking children could be relevant for other alphabets, paving the way for the
creation of a cross-lingual model for the detection of handwriting difficulties.
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INTRODUCTION
Despite the increasing use of tablets and laptops in schools,
handwriting has maintained its central position in school
education systems. Handwriting remains a paramount skill to be
mastered in school since it is the basis of many core educational
activities such as taking notes, composing stories and self-
expression1–3. Handwriting is a complex perceptual-motor task,
as it involves attention, perceptual, linguistic and fine motor
skills4–9. Hence, even in typically developing children, learning
handwriting usually begins around the age of five (pre-school) and
last around 10 years10,11. During this time, handwriting evolves
initially on a qualitative level (legibility) and then on a quantitative
level (speed)12.
Despite proper training, a significant number of children never

reach a sufficient level of automation in handwriting. These
handwriting difficulties affect around 10% of children13,14 in
European countries. With the increasing cognitive demand from
school work throughout their curriculum, these children become
rapidly unable to face simultaneous efforts involving such items as
handwriting, grammar, orthography, and composition, leading to
an increase in fatigue, a decrease in self-esteem, and a general
decrease in cognitive performance with the potential to impact
both children’s behavioral and academical development ser-
iously8. It is, thus, of prime importance to detect handwriting

difficulties as soon as possible in order to apply the earliest
remediation15,16.
Many tests allowing for the diagnosis of handwriting difficulties

have been proposed in different languages and alphabets13,17,18.
Most of the methods assess handwriting based on several
predefined, specific criteria graded by an expert. Such is the case,
for example, with the Concise Evaluation Scale for Children’s
Handwriting (BHK), the gold standard test for diagnosing hand-
writing difficulties in several European countries19.
Many limitations come with the use of these tests. In addition

to the subjectivity resulting from human scoring and time-
consuming corrections, all of these tests are conducted using a
pen/pencil and paper, meaning that their scoring is restricted to
the analysis of the final, static handwriting product and does not
consider or include any information about movement dynamics,
which are crucial for the analysis of handwriting disorders20–22.
The development of digital tablets in the last decade has

allowed us to tackle these problems since the dynamics of
handwriting can now be assessed. Few handwriting tests for
digital tablets have thus far been invented in different alphabets
such as Latin or Hebrew21,23,24. In the model of interest for this
study, Asselborn et al.21 extracted 53 features describing hand-
writing via different aspects and sorted them into four main
categories, namely, static (which can possibly be measured with a
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pen/paper test), kinematic, pressure and tilt. These features were
designed to capture low levels, almost physiological, aspects of
handwriting (e.g. the micro-frequencies of shakiness) that are
therefore independant of the shape of the letters and that could
thus be transferred to other language and alphabets. In addition
to reaching a remarkable accuracy in the binary diagnosis of
severe handwriting difficulties (dysgraphia), the method can also
characterize handwriting quality for the different features thanks
to a comparison with normative children.
Digraphia (or bigraphism)25 refers to the use of two (or more)

scripts for the same language26. It can be characterized into
several types: synchronic (e.g. Serbo-Croatian or Hindi-Urdu26),
diachronic/sequantial (e.g. change from Arabic to Latin script in
Turkey or from Arabic to Latin to Cyrillic to Latin in Turkmenistan,
Azerbaijan, or Uzbekistan and now to be performed in Kazakhstan
by 202527), concurrent (e.g. use of Kanji plus Hangul in South
Korea), projected/functional (e.g. use of Pinyin as alphabetical
representations for Chinese characters26,28), and computer-
mediated (e.g. "Greeklish”29 or “Arabizi”30). Out of all these cases
of digraphia, sequential or concurrent digraphia is the only case
where it is required to develop handwriting proficiency in both
scripts for the same population, especially in the stage of a
transition. This is the case of Kazakhstan which, by 2025, will have
abandoned the Cyrillic alphabet in favor of the Latin alphabet for
writing in the Kazakh language. This political decision generates
interest for this study.
Relatively little is known about the transfer of writing skills across

scripts and it is extremely difficult to isolate the role of motor skills in
this transfer, as compared to other cognitive and linguistic skills. Since
handwriting combines visual, language, and motor dimensions,
neuroimaging does not provide a clear account of cerebral substrates
of handwriting. In their meta-analysis based on 18 studies of patients
who lost handwriting skills, Planton et al.31 concluded that no less
than 12 areas were involved, even if mainly located in the left frontal
and superior parietal regions. This complexity also concerns empirical
studies. For example, one study of 10-year-old Hong Kong Chinese
children found a correlation of 0.64 between dictation performance in
Chinese and spelling ability in English32, which might reveal some
transfer across scripts. However, spelling involves a variety of linguistic
skills apart from handwriting itself, being sensitive to children’s
phonological sensitivity, vocabulary knowledge, or even general
reasoning, among others. A set of studies have explored writing
across different scripts as a relatively pure measure of handwriting
alone. The studies focused on Chinese children from kindergarten and
primary school in Mainland China and Hong Kong. The original
intention was to document how copying of 2-dimensional unfamiliar
print is associated with children’s word reading and writing in
Chinese. Chinese children’s copying of Korean Hangul, Hebrew and
Vietnamese (which is written in the Roman script but requires a
variety of complex and unfamiliar diacritics) were tested across
different studies. Such copying in novices represents a kind of visual-
motor ability, separate from familiar cognitive-linguistic skills. The
measures of unfamiliar print copying were scored differently based on
the requirements of each script. Across studies33–37, children’s
performances with these unfamiliar scripts, either individually or as

a copying factor, were significantly associated with and sometimes
uniquely (apart from other cognitive-linguistic skills) predictive of their
native Chinese dictation skills. Moreover, measures of copying
performance of one unfamiliar script with another were also
moderately associated33,35. Finally, in one study of kindergartners37,
copying of unfamiliar script was correlated 0.42 with the well-
established measure of visual-motor skill called the Beery VMI38.
Collectively, these studies suggest that handwriting skills across scripts
may share a core coherency that taps various aspects of handwriting
that might transfer, including, but not limited to, attention to fine
detail, spacing, pressure, and density.
Kazakhstan recently adopted a state program for the develop-

ment and functioning of languages for 2011–2020. This new tri-
lingual education policy aims for the Kazakhs to develop fluency in
three languages: Kazakh, Russian and English. Additionally, a
motion to transfer the Kazakh language from Cyrillic to the Latin
alphabet was approved by the Kazakh authorities in October
201727. While there are clear reasons for these reforms, there are
numerous risks surrounding the transfer, including risks of
increasing inequalities in educational services (e.g., preferences
for Russian-speaking schools), causing illiteracy in adults in their
native language and bringing about disinterest and lack of
motivation in reading and writing in Kazakh among Kazakh and
non-Kazakh children and adults.
In fact the switch across alphabets is not min: while there are 42

letters in the old Cyrillic Kazakh, the new Latin Kazakh includes
only 32 letters, out of which only 23 letters are also found in
English39. Despite the fact that both alphabets (Cyrillic and Latin)
were derived from the Greek alphabet, there is only a handful of
letters that are phonologically congruent across alphabets (such
as “A”, “O”, “E”, “I”, and ”K”), decoded into the same sound either in
Cyrillic or Latin. Indeed, several letters show different sound to
same letter mapping across alphabets (such as these Cyrillic to
Latin mappings: “P” [r] - “P” [p], “B” [v] - “B” [b], “H” [n] - “H” [h],
etc.), and different letter to same sound mapping across alphabets
(such as these Cyrillic to Latin mappings: “ ” [b] - “B” [b], “Γ” [g] -
“G” [g], “C” [s] - “S” [s], “ “K” [q] - Q [q], etc.) There are also eight
unique Kazakh sounds that are represented with acutes that are
not found in the English alphabet, whereas ten Cyrillic letters no
longer appear in the Latin version. Figure 1 demonstrates
similarities and differences between the alphabets. As shown,
only five letters are directly transliterated (such as these Cyrillic to
Latin mappings: “Φ” [f] - “F” [f], “ ” [l] - “L” [l], “ [d]” - “D” [d], etc.)
Therefore, one’s knowledge of Latin English might help with a few
Latin Kazakh letters, although might also create an additional
confusion due to phonological decoding as it was previously
demonstrated in relation to word reading40–43. And since
phonological decoding is also an important process during
writing (phonemes-to-graphemes), the degree of incongruency
across Cyrillic Kazakh and Latin Kazakh alphabets might affect the
handwriting performance in a second alphabet, both at a motoric
and a linguistic level.
Not many studies have investigated the impact of bilingual

educational systems or digraphia on handwriting. Lebanon is an
example of a country that has a bilingual educational system.

Fig. 1 Similarities and differences between Cyrillic and Latin Kazakh alphabets. Each letter is presented in three forms: print capital, print
small, and cursive small forms. Also included the phonetic form of each letter.
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In their study, Abizeid et al.44 discuss the consequences of
simultaneous bigraphism for Lebanese primary school children
who are exposed simultaneously to Latin and Arabic scripts. Using
the BHK test, a comparison was made between the handwriting of
these children and that of French children. The results showed
that the BHK quality scores for Lebanese children were better for
grade 1 (due to earlier start from age 5) but were significantly
lower for grades 2–5 in comparison to the French children on this
measure. The researchers explained these findings by considering
the hypothesis that the competition between two obviously
different graphic systems might induce interference of one on the
other. Similar such interference does exist in language production:
Bilinguals need to make a greater cognitive effort to facilitate the
use of the target language45,46. Likewise, there might be a risk that
acquiring two scripts simultaneously could be detrimental to the
development of handwriting skills. The lack of existing answers to
this question motivated this study.
In this paper, we conducted a study with 190 children aged

6–11 years old who were native speakers of the Kazakh language.
The children were asked to copy a short text in both the Cyrillic
and Latin alphabets onto a tablet. In the next sections, we present
the analyses used to compare the children’s handwriting in the
two scripts in various aspects of handwriting (static, kinematic,
pressure, and tilt) as a function of age. One of the objectives of
the analyses was to understand the different types of learning
transfer appearing between the two alphabets in relation to
grade level for the different aspects of handwriting. We also
explored how the handwriting specificity found in one alphabet
could be translated in the other alphabet. Finally, we wanted to
show that our features were able to describe in the same way the
handwriting quality in the two alphabets, highlighting the
features independent of the writing content, and demonstrating

the possibility of creating a cross-lingual model for the detection
of handwriting difficulties.
Our results are then discussed to see what implications the

change in alphabet may have for the education of children in
Kazakhstan, especially in terms of how handwriting difficulties are
affected by the transfer in alphabet.

RESULTS
Absolute features difference
The descriptions of the features used in this study as well as their
clinical interpretations with regard to handwriting can be found in
the “Methods” Section of this article.
For every feature and for all grades (from 1st to 4th), a Wilcoxon

test was conducted to detect if the distribution of a given feature
in the Cyrillic alphabet is similar to the distribution of this
same feature in the Latin alphabet. This statistical test was used
since not all of the variables were found to follow a normal
distribution. The results can be found in Table 1. In addition, the
means and standard deviations for all distributions (by grade and
alphabet) can be found in Supplementary Table S1.
Before presenting the interpretations of the results, it is

important to note that the children involved in this experiment
were bilingual from birth (Kazakh and Russian languages),
attended a Kazakh-speaking school, and studied English as a
foreign language for a few hours per week starting from grade 1.
The study was conducted in Spring 2019 after the change in script
had already been announced by the Kazakh authorities (February
2018) but before it was applied. Thus, none of the participating
children had received any formal training in the new Latin-based
Kazakh script. Within this context, we were able to replicate the

Table 1. Feature differences between the two alphabets (Cyrillic and Latin) across grades.

Grade 1 Grade 2 Grade 3 Grade 4

Feature W stat p value W stat p value W stat p value W stat p value

Static

Bandwidth Tremolo - #1 120 0.065 750 <5e-2 220 0.065 510 0.95

Median Tremolo - #2 100.0 <5e-2 630.0 <1e-3 290.0 0.069 530.0 0.41

Space Between Words - #3 110.0 <5e-2 390.0 <1e-3 130.0 <1e-3 430.0 0.076

Handwriting Moment - #4 70.0 <1e-2 730.0 <1e-2 280.0 <5e-2 420.0 <5e-2

Handwriting Density - #5 200.0 0.79 1300.0 0.97 220.0 <1e-2 430.0 0.074

Kinematic

Mean Velocity - #6 200.0 0.63 980.0 0.088 210.0 <1e-2 320.0 <1e-2

Max Velocity - #7 110.0 <5e-2 260.0 <1e-3 80.0 <1e-3 200.0 <1e-3

In-Air-Time Ratio - #8 38.0 <1e-2 420.0 0.92 140.0 0.84 150.0 0.24

Bandwidth Speed - #9 160.0 0.6 710.0 <5e-2 330.0 0.76 260.0 <5e-2

Median Speed - #10 160.0 0.24 810.0 <1e-2 280.0 <5e-2 270.0 <1e-3

Pressure

Mean Pressure - #11 110.0 <5e-2 1200.0 0.5 390.0 0.58 440.0 0.094

Mean Speed of Pressure Change - #12 120.0 <5e-2 380.0 <1e-3 180.0 <1e-2 190.0 <1e-3

Max Speed of Pressure Change - #13 190.0 0.55 660.0 <1e-3 160.0 <1e-3 280.0 <1e-3

Nb of Peaks of Pressure Change per secs - #14 2.0 <1e-3 47.0 <1e-3 55.0 <1e-3 64.0 <1e-3

Median Pressure - #15 50.0 <1e-3 430.0 <1e-3 180.0 <1e-3 240.0 <1e-3

Tilt

Std. of of Tilt-X - #16 140.0 0.082 280.0 <1e-3 150.0 <1e-3 200.0 <1e-3

Std. of Speed of Tilt-X Change - #17 130.0 0.056 720.0 <1e-2 200.0 <1e-2 210.0 <1e-3

Median Tilt-y - #18 120.0 <5e-2 630.0 <1e-3 310.0 0.12 470.0 0.17

For each feature, a Wilcoxon test was conducted to see if there was a statistical difference in the means of the two distributions.
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conditions that will be present at the moment of transition
(see Table 3).
Different types of features are noticeably different in their co-

evolution across the grades within the two alphabets.

Transferable features affected by alphabet differences. Significant
differences that could stem from intrinsic differences between the

two alphabets were observed. Since the learning time difference
between the two alphabets increased by grade (see Table 3),
features that are different for all the grades (across four
developmental ages) fall into this category (a typical example of
such a feature can be found in Fig. 2C). Three of the four pressure
and kinematic features, as well as one static feature, were
regrouped into this category.

Fig. 2 Distributions of the given features according to grade for the two alphabets (Cyrillic alphabet in blue, Latin alphabet in orange).
The vertical lines represent the means of the distributions. A Mean Velocity feature. B Mean speed of the pressure change feature. C Nb of the
peaks of pressure change per sec. D Median of the power spectral of tremor frequencies. The handwriting quality aspect along the x-axis was
computed according to the Latin standard. Asterisks denotes statistical level of significance (*p < 0.05, **p < 0.01, and ***p < 0.001).
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The Mean Speed of Pressure Change (#12) and Max Speed of
Pressure Change (#13) were found to be significantly higher when
children were writing in the Latin alphabet compared to when
they were writing in the Cyrillic alphabet across all grades (see
Fig. 2B and Supplementary Table S1). These results are surprising
since these features were found to be strongly inversely correlated
with handwriting difficulties by Asselborn et al.21 (high values for
these features can be translated into higher degrees of hand-
writing automation). The results found here appear to be
abnormal since the mean scores for these features were higher
when the children were writing in Latin, leading us to believe that
the differences in these features were the result of intrinsic
differences between the two alphabets. The same effect was
found for the two most discriminative features used to diagnose
handwriting difficulties in the Latin alphabet in Asselborn et al.’s
study21: the distributions of the Median of the Power Spectral of
Speed Frequencies (#10) and the Bandwidth of the Power Spectral of
Speed Frequencies (#9) were found to be significantly different in
Latin and Cyrillic for most of the grades, although the same
abnormality was present in both (quality higher in Latin compared
to Cyrillic if we read these features with the Latin model).
It is also very interesting to note the evolution of these features

with grade. As illustrated in Fig. 2B, for both alphabets, a shift
appears in the direction of handwriting proficiency with grade
(the max speed of pressure change increases as children reach
the higher grades). Even when there is an absolute difference
between alphabets for this feature, its evolution follows the same
path for both alphabets. In other words, this feature is still an
indicator of handwriting automation for both alphabets even
though a shift exists. This phenomena is shared with all the
features described here.
Other pressure features seem to be affected by the difference in

alphabet. The Nb of Peaks of Pressure Change Per Sec (#14) was found
to be consistently higher when children were writing with the
Cyrillic alphabet compared to when they were writing with the Latin
alphabet, regardless of grade (see Supplementary Table S1). The
Median of the Power Spectral of Pressure Frequencies (#15), a proxy for
handwriting automation, was also found to be significantly different
between the two alphabets whatever the grade. For these two
features, however, no abnormalities were noted: If we interpret
these features with the Latin model developed in Asselborn et al.21,
then handwriting using the Cyrillic alphabet was found to be of
higher quality. The Maximum Velocity (#7), always higher when
children were writing in Cyrillic, can also be interpreted in the same
manner (see Supplementary Table S1).
Two tilt features can also be sorted into this category. The Std. of

Tilt-X (#16) and the Std. of Speed of Tilt-X change (#17) were always
different between the two alphabets. Once again, children writing
with the Cyrillic alphabet exhibited a higher standard deviation,
which appears to be abnormal. In this sense, we believe that the
difference comes from the alphabets requiring different pen
manipulation styles (and thus pen tilts) during writing.

Finally, the Space Between Words (#3) feature was found to be
consistently higher when children wrote in Cyrillic compared to
Latin (see Supplementary Table S1). This feature computes the mean
distance between strokes, which, in general, is the distance between
words. In the case in which a word is composed of letters requiring
writers to raise their pen in the middle, the distance traveled
between the moment the pen rises and the pen touches the surface
again is taken into account in the computation of this feature. We
believe that the differences exhibited here signify more than an
intrinsic difference between the two alphabets and that they are
related to the difference in the learning times spent on each
alphabet. Indeed, since our study provided their first opportunity to
write in Latin, some children tended to write the letters one after the
other with less continuity than they used when writing in Cyrillic (as
can be seen in Fig. 3). Hence, there tended to be small distances
between letters in words when writing with the Latin alphabet,
which, when averaged, were responsible for the difference noted.

Feature with slow transfer between alphabets. Other features,
such as the Mean Velocity (#6), presented interesting trends.
Figure 2A displays the distributions for the Mean Velocity (#6) for
the two alphabets for grades 1–4. Note that the mean of the
distribution for the Cyrillic alphabet is always higher than the
mean for the Latin alphabet (see Supplementary Table S1 for
additional information). This difference appears to be a result of
the difference in learning time between the two alphabets. We
also see that the two distributions are shifting to the right (in the
direction of handwriting proficiency) with grade (for both
alphabet, a Mann–Whitney U test has been performed between
the first and last grade and shows statistically significant
differences between the distributions: for Latin, U (562), p < 0.05,
for Cyrillic, U(565), p < 0.01), meaning that, in both alphabets, the
children wrote faster and faster with grade, which is both an
indicator and a direct consequence of the level of automation in
their handwriting. Note also that the mean velocity is increasing
more rapidly for the Cyrillic alphabet. We believe that this trend is
related to the learning transfer between the two alphabets. This
transfer appears to be incomplete; consequently, there is an
increasing difference between the two distributions.
The handwriting density (#5) follows the same trend: in both

alphabets, children’s writing became smaller and smaller with
grade (an indicator of handwriting quality), but the difference
between alphabets grew (children wrote significantly smaller in
Cyrillic than in Latin in grade 3 and this tendency seems to be the
same for the last grade even if no statistically significant results
could be extracted in grade 4 (p= 0.074)).

Features which are transferable when the level of automation is
higher. Some of the features exhibited decreasing differences
between the two alphabets with grade. For instance, this trend
can be seen in the two features describing shakiness: the
Bandwidth of the Power Spectral of Tremor Frequencies (#1) and

Fig. 3 Two handwriting samples produced by the same person. The text written in the Cyrillic alphabet is on the left, while the text written
in the Latin alphabet is on the right.
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the Median of the Power Spectral of Tremor Frequencies (#2). As
illustrated in Fig. 2D, the general trend show a decrease in the
Median of the Power Spectral of Tremor Frequencies (#2) with grade,
meaning that, for both alphabets, the average level of shakiness
decreased with age, which is a direct consequence of the
increasing level of automation children acquire. Interestingly, the
difference between the two alphabets seems to decrease: children
writing in Latin presented a significantly higher level of shakiness
compared to when writing in Cyrillic in the lower grades (1st and
second grade), while the difference was nearly non-existent by
grade 4. Hence, the transfer between the two alphabets is in line
with the level of automation. In other words, as automation
increases, better control of the pen in one alphabet is beneficial
for the other alphabet.
Other features seem to follow the same trend. Such is the case

for the so-called In-Air-Time ratio (#8), a feature that was found to
be highly correlated with handwriting problems in various studies
conducted using the Latin alphabet21 as well as the Hebrew
alphabet24,47. We can see that the In-Air-Time Ratio (#8) is always
smaller for the Cyrillic alphabet (see Supplementary Table S1),
which is a sign of a better knowledge of the Cyrillic alphabet by
heart and of better motor program (memory) of the letters.
Although the difference between the two alphabets was
statistically significant for the lowest grade, no differences were
found for subsequent grades.
The Median of the Power Spectral of Tilt-y Frequencies (#18) also

follows the same trend. The median was always higher when the
children were writing in Cyrillic (which is in line with the results of
Asselborn et al.21). Moreover, we can see that the difference in the
feature decreased with grade.
Finally, the Handwriting Moment (#4) also falls into this category.

Children were writing in "straight lines" to a greater degree when

writing in the Cyrillic alphabet, which appears to be a normal
result (writing in a straight line is an indicator of handwriting
quality). The difference in "straightness" between the two scripts
was found to decrease with grade.

Relative feature difference
In this Section, we want to assess if the change of alphabet
brought handwriting difference relative to other children. We will
no longer focus on raw data differences but rather on the relative
differences between individuals. In other words, we are interested
in investigating if children who presented a low value for one
feature in one of the alphabets relative to the other children (of the
study) still presented a low value for this same feature in the other
alphabet relative to the other children (of the study).
In Table 2, the Spearman rank correlation is reported for all

features and grades. The Spearman Rank correlation coefficient is
based on the ranked values for each variable rather than the raw
data. The correlation between two variables (e.g., feature X in
Cyrillic and feature X in Latin) will be high when the observations
have similar ranks (i.e., the relative position labels of the
observations within the feature X: 1st, 2nd, 3rd, and so forth) in
the two alphabets. In other words, if a child has a low (high) value
for one feature compared to other children in Latin and still has a
low (high) value of this same feature in Cyrillic, the Spearman rank
correlation will be high.
In general, the features seem to be highly positively correlated

between the two alphabets. Indeed, 90% of the correlations we
computed were significant. This is a very interesting result since it
shows that children are able to transfer their handwriting
specificity from one alphabet to another. The implication of such
a result will be discussed further in the Discussion. Note that

Table 2. Feature difference between the two alphabets (Cyrillic and Latin) for different grades.

Grade 1 Grade 2 Grade 3 Grade 4

Feature corr pvalue corr p value corr stat corr p value

Static

Bandwidth Tremolo - #1 0.011 0.96 0.029 0.81 0.3 0.059 0.014 0.93

Median Tremolo - #2 0.21 0.27 0.13 0.27 0.29 0.065 0.31 <5e-2

Space Between Words - #3 0.77 <1e-3 0.58 <1e-3 0.52 <1e-3 0.46 <1e-3

Handwriting Moment - #4 0.35 0.066 0.42 <1e-3 0.68 <1e-3 0.56 <1e-3

Handwriting Density - #5 0.73 <1e-3 0.75 <1e-3 0.73 <1e-3 0.74 <1e-3

Kinematic

Mean Velocity - #6 0.72 <1e-3 0.72 <1e-3 0.69 <1e-3 0.69 <1e-3

Max Velocity - #7 0.4 <5e-2 0.55 <1e-3 0.37 <5e-2 0.34 <5e-2

In-Air-Time Ratio - #8 0.45 <5e-2 0.53 <1e-3 0.4 <1e-2 0.53 <1e-3

Bandwidth Speed - #9 0.52 <1e-2 0.53 <1e-3 0.22 0.17 0.53 <1e-3

Median Speed - #10 0.22 0.25 0.56 <1e-3 0.54 <1e-3 0.4 <1e-2

Pressure

Mean Pressure - #11 0.95 <1e-3 0.68 <1e-3 0.76 <1e-3 0.81 <1e-3

Mean Speed of Pressure Change - #12 0.67 <1e-3 0.57 <1e-3 0.37 <5e-2 0.54 <1e-3

Max Speed of Pressure Change - #13 0.84 <1e-3 0.55 <1e-3 0.69 <1e-3 0.54 <1e-3

Nb of Peaks of Pressure Change per secs - #14 0.68 <1e-3 0.5 <1e-3 0.47 <1e-2 0.37 <1e-2

Median Pressure - #15 −0.045 0.82 0.29 <5e-2 0.49 <1e-2 0.41 <1e-2

Tilt

Std. Tilt-X - #16 0.53 <1e-2 0.58 <1e-3 0.6 <1e-3 0.7 <1e-3

Std. of Speed of Tilt-X change - #17 0.71 <1e-3 0.7 <1e-3 0.58 <1e-3 0.7 <1e-3

Median Tilt-Y - #18 −0.25 0.19 −0.012 0.92 0.22 0.16 0.37 <1e-2

For each feature, a Spearman’s rank correlation was calculated in order to examine the similarities between the two distributions.
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the correlation levels increased with grade for the majority of the
features. We believe that this result is a consequence of the
increased level of automation shown by children as they age.
Indeed, as they reach higher grades, their movements are more
controlled, resulting in less variability in the way they write. In
other words, a child in first grade will have a tendency to write the
same letter differently every time (without the same pressure
pattern, same speed, same acceleration and so on), while a child in
fourth will always write it in the same manner. In this sense,
children are able to transfer their motor skills from one alphabet to
the other, i.e., a specific pattern of pressure used to write one
shape in an alphabet will be used to write a similar shape in
another alphabet.

DISCUSSION
In this study, we found a significant absolute difference between
the Latin and Cyrillic alphabets for the majority of the features
across four grades. We were expecting more similarities between
the two languages than, for instance, in studies comparing
Vietnamese to English or Chinese to English. Two types of features
were used to describe handwriting: static features, which char-
acterize the final graphical traces of handwriting, and dynamical
features, which describe the kinematics, pressure and tilt aspects of
handwriting. The 18 features used in this study were all found to
explain the quality of handwriting for the Latin alphabet21.
Interestingly, these differences of the features likely evolve over

the years. Remember that, in the present study, children in grades
1–4, respectively, have had 0.5–3.5 years of Cyrillic practice while
they all have had no experience with the Latin-based Kazakh
alphabet. Figure 2 shows three different situations in the co-
evolution of the handwriting in both alphabets over grades,
indicating different forms of learning transfer.

● In quarter A of Fig. 2: The differences between features in Latin
and Cyrillic increase between grades 1 and 4. We see an
improvement of these features in both scripts, such as average
handwriting velocity, but Cyrillic improves faster. Since there is
an improvement in Latin across grades despite that the Latin
alphabet is new for all grades, we may conclude there is some
transfer of skill between scripts. However, since the improve-
ment in Latin is slower than in Cyrillic, it is probably a partial or
slow transfer.

● In quarters B and C of Fig. 2: The differences of some features
are constant across grades, i.e., the features improve in both
the Cyrillic and Latin alphabets in a similar fashion. This type of
evolution is evidenced by most of the pressure and tilt
features. The stability of the differences across grades
probably originates from the intrinsic differences between
the two alphabets. Since these features indicate an improve-
ment in writing in Latin with age, despite the fact all children
had the same experience in Latin in all grades, we may also
conclude that a positive transfer of fine motor skills
(controlling pressure and pen tilt) occurs between the two
alphabets from Cyrillic to Latin.

● In quarter D of Fig. 2: The differences in some features
decrease between grades 1 and 4 (A Mann–Whitney U test
shows statistical differences between the first and the last
grade for both alphabets (p < 0.05)). Handwriting improves
with both scripts, but Latin seems to catch up with Cyrillic in
terms of quality. This type of evolution is seen in, for example,
two features that capture the shakiness of handwriting. Such
results may indicate a transfer dependent on the level of
handwriting automation: better control of the pen in Cyrillic is
beneficial to Latin.

In summary, these results can also be interpreted as indicators
of the transfer of fine motor control skills from Cyrillic to Latin. This

transfer is important but not homogeneous, with different aspects
of handwriting being transferred more or less rapidly. These
results are in line with previous research37 showing that
performance in copying a foreign script correlates with fine motor
skills. As children of older ages gain more experience in
manipulating the pen, they become more efficient in copying.
Interestingly, as these features appear to evolve in a similar way
across grades in both alphabets, the metrics we developed for
measuring handwriting skills in Latin handwriting will probably
remain valid for Cyrillic handwriting, even if this should be
validated by a large scale study.
Our results also show that the majority of the features are

correlated in term of rank across the two alphabets, meaning that
a child presenting a low value for a feature (compared to other
children) in one alphabet will also present a low value for this
same feature in the other alphabet. This correlation can also be
interpreted as an indicator of transfer: A specific pattern of
pressure used to write one shape in an alphabet will be used to
write a similar shape in another alphabet. Interestingly, this
correlation means that a child suffering form severe difficulties in
Cyrillic will likely experience similar difficulties in Latin.
This transfer is rather surprising since motor skills constitute a

small subset of the skills involved in handwriting. Our results
might indicate that the transfer of these motor skills is partly
independent from other cognitive or linguistic skills that explain
larger differences between languages33,35, and our results present
deeper evidence. This partial independence may be due to the
fact that our analysis does not give much attention to the final
(static) shape of letters but essentially the dynamics of the
handwriting process, especially low-level features computed on
every pixel of the final letters. This leads us to believe that these
low level features of dynamics might be transferable to more
languages.

● The transfer is slower for some features than for others,
indicating the need for a progressive transition. We do not
claim the transfer is rapid and systematic.

● The relative similarity of the two scripts, as compared to other
situations of bigraphism such as studies in Lebanon for French
and Arabic languages. Latin could be taught as the direct
transliteration of the Cyrillic script in contrast to multi-
dimensional differences between Arabic and Latin scripts44.

● In the early years, handwriting skills may be more related to
fine motor control that for older children for whom cognitive-
linguistics skills would be more crucial to explain perfor-
mances (our oldest participants were around 9 years old).

● Our study focused only on writing skills measured through a
copying task. It would be problematic to generalize the results
found in this study to other writing tasks such as spontaneous
writing or dictation where other skills are involved. Our study,
hence, does not predict global effects of a radical change in
Kazakh culture.

The ultimate goal of our research is to detect and remediate
dysgraphia in multiple languages. One interesting side effect of
these findings is that, as the features used to analyze handwriting
seem to be transferable from one alphabet to another, they could
be used to diagnose handwriting difficulties in the Cyrillic
alphabet in the same way in which they were used to diagnose
handwriting problems in the Latin alphabet21. The handwriting
model built to detect dysgraphia could be reusable across
alphabets. We need to collect new datasets produced by children
with equal handwriting exposure in Cyrillic and Latin. Under such
conditions, we would hope to find that the majority of the
features were similar between the two alphabets. From the
remaining features, where the differences would come from,
we could learn the function mapping of the differences between
the two distributions. With this function, the model we use to
diagnose handwriting difficulties could be transferred from Latin
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to Cyrillic, i.e., it could then be used to detect handwriting
problems in the Cyrillic alphabet.
Previous work has demonstrated the existence of cross-scriptal

phonological mediation that can influence both word recogni-
tion43 and word writing48 in secondary school students and adults.
Such mediation should additionally be considered in models
seeking to characterize writing across scripts. However, the extent
to which this phonological mediation is important for children,
whose word recognition and word writing skills are still
developing in both L1 and L2, must be tested in future studies.
For example, the digraphic population would be an interesting
pool of learners to investigate developmental aspects of
handwriting.

METHODS
Participants
A sample of 200 children was recruited from local primary schools in the
capital of Kazakhstan. The children came from diverse socioeconomic
backgrounds and were all native Kazakh speakers and writers. The children
were 6–11 years old (M = 8.48, SD = 1.2). Out of the 200 children who
volunteered, data for ten children could not be recorded due to a
mishandling of the hardware and thus could not be included in the
analysis, yielding a total of 190 (90 boys and 100 girls) valid and complete
observations. The remaining children were from four grades: 29 children
were first graders, 71 students were in grade 2, 41 children were in third
grade and 49 students were in grade 4. Table 3 presents an overview of the
sample of participating children.

Ethics statement
This research was approved by Nazarbayev University’s ethics committee.
Informed consent was obtained in writing from all children and their
parents. Supporting information included an assent form for children and
an informed consent form for parents or guardians. Children received a
brief explanation of the purpose of the study and the procedures involved
in data collection. Assent and consent forms were distributed to children in
their classrooms in the presence of their teachers. Children were asked to
show the forms to their parents at home and submit them to their
teachers, who then collected the forms for us during the days that
followed.

Data collection
Each child was taken outside of their classroom for approximately fifteen
minutes and taken to an empty classroom. It was explained that they were
to write on a Wacom Cintiq Pro 13 tablet using its stylus and that the task
was to copy the text on a piece of paper that was positioned in front of
them. Although previous work showed that a tablet stylus does not have
an affect on writing performance49,50, prior to the start of the copying task,
we asked children to write a few letters in order to get familiar with writing
using a stylus. There were two versions of the same five sentences, i.e., one
in each script (see Fig. 3). The text was selected to include diverse letters, in
particular many specific Kazakh characters that are not present in English.

The Cyrillic version of this text was taken from the alphabet learning
textbook for children and then transferred to a Latin version.
A data collection tool was used to save the children’s demographic

information (age, gender, grade, laterality) and the two handwritten texts.
As children finished writing the first five sentences in one script, they were
told to press the save icon and then write the next five sentences in
another script.
The design of our experiment replicated the conditions which will be

present in 2025: at the moment of data collection, children had spent
different amounts of time practicing handwriting across grade levels.
Children in grade 1 had spent approximately 6 months learning to write in
Cyrillic script. For each subsequent grade level, we add an additional year
of experience (12 months). Thus, children in grade 2 had spent
approximately 18 months writing in Cyrillic, third graders had spent
around 30 months writing in Cyrillic and fourth-graders had spent around
42 months (3 years and 6 months) writing in Cyrillic. The children practiced
handwriting for 6 h per week, which started from simple shapes and
moved to Cyrillic letters after approximately 6 weeks. All children had 2 h
of English as a foreign language per week where they also started writing
English letters in print version after approximately 6 weeks, and the
learning time changed with grade level in a manner similar to the learning
time for the Cyrillic script (i.e., 6 months of print handwriting in English for
the first graders). However, the children had not been introduced to a
cursive handwriting of English, therefore Latin-based Kazakh alphabet and
its associated cursive handwriting were unfamiliar to children at the time
of the study. Thus, in contrast to the Cyrillic script, the learning time for the
new script was the same across all grade levels, i.e. it was equal to 0 (see
Table 3).

Features extraction
In previous work21, 53 handwriting features were defined and used to train
a random forest classifier to diagnose dysgraphia. In this work, we only
used the features that were found to be the most important in the
aforementioned random forest model according to the Gini importance
metric (averaged with a k-fold cross validation, k= 25). To maintain a good
balance and compare the different groups of features, we selected the five
most important features from each of the following four groups that we
distinguished: static, pressure, kinematic, and tilt. Since only three features
were found to be significantly different between children with and without
handwriting difficulties, we decided to select only these three features for
the tilt category. In the following paragraphs, we briefly provide their
respective definitions. A more detailed description of these features can be
found in21.

Static features. are purely geometric characteristics of the written text.
Among the static features, we selected:
(1) and (2) The Bandwidth of the Power Spectral of Tremor Frequencies and

the Median of the Power Spectral of Tremor Frequencies were included. Here,
the tremors present in the handwriting of children can be noted for a
given packet of points and can thus be described as a series. By doing so,
we can apply the usual time series analysis and, in particular, the Fourier
transformation and take the median of the resulting spectral distribution
(as can be seen in 4). What we can observe from these two features is that
children with handwriting difficulties show abnormal movements that
translate into high frequencies in the Fourier transformation, resulting in a
shift in the median towards higher frequencies. In the same manner, these
children present a higher bandwidth since they are not consistent in the
way they write.
(3) Space Between Words refers to the distance between strokes, which,

in general, is the distance between words.
(4) Handwriting Moment. To compute this feature, we extracted bins of

300 points (from the same line of text) and computed their barycenters.
The distance in the y direction between consecutive barycenters is
computed and averaged for all of the points, reflecting the degree of
straightness of the line of text written.
(5) Handwriting Density. A grid with 300-pixel cells covering the entire

range of the handwriting trace is created. The number of points recorded
by the Wacom tablet in each cell, if present, is then stored in an array. The
mean of this array is represented by this feature. There is a positive
correlation between handwriting density and handwriting quality, as
handwriting becomes denser with age.

Kinematics features. regroup features describing the dynamics of the
handwriting process. Among these features, we selected:

Table 3. Summary statistics for the participants involved in this study.

Grade 1 Grade 2 Grade 3 Grade 4

Male/female 13/16 33/38 21/20 23/26

Age (std.) [years] 6.94 (0.4) 7.94 (0.4) 8.88 (0.4) 10.16 (0.6)

Right handed/left handed 27/2 68/3 37/4 46/3

Cyrillic average learning
time [months]

6 18 30 42

Latin average learning
time [months]

0 0 0 0

Learning pace was 6 hours per week for handwriting classes in Cyrillic
alphabet and 2 hours per week for English classes (English as a foreign
language).
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(6) and (7) Mean Velocity and Maximum Velocity quantify handwriting
speed, where the speed is the distance traveled by the pen divided by the
time taken. Research shows that children presenting handwriting
difficulties have lower mean velocities as well as higher maximum
velocities. Furthermore, mean velocity increases with age.
(8) In-Air-Time Ratiorepresents the proportion of time the writer spends

without touching the surface of the tablet. This feature has been shown to
be positively correlated with handwriting problems21,24,47.
(9) and (10) The Bandwidth of the Power Spectral of Speed Frequencies

and the Median of the Power Spectral of Speed Frequencies. Handwriting can
be interpreted as a two-dimensional time series. In the same manner as
that for the Median of the Power Spectral of Tremors Frequencies, a Fourier
transform can be calculated with the handwriting velocity and the median
as well as the resulting bandwidth of the spectral distribution. We can
observe very fast changes in speed in the handwriting of children with
dysgraphia (some jerks resulting from a low level of handwriting
automation). These abnormal changes in speed are translated into high
frequencies in the Fourier transformation, resulting in a shift of the median
towards higher frequencies. In the same way, children with a low level of
automation change use variable speeds in their writing. Hence, a writer
presenting a high bandwidth will not be fluent, as they are less consistent
in their movements.

Pressure features. regroup features using the pressure measured between
the pen tip and the tablet surface. Among these features, we selected:
(11) Mean Pressure is simply the average of all record points of pressure

during writing.
(12) and (13) Mean Speed of Pressure Change and Max Speed of Pressure

Change are extracted by working with averaged bins of 10 recorded points
of pressure and dividing the time spent by the difference between these
two averaged bins of points. These feature are then computed by taking
the mean and the max of all measurements. These features are strongly
positively correlated with handwriting proficiency: a high score for these
features is a strong indicator of handwriting proficiency. Furthermore, we
can see that the mean and the max speed of pressure change increase
with age.
(14) Nb of Peaks of Pressure Change Per Second computes the number of

pressure inversion per second. It is positively correlated with handwriting
proficiency: the more inversion of pressure there is per second, the higher
the handwriting proficiency is. This feature also increases with grade.
(15) Median of the Power Spectral of Speed of Pressure Change Frequencies.

The speed of pressure change can be seen as a time series, and
frequencies can be extracted using a Fourier transformation. The same
process as that described in Fig. 4 is followed to extract the Median of
Speed of Pressure Change Frequencies. In the same manner, children with a

Fig. 4 The whole process used to extract the frequency spectrum of our signal. (1) We first divided the BHK text into bins of 600 points. (2)
For each bin, the signal was extracted. (3) We then computed the Fourier transformation of each signal. (4) We took the average of all signals and
finally performed a normalization. At the top of the figure there is an example of a signal extracted from the data: the red dots are the point
coordinates recorded by the device during handwriting. The vectors in blue are “local'” vectors linking two consecutive points. The vector in
green is the “global” vector (average of the nine blue vectors) representing the global direction of the handwriting. The cross product of these
two vectors gives us an indication of the smoothness/shakiness of the handwriting. The image on the right comes from a writer with smoother/
less shaky handwriting than the one on the left. The cross product operation will detect this difference. The figure comes from21.
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low level of automation change the pressure with they apply their pens
inconsistently. For that reason, a high bandwidth is an indicator of low
handwriting quality.

Tilt features. regroup features using the notion of tilt between the pen and
the surface of the tablet (see Fig. 5). The tilt-x reflects the inclination of the
pen in the direction of the written line, and the tilt-y reflects the inclination of
the pen below the written line. Among these features, we selected:
(16) Standard Deviation of Tilt-X Frequencies. We can observe a more

consistent control of the tilt-x in the pens of proficient writers and therefore a
lower standard deviation for this group.
(17) Standard Deviation of Speed of Tilt-X Frequencies. We can see a lower

standard deviation of Speed of Tilt-X Frequencies for proficient writers showing
a more consistent control of their pen.
(18) Median of the Power Spectral of Speed of Tilt-Y Frequencies. Here, the

Fourier transform of the two-dimensional time series can be calculated with
the tilt-y logs as well as the median of the resulting spectral distribution (see
Fig. 4). For the tilt-y, in contrast to what was observed for other categories of
features, we can see that the non-dysgraphic children seem to exhibit higher
frequencies during their handwriting, probably due to more constraining and
rigid pen grips.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.
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