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Abstract. Handwriting is a complex task that involves the coordination of motor,
perceptual and cognitive skills. It is a fundamental skill for the cognitive and
academic development of children. However, the technological, and educational
changes in recent decades have affected both the teaching and assessment of hand-
writing. This paper presents a literature review of handwriting analysis in children,
including a bibliometric analysis of published articles, the study participants, and
the methods of evaluating the graphonometric state of children. The aim is to syn-
thesize the state of the art and provide an overview of the main study trends over
the last decade. The review concludes that handwriting remains a fundamental
tool for early estimation of cognitive problems and early intervention. The article
analyzes graphonometric evaluation tools. Likewise, it reflects on the importance
of graphonometric evaluation as a means to detect possible difficulties or disorders
in learning to write. The article concludes by highlighting the need to agree on an
evaluation methodology and to combine databases.
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1 Introduction

Handwriting is a complex skill that develops during childhood and involves coordina-
tion between sensory, motor, and cognitive systems [12]. The evaluation of handwriting
is crucial in both clinical and educational fields, as it can reveal information about
the neuromotor and cognitive state of the individual, detect alterations or difficulties
in these systems, and evaluate the learning and teaching methods of handwriting [16].
Graphonometric analysis is a useful tool in clinical and educational contexts for diagnos-
ing developmental or learning disorders, such as dysgraphia, which affects the process
and product of handwriting [67]. Is it also useful for monitoring the evolution and recov-
ery of patients with brain or neuromuscular injuries [25] and adapting or developing
strategies to facilitate the learning of writing [7]. The objective of this paper is to present
the current state of graphonometric analysis in children over a 10-year period.

This review article is divided into the following sections. The Sect. 2 provides a
bibliometric analysis of the articles in the literature, while Sect. 3 examines the age of
the participants and the trend in the studies. Section 4 discusses the evaluation methods
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of each article divided into 4.1 Objective evaluation methods, 4.2 Subjective evaluation
methods and 4.3 Objective and subjective evaluation methods. Finally, Sect. 5 closes the
manuscripts with the conclusions.

2 Bibliometric Analysis

This section includes the bibliometric analysis of the articles published in the last 10 years
on graphonometric evaluation of children handwritten. The objective of this analysis is
to identify the trends, patterns and the most relevant authors included in this sample. In
total, 77 articles published between 2013 and 2023 have been analyzed. It has been tried
that the selected articles represent different studies within the study area. The sample
was obtained from the Scopus, IEEE Xplore and Google Scholar databases using the
concepts “handwriting in children”, “handwriting evaluation children” and “method
evaluation handwriting children”. In addition, the International Graphonomic Society
(IGS) proceedings of the years 2013, 2015, 2017 and 2021 have been consulted. The
variables have been extracted from the select papers: number of articles published per
year, authors, institutions, countries, and journals.

Figure 1 shows the number of articles published per year on handwriting in children
between 2013 and March 2023. It is observed that the average number of papers is
approximately seven with peaks on the odd years corresponding to the IGS, indicating
interest in this area.
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Fig. 1. Number of publications per year until March 2023.
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Fig. 2. Author collaboration network of articles revised in this contribution.
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Figure 2 shows a network of authors and their collaboration, where the 172 authors
of the different articles are gathered and interconnected. These networks are a useful
tool to simplify the analysis of the degree of collaboration, the influence, productivity,
internationalization, and the researchers engaged on, understanding how knowledge
about handwriting develops in children.

The size of the nodes in the graph are proportional to the number of published articles
in which the author has appeared. The thickness of each edge that connects the different
authors is proportional to the number of collaborations in the various articles included
in this work.

Upon analysis of the different papers, it was found that a total of 87 institutions have
collaborated on different studies related to handwriting in children, as evidenced by the
77 articles included in the review. Figure 3 shows the 10 most repeated institutions of
the 87 that have investigated handwriting in children and Fig. 4 shows a map with the
countries that have published more articles among those included in the sample.
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Fig. 3. Bar chart of the 10 institutions with more published articles.

Analyzing Fig. 3, the University of Haifa is the one that is most repeated, with 14
papers from the 87 institutions in the articles of the last 10 years included in the sample.
However, Fig. 4 shows how France is the country that has led research on handwriting
in children with 19 articles, followed by Israel with 15 papers. It is also observed that
Canada, the United States, the United Kingdom, and Spain are relevant in graphonometric
research in children, although of these countries only two institutions from Canada, one
from the United States and two from the United Kingdom appear in Fig. 3.
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Countries of articles

Fig. 4. Organizations and countries with the highest number of publications.

Finally, Fig. 5 shows the 10 journals with the highest number of articles published
out of the different articles analyzed. Note that the different articles analyzed have been
presented in conferences, books, and journals, highlighting biennial conferences of the
IGS. In this analysis, only articles that have been published in Peer review journals have
been considered.
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Fig. 5. Bar chart of the 10 journals with more published articles.
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3 Participants

The children participating in the studies of the different papers we have collected have
an age range between 3 and 18 years. In Danna et al. (2013), Plamondon et al. (2013) and
Paz-Villagran et al. (2014) included children and adults in their studies, the ages of these
adult participants are not included in Fig. 5 as the review focuses only on graphonometry
in children.

Figure 6 shows that the studies conducted have focused on children between the ages
of 6 and 12, with 9-year-olds standing out. After the age of 12, a notable decrease is
observed in the studies that include participants between 13 and 18 years of age, on the
other hand, as the ages of 3 to 5 years increase, the article number also rises. Therefore,
there is a clear increase in the studies carried out from 3 years of age until reaching the
peak at 9 years and from this age a decrease, highlighting 18 years as the age with the
least studies in the articles of the sample.

Upon analysis of the data, it was observed that the studies primarily focus on evaluat-
ing handwriting in children during their primary education, with less emphasis on those
who have moved beyond this stage. Additionally, it was found that children in kinder-
garten are predominantly the subject of evaluation in their final year before transitioning
into primary education with tests according to their educational level.

Age group of articles
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Fig. 6. Bar chart of age group of the study participants.

4 Methods of Evaluation of the Graphonometric State in Children

A classification method based on the type of evaluation performed in each study is pre-
sented in this paper. The articles have been categorized as objective, subjective, and
objective-subjective evaluation methods. The objective method pertains to evaluations
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where only software has been utilized for graphonometric evaluation/analysis. The sub-
jective method refers to those articles where the evaluation has been carried out through
tests in which human evaluators intervened in their evaluation. Finally, the objective
and subjective method pertains to articles in which both software and standardized tests
provided by evaluators were employed for evaluation.

4.1 Objective Evaluation Methods

The objective methods present the articles that have evaluated the graphonomy of chil-
dren only through software. Some studies used in their tasks the standardized tests of
Concise the Assessment Scale for Children’s Handwriting (BHK) [46], Detailed Assess-
ment of Speed of Handwriting (DASH) [5], Early Grade Writing Assessment (EGWA)
[4] and the figure drawing test Beery—Buktenica Developmental Test of Visual-Motor
Integration (VMI) [46, 47] but these were not used to assess according to the assessment
instructions. These tasks were evaluated by means of software, which collected the data
and later the kinematic theory among others was evaluated. In [18] a new variable is
proposed, the Signal-to-Noise velocity peaks difference (SNvpd) together with the vari-
ables number of inversion of velocity (NIV) and the averaged normalized jerk (ANJ) to
calculate the fluency of handwriting in children with dysgraphia. The sigma-lognormal
model (X A) is used to evaluate in numerous studies [20, 22-25, 46, 51, 55, 60, 61] that
objective measures through this model.

In the different papers revised in Table 1, the sigma-Lognormal model has been used
in the most of them. This model parameterizes the movement following the kinetic theory
of fast human movements. This may indicate the subject’s ability to control fine motor
skills approaching lognormality. In Bouillon and Anquetil (2015) present IntuiScript, a
digital handwriting book project to support teaching that allows the teacher to customize
the exercises according to the child’s difficulties [10] and making it possible to benefit
from instant feedback [70].

Table 1. Manuscripts proposing objective evaluation methods.

Article N Tasks
Danna et al. (2013) [18] 64
Duval et al. (2013) [22] 66
Molyneaux et al. (2013) 98

Evaluation

SNvpd, NIV and ANJ

Write ‘lapin’

Write patterns Sigma-Lognormal

Handwriting exercises Letters, word length and

[50]

frequency

Plamondon et al. (2013) 15 Write patterns, drawing Sigma-Lognormal

[55]

Prunty et al. (2013) [56] 56 Five tasks from DASH Duration, speed,
execution and pause

Paz-Villagran et al. (2014) | 81 Write ‘lapin’ Handwriting

[53] performances

(continued)
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Table 1. (continued)

Atrticle N Tasks Evaluation

Prunty et al. (2014) [57] 56 Free writing from DASH Handwriting pauses

Bouillon & Anquetil (2015) | 1000 Writing exercises IntuiScript

[10]

Rémi et al. (2015) [61] 60 Draw scribbles Classical dynamic and
YA set

Duval et al. (2015) [23] 48 Write patterns Classical dynamic and
YA set

Vinci-Booher et al. (2016) | 20 Write letters and shapes Functional connectivity

[75] of the brain

Barrientos (2016) [4] 120 EGWA Dynamics movement

Rosenblum & Dror (2016) | 99 Write, drawing Dysgraphia

[66]

D’ Antrassi et al. (2017) [17] | 257 Draw Kinematic parameters

Girard et al. (2017) [31] 100 Handwriting exercises IntuiScript

Petinatti et al. (2017) [54] |24 Handwriting exercises Dynamics movement

Rémi et al. (2017) [60] Draw doodles Sigma-Lognormal

Simonnet et al. (2017) [70] | 952 Handwriting exercises IntuiScript

Teulings & 335 Copy Handwriting quality and

Smits-Engelsman (2017) speed

[74]

Simonnet et al. (2019) [71] | 231 Handwriting exercises Handwriting quality

Diaz et al. (2019) [20] 15 Copy Sigma-Lognormal

Bonneton-Botté et al. 233 Copy Spatiotemporal

(2020) [7] characteristics

Faci et al. (2021) [25] 32 Draw strokes Neuromotor system
integrity by LA

Lopez & Vaivre-Douret 70 Loops Postural, gestural,

(2021) [43] spatial-temporal, and
kinematic parameters

Faci et al. (2022) [24] 780 Draw triangles Sigma-Lognormal

Matias et al. (2022) [46] 96 VMI-6, BHK Sigma-Lognormal

Matias et al. (2022) [47] 110 VMI Process variables

(continued)
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Table 1. (continued)

Article N Tasks Evaluation

O’Reilly et al. (2022) [51] | 780 Draw triangles Sigma-Lognormal

Germano & Capellini 95 Write words Latency, gaze,

(2023) [29] movement duration,
fluency

N* denotes the number of participants in each study.

In most of the papers the number of participants is less than 100 participants. Among
the different tasks proposed, the writing tasks designed for each study stand out. The
evaluation of the different papers has evaluated quantitative measures of writing [51, 56,
57] among others, but highlights the Sigma-Lognormal parameters [20, 22, 23, 25, 55,
60, 61].

4.2 Subjective Evaluation Methods

The subjective methods present articles assessing children’s graphonomy only through
rater-administered assessments. The articles in the Table 2 have been evaluated on tasks
with BHK [2, 42], DASH [3, 28, 58], EGWA [38], Handwriting Legibility Scale (HLS)
[3], Head-Toes-Knees-Shoulders (HTKS) [11], Instructional activities for early writing
improvement (IAEWTI) [40], Indicadores de Progreso de Aprendizaje en Escritura (IPAE)
[30, 40], Just Write! (JW) [6], Perceive, Recall, Plan and Perform (PRPP) [45], Stan-
dardized Test for the Evaluation of Writing with the Keyboard (TEVET) [38], VMI [6]
and Wechsler Objective Language Dimensions (WOLD) [45]. The Movement Assess-
ment Battery for Children-2 (MABC-2) [58] was included to assess the motor status of
the participants. These tests incorporate some tasks and are evaluated according to the
instructions of each evaluation. In addition, some articles have provided tasks that have
been evaluated by several of the standardized assessments or complemented with other
evaluation parameters.

In [38] EGWA is studied, a new method of evaluation of writing in children that
includes 10 copying and writing tasks. EGWA was compared with TEVET for its val-
idation carried out by evaluators in which the results were analyzed by the theories of
current writing models.

In [40] presented a level 2 intervention. The fidelity of the assessment scale (FAS)
and fidelity of the intervention scale (FIS) were used. With FAS, the administration of
IPAE teachers was evaluated and FIS evaluated the administration of IAEWI teachers.
FAS and FIS were assessed by self-report and direct observation.
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Table 2. Manuscripts proposing subjective evaluation methods.

Article N Tasks Evaluation

Bara & Morin (2013) [2] 332 | BHK Handwriting style and speed,
BHK

Prunty et al. (2016) [58] 56 Free writing from DASH | WOLD, DASH, MABC-2

Jiménez (2017) [38] 1653 | EGWA EGWA comparing with
TEVET

Barnett et al. (2018) [3] 150 | Free writing from DASH | HLS

Cohen et al. (2019) [13] 49 Write a story Graphological analysis

Bolton et al. (2021) [6] 37 JW, VMI JW comparing with VMI

Chandler et al. (2021) [11] | 738 | HTKS, write Fine motor skills, HTKS,
performance on writing tasks

Gil et al. (2021) [30] 231 |IPAE, EGWA IPAE, EGWA

Pavlos et al. (2021) [52] 50 HKWSA-V2, VMI HKWSA-V2

Skar et al. (2021) [72] 4950 | Copy, write Writing fluency and quality

Fogel et al. (2022) [28] 148 | DASH HLS

Jiménez et al. (2022) [40] | 164 |IPAE, IAEWI Teacher knowledge,
intervention

Loizzo et al. (2023) [42] 562 | BHK BHK

Mathwin et al. (2023) [45] | 10 Write the alphabet PRPP

N* denotes the number of participants in each study.

The tasks performed by the participants in most of the articles are from standardized
tests, highlighting the DASH assessment, but the writing task stands out. The evaluation
of the tasks does not highlight an evaluation that has been most used, in each study
different aspects have been evaluated, some studies with standardized tasks were evalu-
ated with other standardized evaluations [3, 28] and have even been evaluated by three
evaluations at the same time. Time [58]. The number of participants in these studies
highlights one study with 4,950 [72], but most groups range from 150-738 [2, 3, 11, 28,
30, 40, 42].

4.3 Objective and Subjective Evaluation Methods

The objective and subjective methods expose articles in which their studies were assessed
both using software and peer-administered tests. As shown in Table 3, one of the software
used for the evaluation was the Computerized Penmanship Evaluation Tool (ComPET) a
handwriting assessment consisting of online data collection and analysis software via a
pen tablet [68]. Added to previous evaluator-administered assessments, this section adds
Adult Developmental Coordination Disorders/Dyspraxia (ADC) [35], Behavior Rating
Inventory of Executive Function (BRIEF) [63, 64], Hebrew Handwriting Evaluation
(HHE) [63, 64, 67, 68], Handwriting Proficiency Screening Questionnaire (HPSQ) [35,
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49, 63, 64], (HPSQ-C) [64], Movement Assessment Battery for Children (MABC) [5,
62, 68], Minnesota Handwriting Assessment (MHA) [5], Questionnaire for assessing
students’ organizational abilities-teachers (QASOA-T) [62], Lecture in a Minute (LUM)
[32], Test of Visual Perceptual Skills (TVPS) [59] and World Health Organization Quality
of Life Questionnaire, Brief Version (WHOQOL-BREF) [35].

Table 3. Manuscripts proposing objective and subjective evaluation methods.

Article N Tasks Evaluation
Bosga-Storka et al. (2013) [9] 32 Loops, copy BHK and Kinematic
performance
Danna et al. (2013) [19] 7 Loops, copy a Kinematic variables,
phrase BHK
Rosenblum et al. (2013) [68] 58 Copy a paragraph Background, MABC,
HPSQ, ComPET, HHE
Bo et al. (2014) [5] 41 Write letters and MABC, VMI, MHA,
shapes spatial, temporal
Sumner et al. (2014) [73] 93 Two tasks from DASH, pause time
DASH
D’ Antrassi et al. (2015) [16] 40 Drawing, write Qualitative and
kinematic parameters
Huau et al. (2015) [36] 20 Handwriting, Spatial,
learning, BHK spatiotemporal,
dynamic variable, pen
pressure, BHK
Rosenblum (2015) [62] 42 Write and copy MABC, ComPET,
QASOA-T
Rosenblum (2015) [63] 64 Copy a paragraph HPSQ, HHE,
ComPET, BRIEF
Rosenblumé&Gafni-Lachter 230 Copy a paragraph HPSQ-C, HHE,
(2015)[67] ComPET
Mekyska et al. (2016) [49] 54 Write HPSQ, Feature
selection, intrawriter
Prunty et al. (2016) [59] 56 VMI, TVPS and Perception and
DASH handwriting measure
Rosenblum et al. (2016) [69] 60 Write, copy Handwriting product

and process

Hen-Herbst & Rosenblum (2017) [34]

80

Copy, write an essay

Writing, body
functions and
background measures

(continued)
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Table 3. (continued)

Atrticle N Tasks Evaluation
Matias et al. (2017) [48] 30 Copy a text BHK and letter
formation
Hurschler Lichtsteiner et al. (2018) 175 Write, copy, VMI, | Fluency, automaticity,
[37] phonological loop | writing measures and
task intervention
Rosenblum (2018) [64] 64 Copy a paragraph HPSQ, HHE, ComPET
and BRIEF
Fogel et al. (2019) [27] 81 Copy a paragraph Handwriting process,
daily functions, EF
Jiménez & Hernandez (2019)[39] 1124 | EGWA, TEVET EGWA, TEVET
Rosenblum et al. (2019) [65] 60 Story-writing Production process and
EF
Zvoncak et al. (2019) [77] 55 Write the Czech HPSQ-C, conventional
alphabet and FD*
Alamargot et al. (2020) [1] 45 Write the alphabet | Background measure
and name and handwriting
performance
Coradinho et al. (2020) [15] 97 VMI-6, MABC-2 VMI-6, MABC-2,
graphomotor
characteristics
Laniel et al. (2020) [41] 24 Draw, BHK and Intellectual
Purdue Pegboard functioning,
graphomotor skills,
BHK, neuromuscular
system, behavior
Bara & Bonneton-Botté(2021)[26] 64 Copy Handwriting product,
process, and quality
Dui et al. (2021) [21] 52 BVSCO-2 BVSCO-2, SUS*,
satisfaction, tilt, in-air
time
Gosse et al. (2021) [32] 117 Chronosdictées, Chronosdictées, BHK,
BHK LUM
Torrance et al. (2021) [76] 179 Copy, write Spelling, fluency,
letters, phonetic,
accuracy, reading,
reasoning
Booth et al. (2022) [8] 85 Hand tasks, write Kinematics and

handwriting quality

(continued)
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Table 3. (continued)

Article N Tasks Evaluation
Chang & Yu (2022) [12] 641 Copy Geometric,
spatiotemporal
measures
Hen-Herbst&Rosenblum(2022)[35] | 80 Copy, HPSQ, HLS, ComPET,
WHOQOL-BREF, | ADC,
ADC WHOQOL-BREF
Coradinho et al. (2023) [14] 57 BHK Handwriting product
and process
Haberfehlner et al. (2023) [33] 374 Drawing Handwriting readiness
Lopez & Vaivre-Douret(2023)[44] 35 BHK, loops BHK, spatial temporal
and kinematic

N* denotes the number of participants in each study. FD*: Fractional Order Derivatives. SUS*
System Usability Scale

In [77] children were evaluated with HPSQ-C, conventional features, and Fractional
Order Derivatives (FD) based feature. FD is used as a replacement for the conventional
differential derived from the extraction of the features. In this study, it was developed as
a new approach for the parameterization of handwriting. With FD the basic kinematic
functions (velocity, acceleration, jerk, and the horizontal and vertical variants) were
extracted.

The tasks of the different studies highlight the copy tasks proposed for each study.
The number of participants in most studies is in the range of 30-80 participants. Task
assessment highlights the BHK [9, 19, 32, 36, 41, 44, 48] and HPSQ [35, 64, 77]
assessments, as well as analysis of the handwriting process.

5 Discussion and Conclusion

In conclusion, the evaluation of handwriting in children is a complex process that re-
quires appropriate methods and instruments that must be systematic, objective, and sen-
sitive to the different factors involved. There are various ways to evaluate handwriting,
including software and expert evaluation, each with its advantages and disadvantages.
While software evaluation is fast, accurate, and objective based on pre-defined param-
eters, it may not capture some qualitative or contextual aspects of the written product.
Conversely, expert evaluation may be more flexible and responsive to the characteristics
of the written specimen but may introduce a subjective bias or evaluator fatigue, which
could affect the reliability and validity of the results.

Furthermore, it is essential to recognize that the emotional factor can influence the
written process and product, as handwriting is not only a means of communication and
learning but also an expression of personality, emotions, and feelings. Thus, factors
such as children’s self-esteem, motivation, and academic performance should also be
considered in the evaluation of handwriting [12].
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In [9, 25, 30, 32] longitudinal studies are carried out, these studies allow to observe
the evolution in time of the handwriting of the participants in tasks. Increasing these
studies with longitudinal databases would allow a better understanding of the evolution
of handwriting in children and be able to apply tools for learning this skill or new methods
for diagnosing different learning problems.

These tools will enable accurate and reliable evaluations, which will ultimately
lead to improved interventions and outcomes for children’s cognitive and academic
development.

On the other hand, the different studies have seen that of graphonomic evaluation
under the kinetic theory using the Sigma-Lognormal parameters in different writing
and drawing tasks, evaluating the dynamic movements that these tasks imply. Different
standardized evaluations have been used, but the use of some more than others stands
out, such as the case of BHK and DASH. The BHK and DASH evaluations have been
used in several articles, in some only their tasks were applied, and they were evaluated
by other criteria. It should be noted that although these evaluations used their tasks in
the subjective and objective-subjective methods, there is a lack of consensus between
authors for a common task to evaluate the same aspects, especially in the papers included
in objective methods.

Evaluations with human involvement and software provide different measures
depending on the evaluation to be carried out and the proposed tasks. To address these
challenges, it is necessary to agree on the development of an evaluation methodology
that is partly common in the recording protocols, allowing faster progress by being able
to combine the databases, increasing their size and making it possible to compare the
different algorithms on the databases. Considering the different assessments and alpha-
bets used in each task to better understand the way in which handwriting is taught and
acquired depending on the type of alphabet and the cultural context. This could lead to
a better analysis of the advantages and challenges of the systems, as well as intervention
strategies to improve the learning of handwriting in different contexts.
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