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Several studies have shown that children with dyslexia (DYS),

in addition to their reading and spelling deficits, encounter

handwriting difficulties that are still poorly understood in

terms of their nature and origin. The present study aimed to

better understand the handwriting difficulties of children

with DYS by comparing their handwriting quality and speed

in two tasks, a dictation task and an alphabet task, which

required fewer spelling skills than the dictation task. Twenty-

nine French-speaking children (Mage = 9.5 years) participated

in the study, including 18 children with DYS and nine typi-

cally developing (TD) children matched on chronological age.

The children performed control tasks, a dictation task with

words varying in graphic and orthographic complexity and an

alphabet writing task. Accuracy, handwriting quality (legibil-

ity), and fluency (speed, writing and pause time) were care-

fully measured using a digital tablet. GLMM analysis and t

tests showed that children with DYS made more aesthetic

errors (handwriting quality) in both the dictation and alphabet

task than TD children. They also wrote more slowly than TD

children in the alphabet task (speed, pause time). These find-

ings suggest that children with DYS present handwriting diffi-

culties, even in a simple alphabet task. In dictation, they seem

to favour speed at the expense of handwriting quality.
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quality and speed

Practitioner Points

• Children with dyslexia present poorer handwriting quality in

both dictation and alphabet tasks: they made more aesthetic

errors.

• The handwriting speed of children with dyslexia was slower in

the alphabet task: they wrote more slowly and made longer

pauses.

1 | INTRODUCTION

Writing is a complex activity involving many processes that a child must learn to use simultaneously (Lambert &

Espéret, 2002). It represents a challenge at the beginning of a child's schooling. To write, children must learn to control

handwriting (graphomotor gesture) and master spelling, which should be automated in parallel. During this complex

activity, lower-level motor perceptual processes (motor planning and execution) and higher-level cognitive processes

(spelling) interact continuously (Purcell et al., 2011; Van, 1991). The parallel management of these two processes is fur-

ther complicated for children with dyslexia (DYS). Indeed, it is well known that these children face difficulties in spelling

(Angelelli et al., 2010), at the sublexical, lexical and grammatical levels (DSM-5, American Psychiatric Association, 2013;

Egan & Pring, 2004; Gosse & Van Reybroeck, 2020; Van Reybroeck, 2020). In the meantime, there is growing evidence

that children with DYS also demonstrate handwriting difficulties. According to Di Brina et al. (2018), at least 50% of

children with DYS show handwriting difficulties. In the literature, handwriting is often assessed through two aspects:

fluency (speed or pauses) and quality of writing, which refers to the legibility of handwriting. Regarding fluency,

Berninger et al. (2008) showed that DYS children write more slowly, whereas Sumner et al. (2013) demonstrated that

they make more pauses while writing at the same speed. Regarding quality (legibility), Martlew (1992), on the other

hand, observed poorer legibility among these children. In sum, difficulties have been observed either in fluency or in

the quality of handwriting (legibility), but no clear insight has been provided. Although the existence of a spelling disor-

der in children with DYS has been largely studied in the literature, the nature and origin of their handwriting difficulties

are still debated. The present experiment investigated the handwriting difficulties of children with DYS by comparing

their performance in two tasks: an alphabet writing task and a dictation task. Several hypotheses have been put for-

ward in the literature concerning the handwriting difficulties of children with DYS. The main question that emerges is

whether they face difficulties in handwriting as a consequence of their difficulties in spelling or whether they have

additional difficulties in graphomotor gesture as such (for a synthesis, Van Reybroeck & Gosse, 2023).

1.1 | Handwriting difficulties in DYS as a consequence of their spelling skills

On the one hand, since spelling and handwriting interact, difficulty in spelling may impact the handwriting process

(Gosse et al., 2022). Studies have shown that the spelling difficulties experienced by children with DYS limit their

handwriting production (Berninger et al., 2008), impacting the fluency and duration of movements and the quality

and quantity of written words (Kandel et al., 2017). Sumner et al. (2013) showed longer writing times in children with

DYS because they paused more during their productions. On alphabet letter writing and text writing tasks, their
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handwriting speed was comparable to that of children of the same age. However, a significant difference was found

in the number of pauses: children with DYS had longer and more regular pauses than typically developing (TD) age-

matched children. Sumner et al. (2013) suggested that pauses in text composition were related to spelling difficulties

and the high cognitive load required to write text. Later, Sumner et al. (2014) proposed a different task of copying

sentences that did not involve the cognitive resources required to write a text. The results showed a comparable

speed of execution between children with and without DYS, but children with DYS made more pauses within words.

Suárez-Coalla et al. (2020) also demonstrated the influence of spelling deficits in DYS on handwriting processes.

They proposed a sentence dictation task in which the last word varied in lexical frequency and orthographic consis-

tency. They observed that children with DYS paused longer than control children when writing the article preceding

a low-frequency noun and when writing the first syllable of a low-frequency noun. They presented evidence show-

casing how spelling deficits affect handwriting fluency in children with DYS.

1.2 | Difficulties in graphomotor gesture

On the other hand, according to Nicolson and Fawcett (1990), the poor handwriting of children with DYS could be

explained by additional motor difficulties. According to their theoretical framework, these motor difficulties may arise

from a more general cerebellar deficit affecting motor automation, planning and coordination (Nicolson &

Fawcett, 1990). These difficulties could lead to poorer motor coordination, which could explain the handwriting diffi-

culties experienced by these children. Indeed, motor difficulties could make handwriting slower (Rose, 2009). However,

although motor difficulties are sometimes found in children with DYS, only a small percentage of these children have

such difficulties (Iversen et al., 2005; Ramus, 2003), and they are not as marked as in children with developmental coor-

dination disorder (Di Brina et al., 2018). Gosse and Van Reybroeck (2020) and Van Reybroeck (2020) investigated the

impact of the graphic and orthographic complexity of words in a word dictation task to evaluate the hypothesised pres-

ence of a handwriting deficit in children with DYS. The study's novelty was that it compared words that contained

difficult-to-write segments and words with easy-to-write segments while controlling for spelling difficulty. Although

the results showed no difference in handwriting quality as a whole (i.e., group comparison), 9-year-old children with

DYS appeared to be more impacted by the graphic complexity of words than TD children matched for chronological

age (9 years old) or spelling level (7 years old). Indeed, children with DYS had poorer handwriting legibility when the

words contained segments that were more difficult to handwrite. These findings suggested that handwriting legibility

problems in children with DYS arise when graphomotor costs are increased, without being related to spelling deficits.

Alamargot et al. (2020) also provided evidence for a deficit in handwriting by asking children with DYS to write the

alphabet and their first names, which required less spelling knowledge than dictation task. They found that compared

with TD children, children with DYS made more short pauses in both tasks, while they produced more illegible letters.

A recent neuroimaging study (Gosse & Van Reybroeck, 2020; Van Reybroeck, 2020) provided further evidence of

graphomotor difficulties in children with DYS based on task-fMRI data. During handwriting, children with DYS

exhibited significantly lower activation in the writing network than their peers. Specifically, they observed dysfunction

in areas dedicated to handwriting (and not in the regions involved in general motor activity) situated in the right cere-

bellar lobule VI. These regions are recognised for their essential role in motor control for complex finger movements.

In summary, the literature provides arguments for difficulties in handwriting as a consequence of spelling defi-

cits, as well as for graphomotor difficulties. However, there is a lack of experimental support for understanding hand-

writing deficits in children with DYS. To the best of our knowledge, no study has ever evaluated the writing skills of

children with DYS by assessing their handwriting quality (legibility) and fluency (speed, pauses and writing time),

comparing an alphabet writing task and a dictation task involving different spelling processes, to allow a more com-

prehensible understanding of their actual difficulties.

The main objective of this experiment was to better understand the nature and the origin of handwriting difficul-

ties in children with DYS by examining their performance in two contrasting tasks: an alphabet writing task, which

required few spelling skills, and a dictation task, which required more spelling skills. In the dictation task, words were
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either graphically simple or graphically complex to handwrite and either orthographically simple or orthographically

complex (cf. Gosse & Van Reybroeck, 2020; Van Reybroeck, 2020). Children completed both tasks on a digital tablet

that provided information on handwriting speed and pauses. Handwriting quality was evaluated based on graphic

criteria. Children with DYS were compared with TD children matched on chronological age. Our research question

was the following: Do children with DYS have handwriting difficulties (quality and/or speed) to the same extent in

alphabet and dictation tasks compared with TD children? According to the hypothesis of difficulties in handwriting

related to spelling deficits (Sumner et al., 2013), we expected children with DYS to show more handwriting difficul-

ties in the dictation task than in the alphabet task. According to the hypothesis of handwriting deficits (Alamargot

et al., 2020; Van Reybroeck, 2020), we expected children with DYS to show handwriting difficulties (quality and

speed) in both the dictation and alphabet tasks compared with TD children.

2 | METHOD

2.1 | Participants

The experiment was carried out with respect to the ethical standards of the Declaration of Helsinki and was approved

by the Ethics Committee of the University Hospital of Anonymous (number Anonymous). Participants were from six

French-speaking primary schools in Anonymous with a middle socioeconomic status. Parent meetings were organised

in these schools to explain the project. Parents and their children participating in the study completed a written

informed consent. Inclusion (native French-speaking, aged between 7 and 10 years old) and exclusion criteria (sensory

deficit, history of brain damage, learning disability other than DYS such as developmental coordination disorder or

developmental language disorder) were determined before data collection. Twenty-seven primary school children par-

ticipated in the experiment, which was interrupted by the COVID-19 pandemic in March 2020 (Mage = 9.5 years,

SD = 1.25, 18 boys). Eighteen children with DYS diagnosed by a speech and language therapist and nine TD children

were included. All children with DYS performed below two standard deviations on at least one of the reading or spell-

ing standardised tasks in this experiment. As shown in Table 1, there were no differences between the groups in non-

verbal intelligence (WISC-IV, Wechsler, 2005), vocabulary (Peabody, Dunn et al., 1993), handwriting speed or manual

dexterity (Box and Blocks test, Mathiowetz et al., 1985). However, children with DYS showed poorer performance on

the reading and spelling tasks (BALE; Jacquier-Roux et al., 2010), as well as poorer handwriting quality (BHK [Concise

evaluation scale for children handwriting]; Charles et al., 2004), than the TD children.

2.2 | Materials and procedure

The data were collected by three experimenters in the children's schools. Speed and time measures for the dictation

and alphabet tasks (created for the study) were recorded through a digital tablet, a digital pen (Wacom Intuos Pro

Medium and Wacom Inking Pen), and a computer, and data were extracted using a handwriting analysis tool (Gosse

et al., 2018). In the word dictation task, 10 words were irregular, 20 words were regular. To better understand the

influence of handwriting, words were selected based on their graphic complexity index (Gosse et al., 2018), which

measures difficult-to-write segments such as angles in letters. The graphic complexity index indicates whether words

contain graphically complex or simple to handwrite segments. Based on an algorithm, Gosse et al. (2018) have deter-

mined the different types of graphic segments included in letters, such as angles, turnbacks, and curves in X or

Y. Their experiment then identified the graphic segments that caused aesthetic errors and slowdowns in second

grade children. On this basis, the graphic complexity index indicates whether words contain complex segments to

handwrite, such as angles, which lead to reduced fluency. In the present experiment, half of the words (n = 15) were

graphically complex to write (index above 19.4, percentile 75), and the other half (n = 15) were graphically simple to

write (index below 15.6, percentile 25).
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2.3 | Measures

2.3.1 | Spelling in the word dictation task

Children received one point when the word was spelled correctly and 0 points when the word was misspelled.

2.3.2 | Knowledge of the alphabet

In the alphabet task, children were asked to write the letters of the alphabet in order in cursive writing. This task

required accessing the letters' allographs in memory and retrieving the alphabetical sequence of the letters. The

score was determined based on the order and accuracy of the letters, measured by deducting one point for

the omission, substitution, or permutation of letters (inspired by Berninger et al., 2008; Graham et al., 2000;

Sumner et al., 2013).

TABLE 1 Characteristics of the participants on cognitive and literacy tasks.

Measures

Dyslexia (DYS) Typically developing (TD)

Group comparison

N = 18 N = 9

(13 boys) (5 boys)

M SD M SD t p Equivalence

Age in years 9.61 1.24 9.46 1.34 0.977 0.338 DYS = TD

Receptive vocabulary 1.14 0.62 1.33 1.11 �0.448 0.665 DYS = TD

Nonverbal reasoning 0.25 0.66 0.29 0.71 �0.138 0.891 DYS = TD

Word reading accuracy

Raw (/120) 84.61 16.06 100.56 14.58 �2.503 0.019 DYS < TD

Standardised �1.35 1.08 �0.05 0.63 �3.155 0.004 DYS < TD

Word reading speed

Raw (in seconds) 214.44 106.36 150.89 54.13 1.676 0.106 DYS = TD

Standardised �0.55 0.96 0.44 0.46 �2.742 0.011 DYS < TD

Word spelling

Raw (/50) 27.71 9.99 40.38 9.42 �2.917 0.009 DYS < TD

Standardised �2.35 1.42 �0.03 0.71 �4.603 0.000 DYS < TD

Handwriting quality

Rawa 14.78 6.18 8.22 3.99 2.881 0.008 DYS < TD

Standardised 0.78 1.77 �0.88 0.96 2.491 0.020 DYS < TD

Handwriting speed

Raw 195.00 69.87 216.56 75.25 �0.737 0.468 DYS = TD

Standardised �0.22 0.81 0.13 0.75 �1.065 0.297 DYS = TD

Manual dexterity

Raw 54.59 8.61 55.88 8.18 �0.354 0.727 DYS = TD

Standardised �0.09 1.36 0.18 1.13 �0.505 0.618 DYS = TD

aFor handwriting legibility, high raw score indicates poor handwriting.
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2.3.3 | Handwriting quality in dictation and alphabet tasks

Regarding the dictation task, handwriting quality was evaluated by five graphic criteria inspired by the BHK scale

(Charles et al., 2004), rated in terms of correct (zero points) or incorrect in the case of the presence of graphic abnor-

malities (one point; Gosse et al., 2018). A word with a score of 0 represented good handwriting quality, while a score

of 1 to 5 represented poor handwriting quality. The five criteria were as follows: (1) distortion of a letter: the letter

was distorted from its usual production; (2) inconsistent letter size: variations in the relative height of small letters;

(3) inconsistent relative height: incorrect relative height of small letters to tall letters; (4) letter correction: the letter

was retouched or rewritten; and (5) poor alignment of letters. Percentages of agreement among the three scorers

revealed high agreement (intraclass correlation: r = 0.821, p < 0.001).

For the alphabet task, handwriting quality was assessed by calculating the number of correctly traced letters.

The final score corresponded to the proportion of correctly traced letters divided by the knowledge score. A high

score indicated good performance.

2.3.4 | Handwriting fluency in dictation and alphabet tasks

Word production times, measured in milliseconds, were extracted from the tablets. The tablets provided three times:

writing speed, writing time and pause time. Writing speed referred to the distance covered while the pen was on the

sheet of paper (cm/s). A low value indicated slow handwriting, while a high value indicated fast handwriting. Writing

time referred to the time spent writing the words, while pause time referred to pauses inside the words or in air

phases (i.e., pen lifts).

2.4 | Data analysis

Statistical analyses were run using SPSS Statistics 25. Preliminary analyses revealed no distributional problems for

the alphabet task (all Sk <3 and Ku < 10; Kline, 2016), while for the dictation task, writing time and pause times were

transformed (LN transformation) to meet the normality assumption of parametric procedures. Descriptive statistics

are presented in Table 2. Correlations between the measures are provided in Tables 3 and 4 for each group (DYS,

TD). Generalised linear mixed models (GLMMs) for the dictation task and t tests for the alphabet task were used to

answer our research question. GLMM analyses were run to consider the variability induced by children and that

induced by the Items. The t-tests were run for all alphabet task dependent variables with Group (DYS, TD) as a fac-

tor. GLMM analyses were run for all dictation task dependent variables with Group (DYS, TD), Word graphic com-

plexity (simple and complex) and word orthographic complexity (regular and irregular) entered as fixed factors. One

random factor was included in the model for participants, allowing us to consider the interdependence between our

observations due to repeated measures.

3 | RESULTS

3.1 | Correlations

As can be seen in Table 3, there is a robust correlation in TD children between spelling accuracy and writing speed,

as well as between handwriting quality and speed and between handwriting quality and spelling accuracy. The alpha-

bet task is not correlated with manual dexterity.
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In children with DYS (see Table 4), a robust negative correlation exists between handwriting quality (dictation)

and spelling accuracy. The better the handwriting quality (lower score), the better the spelling accuracy. Spelling

accuracy (in both dictation task and BALE) is also strongly correlated with writing speed. The pause time in the alpha-

bet and dictation tasks was negatively correlated with spelling accuracy (BALE). The alphabet task was not correlated

with manual dexterity.

3.2 | Dictation task

Regarding the spelling score in the dictation task, the 2 � 2 � 2 GLMM analysis with Group [DYS, TD], graphic

complexity [simple, complex], and orthographic complexity [regular, irregular] demonstrated a significant effect

of Group (p = 0.003) The children with DYS (M = 0.43, SD = 0.07) produced more spelling mistakes than the

TD children (M = 0.81, SD = 0.07). An effect of orthographic complexity was also demonstrated (p < 0.001,

Table 5). Regular words (M = 0.80, SD = 0.05) were written more accurately than irregular words (M = 0.45,

SD = 0.08). The analysis did not demonstrate any other significant effect, or interaction (see Table 5). Regard-

ing handwriting quality, the analysis demonstrated a significant effect of Group (p = 0.021). The children with

DYS (M = 1.17, SD = 0.11) produced more aesthetic errors than the TD children (M = 0.72, SD = 0.16). The

analysis also showed a significant effect of Graphic complexity (p < 0.001). Children in both groups made more

aesthetic errors on graphically complex words (M = 1.17, SD = 0.10) than graphically simple words (M = 0.72,

SD = 0.10). An interaction between group and graphic complexity was also demonstrated (p = 0.040). Post-

hoc analyses showed that children with DYS (M = 1.02, SD = 0.12) had a lower quality of handwriting for

graphically simple words than TD children (M = 0.43, SD = 1.17) (p = 0.004). Regarding speed (cm/s), the

2 � 2 � 2 GLMM analysis did not demonstrate any significant effect of group, graphic complexity, orthographic

complexity or interaction. Regarding writing time, the 2 � 2 � 2 GLMM analysis revealed a significant effect of

the graphic complexity of words (p < 0.001), meaning that graphically complex words were written more slowly

(M = 0.66, SD = 0.02) than graphically simple words (M = 0.56, SD = 0.02). The effects of group and ortho-

graphic complexity were not significant.

Regarding pause time, the analysis did not demonstrate any significant effect of group or graphic

complexity, or interaction. However, an effect of orthographic complexity was demonstrated (p < 0.001).

Pause times were longer for irregular words (M = 1.45, SD = 0.12) than for regular words (M = 0.99,

SD = 0.10).

3.3 | Alphabet task

Regarding knowledge of the alphabet, the t-test did not reveal a significant effect of Group, showing that both

groups had similar knowledge of the alphabet letters (see Table 6).

Regarding handwriting quality in the alphabet task, the analysis demonstrated a significant effect of Group

(p = 0.020), meaning that the children with DYS (M = 0.79, SD = 0.19) made more aesthetic errors than the TD chil-

dren (M = 0.93, SD = 0.81).

Regarding writing speed (cm/s), the analysis revealed a significant effect of Group (p = 0.018). The children

with DYS (M = 1.22, SD = 0.30) wrote letters more slowly than the TD children (M = 1.60, SD = 0.47).

Regarding writing time, the analysis did not show any significant effect of Group.

Regarding pause time, the t test revealed a significant effect of Group (p < 0.01), meaning that the thinking

times of the children with DYS (M = 65.41, SD = 43.21) were longer than those of the TD children (M = 32.94,

SD = 14.50).
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4 | DISCUSSION

The present experiment aimed to further understand handwriting difficulties in children with DYS. For this purpose,

children with DYS and TD children performed dictation and alphabet tasks, and their spelling, handwriting quality,

and handwriting speed were analysed. Our research question was whether children with DYS had handwriting diffi-

culties to the same extent in dictation or alphabet tasks compared with TD children, with the latter requiring fewer

spelling skills than the dictation task.

In the context of the hypothesis of handwriting difficulties, we expected children with DYS to show lower hand-

writing scores than TD children in both the dictation and alphabet tasks. Our findings mainly support this hypothesis.

Indeed, for handwriting quality, children with DYS made more aesthetic errors in both the words from the dictation

task and the alphabet letters compared with TD children. The effect size was larger for the alphabet task (Cohen's

d = 0.96) than the dictation task (Cohen's d = 0.11). Regarding handwriting fluency, children with DYS also wrote

more slowly in the alphabet task, with a substantial effect size. Our results align with those of Alamargot et al.

(2020), who also showed difficulties in handwriting quality and speed in an alphabet task. The difficulties in the

alphabet task were surprising, as it was a fairly simple task that the children learned in the first grade, at least 2 years

earlier (i.e., the included children were at least in Grade 3).

Thus, regarding handwriting quality, children with DYS had more difficulty tracing the alphabet letters accu-

rately, and they made more aesthetic errors on graphically simple words than TD children. This seems to indicate

that their basic graphic motor patterns of letters are somewhat underspecified, which is consistent with the idea of

handwriting difficulties in DYS. This raises the question of the possible causes of these handwriting difficulties. A

first explanation would be that these difficulties are independent of their spelling impairment. One argument in

favour of this would be that DYS children did not make more handwriting errors when words were irregular than

when they were regular. A second explanation is that children with DYS may be subject to a Matthew effect because

they avoid writing situations, preventing them for developing their handwriting skills like other children. A similar

explanation would be that, given the cognitive overload at the start of learning to write (McCutchen, 2006), their

spelling difficulties require a great deal of cognitive resources, which would hinder the proper automation of graphic

motor patterns at the same time.

Regarding handwriting fluency, children with DYS wrote more slowly and made longer pauses in the alphabet

task and not in dictation task, which could be interpreted as an argument in favour of handwriting difficulties sepa-

rate from the spelling deficit. Indeed, their writing time for isolated letters was slower, even though this task required

few spelling skills. This alphabet task correlated with handwriting quality and speed (not with manual dexterity) but

also with spelling accuracy. However, one might think that the longer pauses could be related to difficulties in

retrieving the sequences of letters (potentially related to children's phonological disorders, Snowling, 2000), although

the letter sequence accuracy scores did not differ between the children. The longer pauses could be related to a lack

of automatic retrieval of the sequence of letters.

TABLE 6 Results for t-test analyses in the alphabet task.

t(25) p Group comparison

Knowledge of alphabet �1.854 0.080 DYS = TD

Handwriting quality �2.486 <0.05 DYS < TD; d = 0.89

Writing speed �2.542 <0.05 DYS < TD; d = 0.96

Writing time 1.451 0.159 DYS = TD

Pauses time 2.880 <0.01 DYS < TD; d = 1

Note: Cohen's d are reported for effect sizes of significant differences between groups.

Abbreviations: DYS, dyslexia; TD, typically developing.
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In summary, the children with DYS showed lower handwriting quality in both the alphabet and dictation tasks,

whereas they showed slower handwriting only in the alphabet task. Children with DYS had the same writing times

(speed of execution, pauses) as TD children in the dictation task. These results agree with those of Sumner et al.

(2013), who observed similar execution times in text writing and sentence copying tasks. Why do children with DYS

write words at the same speed as TD children, even though they perform slower in the alphabet task? It is possible

that when writing words, children compensate by trying to write faster to keep up with the writing pace of their

classmates. They have created graphic-motor patterns that allow them to write words quickly or automatically, even

if these patterns may be inaccurate or distorted. This is likely the case in reading, where children with DYS compen-

sate for their difficulties by reading faster at the expense of quality because they make reading errors (Perfetti

et al., 1979). Regarding writing, it can be hypothesised that the children also favour speed over handwriting quality.

One last difference between Sumner et al.'s (2013) results and ours is that they observed longer pauses between

words in sentence and text writing tasks, while our results did not show longer pauses in word dictation. However,

we proposed an isolated word dictation task in which we do not measure the pause times between words, only the

pause times within words. It would be interesting to measure pauses between words in a future experiment.

This study presents some limitations that should guide future research. First, the sample size was reduced due

to the closure of schools following the COVID-19 pandemic. A future study with a larger sample size would enable

us to better characterise the difficulties of children with DYS, potentially by identifying subgroups of children. A sec-

ond limitation concerns the comparison group of TD children. Indeed, it would have been interesting to propose a

third group of TD children matched in written language skills. This group comparison composed of younger children

could help identify if handwriting difficulties in DYS could be attributed to a Matthew effect due to lack of writing

practice.

5 | CONCLUSION

In sum, our experiment demonstrated that children with DYS had poorer handwriting quality in both the alphabet

and dictation tasks, while their graphomotor gesture were slower in the alphabet task than those of TD children.

Considering that the alphabet task required fewer spelling skills, these results provide a new argument for handwrit-

ing difficulties in children with DYS, in addition to the spelling deficit. These results convey relevant implications

regarding handwriting support that could be offered in therapies.

AUTHOR CONTRIBUTIONS

Marie Van Reybroeck and Claire Gosse contributed to the study's conception and design. Elise Van Heuverswyn and

Claire Gosse performed material preparation and data collection. Marie Van Reybroeck conducted analysis. Elise Van

Heuverwyn and Marie Van Reybroeck wrote the first draft of the manuscript. All authors reviewed and edited previ-

ous versions of the manuscript and read and approved the final manuscript.

ACKNOWLEDGEMENTS

The authors would like to thank E. Meinguet for her contribution to the data collection and test scoring. The authors

are grateful to the children and their parents who participated in the study and intervention. This work was

supported by the Fonds de la Recherche Scientifique–FNRS (Grants n� 1.A.690.18F; FC 17773; J.0214.20).

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the corresponding author.

VAN HEUVERSWYN ET AL. 13 of 15

 10990909, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dys.1767, W

iley O
nline L

ibrary on [03/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ORCID

Elise Van Heuverswyn https://orcid.org/0009-0008-3218-9107

Marie Van Reybroeck https://orcid.org/0000-0002-1245-6748

REFERENCES

Alamargot, D., Morin, M.-F., & Simard-Dupuis, E. (2020). Handwriting delay in dyslexia: Children at the end of primary school

still make numerous short pauses when producing letters. Journal of Learning Disabilities, 53(3), 163–175. https://doi.
org/10.1177/0022219420903705

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). American Psychiatric

Association. https://doi.org/10.1176/appi.books.9780890425596

Angelelli, P., Notarnicola, A., Judica, A., Zoccolotti, P., & Luzzatti, C. (2010). Spelling impairments in Italian dyslexic children:

Phenomenological changes in primary school. Cortex, 46(10), 1299–1311. https://doi.org/10.1016/j.cortex.2010.

06.015

Berninger, V. W., Nielsen, K. H., Abbott, R. D., Wijsman, E., & Raskind, W. (2008). Writing problems in developmental dys-

lexia: Under-recognized and under-treated. Journal of School Psychology, 46(1), 1–21. https://doi.org/10.1016/j.jsp.
2006.11.008

Charles, M., Soppelsa, R., & Albaret, J. M. (2004). BHK: échelle d'évaluation rapide de l'écriture chez l'enfant [Manuel]. �Edition

du Centre de Psychologie Appliquée.

Di Brina, C., Averna, R., Rampoldi, P., Rossetti, S., & Penge, R. (2018). Reading and writing skills in children with specific

learning disabilities with and without developmental coordination disorder. Motor Control, 22(4), 391–405. https://doi.
org/10.1123/mc.2016-0006

Dunn, L. M., Dunn, L. M., & Theriault-Whalen, C. (1993). EVIP: échelle de vocabulaire en images Peabody. Pearson Canada

Assessment.

Egan, J., & Pring, L. (2004). The processing of inflectional morphology: A comparison of children with and without dyslexia.

Reading and Writing: An Interdisciplinary Journal, 17(6), 567–591. https://doi.org/10.1023/B:READ.0000044433.

30864.23

Gosse, C., Carbonnelle, S., de Vleeschouwer, C., & Van Reybroeck, M. (2018). Specifying the graphic characteristics of words

that influence children's handwriting. Reading and Writing: An interdisciplinary journal, 31(5), 1181–1207.
Gosse, C., Dricot, L., & Van Reybroeck, M. (2022). Evidence of graphomotor dysfunction in children with dyslexia. A com-

bined behavioural and fMRI experiment. Cortex, 148, 68–88.
Gosse, C., & Van Reybroeck, M. (2020). Do children with dyslexia present a handwriting deficit? Impact of word ortho-

graphic and graphic complexity on handwriting and spelling performance. Research in Developmental Disabilities, 97,

103553. https://doi.org/10.1016/j.ridd.2019.103553

Graham, S., Harris, K. R., & Fink, B. (2000). Is handwriting causally related to learning to write? Treatment of handwriting

problems in beginning writers. Journal of Educational Psychology, 92(4), 620–633. https://doi.org/10.1037/0022-0663.
92.4.620

Iversen, S., Berg, K., Ellertsen, B., & Tønnessen, F. E. (2005). Motor coordination difficulties in a municipality group and in a

clinical sample of poor readers. Dyslexia, 11(3), 217–231. https://doi.org/10.1002/dys.297
Jacquier-Roux, M., Lequette, C., Pouget, G., Valdois, S., & Zorman, M. (2010). BALE: Batterie Analytique du Langage Ecrit

[Manuel]. Laboratoire de Psychologie et NeuroCognition.

Kandel, S., Lassus-Sangosse, D., Grosjacques, G., & Perret, C. (2017). The impact of developmental dyslexia and dysgraphia

on movement production during word writing. Cognitive Neuropsychology, 34(3–4), 219–251. https://doi.org/10.1080/
02643294.2017.1389706

Kline, R. B. (2016). Principles and practice of structural equation modeling (4th ed.). Guilford Press.

Lambert, E., & Espéret, E. (2002). Assemblage des unités traitées par les processus graphomoteurs et orthographiques au

début de l'apprentissage de l'écriture. Revue de Psychologie de l' �Education, 6, 76–97.
Martlew, M. (1992). Handwriting and spelling: Dyslexic children's abilities compared with children of the same chronological

age and younger children of the same spelling level. British Journal of Educational Psychology, 62, 375–390. https://doi.
org/10.1111/j.2044-8279.1992.tb01030.x

Mathiowetz, V., Volland, G., Kashman, N., & Weber, K. (1985). Adult norms for the box and block test of manual dexterity.

The American Journal of Occupational Therapy, 39(6), 386–391.
McCutchen, D. (2006). Cognitive factors in the development of Children's writing. In C. A. MacArthur, S. Graham, & J. Fitz-

gerald (Eds.), Handbook of writing research (pp. 115–130). Guilford Press.

Nicolson, R. I., & Fawcett, A. J. (1990). Automaticity: A new framework for dyslexia research? Cognition, 35(2), 159–182.
https://doi.org/10.1016/0010-0277(90)90013-A

Perfetti, C., Goldman, S., & Hogaboam, T. (1979). Reading skill and identification of words in discourse context. Memory and

Cognition, 7, 273–282. https://doi.org/10.3758/BF03197600

14 of 15 VAN HEUVERSWYN ET AL.

 10990909, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dys.1767, W

iley O
nline L

ibrary on [03/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0009-0008-3218-9107
https://orcid.org/0009-0008-3218-9107
https://orcid.org/0000-0002-1245-6748
https://orcid.org/0000-0002-1245-6748
https://doi.org/10.1177/0022219420903705
https://doi.org/10.1177/0022219420903705
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1016/j.cortex.2010.06.015
https://doi.org/10.1016/j.cortex.2010.06.015
https://doi.org/10.1016/j.jsp.2006.11.008
https://doi.org/10.1016/j.jsp.2006.11.008
https://doi.org/10.1123/mc.2016-0006
https://doi.org/10.1123/mc.2016-0006
https://doi.org/10.1023/B:READ.0000044433.30864.23
https://doi.org/10.1023/B:READ.0000044433.30864.23
https://doi.org/10.1016/j.ridd.2019.103553
https://doi.org/10.1037/0022-0663.92.4.620
https://doi.org/10.1037/0022-0663.92.4.620
https://doi.org/10.1002/dys.297
https://doi.org/10.1080/02643294.2017.1389706
https://doi.org/10.1080/02643294.2017.1389706
https://doi.org/10.1111/j.2044-8279.1992.tb01030.x
https://doi.org/10.1111/j.2044-8279.1992.tb01030.x
https://doi.org/10.1016/0010-0277(90)90013-A
https://doi.org/10.3758/BF03197600


Purcell, J. J., Turkeltaub, P. E., Eden, G. F., & Rapp, B. (2011). Examining the central and peripheral processes of written word

production through meta-analysis. Frontiers in Psychology, 2, 239. https://doi.org/10.3389/fpsyg.2011.00239

Ramus, F. (2003). Developmental dyslexia: Specific phonological deficit or general sensorimotor dysfunction? Current Opin-

ion in Neurobiology, 13(2), 212–218. https://doi.org/10.1016/S0959-4388(03)00035-7
Rose, J. (2009). Identifying and teaching children and young people with dyslexia and literacy difficulties: An independent report.

Department for Children.

Snowling, M. J. (2000). Dyslexia. Blackwell Publishing.

Suárez-Coalla, P., Afonso, O., Martínez-García, C., & Cuetos, F. (2020). Dynamics of sentence handwriting in dyslexia: The

impact of frequency and consistency. Frontiers in Psychology, 11, 319.

Sumner, E., Connelly, V., & Barnett, A. L. (2013). Children with dyslexia are slow writers because they pause more often and

not because they are slow at handwriting execution. Reading and Writing: An Interdisciplinary Journal, 26(6), 991–1008.
https://doi.org/10.1007/s11145-012-9403-6

Sumner, E., Connelly, V., & Barnett, A. L. (2014). The influence of spelling ability on handwriting production: Children with

and without dyslexia. Journal of Experimental Psychology: Learning, Memory, and Cognition, 40(5), 1441–1447. https://
doi.org/10.1037/a0035785

Van Galen, G. P. (1991). Handwriting: Issues for a psychomotor theory. Human Movement Science, 10, 165–191. https://doi.
org/10.1016/0167-9457(91)90003-G

Van Reybroeck, M. (2020). Grammatical spelling and written syntactic awareness in children with and without dyslexia. Fron-

tiers in Psychology, 11(1524), 1–15. https://doi.org/10.3389/fpsyg.2020.01524
Van Reybroeck, M., & Gosse, C. (2023). Handwriting difficulties in developmental dyslexia. In Y. Ye, T. Inoue, U. Maurer, &

C. McBride (Eds.), Handbook of Visual-motor skills, Handwriting, and Spelling: Theory, Research, and Practice (pp. 381–395).
Routledge.

Wechsler, D. (2005). WISC-IV: �Echelle d'intelligence de Wechsler pour enfants (version 4) [Protocole et manuel]. ECPA.

How to cite this article: Van Heuverswyn, E., Gosse, C., & Van Reybroeck, M. (2024). Handwriting difficulties

in children with dyslexia: Poorer legibility in dictation and alphabet tasks, slowness in the alphabet task.

Dyslexia, 30(2), e1767. https://doi.org/10.1002/dys.1767

VAN HEUVERSWYN ET AL. 15 of 15

 10990909, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dys.1767, W

iley O
nline L

ibrary on [03/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3389/fpsyg.2011.00239
https://doi.org/10.1016/S0959-4388(03)00035-7
https://doi.org/10.1007/s11145-012-9403-6
https://doi.org/10.1037/a0035785
https://doi.org/10.1037/a0035785
https://doi.org/10.1016/0167-9457(91)90003-G
https://doi.org/10.1016/0167-9457(91)90003-G
https://doi.org/10.3389/fpsyg.2020.01524
https://doi.org/10.1002/dys.1767

	Handwriting difficulties in children with dyslexia: Poorer legibility in dictation and alphabet tasks, slowness in the alph...
	1  INTRODUCTION
	1.1  Handwriting difficulties in DYS as a consequence of their spelling skills
	1.2  Difficulties in graphomotor gesture

	2  METHOD
	2.1  Participants
	2.2  Materials and procedure
	2.3  Measures
	2.3.1  Spelling in the word dictation task
	2.3.2  Knowledge of the alphabet
	2.3.3  Handwriting quality in dictation and alphabet tasks
	2.3.4  Handwriting fluency in dictation and alphabet tasks

	2.4  Data analysis

	3  RESULTS
	3.1  Correlations
	3.2  Dictation task
	3.3  Alphabet task

	4  DISCUSSION
	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


