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Abstract
The aim of this study was to assess text generation and text transcription of children and youth with Autism Spectrum Disor-
der (ASD, n = 67) and Typically Developing (TD) peers (n = 67). Participants (80.6% male, ages 9–14) produced a free-style 
handwriting task analysed for written content and handwriting legibility and speed. Findings showed children and youth with 
ASD perform significantly poorer than TD peers for written content and handwriting legibility and speed. For children and 
youth with ASD, poor handwriting legibility predicted poor written content. For TD peers, fast handwriting predicted good 
written content. Collapsing both groups, ASD group membership negatively predicted written content, after controlling for 
handwriting legibility and speed. Practical implementations for the educational context are provided.

Keywords ASD · Written content · Handwriting legibility · Handwriting speed

Autism Spectrum Disorder (ASD) is a pervasive neurologi-
cal disorder characterized by unique communicative and 
social interactive behaviours, as well as repetitive and rigid 
patterns of behaviour, interests, or activities (APA, 2010; 
APA, 2013; ICD-10). Although there is high comorbidity of 
ASD with intellectual disability (ID), 30–50% of the individ-
uals diagnosed with ASD have intelligence in the normative 
range (IQ > 70) (Matson and Shoemaker, 2009). Neverthe-
less, children and youth with ASD with intelligence in the 
normative range are challenged in different academic areas, 
including writing (e.g., Keen et al., 2016; Whitby & Man-
cil, 2009). Writing comprehends text generation and text 

transcription (Berninger et al., 1999; Zajic & Wilson, 2020). 
Text generation is the production of linguistic content and 
is analysed for its written content. Text transcription is the 
transcription of the written content to symbols that can be 
read (Berninger, 1999; Zajic & Wilson, 2020), for instance 
through handwriting. Handwriting is the act of recording 
words with the hand by means of a writing tool such as a pen 
or pencil (Rosenblum et al., 2003a) and is generally analysed 
for handwriting legibility and handwriting speed (Feder & 
Majnemer, 2007). For children and youth with ASD who 
are in the developmental phase of establishing functional 
handwriting that continuous to evolve in a more personalized 
style (grade 4 to 9), balancing higher-order text generation 
demands for producing written content as well as lower-
order text transcription demands for producing handwriting 
of proper legibility and speed is challenging and may affect 
their academic performance (Palmis et al., 2017; Whitby & 
Mancil, 2009).

Written Content

A recent review (Zajic & Wilson, 2020) and meta-analysis 
(Finnegan & Accardo, 2018) concluded that children and 
youth with ASD produce written content with average scores 
below or at the same level as those of TD peers. Of note is, 
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however, that high variability in performance is seen within 
the group of children and youth with ASD. Across studies, 
written content was measured by means of a wide range of 
different indicators. Some of the indicators are reductionistic 
and tangible, focusing on single characters, words, or sen-
tences, such as ‘vocabulary’ (in Smith Myles et al., 2003), 
or ‘sentence composition’ (in Mayes & Calhoun, 2006), 
referred to as lower-order features of written content (Brown 
et al., 2014). Other indicators are more holistic and impalpa-
ble, focusing on the full written text such as ‘structuring of 
ideas’ (in Ashburner et al., 2012) or ‘narrative coherence’ (in 
Dillon & Underwood, 2012), referred to as higher-order fea-
tures of written content (Brown et al., 2014). Of the studies 
analysing written content of children and youth with ASD, 
only few embraced a comprehensive approach of analys-
ing higher-order and lower-order features of written content 
(Zajic & Wilson, 2020). Moreover, of the assessment tools 
used to analyse written content, only few included written 
content indicators that reflect the learning goals of writing 
curricula in primary and secondary school. Since the quality 
of written content predicts academic achievement in primary 
school, even up to university (e.g., Codding et al., 2015; 
Frattaroli et al., 2011; Lopez & Thompson, 2010; Molitor 
et al., 2016), an ecologically valid approach that takes into 
account the learning goals for writing in the educational 
context is indispensable.

The Six Trait Writing Model (STWM; Spandel, 2004) 
is an assessment tool for written content that offers a com-
prehensive approach by focusing on the higher-order text 
features of ideas, organization, and voice; and the lower-
order text features of word choice, sentence fluency, and con-
ventions. The STWM was developed based on the records 
of 17 teachers who read hundreds of papers from students 
of grade 3 through grade 12 and ranked them in order of 
quality features they deemed significant for determination 
of the features of written content. Thus, the STWM offers a 
comprehensive analysis of written content in an ecologically 
valid matter, which pleads for embracing the STWM as an 
assessment tool for written content.

Handwriting legibility and speed

A recent review (Zajic & Wilson, 2020), a recent meta-anal-
ysis (Finnegan & Accardo, 2018) and a more dated review 
(Kushki et al., 2011) concluded that children and youth with 
ASD produce handwriting products of lesser legibility and 
with lower speed than TD peers. In addition to a reported 
lesser legibility in general, studies also reported on different 
sub-indicators of legibility such as lesser forming of letters 
(e.g., Cartmill et al., 2009; Fuentes et al., 2009) and loose 
spatial alignment of sentences (e.g., Hellinckx et al., 2013) 
for children and youth with ASD as compared to TD peers.

Most studies used standardized product assessment tools 
such as the Minnesota Handwriting Assessment (MHA; e.g., 
in Fuentes et al., 2009) and the Evaluation Tool of Chil-
dren’s Handwriting (ETCH; in Smith-Myles et al., 2003) 
to assess handwriting legibility and speed. However, these 
tools require a lot of scrutiny to code. For instance, forming 
is operationalized as gaps or extensions measured in inches 
in the MHA (Reisman, 1999) or by means of nine differ-
ent detailed sub-criteria in the ETCH (Amundson, 1995). 
Such scrutinized assessment may not reflect the way teach-
ers perceive legibility (Case-Smith, 1996; Rosenblum et al., 
2003a). In fact, one study compared the ETCH to teachers’ 
perception of legibility and found that these did not signifi-
cantly relate to each other (Sudsawad et al., 2001). Given 
that handwriting predicts academic achievement in mathe-
matics to reading and spelling (Graham & Weintraub, 1996; 
Kiefer et al., 2015; Manfra et al., 2016; Pontart et al., 2013), 
there is need for assessment tools that are ecologically valid 
for the educational context.

The recently developed Handwriting Legibility Scale 
(HLS; Barnett et al., 2018) is designed for practical use in 
the classroom. Created based on teachers’ impression of 
handwriting legibility, the HLS is a non-language depend-
ent handwriting product scale that assesses overall legibility, 
overall readability, layout, letter formation and alterations. 
The HLS is intended to be used with a free-style handwriting 
task of paragraph length; a handwriting task considered to 
best reflect the demands of writing curriculum in an edu-
cational context (Barnett et al., 2018). The HLS measures 
speed as the number of words written per minute (as opposed 
to other instruments assessing total writing duration), which 
is thought to best reflect the time-constraints used by teach-
ers for writing tasks in the educational context (Case-Smith, 
1996). Thus, offering an analysis of handwriting that mirrors 
the demands of the educational context pleads for embrac-
ing the HLS as an assessment tool of handwriting legibility 
and speed.

Written Content and Handwriting Legibility 
and Speed

Producing written content through handwriting involves 
simultaneous performance of text generative skills (i.e., 
produce written content) and text transcriptive skills 
(e.g., producing legible and fast handwriting) (Berninger, 
1999). Most writing research among children and youth 
with ASD focuses on either text generative skills (70%) or 
text transcriptive skills (52%). Few studies (22%) focus on 
both (Zajic & Wilson, 2020). Of the few studies that focus 
on both, only four studies analysed the text transcrip-
tive skill of handwriting specifically (Ashburner et al., 
2012; Dockrell et al., 2014; Foley-Nicpon et al., 2012; 
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Smith Myles et al., 2003). Of these four, only one study 
assessed how written content and handwriting legibility 
and/or speed related to each other (Dockrell et al., 2014). 
That is, Dockrell et al. (2014) found that written content 
and handwriting speed of children and youth with ASD 
(57 males, 7 females; mean age 10 years) significantly 
positively correlated, meaning that faster writing related 
to written content of better quality. Written content was 
measured with a free-style writing task about the best 
school day, which was analysed for (1) level of descrip-
tive and varied details provided, and (2) level of elaborate 
clarification of ideas. Handwriting speed was measured 
in a different handwriting task, namely writing as many 
letters of the alphabet as possible in 1 min. Although 
this study suggests that text transcription in a precited 
handwriting tasks relates to text generation in a free-
style handwriting tasks, this study does not assess how 
both aspects of writing affect each other when performed 
simultaneously. That is, this study does not give insight 
in how text transcription may affect text generation by 
analysing how speed and/or legibility of one handwriting 
tasks, affect the written content of that same handwriting 
task. In addition, the one study that assessed the rela-
tionship between handwriting speed and written content 
among children and youth with ASD, did not compare 
the results to a TD control group. Since balancing higher-
order text generation demands for producing written 
content and lower-order text transcription demands for 
producing handwriting of proper legibility and speed is 
particularly challenging for children and youth with ASD 
(Palmis et al., 2017; Whitby & Mancil, 2009), compari-
son with a control group is needed to understand to what 
extent both aspects of writing affect each other in both 
groups.

Thus, little is known about how children and youth 
with ASD balance the demands of the text generative 
skills of producing written content with the demands of 
the text transcriptive skill of producing legibility and 
speedy handwriting, an indispensable skill for academic 
success (e.g., Manfra et al., 2016; Puranik & AlOtaiba, 
2012). In particular, no studies have assessed how the 
demands of both skills interplay when having to perform 
them simultaneously in one writing tasks. Given that chil-
dren and youth with ASD are known to have difficulties in 
both aspects of writing (Zajic & Wilson, 2020), they may 
perform poorer on both aspects of writing when tested 
simultaneously. In addition, given the lack of comparison 
to TD peers, it is unclear if the relatively low performance 
of children and youth with ASD on handwriting legibility 
and speed explains their written content, or whether there 

is additional unique variance to their group membership 
that effects their performance on written content.

This Study

In response to the aforementioned gaps, the current study 
aims to investigate unique performance of children and 
youth with ASD as compared to TD peers on written con-
tent (i.e., text generation) and handwriting legibility and 
speed (i.e., text transcription), as well as the relationship 
between both. Performance on a free-style handwriting task 
is analysed and assessed for written content by means of the 
STWM, and handwriting legibility and speed by means of 
the HLS. The following hypotheses are tested:

1. Children and youth with ASD score lower for written 
content and handwriting legibility and speed on a free-
style handwriting task as compared to TD children and 
youth.

2. Poor handwriting legibility and speed negatively relate 
to poor written content for children and youth with 
ASD and TD children and youth, with stronger effects 
reported for children and youth with ASD.

3. Handwriting legibility and speed as well as group mem-
bership predict written content.

Methods

Our participants and data measures were drawn from the 
‘Handwriting Study’, a collaborative research project con-
ducted from January 2019 to November 2020 by the depart-
ment of Occupational Therapy at the University of Haifa 
(Israel) and the department of Human Movement Sciences and 
the Inclusive and Special Needs Education Unit at the Univer-
sity of Groningen (the Netherlands). The ‘Handwriting Study’ 
was approved by the ethics committees of the Faculty of Social 
Welfare and Health Sciences, University of Haifa (Israel) and 
the Department of Pedagogical and Educational Sciences, Uni-
versity of Groningen (the Netherlands). Both parents of all par-
ticipants of the ‘Handwriting Study’ provided active informed 
consent before the start of data collection. After data collection 
was finished, all personal identifiers were deleted from any 
data sampled during the Handwriting Study.

Participants

Inclusion criteria for all participants were a) children and 
youth from grade 4 (ages 9 and 10) to grade 9 (ages 14 
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and 15), and b) children and youth attending schools for 
children with and IQ of above 80. Inclusion criterion for 
participants with ASD was a diagnosis of ASD according to 
the DSM-V (APA 2013) or a diagnosis with autism, Asper-
ger’s or PDD-NOS according to the DSM-IV (APA 2010) or 
ICD-10 (WHO, 2011). Of the 115 children and youth with 
ASD invited, 76 (66.1%) agreed to participate. During data 
collection, 9 participants with ASD (11.8%) dropped out, 
due to absence (n = 3), withdrawal during data collection 
(n = 5), or because diagnostic criteria were not met (n = 1). 
Of the 90 TD children and youth invited, 71 (78.9%) agreed 
to participate. During data collection, 4 TD participants 
(5.6%) dropped out, due to absence (n = 2) or withdrawal 
during data collection (n = 2).

The final sample consisted of 67 Dutch children and youth 
with ASD and 67 Dutch TD children and youth, matched 
for age, gender and intelligence. See Table 1 for descriptive 
characteristics of participants and diagnostic information.

Measures

Matching Variable: Intelligence

The Dutch Intelligence test for Educational Level (Neder-
landse Intelligentietest voor Onderwijsniveau [NIO]; Van 
Dijk & Tellegen, 2004) was used to make sure the par-
ticipants matched for intelligence across groups. The NIO, 
developed for grade 4 until grade 9, assesses global verbal 
and non-verbal intelligence and provides an indication of 
the appropriate school level. For this study, the verbal sub-
scales of analogies (i.e., distinguishing [dis]-similarities in 
concepts; 25 items) and categories (i.e., classifying word 
combinations; 30 items) were used, as well as the non-verbal 
subscales of numbers (i.e., arithmetic skills; 25 items) and 
results (i.e., spatial awareness; 8 items). All items were mul-
tiple choice questions, with 1 point attributed to every good 
answer. A total intelligence score was computed as average 

Table 1  Demographic 
characteristics and diagnostic 
information of participants

Significant findings are displayed in bold
PDD-NOS pervasive developmental disorder not otherwise specified, ADHD attention deficit hyperactivity 
disorder, ADD attention deficit disorder, DCD developmental coordination disorder
***p < .001
a As reported by parents in response to the question: ‘With which diagnosis in the autistic spectrum is your 
child diagnosed?’
b As reported by parents in response to the question: ‘Apart from the diagnosis in the autistic spectrum, is 
your child diagnosed with another diagnoses? If yes, which?’ (ASD sample), or: ‘Is your child diagnosed 
with a learning or behavioral disorder?’ (TD sample)

ASD (n = 67) TD (n = 67) t (df) or χ2

n or range % or M (SD) n or range % or M (SD)

Age in years 9.83–15.13 13.03 (1.12) 10.51–14.80 12.85 (1.11) .91(132)
Gender .000***
 Boys 54 80.6 54 80.6
 Girls 13 19.4 13 19.4

Intelligence 78–122 100.59 (11.06) 75–119 99.56 (10.16) .56(131)
Hand dominance .764
 Right hand 52 77.6 56 83.6
 Left hand 15 22.4 11 16.4

ASD  diagnosisa

 ASD 25 37.3
 Autism 7 10.4
 Asperger’s 7 10.4
 PDD-NOS 28 41.8

Comorbid  diagnosesb

 ADHD 18 26.9 7 10.4
 ADD 1 1.5
 DCD 2 3.0
 Dyslexia 1 1.5 1 1.5
 Attachment disorder 1 1.5
 Gilles de la Tourette 1 1.5
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of the four subscales, with a higher score indicating better 
performance. Internal consistency of the total intelligence 
score was good in this study (α = 0.74).

Written Content: Six‑Trait Writing Model (STWM)

The written content of the handwriting product (i.e., writ-
ing) was assessed by means of the STWM (Spandel, 2004), 
which assesses the quality of written content by means of 
six subscales: ideas (i.e., writing conveys a clear message 
with detail), organization (i.e., writing has unity and is struc-
tured), voice (i.e., writing has a personal, expressive voice), 
word choice (i.e., use of strong, vivid words), sentence flu-
ency (i.e., easy to read and structured sentences), and con-
ventions (i.e., proper spelling and punctuation), scored on 
a six point Likert scale (1 = very poor, 6 = excellent). Each 
handwriting sample was coded for by two independent cod-
ers who achieved acceptable interrater reliability for all 
subscales of the STWM for the handwriting task used in 
this study (Cohen’s  Kapparange = 0.51–0.69, p < 0.001). The 
average score of the two coders was used for analysis, with 
higher scores indicating good performance. The STWM had 
excellent internal consistency in this study (α = 0.91).

Handwriting Legibility and Speed: Handwriting Legibility 
Scale (HLS)

Handwriting legibility and speed were assessed by means of 
the HLS (Barnett et al., 2018), which assesses global quality/
legibility of handwriting by means of five subscales: over-
all legibility (i.e., impression during first reading), overall 
readability (i.e., effort needed to read the text on first read-
ing), layout (i.e., margins, placement of letters on baseline, 
spaces), letter formation (i.e., shape, letter closure, consist-
ency in size and slope) and alterations (i.e., re-tracing and 
re-writing), scored on a five point Likert scale (1 = very 
good, 5 = very poor). Each handwriting sample was coded 
for by two independent coders who achieved acceptable 
interrater reliability for all HLS subscales for the handwrit-
ing task used in this study (Cohen’s  Kapparange = 0.43–0.69, 
p < 0.001). The average score of the two coders was used for 
analysis, with higher scores indicating poor performance. 
The HLS had excellent internal consistency in this study 
(α = 0.90).

In addition, in line with the HLS manual (Barnett et al., 
2018), handwriting product speed was assessed as the num-
ber of words written per minute. This variable was computed 
as the total number of words divided by total task duration 
in minutes.

Procedure

Children and youth with ASD were recruited from units for 
students with special educational needs of 2 primary and 5 
secondary schools in the Netherlands. School management 
approached parents for participation of their child(ren) 
in the ‘Handwriting Study’ if school had records avail-
able of an official diagnosis in the autism spectrum pro-
vided by a certified psychologist. TD children and youth 
were recruited from 1 primary and 2 secondary main-
stream schools in the Netherlands. School management 
approached parents for participation of their child(ren) in 
the ‘Handwriting Study’ if they matched the ASD sample 
for gender, age, and intelligence.

The intelligence test and handwriting data were col-
lected at the school of the participants in two meetings. 
During the first meeting, participants were tested together 
in a classroom for intelligence. Participants were briefed 
regarding the purpose of the research and their right to 
withdraw from participation at any time. During the sec-
ond meeting, participants were tested individually for 
handwriting in a quiet testing room. Handwriting was 
recorded on the ComPET, a computerized handwriting 
evaluation tool (Rosenblum et al., 2003b). Participants 
wrote with a wireless electronic ink pen with a pressure 
sensitive tip (Model GP-110) on a A-3 10 mm ruled paper, 
affixed to a WACOM Intuos 2 (model GD 0912-12x18) 
x–y digitizing tablet, which was connected to a laptop with 
data collection and data analysis software that sampled 
data at 100 Hz. Before starting with the handwriting task, 
participants were asked to write down their age “I’m (age 
in letters) years old” to practice writing with the Com-
PET. Then, in a free-style handwriting task, participants 
were asked to write a lively story of 10 lines about their 
own room, with the suggestion to include details about 
the furniture and colours of their room. The topic of 
the handwriting task was deemed age appropriate by 10 
professionals in (special) education with a minimum of 
2 years of experience. Participants received the follow-
ing instruction: “Write in print, not in cursive, and write 
as neat and fast as you can. Write according to writing 
rules, meaning include capitals, dots, comma’s, and other 
punctuation when necessary. You may change the position 
of the paper for a more comfortable writing position. Sit 
down in a proper writing position. Hand dominance of 
the participants was recorded on paper by the researchers.

The handwriting copying task was coded for the HLS 
and the handwriting free-style task for the HLS and STWM. 
Undergraduate and graduate research assistants coded the 
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handwriting data after having achieved an interrater reli-
ability of 0.80 in the training sessions.

An online questionnaire for parents was used to collect 
data regarding demographic characteristics and diagnostic 
information. Parents were asked to submit an email address 
on the informed consent form, after which they received an 
invitation by email to fill out the questionnaire using Qual-
trics software, version January 2019 (Qualtrics, 2005).

Statistical Analysis

Data was analysed using IBM SPSS Statistics, version 25. A 
priori G*Power analyses were run to determine the sample 
size needed for a power of 0.80, with a medium effect size 
and an error probability of 0.05 (one-tailed). Our most com-
plex analysis, a linear regression analysis with 9 predictors, 
required a sample of 114 per group. Due to limited avail-
ability of ASD participants, our sample size was not large 
enough, hence, the observed power is mentioned for each 
regression analysis. All dependent variables were distributed 
normally. Of two variables, 0.01% (n = 1) of the data was 
missing. Missing data were not imputed. All other variables 
had no missing data.

Descriptive analyses were run to describe the sample in 
terms of diagnostic and demographic characteristics. Two 
independent t-tests were run to analyse differences between 
groups for age and intelligence. Groups were compared for 
differences in gender and hand dominance distribution with 
two Chi-Square tests.

Three independent t-tests were run to test group dif-
ferences in the total STWM and HLS scores and words 
per minute, with cohen’s d reported for effect size. Effect 
sizes are interpreted as weak (d = 0.1–0.4), moderate 
(d = 0.5–0.7) or strong (d = 0.8– ≥ 1.0) (Cohen, 1988). 
Group differences for the subscales of the STWM and HLS 
were tested with two Manova’s, with partial eta squares 
(η2) reported for effect size. Effect sizes are interpreted 
as weak (η2 = 0.00 –.0.04), moderate (η2 = 0.05–0.11), or 
strong (η2 = 0.12–0.20) (Cohen, 1988).

Bivariate correlations were run to analyse the rela-
tionships between the STWM total score and subscale 
scores, the HLS total score and subscales, and handwriting 
speed for each group. Following, two hierarchical linear 
regression analyses were run for each group to predict the 
STWM total score with the HLS subscales and speed. The 
control variables age, gender and intelligence were added 

Table 2  Group differences in 
written content (STWM) and 
handwriting legibility and speed 
(HLS)

Significant findings are displayed in bold
STWM six trait writing model, HLS handwriting legibility scale
*p < .05, **p < .01, ***p < .001
1 n = 67
2 Independent T-test (as opposed to MANOVA)
a Cohen’s d (as opposed to partial eta square)

ASD1 TD1 t (df)2 or F da or ηp
2

M (SD) M (SD)

Written content (STWM)
 Total score 23.61 (4.21) 26.16 (2.78) − 4.13 (132)***2 .71a

 Ideas 4.08 (0.88) 4.32 (0.54) 3.57
 Organization 3.99 (0.78) 4.35 (0.58) 9.04** .06
 Voice 4.10 (0.89) 4.67 (0.69) 17.51*** .12
 Word choice 4.11 (0.75) 4.62 (0.53) 20.35*** .13
 Sentence fluency 3.87 (0.81) 4.21 (0.52) 8.49** .06
 Conventions 3.46 (0.85) 3.99 (0.83) 13.10*** .09

Handwriting legibility and 
speed (HLS)

 Total score 13.90 (3.40) 12.10 (3.11) 3.19(132)**2 .55a

 Legibility 2.68 (0.93) 2.14 (0.84) 12.25** .09
 Effort to read 2.94 (0.87) 2.63 (0.83) 4.33* .03
 Layout 3.00 (0.78) 2.61 (0.64) 9.88** .07
 Forming 2.90 (0.82) 2.78 (0.59) 1.05
 Alterations 2.38 (0.77) 1.94 (0.64) 12.83*** .09
 Speed 16.09 (5.72) 18.54 (5.43) − 2.54 (131)*2 .44a
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in step 1, while the HLS subscales and speed were added 
in step 2.

Collapsing groups, one hierarchical linear regression 
analysis was run to test the relative effect of group (ASD 
vs TD) and HLS total score and speed on the STWM total 
score. The control variables age, gender and intelligence 
were added in step 1, group in step 2, and the HLS total 
score and speed in step 3.

Results

Group Differences in Written Content (STWM) 
and Handwriting Legibility and Speed (HLS)

As presented in the upper half of Table 2, children and youth 
with ASD produced poorer written content than their TD 
peers, reflected in their significantly lower scores for the 
STWM total score and all its subscales except for ideas. 
Effect sizes indicated medium to large effects.

As presented in the bottom half of Table 2, children and 
youth with ASD produced lesser legible and slower hand-
writing than their TD peers, reflected in their significantly 
higher scores for the HLS total score and all its subscales 
except for forming, and their significantly lower scores for 
speed. Effect sizes indicated small to medium effects.

Correlations Between Written Content 
and Handwriting Legibility and Speed

As presented in Table 3, for both groups multiple significant 
negative correlations were found between the STWM total 
score and subscales and the HLS total score and subscales. 
Thus, the poorer (different aspects of) legibility, the poorer 
(different aspects of) written content. Also, for both groups 
significant positive correlations were found between the 
STWM total score and subscales and speed. Thus, the more 
words written per minute, the better (different aspects of) 
written content. Nevertheless, as Table 3 reports, 47 sig-
nificant correlations were found for children and youth with 
ASD with mainly strong effects, whereas for TD controls, 
only 29 significant correlations were reported with weak 
to moderate effects. Differences in significance of effect 
between groups were especially found regarding the asso-
ciation between STWM subscales voice and word voice, and 
the HLS total score and subscales.

Written Content Predicted by Handwriting Legibility 
and Speed

As presented in Table 4, the HLS subscales of effort to read 
and alterations significantly negatively predicted the STWM Ta
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total score for children and youth with ASD, meaning that 
the more effort needed to read the handwritten text and 
the more alterations, the poorer scores for written content. 
Also, speed significantly positively predicted written con-
tent, meaning that the faster the handwriting, the better the 
written content. Standardized beta’s showed that the effect 
of effort to read was strongest, followed by alterations and 
speed. Together, the HLS variables explained 54% of the 
variance of the STWM total score. For TD peers, only speed 
significantly positively predicted written content, meaning 
that the faster the handwriting, the better the written content. 
The HLS variables explained 18% of the variance of the 
STWM total score.

Written Content Predicted by Groups 
and Handwriting Legibility and Speed

As presented in Table 5, group significantly negatively pre-
dicted 19% of the variance of STWM total score, meaning 
that children and youth with ASD scored lower for writ-
ten content than TD peers. HLS total score negatively, and 
speed positively predicted handwriting legibility, explain-
ing an additional significant 40% of the variance of the 
total STWM across both groups, while 57% of the variance 
remained unaccounted for. Standardized beta’s show that 
the effect of handwriting legibility is strongest, followed by 
speed and group.

Discussion

This study aimed to enhance investigate writing of children 
and youth with ASD as compared to TD peers (ages 9 to 
14) by analyzing their written content (i.e., text generation) 
and handwriting legibility and speed (i.e., text transcription) 
and the relationship between both as assessed in a free-style 
handwriting task. Comprehensive and ecologically valid 
assessment tools were used, with the STWM assessing writ-
ten content and the HLS assessing handwriting legibility and 
speed. Together, results suggest that balancing the demands 
of text generation (i.e., producing written content) and text 
transcription (i.e., producing legible handwriting) is particu-
larly challenging for children and youth with ASD when 
compared to TD peers. Below, results are discussed and 
implementations for practice—tailored to the educational 
context—are provided, as well as limitations and directions 
for future research.

Group Differences in Written Content

Findings showed that children and youth with ASD scored 
lower than TD peers for two out of the three higher-order 
text features assessed (i.e., organization and voice) and all 
lower-order text features assessed (i.e., word choice, sen-
tence fluence, and conventions). Thus, where other studies 
have suggested that written content of children and youth 
with ASD is similar to, or poorer as those of TD children 
(Zajic & Wilson, 2020), our study, employing a free-style 
writing task that requires simultaneous performance of both 

Table 5  Written content (STWM total score) predicted by group and handwriting product legibility (n = 132)

Significant findings are displayed in bold
STWM six trait writing model, HLS handwriting legibility scale
*p < .05, **p < .01, ***p < .001

Predictor Model 1 Model 2 Model 3

B (SE) β t B (SE) β t B (SE) β t

Constant 16.39 (4.42) 3.71*** 10.65 (4.33) 2.46* 25.60 (4.23) 6.06***
Step 1
 Age 0.26 (0.31) .08 0.85 0.36 (0.29) .11 1.23 − 0.01 (0.26) − .00 1.12
 Gender 2.26 (0.85) .23 2.66** 2.30 (0.80) .24 2.89** − 0.63 (0.79) − .07 0.04
 Intelligence 0.05 (0.03) .13 1.41 0.05 (0.03) .14 1.66 − 0.02 (0.03) .05 1.09

Step 2
 Group −  2.69 (0.61) − .36 − 4.43*** − 1.21 (0.56) − .16 − 2.17*

Step 3
 HLS total score − 0.53 (0.09) − .47 − 5.86***
 Speed 0.17 (0.06) .25 3.00**

R2 (ΔR2) .07 .19 (.16) .43 (.40)
F (ΔF) 2.96* 7.45***(19.62***) 15.46*** (25.70***)
Observed power 1.00
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text generative and text transcriptive skills, showed that chil-
dren and youth with ASD scored lower for nearly all aspects 
of written content, confirming our first assumption. These 
findings align with the postulation that processing both text 
generative and text transcriptive writing demands simultane-
ously, increases cognitive demands and may thwart overall 
writing performance (e.g., Berninger, 1999; Christensen, 
2005).

Regarding the different features of written content, Zajic 
and Wilson (2020) have suggested to analyze how children 
and youth with ASD perform on higher-order level features 
as opposed to lower-order level features. Current findings 
suggest that both higher-order and lower-level features are 
challenging, which pleads for a comprehensive approach to 
the analysis of written content. Brown et al. (2014) investi-
gated a comprehensive array of written text features similar 
to our study, but only reported two higher-order features, 
lexical and syntactical complexity, to differ between children 
and youth with ASD and TD peers, while no differences 
were found for productivity, cohesiveness, writing conven-
tions, coherence, background information, organization and 
structure, and tone. In their study, participants were asked to 
self-generate free-style text on a computer. Given that chil-
dren and youth with ASD tend to produce faster writing of 
better content when keyboarding as compared to handwrit-
ing (Ashburner et al., 2012), it may not be surprising that our 
findings reflect group differences in more text features. Our 
findings also showed that the strongest effects were found for 
word choice and voice, suggesting that producing a strong, 
lively story supported by vivid and detailed words is most 
challenging for children and youth with ASD. No signifi-
cant differences were reported for the text feature of ideas 
(i.e., conveying a clear message). A lack of studies analyzing 
these respective features separately complicates comparison 
of and reflection on these results.

Group Differences in Handwriting Legibility 
and Speed

Findings showed that children and youth with ASD scored 
lower than TD peers for four out the five legibility features 
assessed (i.e., legibility, effort to read, layout, and altera-
tions), confirming our first assumption. As such, our results 
oppose the suggestion of Cartmill et al. (2009) that more 
holistic handwriting legibility assessment tools that focus on 
general impressions of legibility fail to capture the handwrit-
ing difficulties of children and youth with ASD.

In our study, layout was tested as a composite score of 
space, size and adjustment. Former studies have assessed 
either one of these separately and reported inconsistent find-
ings across these categories, with scores being similar to or 
lower as compared to those of TD peers (Zajic & Wilson, 
2020). The current findings suggest that when factored into 

one handwriting legibility feature, producing handwriting of 
neat layout is indeed challenging for children and youth with 
ASD. A significant difference was found between groups 
for the handwriting legibility feature of alterations. The one 
study assessing alterations as a separate category, referred 
to as corrections (Johnson et al., 2013), found no significant 
differences between children and youth with ASD and TD 
peers, however, this study used a copying task. Rosenblum 
et al. (2016) suggested that producing a free-style handwrit-
ing task is more challenging for children and youth with 
ASD as compared to a copying task, which may explain 
significant differences in alterations in our study. Form-
ing was the only legibility feature not to differ significantly 
across groups. A recent systematic review (Zajic & Wilson, 
2020) concluded that results regarding forming are incon-
sistent across studies, with some studies suggesting similar 
performance across groups (Cartmill et al., 2009; Fuentes 
et al., 2010), or lower and more variable performance among 
children and youth with ASD (Dirlikov et al., 2017; Fuentes 
et al., 2009, Grace et al., 2017a; Johnson et al., 2015). Hand-
writing tasks and handwriting assessment tools used varied 
highly across these studies, complicating cross-comparison 
and comparison with the current study.

Children and youth with ASD produced fewer words per 
minute than TD peers. Three other studies who investigated 
words per minute reported no significant differences between 
children and youth with ASD and TD peers for prescribed 
or copying tasks (Cartmill et al., 2009; Fuentes et al., 2009, 
2010). Having to balance both text generative and text tran-
scriptive demands in a free-style writing task may explain 
why participants with ASD in our study did write signifi-
cantly slower than TD peers. Moreover, other speed-related 
outcomes such as lower peak velocity were significantly 
different across groups, suggesting that children and youth 
with ASD are challenged when it comes to producing fast 
handwriting (Grace et al., 2017b; Johnson et al., 2015).

The Relationship Between Written Content 
and Handwriting Legibility and Speed

Across groups, poor written content was associated with 
poor handwriting legibility, and written content of good 
quality was associated with faster speed, confirming our sec-
ond assumption. Integration of text generative demands (i.e., 
written content) and text transcriptive demands (i.e., hand-
writing) increases cognitive processing demands (Chris-
tensen, 2005). When handwriting is impaired, an increase 
in cognitive processing demands limits cognitive capacity to 
devote full attention to the written content (Berninger et al., 
1992), which may explain why poor handwriting legibility 
was associated with poor written content. Fast handwrit-
ing on the other hand, suggests competency in handwrit-
ing. Hence, cognitive resources can be devoted to the text 
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generative phase, which may preserve the quality of the writ-
ten content (Case-Smith, 1996; Jones & Christensen, 1999). 
Alternatively, illegible handwriting may give the reader the 
false impression that the writer is not proficient in producing 
content of written quality, resulting in an unconscious bias 
in determining the quality of the written content (Broun, 
2009; Feder & Majnemer, 2007). Or, according to the writ-
ing theory of Hayes and Flower (1980), writing does not 
only consist of text generation and text transcription, but also 
text revision. Text revision refers to the writer reviewing, 
evaluating, and revising his or her own handwritten text to 
improve the quality of the written content. If writers cannot 
read their own text, this feedback is skipped, which may 
come at the cost of the quality of the written content.

For children and youth with ASD, poor effort to read and 
many alterations predicted poor total handwriting legibil-
ity. For TD peers, speed predicted written content. To our 
knowledge, no other studies have analyzed the relationship 
between handwriting legibility and written content, neither 
among children and youth with ASD, nor among the TD 
population. One study (Dockrell et al., 2014) assessed the 
association between written content and handwriting speed 
among children and youth with ASD and reported that writ-
ten content and speed were positively associated. However, 
written content and handwriting speed were measured with 
two different tasks and handwriting speed was measured as 
the number of alphabet letters written in one minute. Thus, 
in the study of Dockrell et al. (2014), participants did not 
have to generate text, which may have led to relatively faster 
writing speed which consequently positively affected writ-
ten content. Among TD children and youth, studies have 
consistently reported a positive relationship between writing 
speed—analyzed as the number of letters written per minute 
or seconds—and written content, analyzed as the number of 
ideas conveyed in an essay (Puranik & AlOtaiba, 2012), ana-
lysed as writing quality (i.e., ideas, organization, sentence 
structure and vocabulary) and text elements (i.e., premise, 
reasons, elaborations, and conclusions) (Limpo et al., 2017), 
or analysed as the number of recognized meaningful words 
(Salas & SilventeLi, 2020). Thus, whereas in the TD popula-
tion, fast handwriting relates to good written content, such 
an effect was not found among ASD children and youth in 
this study. This may suggest that the positive relationship 
between speed of handwriting and written content is medi-
ated by group, namely, that this positive effect does not hold 
for children and youth with the condition of ASD. However, 
more research is needed to replicate this finding.

Unique Effects of Group (ASD vs TD)

Collapsing groups, handwriting legibility and speed affected 
written content, even after controlling for group member-
ship. This suggests that written content of children and youth 

with ASD as compared to TD is—after having controlled for 
their relatively poorer performance on handwriting legibility 
and speed—explained by unique variance pertinent to group 
membership. Numerous studies have attempted to investi-
gate what underlying mechanisms explain unique written 
content and handwriting legibility and speed of children and 
youth with ASD as compared to TD peers (for an overview, 
see Zajic & Wilson, 2020) and have suggested a range of 
cognitive, sensory and motoric functions to affect writing of 
children and youth with ASD. However, none of the studies 
analysed how these functions affect balancing text genera-
tive demands (i.e., written content) and text transcriptive 
demands (i.e., and handwriting legibility and speed). Only 
one study (Limpo et al., 2017) found that for TD youth 
(12–17 years old) the executive metacognitive function of 
planning (assessed by means of students’ written plan for a 
writing task) mediated the relationship between handwriting 
speed and written content for TD children and youth, sug-
gesting that planning skills may explain the unique interplay 
between both aspects of writing for TD youth.

Recommendations for the Educational Content

The findings of our study lead to several practical recom-
mendations for the educational context. First, sensitivity is 
warranted to the unique challenges for children and youth 
with ASD when having to perform tasks that combine text 
generation with the text transcriptive skill of handwriting. 
Keyboarding has been suggested as a text transcriptive 
method that forestalls some of the problems experienced 
when handwriting (Broun, 2009). However, even though 
trends in results supported this suggestion, differences in 
writing speed and written content were not found to be sig-
nificant for children and youth with ASD in a keyboarding 
task as compared to a handwriting task (Ashburner et al., 
2012), leaving doubt on the effectivity of using keyboarding 
instead of handwriting.

Alterations and effort to read were identified as the 
handwriting legibility features that were most predictive 
of written content for children and youth with ASD. Since 
individualized handwriting interventions focusing directly 
on handwriting—rather than interventions focusing on 
underlying body functions that may affect handwriting such 
as motoric control—proved most effective (Santangelo & 
Graham, 2016), handwriting interventions should especially 
focus on helping children and youth with ASD to avoid 
alterations and enhance the readability of the handwritten 
product.

Lastly, given the found effect of handwriting legibility on 
written content, teachers should be aware of possible false 
impression of good written quality when handwriting looks 
neat (Broun, 2009; Case-Smith, 1996; Feder & Majnemer, 
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2007). Moreover, given the as well as consider lifting time 
constraints for children and youth with ASD.

Limitations and Recommendations 
for Future Research

The current study is limited in several ways. First, inter-
rater reliability results of the STWM and the HLS appeared 
acceptable, even though coders only passed the coding 
training after having achieved a high interrater reliability 
for the final tests. Thus, passing the coding training—six 
simulated coding training sessions in a week’s time—did 
not guarantee high interrater reliability ratings in the real-
life setting—coding dozens of samples over a period of 
three months. Repeating coding training sessions during 
the three months of real-life coding could have possibly 
led to higher interrater reliability results. Nevertheless, the 
ranges achieved in our study are considered reliable enough 
for research (Rosenblum et al., 2003a) and are in line with 
interrater reliability rates of other studies for the HLS (Bar-
nett et al., 2018). Also, the question is raised to what extent 
coders of writing assessment tools in a research setting can 
and should aim to achieve very high interrater reliability 
(Sudsawad et al., 2001). That is, if these writing assessment 
tools are to reflect the real-life setting of teachers judging 
content and legibility of writing samples, they should reflect 
the variable and subjective character of teachers’ legibility 
judgement (Sudsawad et al., 2001). Thus, rather than having 
to sacrifice an ecologically valid approach over interrater 
reliability, future research should analyse to what extent 
teachers’ judgement of written content and handwriting 
legibility is subjective (i.e., disagreement between teachers 
concerning the quality of written content and handwriting) 
and how this affects the standards for interrater reliability 
results in research settings.

Second, in the current study, handwritten samples were 
directly analysed for content. Thus, poor handwriting could 
have biased coder’ judgement of the written content of the 
samples (Broun, 2009; Feder & Majnemer, 2007). To avoid 
this bias, Ashburner et al. (2012) typed the handwritten 
text verbatim before it was analysed for written content. 
However, such a simulated research setting does not reflect 
the educational setting in which the relationship between 
handwriting legibility and written content is crucial for aca-
demic success. Future research should therefore both analyse 
handwritten samples for written content, as well as verbatim 
typed handwritten samples, to analyse the extent to which 
poor handwriting indeed affects coders’ judgement of the 
written content of the text.

Third, our study found unique variance in written con-
tent that was explained by group membership, however, did 
not include an analysis of what variables could potentially 

explain this unique variance. Future studies should unravel 
the underlying mechanisms of the relationship between writ-
ten content and handwriting legibility and speed for children 
and youth with ASD, to determine the unique group variance 
of their writing skills.

Conclusion

The current study aimed to enhance investigate the unique 
performance of children and youth with ASD as compared 
to TD peers on written content (i.e., text generation) and 
handwriting legibility and speed (i.e., text transcription), 
and the relationship between both. Findings showed that 
balancing text generative demands (i.e., producing writ-
ten content) and text transcriptive demands (i.e., producing 
legible and fast handwriting) is particularly challenging for 
children and youth with ASD when analyzed simultaneously 
in a free-style handwriting task, and assessed by means of 
comprehensive and ecologically valid instruments. For both 
children and youth with ASD and TD peers, poor handwrit-
ing legibility was associated with poor written content, and 
fast writing speed was associated with written content of 
good quality. However, stronger effect sizes were reported 
for children and youth with ASD and their handwriting leg-
ibility features ‘effort to read’ and ‘alterations’ uniquely 
predicted their written content. Collapsing groups, ASD 
group membership negatively predicted written content, 
even after controlling for handwriting legibility and speed. 
This suggests that written content of children and youth with 
ASD as compared to TD is—after having controlled for their 
relatively poorer performance on handwriting legibility and 
speed—explained by unique variance pertinent to group 
membership.
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