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Handwriting legibility across different
writing tasks in school-aged children

Yael Fogel1, Sara Rosenblum2 and Anna L. Barnett3

Abstract
Background: In school, children are required to perform a range of handwriting tasks. The writing needs to be legible to
the child and other readers. The aim of this study was to examine handwriting legibility across different writing tasks and to
explore which components might predict overall handwriting legibility.
Methods: This was a secondary analysis of data from 148 school-aged children across writing scripts obtained from the
Detailed Assessment of Speed of Handwriting: copying-best, copying-quickly and free-writing.
Results: Results showed that letter formation was the major predictor of the total HLS score, and significant differences in
handwriting legibility were found across the three tasks.
Conclusions: The HLS is a practical tool that can benefit occupational therapists who work in schools by assessing
handwriting legibility across different handwriting tasks.
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Introduction

One of the main tasks at school is writing: classwork such as
copying from the board to a notebook, writing answers in a
book or on paper when doing homework, composing es-
says, taking tests and more (Barnett et al., 2018; Rosenblum
& Gafni-Lachter, 2015). By the time children reach 8–
10 years, their handwriting usually becomes automatic, or-
ganised and available as a tool to facilitate the development of
ideas (Julius et al., 2016). To achieve this, handwriting must
be legible to the readers and to the writers themselves, for
example, to allow writers to re-read their scripts later.

Copying a text and free-writing tasks are two of the
most common writing tasks in school. Both involve lower-
level processes as described by Berninger et al. (2011) and
earlier by Kellogg’s (1996) model of writing. These lower-
level processes, such as graphomotor execution, need to be
mastered first in handwriting acquisition because they
demand conscious attention to the writing process and

close sensory guidance of the pen during writing
(Grabowski, 2010). However, self-generated writing tasks
also require recursive, strategic and challenging high-level
processes, such as described in the fundamental literature
of handwriting: (a) planning what to say and how to say it,
(b) translating ideas into written text and (c) revising what
has been written (e.g. Hayes & Flower, 1980; Zimmerman
& Risemberg, 1997). Van Galen’s (1991) psychomotor

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the

SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

1Department of Occupational Therapy, School of Health Sciences, Ariel
University, Israel
2Occupational Therapy, University of Haifa, Israel
3Department of Psychology, Health & Professional Development, Faculty of
Health & Life Sciences, Oxford Brookes University, UK

Corresponding author:
Yael Fogel, Department of Occupational Therapy, School of Health
Sciences, Ariel University, Ariel, 40700, Israel.
Email: yaelfo@ariel.ac.il

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/15691861221075709
https://journals.sagepub.com/home/hjo
https://orcid.org/0000-0002-7755-519X
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:yaelfo@ariel.ac.il
http://crossmark.crossref.org/dialog/?doi=10.1177%2F15691861221075709&domain=pdf&date_stamp=2022-02-18


model of handwriting, which refers to higher-level cog-
nitive processes and includes attention (activation of the
intention to write) and language (semantic retrieval and
syntactical construction) support these high-level processes.
More recently, these processes were defined as executive
functions (Graham et al., 2007; Rosenblum, 2018).

Legibility of handwritten tasks is important for deter-
mining what the writer is attempting to convey in terms of
knowledge or understanding of a topic (Collette et al.,
2017), and poorly formed handwriting often leads to
lower academic marks (Sweedler-Brown, 1992). Poor
legibility reflects lack of automaticity and therefore fewer
resources to attend to composition, which may lead to poor
writing content. Previous studies indicated that handwriting
difficulties, specifically the inability to produce legible
letters automatically and effortlessly at an appropriate
speed, may be an initial indication that a child is at risk for
developing inadequate composition skills (Berninger &
Amtmann, 2003), underachievement and low self-esteem
(Feder & Majnemer, 2007).

Additionally, poor legibility may cause assessors to mark the
work more harshly, leading to lower grades for the same content
as more legible work (Connelly et al., 2005). In school, papers
with clearer andmore legible handwriting aremore apt to receive
higher grades than are papers with poor penmanship, regardless
of content (Santangelo & Graham, 2016). Hammerschmidt and
Sudsawad (2004) indicated that while evaluating students’
handwriting, teachers judge whether the writing is legible and
quick by comparing with the students’ peers.

Although handwriting difficulties often cause concern
for parents, teachers and the children themselves
(Hammerschmidt& Sudsawad, 2004;Marquardt et al., 2016)
and are a major reason for referral for occupational therapy
assessment and treatment, there is a lack of robust practical
tools to assess legibility of the written product across tasks.
The literature describes two main approaches to measure
legibility: global evaluation scales and analytically based
evaluations (Rosenblum et al., 2003). The Handwriting
Legibility Scale (HLS) is a recently developed evaluation
scale that combines both global and analytic approaches in a
quick and easy-to-administer format and has been found
useful for identifying poor handwriting legibility (Barnett
et al., 2018; Prunty & Barnett, 2017). However, the HLS has
previously been applied only to free-writing text.

The aim of the current study was therefore to examine
how handwriting legibility is reflected in other writing tasks.
The handwriting legibility of school-aged children (9–
14 years) was compared across three handwriting tasks:
copying in best writing (‘copy-best’), copying-quickly
(‘copy-fast’) and generating their own text in a ‘free-
writing’ task. Additionally, legibility components were
examined to understand their contributions to the total
legibility score on each task.

The research hypotheses were:

Hypothesis 1: Significant differences will be found for
handwriting legibility (HLS components and total score)
across the three writing tasks.

Hypothesis 2: A significant correlation will be found
between the total HLS score in each task and the specific
HLS components (layout on the paper, letter formation
and alterations).
Hypothesis 3: Specific components of the HLS (layout
on the paper, letter formation and alterations) will predict
the total HLS score.

Method

Participants

This was a secondary analysis sample of data on 148
children aged 9–14 years (M = 11.45 years, SD = 1.7) who
formed part of a previous UK standardization sample: 72
(48.6%) boys (M = 11.42 years, SD = 1.7) and 76 (51.4%)
girls (M = 11.49 years, SD = 1.71). There were no significant
differences between boys and girls in age, t(146) =�.25, p = .8.

Procedure

The sample, described in (Barnett et al., 2018), was drawn
from the U.K. stratified sample of 546 children described in the
Detailed Assessment of Speed of Handwriting (DASH)
manual (Barnett et al., 2007). Ethical approval for the U.K.
standardization project was granted by the (Oxford Brookes
University Research Ethics Committee on 29 July 2005. No:
050158) Ethics Committee on 29 July 2005 (No. 050,158).
The handwriting scripts were taken from the original U.K.
Detailed Assessment of Speed of Handwriting standardization
sample. As for the DASH normative sample described in the
manual, the smaller sample used in the current study was
representative of the U.K. population in terms of gender, level
of parental education and race/ethnicity according to 2001U.K.
census data. The childrenwere selected from a range of schools
across the United Kingdom, including England, Scotland,
Wales and Northern Ireland. The parent/guardian of each child
participating in theU.K. standardization of theDASHprovided
written informed consent, and each child gave verbal assent
prior to commencement of testing on the DASH.

Instruments

Detailed Assessment of Speed of Handwriting: The DASH
provides a broad assessment of handwriting speed across a
range of writing tasks. It has U.K. norms for children aged
9–16 years. The internal reliability of the total DASH score
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is between .83 and .89, and the interrater reliability for the
four tasks is .99, as reported in the test manual (Barnett et al.,
2007). For the current study, three of the four primary
DASH tasks were used:

• A 10-minute free-writing task: In this task, the students
composed a text on the topic, ‘My Life’. Before starting to
write, the students were presented with a spider diagram
containing different facets and topics of life as writing
prompts and instructed that the prompts were only
suggestions – they could write about one or several topics
but should aim to write continuous text rather than a list.
They were instructed to use their ‘everyday’ handwriting
and first given 1 minute to generate ideas and make notes if
they wished.

• Copy-best task: This 2-minute task required the students
to repeatedly copy the short sentence, ‘The quick brown fox
jumps over the lazy dog’, in their ‘best’ handwriting.

•Copy-fast task: This 2-minute task required the students
to repeatedly copy the same short sentence, ‘The quick
brown fox jumps over the lazy dog’, using ‘fast’ hand-
writing but ensuring the tester could read it.

Handwriting Legibility Scale: The HLS was originally
developed using scripts from the DASH free-writing task. It
was designed to examine performance on five legibility
components: global legibility (overall readability on first
reading), overall effort required to read the script, layout
on the page, letter formation and alterations to writing
(attempts to rectify letters and words). Each component is
scored on a scale of 1 (good performance) to 5 (poor
performance) and then summed to give a total legibility
score ranging from 5 to 25. Higher scores reflect poorer
legibility. Interrater reliability and internal consistency
have been reported as high (0.92 in each case), with all
components loading on just one factor (Barnett et al.,
2018). In the current study, the HLS was applied to the
three tasks from the DASH and rated by an occupational
therapist with specific expertise in handwriting.

Data analysis

Amultivariate analysis of variance (MANOVA) was used to
examine differences in the HLS total score across the three

tasks, and Friedman tests to examine differences among the
HLS components between the handwriting tasks. Effect
sizes were calculated from the Wilcoxon post-hoc test by
dividing the absolute (positive) standardised test z statistic
by the square root of the number of pairs, and Cohen’s
classification of effect sizes was used (0.1 = small effect,
0.3 = moderate effect and 0.5 and above = large effect;
Rosenthal, 1996). Spearman correlation analyses were
conducted to examine relationships between the total HLS
score in each task and the component scores. Finally, a series
of forward stepwise linear regression analyses were performed
to determine which specific HLS components would best
predict the total score in each task.We included participant age
and gender in each regression analysis in light of the significant
negative and low correlations found between them and the
total HLS score in the free-writing task (age: r =�.19, p = .02;
gender: r =�.16, p = .05) and of existing knowledge about the
possible effects of age and gender on legibility. A significance
level of p < .05 was applied.

Results

Task differences: Handwriting legibility scale total
and component scores

Results of the MANOVA demonstrated significant differ-
ences between the three tasks in the total HLS score, F (2,
146) = 145.145, p < .001, ηp

2 = .66, with significant dif-
ferences among all tasks (Wilcoxon post-hoc test, p < .001).
A Friedman test was conducted to evaluate differences in
medians among the components across the three tasks
(Mdn = 3). Table 1 presents descriptive statistics for the HLS
components and tasks and statistical results for the Fried-
man test conducted between the three tasks.

In all HLS components, the free-writing score was higher
than the copy-fast and copy-best scores, and the copy-fast
scores were higher than the copy-best scores. Effect sizes
calculated for each component according to the Wilcoxon z
values were medium-to-strong for legibility (r = .39–.77),
effort (r = .40–.69) and alterations (r = .41–.77); medium for
layout on the page (r = .36–.50); and small for letter for-
mation (r = .26–.27).

Table 1. Comparison among the three tasks: Mean (M), standard deviation (SD), median (Mdn), X2 and p values.

HLS Component

Free-writing task Copy-fast task Copy-best task

χ2 pM (SD) Mdn M (SD) Mdn M (SD) Mdn

Global legibility 2.59 (1.01) 2 1.85 (0.92) 2 1.49 (.81) 1 136.04 <.001
Effort required 3.07 (1.10) 3 2.42 (1.08) 2 2.03 (.98) 2 96.33 <.001
Layout on page 2.61 (1.03) 2 2.36 (1.00) 2 1.97 (.88) 2 51.84 <.001
Letter formation 2.89 (0.88) 3 2.63 (0.98) 3 2.03 (.84) 2 109.83 <.001
Alterations 2.61 (0.78) 3 1.91 (0.75) 2 1.55 (.63) 1 146.18 <.001
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Correlations between total handwriting legibility
scale scores and handwriting legibility
scale components

High correlations were found between the total HLS score
and HLS components in all three tasks. Free-writing task:
layout on the page (r = .77, p < .001), letter formation
(r = .85, p < .001) and alterations (r = .70, p < .001). Copy-
best task: layout on the page (r = .65, p < .001), letter
formation (r = .84, p < .001) and alterations (r = .56, p <
.001). Copy-fast task: layout on the page (r = .73, p < .001),
letter formation (r = 88, p < .001) and alterations (r = .55,
p < .001).

Significantly high correlations were found between the
HLS total score and components in all three tasks. For the
free-writing task, correlations ranged from .49 (alterations)
to .87 (effort); For copy-best, correlations ranged from .26
(alterations) to .80 (effort), and for copy-fast, correlations
ranged from .24 (alterations) to .84 (effort). All correlations
were significant (p < .001).

Predicting total handwriting legibility scale score by
handwriting legibility scale components

A series of forward stepwise regression analyses was
conducted to determine which specific HLS component
(layout, letter formation or alterations) best predicted the
total HLS score in each task. To minimise multicollinearity,
only three HLS components were entered into the regres-
sion analysis: layout on the page, letter formation and al-
terations. For the free-writing task, the correlation between
layout on the page and letter formation was r = .53, p < .001;
layout on the page and alterations r = .50, p < .001; and letter
formation and alterations r = .49, p < .001. For the copy-best
task, the correlation between layout on the page and letter
formation was r = .38, p < .001; layout on the page and
alterations r = .30, p < .001; and letter formation and al-
terations r = .37, p < .001. For the copy-fast task, the
correlation between layout on the page and letter formation
was r = .51, p < .001; layout on the page and alterations

r = .25, p < .001; and letter formation and alterations r = .38,
p < .001.

Results of the first analysis (Table 2) indicated that the
HLS components predicted 91% of the total score of the
HLS free-writing task, F (1, 143) = 308.17, p < .001.
Specifically, letter formation predicted 69% of the variance
(ß = .85, p < .001), layout predicted 12% (ß = .44, p < .001),
age and gender predicted 6% (ß = �.16, p = .052) and
writing alterations predicted 4% (ß = .27, p < .001).

In the second analysis, results (Table 3) indicated the
HLS components predicted 88% of the total HLS score of
the copy-best task, F (5, 142) = 209.51, p < .001. Specif-
ically, letter formation predicted 71% of the variance (ß =
.85, p < .001), layout predicted 12% (ß = .38, p < .001),
alterations predicted 3% (ß = .35, p < .001) and age and
gender predicted 1% (ß = �.13, p = .28).

Results from the third analysis (Table 4) indicated the
HLS components predicted 93% of the total score of the
HLS copy-fast task, F (5, 142) = 373.09, p < .001. Spe-
cifically, letter formation predicted 79% (ß = .89, p < .001),
layout predicted 9% (ß = .37, p < .001) and alterations
predicted 4% (ß = .22, p < .001). Age and gender were not
found to be predictors in this analysis.

Discussion

The aim of this study was to examine the handwriting
legibility of school-aged children across different writing
tasks required at school by applying the HLS and to explore
which legibility components predict overall handwriting
legibility. The first research hypothesis was supported, with
significant differences in legibility found across the three
handwriting tasks. Of the three tasks, copy-best had the
lowest and free-writing had the highest total HLS and
component scores, with higher scores indicating poorer
legibility.

These results reflect the greater complexity of the free-
writing task, in which the children need to rely on their
abilities to generate text and, at the same time, produce
writing that is legible (Gilboa et al., 2014). Hayes and

Table 2. Predicting the total HLS score by HLS components, free-writing task.

HLS Component B SE B ß B SE B ß B SE B ß B SE B ß

Age �0.44 .19 �.18 �.32 .10 �.13** �.14 .07 �.06 .02 .06 .009
Gender �1.26 .65 �.16 .33 .35 .04 �.27 .25 �.03 .19 .20 �.020
Letter formation 3.9 .19 .85*** 2.72 .17 .60*** 2.33 .15 .510***
Layout on the paper 1.72 .15 .44*** 1.43 .12 .370***
Alterations 1.38 .16 .270***
R2 (Adjusted) .06 (.05) .75 (.74) .87 (.87) .91 (.91)
F 4.65* 142.81*** 246.04*** 308.17***

Note. N = 148.
*p < .05; **p < .01; ***p < .001.
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Flower’s (1980) model of skilled writing can help to
explain this complexity. According to their model, a free-
writing task requires text-generation abilities, which
correspond with generating ideas and then translating
them into language representations in working memory
(Berninger et al., 1992; De Vita et al., 2021; Hebert et al.,
2018). Copy tasks, by comparison, require mainly tran-
scription skills, which enable the writer to translate the
language representations into orthographic symbols using
pencil, pen or keyboard; these skills are presented as the
‘lower levels’ of writing production (Hebert et al., 2018).
In the current study, the HLS scores were also sufficiently
sensitive to reflect the different task demands for the copy-
best and copy-fast tasks, with poorer legibility scores
found for copy-fast. Here, the instructions focus more on
the production of fast handwriting, which seems to result
in a classic trade-off with accuracy, affecting the legibility
components and overall legibility of the text (Prunty &
Barnett, 2017).

These significant task differences reflect the sensitivity
of the HLS across different writing tasks and therefore the
potential value of this tool to assess classroom hand-
writing. Understanding the characteristics of different
writing tasks may help occupational therapists to appre-
ciate the impact of increasing cognitive loads on the
legibility of written assignments (i.e. copying from the

board, dictation and composition). This should be con-
sidered when choosing which task(s) to use to identify
children with poor handwriting legibility. Those with
severe difficulties may be identified even when task de-
mands are low (e.g. copying with no time pressure). For
others, their difficulties may become apparent only when
task demands increase, such as in text-generation tasks.
Assessment across a range of writing tasks may thus
provide useful information for the classroom teacher and
may refine the reason for referral to occupational therapy.
In this way, the occupational therapist can be more precise
in choosing appropriate assessment tools and adapt the
treatment to the needs of the individual child and the
educational setting (American Occupational Therapy
Association, 2020).

Additionally, the positive and strong correlations found
between the HLS total score and the three specific com-
ponents highlight the importance of focussing on the
handwriting legibility components. The results indicate that
a copying or self-generated script with clear letter forma-
tion, organised layout on the page and few alterations will
be more legible and easier to read, and vice versa. The HLS
provides the rater with a structured way to focus on and
evaluate these separate components in addition to judging
the overall legibility of the text (Prunty & Barnett, 2017).
We suggest that application of the HLS helps highlight for

Table 3. Predicting the total HLS score by HLS components, copy-best task.

HLS Component B SE B ß B SE B ß B SE B ß B SE B ß

Age �.07 .15 �.04 �.12 .08 �.07 �.12 .06 �.06 �.09 .05 �.05
Gender �.80 .52 �.13 �.10 .28 �.02 �.21 .20 �.03 �.08 .19 �.01
Letter formation 3.17 .16 .85*** 2.60 .13 .70*** 2.35 .12 .63***
Layout on the paper 1.36 .13 .38*** 1.25 .11 .35***
Alterations 1.03 .16 .20***
R2 (Adjusted) .020 (.004) .720 (.720) .850 (.840) .880 (.880)
F 1.28 126.70*** 197.26*** 209.51***

Note. N = 148.
***p < .001.

Table 4. Predicting the total HLS score by HLS components, copy-fast task.

HLS Component B SE B ß B SE B ß B SE B ß B SE B ß

Age .00 .18 .00 �.15 .08 �.07 �.06 .06 �.03 .00 .05 .00
Gender �.06 .63 �.00 .49 .29 .06 �.08 .22 �.01 .04 .18 .00
Letter formation 3.50 .15 .89*** 2.75 .13 .70*** 2.44 .10 .62***
Layout on the paper 1.41 .13 .37*** 1.33 .10 .35***
Alterations 1.14 .13 .22***
R2 (Adjusted) .00 (�.01) .79 (.79) .89 (.88) .93 (.93)
F .00 182.46*** 283.35*** 373.09***

Note. N = 148.
***p < .001.
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an occupational therapist which aspects of the handwriting
could be the focus for further teaching and practise, thus
promoting handwriting instruction in school. In their meta-
analysis, Santangelo and Graham (2016) found that ex-
plicitly teaching handwriting not only improved students’
handwriting legibility and fluency but also enhanced the
quality of their written compositions.

Based on the high correlation between handwriting
legibility components, the third research hypothesis of this
study concerned understanding the contribution of the three
legibility components to the total HLS score of each task.
The results reflect high percentages of prediction in all three
writing tasks, indicating that the handwriting legibility
components have significant and high contributions to total
legibility. In addition, the contributions were similar in the
three writing tasks: letter formation was the highest pre-
dictive component, followed by layout on the page, with
alterations the least predictive.

This result is consistent with findings of previous studies
that investigated legibility components and their impact on
overall legibility. Letter formation has consistently been
found to contribute more than any other component to the
legibility of writing samples (Caravolas et al., 2020; Prunty
& Barnett, 2017; Weintraub et al., 2007). From the legibility
components of 9- to 13-year-old children with learning
disabilities, Graham and Harris (1989) found letter for-
mation had the most substantial impact on overall legibility,
explaining 44% of the variance in a writing task (writing
argumentative essays). When teachers and therapists were
asked for their views on important aspects of legibility, they
concluded that letter formation, size (Daniel & Froude,
1998) and ‘proper’ spacing (Hammerschmidt &
Sudsawad, 2004) were most important for overall hand-
writing legibility in children. Similarly, in their sample of
134 Israeli students aged 12–16 years, Weintraub et al.
(2007) reported that letter formation was the only significant
component that contributed to handwriting legibility in a
copying-and-dictation writing task. The importance of letter
formation seen in the current study and its consistency with
previous findings across different tasks emphasises the need
to focus teaching specifically on this aspect of handwriting
to improve overall legibility.

Limitations

Assessment of legibility inevitably involves some element
of subjectivity, and one limitation of the current study was
the use of only one rater for the HLS. Although good in-
terrater reliability was previously reported for the HLS
(Barnett et al., 2018), this may differ among individuals. In
the current study, the rater was an occupational therapist
with specific expertise in handwriting. However, because
the HLS is a subjective rating – rated by only one rater –
there may be bias. Another potential study limitation is that

the sample did not specifically include children with dif-
ficulties, and in the current study, the age of participants
ranged from 9 to 14 years. Additionally, another limitation
may relate to the possible multicollinearity in the third aim
that examine which components of the HLS would predict
the total HLS score through the use of regression analysis. A
final possible limitation relates to the date of production of
the original handwriting scripts for this study and gener-
alisation to current handwriting of school children. Al-
though handwriting is still commonly used in UK
classrooms, increasing use of computers since 2006 may
have led to changes in handwriting legibility.

Recommendations for future studies

Future research could examine whether other raters and
other professionals (e.g. teachers) would produce different
scores. It would be interesting to examine whether there are
differences in the ways professionals ‘see’ legibility across
the tasks. Future research could include children with
handwriting difficulties to see whether the findings remain
the same across the tasks, and examine a wider age range
(e.g. children and adults) to examine the consistency of the
findings across age.

Conclusions

Handwriting legibility in copying and free-writing tasks is
required from school-aged children. Increasing task com-
plexity and the need for higher-level processes can be re-
flected in decreased text legibility. The HLS was found to be
a sensitive tool to assess handwriting legibility across
different tasks.

Implications for occupational therapy

Occupational therapists can benefit from using the HLS to
assess handwriting legibility across writing tasks among
school-aged children and draw attention to the different
components of handwriting legibility. Task analysis may
help them understand the child’s personal needs and focus
on the relevant handwriting legibility components in
evaluation and intervention processes.
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