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Abstract

As researchers come to recognize the origins of dysgraphia, we can better suggest optimal 
approaches to remediation. In defining dysgraphia, we review the writing process, research 
on the development of writing, and various factors related to either spelling difficulties, vi-
sual-motor difficulties, or both, that might interfere in the process of writing. We conclude 
by exploring some potentially helpful remediation techniques that should be considered as 
educators, clinicians, researchers, teachers, and parents work together to ameliorate the po-
tentially devastating consequences of dysgraphia.
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My (e.g., McBride, 2019) interest in dysgraph-
ia developed gradually. I have taken les-
sons in Chinese on and off over the years. 

Each time I do, I try to write the Chinese characters 
assigned to me clearly and neatly, and every time I 
fail. My writing of Chinese looks out of proportion 
and often unclear, writing that might have been done 
by a child in kindergarten or first grade. I am further 
compelled to mention that I received the grade of 
C in handwriting in second grade (age 7). This was 
lower than most of the other grades I ever received, 
and I remember feeling shame at this evaluation. At 
the same time, however, I was quite a good speller, so 
handwriting and spelling for me were not conflated. 

Given my interest in cross-cultural literacy, I came 
to the research topic of dysgraphia relatively late. What 
particularly piqued my interest was a former student 
who did a project on Chinese dysgraphia (see McBride, 
2019). The project was well researched, and the student’s 
personal story was even more compelling: He had 
always had great difficulties in writing but never had 
problems in reading, in either Chinese or English. Before 
I got to know him and his story, I had always assumed 

that dysgraphia was primarily a by-product of the much 
better understood phenomenon of dyslexia. Now I 
realize that the phenomenon of dysgraphia is more 
complicated.

A focus on handwriting per se can help us to 
identify children with specific learning disabilities, 
such as dyslexia and dysgraphia. Although those with 
dyslexia are typically characterized as manifesting 
pronounced difficulties in spelling and word reading 
(Lyon et al., 2003), they also have distinctive hand-
writing characteristics. That is, children with dyslexia 
often manifest slow and poor-quality handwriting 
(Gosse & Van Reybroeck, 2020). Compared to those 
without dyslexia, Chinese children with dyslexia 
write significantly more slowly, with lower accuracy, 
greater character size, and more size variability (Lam 
et al., 2011), whereas children with dyslexia in alpha-
betic scripts tend to have greater spelling error rates 
attributable mainly to their impairments in phonolo-
gy (Sterling et al., 1998). Given these writing-related 
correlates of dyslexia, it is important to consider more 
precisely the nature of dysgraphia. What is it, and 
how can we separate dysgraphia from dyslexia?
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In this article, we begin by defining dysgraphia. 
Conceptualizations of dysgraphia are perhaps even 
more confusing and variable than are concepts of dys-
lexia. Nevertheless, it is crucial to settle on a consistent 
definition as well as to understand how dysgraphia is 
diagnosed across cultures. We then consider the writing 
process more generally. In order to understand writing 
difficulties, we must first grasp how writing progresses 
in a typically developing child or, indeed, in an adult 
learning to write in a new script. In reviewing the writ-
ing process, we particularly highlight the motoric and 
visual-orthographic skills required for writing across 
scripts. Our discussion concludes with a review of 
some approaches to remediation techniques for help-
ing those with dysgraphia. 

De"ning Dysgraphia 

According to the 5th edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5), dys-
graphia is categorized as a specific learning disorder 
(American Psychiatric Association, 2013), with an es-
timated prevalence of around 7-15% (Katusic et al., 
2009). Writing difficulties may be associated not only 
with dysgraphia but also with other disorders such as 
developmental coordination disorder (Biotteau et al., 
2019), dyslexia (Gosse & Van Reybroeck, 2020), autism 
(Mayes et al., 2019), and attention deficit hyperactive 
disorder (Rosenblum et al., 2008). Dysgraphia can ap-
pear alone, but it can also co-occur with other develop-
mental disorders (Chung & Patel, 2015). Therefore, to 
ensure accurate identification, it is imperative for a test 
used to diagnose dysgraphia to be valid and reliable.

 What is the definition of dysgraphia? These are 
two of the definitions that have been offered in an 
attempt to describe this difficulty precisely: Ham-
stra-Bletz and Blöte (1993) defined dysgraphia as a 
disturbance in the production of written language 
in relation to the mechanics of writing. In contrast, 
Chung et al. (2020) defined dysgraphia in a more 
comprehensive way, describing dysgraphia as a “dis-
order of writing ability at any stage, including prob-
lems with letter formation/legibility, letter spacing, 
spelling, fine motor coordination, rate of writing, 
grammar, and composition” (p. S46). 

Children have been estimated to spend around 
31-60% of their school day performing tasks involving 
handwriting and fine-motor tasks (Feder & Majnemer, 
2007). Although attitudes about handwriting may be 
changing given the prevalence of computers and cell 
phones, good handwriting skills remain important 
(e.g., Askvik et al., 2020; Kiefer et al., 2015). Poor writing 

and speaking development are related to various neg-
ative outcomes, including academic difficulties, as well 
as social-emotional and behavioral problems (Grigo-
renko, 2007). As a result, early identification is crucial 
for children with dysgraphia.

Deuel’s (1995) classification of dysgraphia into 
three categories is potentially useful for a precise di-
agnosis of dysgraphia (McBride, 2019). This classifica-
tion focuses on various abilities that contribute to the 
writing process as a means of identifying the specific 
difficulties of each individual who exhibits symptoms 
of dysgraphia. For example, Deuel (1995) focused on 
four tasks that are used to test for dysgraphia in chil-
dren; these are oral spelling skills, copying skills, draw-
ing skills, and finger-tapping speed. By focusing on 
strengths and weaknesses across these skills, one can 
potentially distinguish across three types of dysgraph-
ia, namely, dyslexic dysgraphia, spatial dysgraphia, and 
motor dysgraphia. 

The three subtypes of dysgraphia distinguished by 
Deuel (1995) are defined based on strengths and weak-
nesses of subskills as follows. Dyslexic dysgraphia im-
plies struggles related to writing that are caused by cor-
responding difficulties with spelling. Insecure spellers 
may write sub-optimally because of confusion around 
how to represent symbols. However, these children 
do not have spatial or motor difficulties per se. Rather, 
their main difficulties have to do with spelling or dic-
tation; such children have difficulties in spelling orally, 
but their spatial and motor skills are largely intact. In 
contrast, those with spatial dysgraphia have difficul-
ties in the production of writing in both spontaneous 
and copied written text (Deuel, 1995). Although these 
children have problems in representing text as well as 
two-dimensional drawings or other symbols, they do 
not struggle with motor movements; importantly, they 
do not have difficulties in spelling when asked to do so 
orally. Finally, those with motor dysgraphia, in addition 
to manifesting illegible writing in both spontaneous 
and copied contexts, demonstrate abnormal drawing 
and handwriting velocity (Deuel, 1995). 

A group of researchers has distinguished move-
ments involved in handwriting apart from cogni-
tive-linguistic skills related to spelling or dictation it-
self. For example, analyzing variables from 42 studies 
on handwriting movements in relation to dysgraphia, 
Danna et al. (2013) described the variables as falling 
into the three main categories of temporal, kinematic, 
and dynamical. 

There is some support for each of the three sub-
types of dysgraphia considered by Deuel (1995). For 
example, some researchers have focused on the overlap 
between dysgraphia and developmental dyslexia (Döh-
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la et al., 2018). Döhla and Heim (2016) presented a re-
view showcasing the similarity in underlying cognitive 
skills across dyslexia and dysgraphia; these include, for 
example, a phonological awareness deficit and an au-
tomatization deficit (Nicolson & Fawcett, 2011). How-
ever, some research has found that a central distinction 
between those with dyslexic dysgraphia and those with 
dyslexia only is that, typically, students with dyslexic 
dysgraphia tend to read at grade level, whereas those 
with dyslexia do not (Brown, 2019). Another distinction 
between dyslexia and dysgraphia involves differences 
in language mapping processes. Specifically, Berninger 
(2008) suggested that dysgraphia is a consequence of 
an inefficient mapping process involving verbal memo-
ry only in the direction of phonological to orthographic, 
whereas dyslexia results from inefficiency in mapping 
in both directions, namely, from orthographic to pho-
nological and from phonological to orthographic. 

In contrast, spatial dysgraphia is presumably 
caused primarily by visual-spatial difficulties, which, 
in turn, contribute to the prevalence of handwriting 
difficulties (Tal-Saban & Weintraub, 2019). Hécaen 
and Albert (1978, as cited in Rode et al., 2006) defined 
spatial dysgraphia according to four main features: 
(a) right-page preference, with writing often crowded 
onto the right side of the page; (b) inclination, partic-
ularly a failure to produce oblique lines and to write 
horizontally; (c) broken lines (i.e.,  leaving unusually 
large spaces between words leading to fragmentation 
of lines into small segments); and (d) graphic errors, 
including incorrect productions of strokes of given 
letters or characters. Presumably, these features could 
be generalized to various writing systems, such as 
Arabic or Persian, in which writing takes place from 
right to left (see McBride & Mohseni, 2020). Individ-
uals with visual-spatial dysgraphia likely do not man-
ifest oral spelling difficulties, but show distortions in 
how they copy or draw symbols or pictures.  

Finally, dysgraphia is also sometimes associat-
ed with poor motor control (Smits-Engelsman & Van 
Galen, 1997). Smits-Engelsman and Van Galen (1997) 
found that handwriting movement with dysgraphia 
produces greater  “noise”  and that often poor writing is 
related to failure to obey spatial constraints, resulting in 
a lack of consistency in handwriting. On the other hand, 
Nicolson and Fawcett (2011) suggested that dysgraphia 
may reflect a lack of automaticity at the cognitive level, 
including an impairment in the cerebellar-motor circuit. 
Further, adopting a test of tapping ability, Ben-Pazi et 
al. (2007) demonstrated that some children with poor 
handwriting quality manifested dysrhythmia. 

Other tests of finger tapping or finger succession 
(touching every finger to the thumb) can distinguish 

some children with writing difficulties, presumably 
because these children have specific difficulties with 
motor control (Berninger et al., 2006; Deuel, 1995). 
There is still a lot to be learned about dysgraphia 
across scripts. Deuel’s (1995) classification of forms of 
dysgraphia is helpful, but in practice more research 
studies on different aspects of dysgraphia are needed.

Some aspects of dysgraphia must also be con-
sidered in relation to the individual script. In par-
ticular, writing in Chinese is deemed more difficult 
than writing in English, given that Chinese requires 
greater visual discrimination of the fine differences in 
the forms and positions of strokes (Lam et al., 2011). 
McBride (2016) concluded that learning to both read 
and write in Chinese demands greater visual skills 
than in alphabetic orthographies. In addition, the 
writing styles in alphabetic and non-alphabetic writ-
ing systems differ. Alphabetic languages stress the 
importance of smoothness and continuity in writing 
(Rosenblum et al., 2003), whereas writing in Chinese 
often involves sharp turns of strokes and more pen 
lifts (Tseng, 1998). The differences in both the nature 
of the scripts and the writing styles in Chinese high-
light the importance of research on different scripts 
in order to shed light on additional issues related to 
dysgraphia. 

Testing for Dysgraphia

Despite a relative lack of consensus on the nature 
of dysgraphia worldwide, some fairly popular tests of 
handwriting have been used to diagnose dysgraph-
ia. For example, the Concise Assessment Method for 
Children’s Handwriting (BHK; Hamstra-Bletz et al., 
1987), a test of dysgraphia in Latin-alphabet-based 
writing (Asselborn et al., 2018), can be used to evaluate 
both quality and speed of writing (Van Waelvelder et 
al., 2012). The BHK consists of 13 criteria that are be-
lieved to provide a detailed analysis of the handwriting 
profiles of children who are either at risk for reading 
difficulties or who actually have dysgraphia (Overvelde 
& Hulstijn, 2011). Another test for dysgraphia in alpha-
betic writing is the Children’s Handwriting Evaluation 
Scale-Manuscript (CHES-M; Phelps & Stempel, 1988). 
Handwriting characteristics scored on this test include 
letter form, spacing, rhythm, and general appearance 
(Feder & Majnemer, 2003). However, the validity and 
reliability of the CHES-M have been questioned (Van 
Waelvelder et al., 2012). 

In Chinese, a few diagnostic tests of Chinese 
handwriting have also been developed, including the 
Chinese Handwriting Analysis System (CHAS; Li-
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Tsang et al., 2013) and Tseng’s Handwriting Speed 
Test (Tseng & Hsueh, 1997). Tests of visual-motor in-
tegration (e.g., Beery-Buktenica Developmental Test 
of Visual-Motor Integration; Beery et al., 1997) may 
also be used for the diagnosis of dysgraphia (Chung 
& Patel, 2015). Visual-motor integration skills are re-
lated to writing across the different scripts of English 
(Chung & Patel, 2015), Korean (Lee et al., 2019), and 
Chinese (Chung et al., 2018).

What Does the Writing Process Entail? 

Having reviewed some important diagnostic 
tools that are sometimes used to evaluate writing 
difficulties, we must take a step back and consid-
er the skills that are required for writing. Writing is 
a fundamental component of literacy. Children and 
adults who struggle to acquire writing skills face 
multiple impediments to their daily lives in activities 
such as note taking or providing signatures on doc-
uments (McCloskey & Rapp, 2017). In the context of 
dysgraphia, writing involves both visual-motor skills 
(i.e., the physical capacity to write) and sufficient or-
thographic/spelling/dictation knowledge to produce 
a given word in a given script. These two broad ele-
ments of the motoric and visual-orthographic aspects 
of word writing development and impairment can be 
considered somewhat separately. 

In the research of reading and writing, different 
models of word writing have been proposed; some 
of these even extend to writing composition (Bereiter 
& Scardamalia, 1987; Hayes & Flower, 1980; Kellogg, 
1996). One mode of the word writing process comes 
from McCloskey and Rapp (2017). 

In this spelling-to-dictation model (McCloskey 
& Rapp, 2017), both long-term phonological and or-
thographic memory are strongly emphasized. For ex-
ample, when we hear or think of a word (e.g., buy), 
this activates a phonological-grapheme representation 
in our phonological long-term memory (e.g., /baܼ/), in 
turn activating our lexical-semantic representation to 
help us to understand the context of the word (e.g., buy 
a snack). Finally, we retrieve the spelling of the selected 
word (e.g., buy, but not by or bye) from our orthograph-
ic long-term memory (McCloskey & Rapp, 2017). After 
the retrieval of the abstract letter/grapheme representa-
tion in our orthographic memory, both motor planning 
and production processes are required to produce writ-
ing (McCloskey & Rapp, 2017). For example, the ab-
stract letter representation is first converted into an ap-
propriate form of allographs (defined here as variants 
of a grapheme, such as “A” vs. “a”). Next, the allographic 

representation activates our graphic motor plans to en-
act the writing process, including where to begin on the 
page as well as the direction and movements of the pen 
(McCloskey & Rapp, 2017). Finally, our motor system 
executes the graphic motor plans we made and writes 
the word that we had in mind.  

Thus, handwriting is a multi-componential task. 
It includes perceptual, attentional, linguistic, and mo-
tor skills (Asselborn et al., 2018). The production of 
written words involves both the central and peripher-
al processes. The central process is responsible for the 
cognitive processes of retrieving, assembling, and se-
lecting the orthographic representation from the or-
thographic memory whereas the peripheral process 
is responsible for the generation of motor actions to 
produce writings (Delattre et al., 2006; Purcell et al., 
2011). The process of motor memory is unique to the 
entire writing operation (McCloskey & Rapp, 2017).

Poor handwriting sometimes reflects deficits in the 
central process. Kandel et al. (2017) argued that there 
is an interaction between the central and peripheral 
processes such that spelling modulates motor produc-
tion in children’s writing. These researchers suggested 
that the retrieval of the lexical orthographic represen-
tation during spelling continues during the production 
of handwriting, thus affecting the handwriting process 
(Kandel et al., 2017). A poor memory for either or-
thographic representation or motor movements can 
lead to handwriting deficiencies (Kandel et al., 2017; 
McCloskey & Rapp, 2017). Importantly, in their study 
of Chinese handwriting, Zhang and Feng (2017) also 
found that the central processes of handwriting affect 
the actual execution of handwriting. 

Complexity in Writing
What about the visual- orthographic characteris-

tics involved in writing? Orthographic complexity in an 
alphabetic script refers to the complications of spelling 
words when their written representations deviate from 
the basic one-to-one phoneme-grapheme correspon-
dence (Arfé et al., 2020). The orthography-phonology 
mapping varies across languages. For example, a trans-
parent one-to-one mapping occurs in Finnish, but a 
more abstract mapping is found in English (Wang et 
al., 2009). To elaborate, the less transparent mapping of 
the phoneme /k/ in the English language might include 
different spellings such as c in cat, ch in character, ck in 
check, and k in kick (Wang et al., 2009). The inconsis-
tency across orthographies causes differences not only 
in reading development across languages (Ziegler & 
Goswami, 2005) but also in writing development. For 
example, in Chinese, orthographic complexity relates 
to the number of strokes, number of radicals, and the 
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spatial composition of the radicals (Wang et al., 2020). 
When the number of strokes in Chinese characters 
increases, a person’s handwriting is more error-prone 
and slower at accessing orthographic codes (Wang et 
al., 2020). Furthermore, individuals require less time to 
access orthographic codes and hand-write left-right 
characters than characters with other compositions, 
such as those that are top-down (Wang et al., 2020) due 
to the familiarity effect (e.g., 75% of Chinese semantic 
radicals appear on the left side of the character; Feld-
man & Siok, 1997).

In conceptualizing dysgraphia in the context of 
the writing process, we must keep in mind that there 
are differences in visual complexity and discrimin-
ability of visual forms of graphs across distinctive 
writing systems and that such differences can affect 
the perceptual learning of grapheme forms (Chang 
et al., 2018). Grapheme complexity is strongly asso-
ciated with both learning time and learning difficulty 
– more time is needed to learn an orthography with 
higher grapheme complexity (Chang et al., 2016). 

Chang et al. (2018) devised a grapheme complexity 
measure to capture the differences in visual complex-
ity across writing systems. This measure includes four 
components, namely, perimetric complexity, number of 
disconnected components, number of connected points, 
and number of simple features. The authors (2018) com-
piled an ordering of grapheme complexity across 131 
languages, with traditional Chinese script highlighted 
as the most complex written language, and abjads and 
alphabets showing equally lower complexity levels. Fur-
thermore, the visual complexity of scripts has an effect on 
the perceptual load, suggesting that the increasing visual 
complexity of scripts may increase processing difficulty 
(alphasyllabry: Rao et al., 2011; abjad: Abdelhadi et al., 
2011). Hence, the acquisition of writing skills may be af-
fected by the visual complexity of a given writing system. 

The importance of visual-motor skills is particu-
larly highlighted in the acquisition of Chinese. Chi-
nese writing acquisition usually relies heavily on drill-
and-practice of writing or copying of each Chinese 
character over and over (Wu et al., 1999). Chinese 
learners are required to learn to copy Chinese char-
acters in the correct stroke orders (Wang & McBride, 
2017). Moreover, they must rely on fine-grained visu-
al discrimination of the forms and positions of strokes 
in learning to write in Chinese (Lam et al., 2011). 
Copying, a primarily visual-motor integrated skill, 
has been shown to explain unique variance in Chi-
nese word writing skills (Wang et al., 2014), whereas 
poor visual-motor integration is one of the prominent 
issues faced by Chinese children with slow handwrit-
ing (Tseng & Chow, 2000). 

Handwriting consolidates memorization of 
graphemes (alphabetic: Longcamp et al., 2005; 
morphosyllabic: Guan et al., 2011; alphasyllabary: Bhide, 
2018). Indeed, even novel copying skill is sometimes 
associated with reading (e.g., McBride-Chang et al., 
2011) and word writing (e.g., McBride-Chang et al., 2011; 
Wang et al., 2014). However, the extent to which copying 
skills facilitate orthographic learning may be restricted to 
novice learners (Naka & Naoi, 1995; Vaughn et al., 1992). 
Given all that we understand about the writing process 
in the context of dysgraphia and more generally, how 
can we help children with dysgraphia?

Dysgraphia Remediation 

As mentioned in relation to learning difficulties 
more generally (McBride, 2019), two overarching re-
mediation strategies should be considered for those 
with dysgraphia; namely, work around and work 
through. “Work around” strategies are ways to deal 
with the problem and accomplish tasks and assign-
ments despite it. Such strategies focus on how an in-
dividual with dysgraphia can produce good work in a 
given domain (e.g., handwriting an essay during an 
exam within a specified time period) using alternative 
techniques. The other type of remediation, sometimes 
referred to as “work through” strategies, consists of 
techniques by which individuals with dysgraphia can 
work on their difficulties by focusing on skills related 
to them. Here, the focus is on skills development, in-
cluding motor and visual skills, that directly contrib-
ute to the process of handwriting.

“Work Around” Strategies 
To start with, problems with handwriting can be 

remediated with the use of assistive technology. Allow-
ing individuals with dysgraphia to present their work in 
an alternative medium to handwriting can help to free 
up their cognitive resources to better focus on high-
er-order skills in writing assignments (McBride, 2019). 
The speech-to-text function helps to convert the user’s 
speech, produced orally, into text outputs with the us-
age of voice recognition software (Thiel et al., 2015). The 
use of speech-to-text technology is particularly bene-
ficial for improving the quality of content, vocabulary, 
and syntax of the text, as well as contributing to longer 
and more complex texts overall (Thiel et al., 2015).  

Typing using a keyboard is also generally accept-
ed as an alternative form of written communication 
for children with dysgraphia in the eyes of occupa-
tional therapists (Penso, 1990). In survey research, 
Freeman and colleagues (2004) found that 93% of the 
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443 occupational therapists in the Canadian Associ-
ation of Occupational Therapists who responded re-
ported that they frequently recommended typing on 
a keyboard as a  “work around”  alternative for clients 
with dysgraphia. Similarly, Cochran-Smith (1991) 
noted several advantages of word processing com-
pared to handwriting, including an increase in con-
tent quality and quantity, an increase in legibility, and 
more error-free texts as compared to written work. 

Typing and handwriting essentially require dis-
tinctly different skills; indeed, there is typically a 
low-to-moderate correlation between these two writ-
ing forms (Rogers & Case-Smith, 2002). Rogers and 
Case-Smith (2002) found that students who write 
slowly or with poor legibility demonstrate an increase 
in both quantity and legibility of text when they adopt 
typing as their written form of communication. The im-
pact of differing Chinese inputs in relation to typing re-
mediation of Chinese character is relatively unclear, but 
typing is possible for Chinese as well, particularly using 
a Pinyin (phonological coding, primarily using Roman 
alphabet letters) system. Thus, both text-to-speech and 
typing are simple alternatives to handwriting, and are 
the clearest  “work around”  strategies for managing 
dysgraphia at school or at work. 

“Work Through” Strategies
One potentially exciting approach to remediating 

handwriting difficulties incorporates neurofeedback. 
Neurofeedback, or EEG biofeedback, is viewed as a 
potentially useful, though relatively underdeveloped, 
treatment for several conditions, ranging from devel-
opmental disorders to mental illness to problems with 
physical balance (e.g., Hammond, 2007). The idea be-
hind neurofeedback it to provide real-time audio and 
visual feedback about brain waves in order to retrain 
abnormal brainwave patterns to produce healthier pat-
terns through operant conditioning (Hammond, 2007). 

This technique has been used in an attempt to 
alleviate handwriting difficulties (Harandi & Mogha-
dam, 2017; Walker, 2012). With only 5-10 neurofeed-
back training sessions, Walker (2012) succeeded in 
normalizing some abnormalities in cortical areas that 
are significant for handwriting in individuals with dys-
graphia. In addition, these individuals’ handwriting was 
also judged to have improved. To date, relatively few 
studies have been conducted on the utility of the neu-
rofeedback for ameliorating dysgraphia. However, this 
technique may be worth integrating into future training 
studies for those with writing difficulties.

Further, a multisensory approach linking aspects 
of visual, auditory, and kinesthetic-tactile skills (Ab-
dulkarim et al., 2017) has been recommended as a 

general remedy to handwriting problems in children 
(Amundson, 1992). The interaction of different mo-
dalities is believed to help students with dysgraphia 
to recognize cues that are provided by many different 
sensory channels in order to facilitate learning (Taf-
ti & Abdolrahmani, 2014). Examples of multisenso-
ry modalities and activities used in remediation of 
handwriting problems include  “sky writing”  letters 
in the air, finger writing using finger painting, and 
finger writing in sand or rice (Woodward & Swinth, 
2002).  A multisensory approach has proved to be 
beneficial for students with dysgraphia; for example, 
researchers have documented some improvement in 
writing performances, writing expression, and spell-
ing, as well as reduced social-emotional problems in 
students with dysgraphia (Abdulkarim et al., 2017). 

At a general level, children with dysgraphia may 
also require early therapy in basic processes related to 
writing (for a review, see McBride, 2019). For exam-
ple, some children benefit from exercises intended to 
strengthen their hands and fingers or focused on im-
proving fine-motor movements. In addition, it is im-
portant that children establish a handedness preference. 
Children should be encouraged to favor one hand over 
the other for holding a pen to write; such dominance 
indicates a specialization of one hemisphere of the brain 
over the other in writing activities. Forcing children who 
are naturally left-handed to write with their right hand 
can cause difficulties (for a review, see McBride, 2019). 

Another potentially useful focus for children with 
specific writing difficulties involves coordination between 
the hands to ensure optimal bilateral integration. 
For example, if one hand easily writes and the other 
easily holds the paper in place to facilitate writing, that 
collective, coordinated process makes the handwriting 
process easier. Finally, simply getting children interested 
in the writing implement, whether it is a pencil, pen, or 
marker, can be helpful for those with dysgraphia. Thus, 
one boy’s interest in a beautiful pen his mother gave him 
paved the way for his renewed practice and ultimate 
mastery of writing (McBride, 2019).

Perhaps the act of copying graphemes itself can 
additionally help in ameliorating handwriting problems. 
As children with dysgraphia may purposely avoid writing 
tasks given the frustration such tasks can cause (Rahim 
& Jamaludin, 2019), they may lack general practice in 
handwriting. The act of handwriting practice through 
repeated direct and delayed copying of letters and words 
can lead to a more automatic graphomotor control in 
handwriting (Beeson, 2004). Furthermore, copying tasks 
can be used to improve both spelling production and 
handwriting. For example, the copy and recall treatment 
(CART) paradigm requires individuals to copy a target 
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word repeatedly and then try to recall the spelling in 
a written picture-naming format (Beeson et al.,  2003). 
CART has been found to facilitate spelling, which, in 
turn, helped to ameliorate dysgraphia (Beeson et al., 
2003). Interestingly, individuals with dysgraphia may 
show differences in impairment between writing styles. 
For example, some are impaired in print writing but not 
in their ability to write in cursive (Hanley & Peters, 1996; 
Ingles et al., 2014). Research has also focused on the 
idea of using cursive writing as an intervention strategy 
for dysgraphia (Indira & Vijayan, 2015; Nalpon & Chia, 
2009). While teaching cursive writing to children appears 
to improve handwriting skills (Indira & Vijayan, 2015), it 
does not improve reading and spelling performance in 
children with dysgraphia (Nalpon & Chia, 2009).

Conclusion
This has been an overview of an important but un-

der-studied learning difficulty. It is critical to understand 
the writing process in its entirety in order to establish 
what specific difficulties might interfere with that pro-
cess, causing dysgraphia. Dysgraphia is, after all, extreme 
difficulty in the normal but very complicated process of 

writing. As technology progresses and children engage 
in more typing and less handwriting, dysgraphia may 
become less consequential and devastating for those 
who have it. However, handwriting remains important 
at least in some domains, and  understanding this diffi-
culty is helpful for teachers and parents worldwide. 

Given the different scripts that are used globally and 
the varying demands of each, dysgraphia is a particular 
learning problem that may glean critical understanding 
from cross-scriptal, cross-cultural comparisons. In addi-
tion, from our observations and experience, we view the 
topic of dysgraphia as incorporating many disciplines 
of study. Those in computer science, neuroscience, ed-
ucation, psychology, and occupational therapy, among 
others, all contribute important understanding of dys-
graphia We look forward to critical research globally on 
this topic in the years to come.

Acknowledgments
This research was supported by a General 

Research Fund of the Hong Kong Special Adminis-
trative Region Research Grants Council (14600818) 
to Catherine McBride.  

References
Abdelhadi, S., Ibrahim, R., & Eviatar, Z. (2011). Perceptual 

load in the reading of Arabic: Effects of orthographic 
visual complexity on detection. Writing Systems Re-
search, 3(2), 117-127.

Abdulkarim, W. F., Abdulrauf, M. S., & Elgendy, A. A. 
(2017). The effect of a multi-sensory  program on re-
ducing dyspraxia and dysgraphia among learning dis-
abled students in Rafha. Journal of Educational Sciences 
and Psychology, Ii(lxix), 1.

American Psychiatric Association. (2013). Diagnostic and 
statistical manual of mental disorders (5th ed.). Author. 
https://doi.org/10.1176/appi.books.9780890425596

Amundson, S. J. (1992). Handwriting: Evaluation and inter-
vention in school settings. In J. Case-Smith & C. Pe-
hoski (Eds.). Development of hand skills in the child (pp. 
63-78). American Occupational Therapy Association.

Arfé, B., Corato, F., Pizzocaro, E., & Merella, A. (2020). The 
effects of script and orthographic complexity on the 
handwriting and spelling performance of children 
with dyslexia. Journal of Learning Disabilities, 53(2), 96-
108. https://doi.org/10.1177/0022219419892845

Askvik, E. O., Van der Weel, F. R., & Van der Meer, A. L. 
(2020). The importance of cursive handwriting over 
typewriting for learning in the classroom: A high-den-
sity EEG study of 12-year-old children and young 
adults. Frontiers in Psychology, 11, 1810.

Asselborn, T., Gargot, T., KidziĔski, L., Johal, W., Cohen, 
D., Jolly, C., & Dillenbourg, P. (2018). Automated hu-
man-level diagnosis of dysgraphia using a consumer 
tablet. NPJ Digital Medicine, 1(1), 1-9.

Beery, K. E., Buktenica, N. A., & Beery, N. A. (1997). The 
Beery-Buktenica developmental test of visual-motor in-
tegration: VMI, with supplemental developmental tests of 
visual perception and motor coordination: administration, 
scoring and teaching manual. Modern Curriculum Press.

Beeson, P. M. (2004). Remediation of written language. Top-
ics in Stroke Rehabilitation, 11(1), 37-48. https://doi.
org/10.1310/D4AM-XY9Y-QDFT-YUR0

Beeson, P. M., Rising, K., & Volk, J. (2003). Writing treatment 
for severe aphasia. Journal of Speech, Language, and Hear-
ing Research, 46, 1038-1060. https://doi.org/10.1044/1092-
4388(2003/083)

Ben-Pazi, H., Kukke, S., & Sanger, T. D. (2007). Poor penman-
ship in children correlates with abnormal rhythmic tap-
ping: A broad functional temporal impairment. Journal of 
Child Neurology, 22(5), 543-549.

Bereiter, C., & Scardamalia, M. (1987). The psychology of writ-
ten composition. Erlbaum. https://doi.org/10.1016/B978-
0-08-088583-4.50006-6

Berninger, V. W. (2008). Defining and differentiating dys-
graphia, dyslexia, and language learning disability within 
a working memory model. In M. Mody & E. R. Silliman 

https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1177/0022219419892845
https://doi.org/10.1310/D4AM-XY9Y-QDFT-YUR0
https://doi.org/10.1310/D4AM-XY9Y-QDFT-YUR0
https://doi.org/10.1044/1092-4388(2003/083)
https://doi.org/10.1044/1092-4388(2003/083)
https://doi.org/10.1016/B978-0-08-088583-4.50006-6
https://doi.org/10.1016/B978-0-08-088583-4.50006-6


10     International Journal for Research in Learning Disabilities Vol. 5, No. 1

McBride and Cheah

(Eds.), Brain, behavior, and learning in language and reading 
disorders (pp. 103-134). Guilford Press.

Berninger, V. W., Abbott, R. D., Jones, J., Wolf, B. J., Gould, L., 
Anderson-Youngstrom, M., ... & Apel, K. (2006). Early 
development of language by hand: Composing, reading, 
listening, and speaking connections; three letter-writing 
modes; and fast mapping in spelling. Developmental 
Neuropsychology, 29(1), 61-92. https://doi.org/10.1207/
s15326942dn2901_5

Bhide, A. (2018). Copying helps novice learners build or-
thographic knowledge: Methods for teaching Devana-
gari Akshara. Reading and Writing, 31(1), 1-33. Inhttps://
doi.org/10.1007/s11145-017-9767-8

Biotteau, M., Danna, J., Baudou, É., Puyjarinet, F., Velay, J. L., 
Albaret, J. M., & Chaix, Y. (2019). Developmental coor-
dination disorder and dysgraphia: signs and symptoms, 
diagnosis, and rehabilitation. Neuropsychiatric Disease 
and Treatment, 15, 1873-1885. https://doi.org/10.2147/
NDT.S120514

Brown, M. (2019). Dysgraphia. Southeastern University 
FireScholars.https://firescholars.seu.edu/cgi/view-
content.cgi?article=1001&context=ccplus

Chang, L. Y., Chen, Y. C., & Perfetti, C. A. (2018). GraphCom: 
A multidimensional measure of graphic complexity ap-
plied to 131 written languages. Behavior Research Meth-
ods, 50(1), 427-449.

Chang, L. Y., Plaut, D. C., & Perfetti, C. A. (2016). Visual 
complexity in orthographic learning: Modeling learn-
ing across writing system variations. Scientific Studies of 
Reading, 20(1), 64-85.

Chung, K.K.H., Lam, C. B., & Cheung, K. C. (2018). Visuo-
motor integration and executive functioning are unique-
ly linked to Chinese word reading and writing in kin-
dergarten children. Reading and Writing, 31(1), 155-171. 
https://doi.org/10.1007/s11145-017-9779-4

Chung, P., & Patel, D. R. (2015). Dysgraphia. International Jour-
nal of Child and Adolescent Health, 8(1), 27-36.

Chung, P. J., Patel, D. R., & Nizami, I. (2020). Disorder of writ-
ten expression and dysgraphia: Definition, diagnosis, and 
management. Translational Pediatrics, 9(Suppl 1), S46-S54.

Cochran-Smith, M. (1991). Word processing and writing in 
elementary classrooms: A critical review of related lit-
erature. Review of Educational Research, 61(1), 107-155. 
https://doi.org/10.3102/00346543061001107

Danna, J., Paz-Villagrán, V., & Velay, J. L. (2013). Signal-to-
noise velocity peaks difference:A new method for eval-
uating the handwriting movement fluency in children 
with dysgraphia. Research in Developmental Disabili-
ties, 34(12), 4375-4384.

Delattre, M., Bonin, P., & Barry, C. (2006). Written spelling to 
dictation: Sound-to-spelling regularity affects both writ-
ing latencies and durations. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 32(6), 1330-1340.

Deuel, R. K. (1995). Developmental dysgraphia and motor 
skills disorders. Journal of Child Neurology, 10(suppl 1), 
S6-S8. https://doi.org/10.1177/08830738950100S103

Döhla, D., & Heim, S. (2016). Developmental dyslexia and 
dysgraphia: What can we learn from the one about the 
other?  Frontiers in Psychology, 6, 2045.

Döhla, D., Willmes, K., & Heim, S. (2018). Cognitive profiles 
of developmental dysgraphia. Frontiers in Psychology, 9, 
2006. https://doi.org/10.3389/fpsyg.2018.02006

Feder, K. P., & Majnemer, A. (2003). Children’s handwriting 
evaluation tools and their psychometric properties. Phys-
ical & Occupational Therapy in Pediatrics, 23(3), 65-84.  
https://doi.org/10.1080/J006v23n03_05

Feder, K. P., & Majnemer, A. (2007). Handwriting develop-
ment, competency, and intervention. Developmental 
Medicine & Child Neurology, 49(4), 312-317. https://doi.
org/10.1111/j.1469-8749.2007.00312.x

Feldman, L. B., & Siok, W. W. (1997). The role of component 
function in visual recognition of Chinese characters. Jour-
nal of Experimental Psychology: Learning, Memory, and 
Cognition, 23(3), 776-781. https://doi.org/10.1037/0278-
7393.23.3.776

Freeman, A. R., MacKinnon, J. R., & Miller, L. T. (2004). As-
sistive technology and handwriting problems: What do 
occupational therapists recommend? Canadian Jour-
nal of Occupational Therapy, 71(3), 150-160. https://doi.
org/10.1177/000841740407100305

Gosse, C., & Van Reybroeck, M. (2020). Do children with dys-
lexia present a handwriting deficit? Impact of word or-
thographic and graphic complexity on handwriting and 
spelling performance. Research in Developmental Disabil-
ities, 97, 103553.

Grigorenko, E. L. (2007). Rethinking disorders of spoken 
and written language: Generating workable hypothe-
ses. Journal of Developmental & Behavioral Pediatrics, 28(6), 
478-486. https://doi.org/10.1097/DBP.0b013e31811ff895

Guan, C. Q., Liu, Y., Chan, D. H. L., Ye, F., & Perfetti, C. A. 
(2011). Writing strengthens orthography and alphabet-
ic-coding strengthens phonology in learning to read 
Chinese. Journal of Educational Psychology, 103(3), 509-
522. https://doi.org/10.1037/a0023730

Hammond, D. C. (2007). What is neurofeedback?. Journal 
of Neurotherapy, 10(4), 25-36. https://doi.org/10.1300/
J184v10n04_04

Hamstra-Bletz, L., & Blöte, A. W. (1993). A longitudinal study 
on dysgraphic handwriting in primary school. Jour-
nal of Learning Disabilities, 26(10), 689-699. https://doi.
org/10.1177/002221949302601007

Hamstra-Bletz, L., DeBie, J., & Den Brinker, B. P. L. M. (1987). 
Concise evaluation scale for children’s handwriting.  Swets 
& Weitlinger

Hanley, J. R., & Peters, S. (1996). A dissociation between the 
ability to print and write cursively in lower-case let-

https://doi.org/10.1207/s15326942dn2901_5
https://doi.org/10.1207/s15326942dn2901_5
https://doi.org/10.1007/s11145-017-9767-8
https://doi.org/10.1007/s11145-017-9767-8
https://doi.org/10.2147/NDT.S120514
https://doi.org/10.2147/NDT.S120514
https://firescholars.seu.edu/cgi/viewcontent.cgi?article=1001&context=ccplus
https://firescholars.seu.edu/cgi/viewcontent.cgi?article=1001&context=ccplus
https://doi.org/10.1007/s11145-017-9779-4
https://doi.org/10.3102/00346543061001107
https://doi.org/10.1177/08830738950100S103
https://doi.org/10.3389/fpsyg.2018.02006
https://doi.org/10.1080/J006v23n03_05
https://doi.org/10.1111/j.1469-8749.2007.00312.x
https://doi.org/10.1111/j.1469-8749.2007.00312.x
https://doi.org/10.1037/0278-7393.23.3.776
https://doi.org/10.1037/0278-7393.23.3.776
https://doi.org/10.1177/000841740407100305
https://doi.org/10.1177/000841740407100305
https://doi.org/10.1097/DBP.0b013e31811ff895
https://doi.org/10.1037/a0023730
https://doi.org/10.1300/J184v10n04_04
https://doi.org/10.1300/J184v10n04_04
https://doi.org/10.1177/002221949302601007
https://doi.org/10.1177/002221949302601007


The “Write Stu!”: What Do We Know About Developmental Dysgraphia?

International Journal for Research in Learning Disabilities Vol. 5, No. 1     11

ters. Cortex, 32(4), 737-745. https://doi.org/10.1016/
S0010-9452(96)80043-8

Harandi, V., & Moghadam, N. K. (2017). A comparison 
of the effectiveness of neurofeedback (NFB) training 
method and Fernald’s multisensory approach on dic-
tation performance among students suffering from 
dictation disorder (dysgraphia). Focus on Medical Sci-
ences Journal, 3(2), 1-8. https://doi.org/10.21859/focs-
ci-03021421

Hayes, J. R., & Flower, L. S. (1980). Identifying the organiza-
tion of writing processes. In L. W. Gregg & E. R. Steinberg 
(Eds.), Cognitive processes in writing (pp. 3-30). Erlbaum.

Hécaen, H., & Albert, M. L. (1978). Human neuropsychology. 
John Wiley & Sons Inc.

Indira, A., & Vijayan, P. (2015). Teaching cursive hand writ-
ing as an intervention strategy for high school children 
with dysgraphia. International Academic Journal of Social 
Sciences, 2(12), 1-10.

Ingles, J. L., Fisk, J. D., Fleetwood, I., Burrell, S., & Darvesh, S. 
(2014). Peripheral dysgraphia: Dissociations of lowercase 
from uppercase letters and of print from cursive writing. 
Cognitive and Behavioral Neurology, 27(1), 31-47.

Kandel, S., Lassus-Sangosse, D., Grosjacques, G., & Perret, C. 
(2017). The impact of developmental dyslexia and dys-
graphia on movement production during word writing. 
Cognitive Neuropsychology, 34(3-4), 219-251. https://doi.or
g/10.1080/02643294.2017.1389706

Katusic, S. K., Colligan, R. C., Weaver, A. L., & Barbaresi, W. J. 
(2009). The forgotten learning disability: Epidemiology of 
written-language disorder in a population-based birth co-
hort (1976–1982), Rochester, Minnesota. Pediatrics, 123(5), 
1306-1313. https://doi.org/10.1542/peds.2008-2098

Kellogg, R. T. (1996). A model of working memory in writing. 
In C. M. Levy & S. Ransdell (Eds.), The science of writing: 
Theories, methods, individual differences, and applications (pp. 
57- 71). Lawrence Erlbaum Associates.

Kiefer, M., Schuler, S., Mayer, C., Trumpp, N. M., Hille, K., & 
Sachse, S. (2015). Handwriting or typewriting? The influ-
ence of pen- or keyboard-based writing training on read-
ing and writing performance in preschool children. Ad-
vances in Cognitive Psychology, 11(4), 136-146. https://doi.
org/10.5709/acp-0178-7

Lam, S. S., Au, R. K., Leung, H. W., & Li-Tsang, C. W. (2011). 
Chinese handwriting performance of primary school chil-
dren with dyslexia. Research in Developmental Disabilities, 
32(5), 1745-1756. https://doi.org/10.1016/j.ridd.2011.03.001

Lee, C. H., Kim, E. B., Lee, O., & Kim, E. Y. (2019). Development 
of the Korean Handwriting Assessment for Children Us-
ing Digital Image Processing. TIIS, 13(8), 4241-4254.

Li-Tsang, C. W., Wong, A. S., Leung, H. W., Cheng, J. S., 
Chiu, B. H., Linda, F. L., & Chung, R. C. (2013). Va-
lidation of the Chinese Handwriting Analysis System 
(CHAS) for primary school students in Hong Kong. Re-

search in Developmental Disabilities, 34(9), 2872-2883. 
https://doi.org/10.1016/j.ridd.2013.05.048

Longcamp, M., Zerbato-Poudou, M. T., & Velay, J. L. (2005). 
The influence of writing practice on letter recognition in 
preschool children: A comparison between handwriting 
and typing. Acta Psychologica, 119(1), 67-79. https://doi.
org/10.1016/j.actpsy.2004.10.019

Lyon, G. R., Shaywitz, S. E., & Shaywitz, B. A. (2003). A defi-
nition of dyslexia. Annals of Dyslexia, 53(1), 1-14. https://
doi.org/10.1007/s11881-003-0001-9

Mayes, S. D., Breaux, R. P., Calhoun, S. L., & Frye, S. S. (2019). 
High prevalence of dysgraphia in elementary through 
high school students with ADHD and autism. Jour-
nal of Attention Disorders, 23(8), 787-796. https://doi.
org/10.1177/1087054717720721

McBride, C. A. (2016). Is Chinese special? Four aspects of Chi-
nese literacy acquisition that might distinguish learning 
Chinese from learning alphabetic orthographies. Educa-
tional Psychology Review, 28(3), 523-549.

McBride, C. (2019). Coping with dyslexia, dysgraphia and 
ADHD: A global perspective. Routledge. https://doi.
org/10.4324/9781315115566

McBride, C., & Mohseni, F. (2020). Biliteracy [manuscript 
under review]. Department of Psychology, The Chinese 
University of Hong Kong, Hong Kong

McBride-Chang, C., Chung, K. K., & Tong, X. (2011). Copying 
skills in relation to word reading and writing in Chinese 
children with and without dyslexia. Journal of Experimen-
tal Child Psychology, 110(3), 422-433.

McCloskey, M., & Rapp, B. (2017). Developmental dysgraph-
ia: An overview and framework for research. Cognitive 
Neuropsychology, 34(3-4), 65-82. https://doi.org/10.1080
/02643294.2017.1369016

Naka, M., & Naoi, H. (1995). The effect of repeated writing 
on memory. Memory & Cognition, 23(2), 201-212. https://
doi.org/10.3758/BF03197222

Nalpon, L. A., & Chia, N. K. H. (2009). Does cursive handwrit-
ing have an impact on the reading and spelling perfor-
mance of children with dyslexic dysgraphia: A quasi-ex-
perimental study. Journal of Reading Literacy, 1, 66-106.

Nicolson, R. I., & Fawcett, A. J. (2011). Dyslexia, dysgraphia, 
procedural learning and the cerebellum. Cortex, 47, 117-
127. https://doi.org/10.1016/j.cortex.2009.08.016

Overvelde, A., & Hulstijn, W. (2011). Handwriting develop-
ment in grade 2 and grade 3 primary school children 
with normal, at risk, or dysgraphic characteristics. Re-
search in Developmental Disabilities, 32(2), 540-548.

Penso, D. E. (1990). Keyboard, graphic and handwriting skills: 
Helping people with motor disabilities. Chapman & Hall. 
https://doi.org/10.1007/978-1-4899-3162-7

Phelps, J., & Stempel, L. (1988). The Children’s Handwriting 
Evaluation Scale for manuscript writing. Reading Im-
provement, 25(4), 247-254.

https://doi.org/10.1016/S0010-9452(96)80043-8
https://doi.org/10.1016/S0010-9452(96)80043-8
https://doi.org/10.21859/focsci-03021421
https://doi.org/10.21859/focsci-03021421
https://doi.org/10.1080/02643294.2017.1389706
https://doi.org/10.1080/02643294.2017.1389706
https://doi.org/10.1542/peds.2008-2098
https://doi.org/10.5709/acp-0178-7
https://doi.org/10.5709/acp-0178-7
https://doi.org/10.1016/j.ridd.2011.03.001
https://doi.org/10.1016/j.ridd.2013.05.048
https://doi.org/10.1016/j.actpsy.2004.10.019
https://doi.org/10.1016/j.actpsy.2004.10.019
https://doi.org/10.1007/s11881-003-0001-9
https://doi.org/10.1007/s11881-003-0001-9
https://doi.org/10.1177/1087054717720721
https://doi.org/10.1177/1087054717720721
https://doi.org/10.4324/9781315115566
https://doi.org/10.4324/9781315115566
https://doi.org/10.1080/02643294.2017.1369016
https://doi.org/10.1080/02643294.2017.1369016
https://doi.org/10.3758/BF03197222
https://doi.org/10.3758/BF03197222
https://doi.org/10.1016/j.cortex.2009.08.016
https://doi.org/10.1007/978-1-4899-3162-7


12     International Journal for Research in Learning Disabilities Vol. 5, No. 1

McBride and Cheah

Purcell, J., Turkeltaub, P. E., Eden, G. F., & Rapp, B. (2011). Ex-
amining the central and peripheral processes of written 
word production through meta-analysis. Frontiers in Psy-
chology, 2, 239.

Rahim, N., & Jamaludin, Z. (2019). Write-rite: Enhanc-
ing handwriting proficiency of children with dys-
graphia. Journal of Information and Communication 
Technology, 18(3), 253-271. https://doi.org/10.32890/
jict2019.18.3.8290

Rao, C., Vaid, J., Srinivasan, N., & Chen, H. C. (2011). Or-
thographic characteristics speed Hindi word naming but 
slow Urdu naming: Evidence from Hindi/Urdu biliter-
ates. Reading and Writing, 24(6), 679-695.

Rode, G., Pisella, L., Marsal, L., Mercier, S., Rossetti, Y., & Bois-
son, D. (2006). Prism adaptation improves spatial dys-
graphia following right brain damage. Neuropsychologia, 
44(12), 2487-2493. https://doi.org/10.1016/j.neuropsy-
chologia.2006.04.002

Rogers, J., & Case-Smith, J. (2002). Relationships between 
handwriting and keyboarding performance of sixth-
grade students. American Journal of Occupational Thera-
py, 56(1), 34-39.

Rosenblum, S., Epsztein, L., & Josman, N. (2008). Handwrit-
ing performance of children with attention deficit hyper-
active disorders: A pilot study. Physical & Occupational 
Therapy in Pediatrics, 28(3), 219-234.

Rosenblum, S., Parush, S., & Weiss, P. L. (2003). Computer-
ized temporal handwriting characteristics of proficient 
and non-proficient handwriters. American Journal of Oc-
cupational Therapy, 57(2), 129-138.

Smits-Engelsman, B. C., & Van Galen, G. P. (1997). Dysgraph-
ia in children: Lasting psychomotor deficiency or tran-
sient developmental delay? Journal of Experimental Child 
Psychology, 67(2), 164-184.

Sterling, C., Farmer, M., Riddick, B., Morgan, S., & Matthews, 
C. (1998). Adult dyslexic writing. Dyslexia, 4(1), 1-15.

Tafti, M. A., & Abdolrahmani, E. (2014). The effects of a mul-
tisensory method combined with relaxation techniques 
on writing skills and homework anxiety in students with 
dysgraphia. International Journal of Psychology and Behav-
ioral Sciences, 4(4), 121-127.

Tal-Saban, M., & Weintraub, N. (2019). Motor functions of 
higher education students with dysgraphia. Research 
in Developmental Disabilities, 94, 103479. https://doi.
org/10.1016/j.ridd.2019.103479

Thiel, L., Sage, K., & Conroy, P. (2015). Retraining writing for 
functional purposes: A review of the writing therapy lit-
erature. Aphasiology, 29(4), 423-441.

Tseng, M. H. (1998). Development of pencil grip position in 
preschool children. The Occupational Therapy Journal of 
Research, 18(4), 207-224.

Tseng, M. H., & Chow, S. M. (2000). Perceptual-motor func-
tion of school-age children with slow handwriting 
speed. American Journal of Occupational Therapy, 54(1), 
83-88. https://doi.org/10.5014/ajot.54.1.83

Tseng, M. H., & Hsueh, I. P. (1997). Performance of school�
aged children on a Chinese handwriting speed test. Oc-
cupational Therapy International, 4(4), 294-303. https://
doi.org/10.1002/oti.61

Van Waelvelde, H., Hellinckx, T., Peersman, W., & Smits-En-
gelsman, B. C. (2012). SOS: A screening instrument to 
identify children with handwriting impairments. Physi-
cal & Occupational Therapy in Pediatrics, 32(3), 306-319. 
https://doi.org/10.3109/01942638.2012.678971

Vaughn, S., Schumm, J. S., & Gordon, J. (1992). Early spell-
ing acquisition: Does writing really beat the computer? 
Learning Disability Quarterly, 15(3), 223-228.

Walker, J. E. (2012). QEEG-guided neurofeedback for remedi-
ation of dysgraphia.  Biofeedback, 40(3), 113-114. https://
doi.org/10.5298/1081-5937-40.3.03

Wang, R., Huang, S., Zhou, Y., & Cai, Z. G. (2020). Chinese 
character handwriting: A large-scale behavioral study 
and a database. Behavior Research Methods, 52(1), 82-96.

Wang, M., Ko, I. Y., & Choi, J. (2009). The importance of mor-
phological awareness in Korean–English biliteracy ac-
quisition. Contemporary Educational Psychology, 34(2), 
132-142.

Wang, Y., & McBride, C. (2017). Beyond copying: A compari-
son of multi-component interventions on Chinese early 
literacy skills. International Journal of Behavioral Develop-
ment, 41(3), 380-389

Wang, Y., McBride-Chang, C., & Chan, S. F. (2014). Correlates 
of Chinese kindergarteners’ word reading and writing: 
The unique role of copying skills? Reading and Writing, 
27(7), 1281-1302. https://doi.org/10.1007/s11145-013-
9486-8

Woodward, S., & Swinth, Y. (2002). Multisensory approach to 
handwriting remediation: Perceptions of school-based 
occupational therapists. American Journal of Occupational 
Therapy, 56(3), 305-312.

Wu, X., Li, W., & Anderson, R. C. (1999). Reading instruction 
in China. Journal of Curriculum Studies, 31(5), 571-586. 
https://doi.org/10.1080/002202799183016

Zhang, Q., & Feng, C. (2017). The interaction between central 
and peripheral processing in Chinese handwritten pro-
duction: Evidence from the effect of lexicality and radical 
complexity. Frontiers in Psychology, 8, 334.

Ziegler, J. C., & Goswami, U. (2005). Reading acquisition, 
developmental dyslexia, and skilled reading across lan-
guages: A psycholinguistic grain size theory. Psycholog-
ical Bulletin, 131(1), 3-29. https://doi.org/10.1037/0033-
2909.131.1.3

https://doi.org/10.32890/jict2019.18.3.8290
https://doi.org/10.32890/jict2019.18.3.8290
https://doi.org/10.1016/j.neuropsychologia.2006.04.002
https://doi.org/10.1016/j.neuropsychologia.2006.04.002
https://doi.org/10.1016/j.ridd.2019.103479
https://doi.org/10.1016/j.ridd.2019.103479
https://doi.org/10.5014/ajot.54.1.83
https://doi.org/10.1002/oti.61
https://doi.org/10.1002/oti.61
https://doi.org/10.3109/01942638.2012.678971
https://doi.org/10.5298/1081-5937-40.3.03
https://doi.org/10.5298/1081-5937-40.3.03
https://doi.org/10.1007/s11145-013-9486-8
https://doi.org/10.1007/s11145-013-9486-8
https://doi.org/10.1080/002202799183016
https://doi.org/10.1037/0033-2909.131.1.3
https://doi.org/10.1037/0033-2909.131.1.3

