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Zati Izni Achmy, Masne Kadar, Nor Afifi Razaob*, Farahiyah Wan Yunus
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Malaysia, Kuala Lumpur, Malaysia

Abstract

Handwriting development is essential for academic performance, yet the research on the factors contributing to it is scant. This systematic review aimed to
provide a comprehensive overview of the factors contributing to handwriting development among preschool children that may benefit public health knowledge,
especially among teachers, parents, and therapists. A systematic search was conducted using four databases: PubMed, ERIC, CINAHL, and Google Scholar.
During the preliminary search, 565 relevant studies were found. Screening, review selection, and characterization were performed based on the inclusion and
exclusion criteria. The inclusion criteria included preschool children, quantitative, written in English, and published in January 2012—January 2022. The ex-
clusion criteria were studies involving children with specific diagnoses. A consensus agreement was obtained, and ten studies were eventually selected for
the comprehensive review. Executive function, letter knowledge, motor skills, and writing surface were identified. These factors indicated that handwriting was
not an independent process, as its acquisition involved numerous components. This systematic review confirmed that executive function, letter knowledge,
motor skills, and writing surface influenced handwriting development. More randomized controlled trials should be conducted to provide more conclusive and

exhaustive evidence.
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Introduction

Handwriting is a medium of communication that al-
lows users to project thoughts and ideas. During child-
hood, handwriting is a significant occupation required
for classroom participation as it is part of the educational
component and represents children’s understanding of
subjects during learning sessions and examinations.
Handwriting development begins with children scrib-
bling on paper before prewriting skills evolve, and over
time they master handwriting skills.! In preschool, child-
ren are exposed to prewriting activities such as tracing
and coloring; over time, they learn writing alphabets and
simple words such as names. The acquisition of letter
writing occurred between the ages of 6 and 7, while at
the age of 8, children focused more on improving move-
ment control and further achieved writing automation at
the age of 10.2

Handwriting is vital and must not be underestimated,
even in a world dominated by computers and keyboards.
It could contribute to developing other skills such as
reading skills,3 recognition skills,* and visual-spatial

skills.* The neural activation in the left inferior frontal
gyrus (IFG), also known as Broca’s area, and left anterior
cingulate cortex, was observed to be more significant af-
ter writing than typing.3 Therefore, the study suggests
that handwriting development during early childhood
could aid in developing reading skills.3 Compared to typ-
ing by keyboard, handwriting could also encourage learn-
ing letters and improve visuospatial skills. In addition, a
study found that handwriting fostered letter recognition
and highlighted that hand production or handwriting en-
courages letter knowledge compared to visual study
alone.>

Handwriting becomes increasingly important and in-
tricate with increasing age. A review by Dinehart,0 eluci-
dates how good handwriting can influence academic per-
formance. According to the review study, first, teachers
tend to give more marks to legible assignments. Second,
children who struggle with handwriting are more likely
to focus on the act of writing rather than on the content
of their composition.® Last, children who are frustrated
with their handwriting are less likely to write more and
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tend to feel awful about their handwriting, which, conse-
quently, affects their content.® Furthermore, poor hand-
writing negatively affects students’ academic perform-
ance in terms of time management, work completion,
writing compliance, and legibility.!

Difficulty in handwriting is also a specific learning
disability, referred to as dysgraphia, a disorder that en-
tails the inability to write; it encompasses acquired and
developmental dysgraphia.” Acquired dysgraphia is when
brain pathways are disrupted, causing the loss of previ-
ously acquired skills, possibly due to brain injury or de-
generative disease.® Developmental dysgraphia entails
difficulty in developing handwriting skills regardless of
adequate learning opportunities and cognitive skills; this
type of dysgraphia is common among children.” Never-
theless, compared to dyslexia, which is more frequently
highlighted in terms of specific learning disabilities,
awareness and knowledge of dysgraphia are still scant.
No gold standard is available to diagnose dysgraphia.® A
study conducted to assess the knowledge of specific
learning disabilities among teachers in Ethiopia showed
that teachers exhibited poor knowledge regarding specif-
ic learning disabilities.® This is significantly alarming as
teachers responsible for children’s learning demonstrated
poor knowledge of dysgraphia; the public presumably
had poor or no knowledge at all. This lack of knowledge
among teachers and the public, particularly parents, may
lead to late diagnosis, which consequently affects chil-
dren’s learning performance. Public health awareness is
important for educating people about dysgraphia and
seeking early intervention.

Previous literature showed that about 6% to 33% of
children had handwriting difficulties.!0 Commonly, oc-
cupational therapists use handwriting assessments to
identify the problems and guide the intervention.
Standardized assessments are beneficial in assessing
handwriting performance and factors that influence
handwriting, as well as monitoring progress.!! However,
there are discrepancies across handwriting assessments
used by occupational therapists. Some available hand-
writing assessments, such as the Minnesota Handwriting
Assessment and Test of Handwriting Skills-Revised, fo-
cus solely on performance tasks. In contrast, handwriting
assessments, such as shore handwriting screening and
print tools, incorporate both performance tasks and un-
derlying factors. Performance tasks include copying, writ-
ing, and tracing, while underlying factors include fine
motor, cognitive, and gross motor skills. Studies on early
handwriting acquisition tend to focus more on the pro-
duct than on the process underlying these skills, which
may account for these discrepancies.12

According to Case-Smith and O’Brien,! alphabet writ-
ing, copying, composition, writing speed, legibility, and
biomechanical factors need to be examined when evaluat-
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ing handwriting. However, some components proposed
by Case-Smith and O’Brien,! are unsuitable for assessing
preschool children. For instance, composition and writ-
ing speed are important because preschool children are
still in the handwriting development phase. Therefore,
factors influencing handwriting development in pre-
school children must be identified so that occupational
therapists and educators can provide interventions for
children. Occupational therapists are health care profes-
sionals working with individuals to achieve optimal
health and well-being through participation in life occu-
pations. In the pediatric population, occupations from an
occupational therapist’s perspective are activities of daily
living, education, social participation, and play.!

Understanding the factors that affect handwriting per-
formance could assist occupational therapists in provid-
ing interventions to help children improve.!3 These fac-
tors may be biomechanical, sensorimotor, or teaching-
learning perspectives. This review aimed to clarify and
identify factors in terms of skills or components that
might influence handwriting development among pre-
school children. Hence, the findings of this review would
benefit therapists, educators, and parents as public per-
sons in delivering the best intervention to improve hand-
writing acquisition and mitigate the risk of handwriting
difficulties among preschool children. This review also
might benefit public health by gaining more information
on the factors influencing handwriting development.

Method

This review was conducted following the updated pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA).14 First, this review formulated the
research question based on the PICO model, where P, 1,
C, and O denoted the patient/population, intervention,
comparison, and outcome, respectively. As this review
involved observational studies and no comparison of in-
terventions, only P and O were used to formulate the re-
search question.!> The target population was preschool
children, and the outcome measured was the factors in-
fluencing handwriting development. Therefore, the re-
search question of this review was “What are the factors
that influence handwriting development among pre-
school children?” This review identified the existing evi-
dence to answer this question.

The next step was to identify the relevant studies.
The search strategy involved the search for potential
studies, and the study selection was based on the inclu-
sion and exclusion criteria. The search strategy, inclusion
and exclusion criteria, study selection, and data extract-
ion are explained below.

Search Strategy
A comprehensive search of electronic databases,
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Figure 1. The Flowchart for the Studies Selection

including PubMed, ERIC, CINAHL, and Google Scholar,
through the first 20 pages, was conducted from August
2021 to January 2022. The authors devised search terms
refined through discussions with experienced librarians.
The search strings including Boolean operators were used
for combining the search terms; (“Factors” OR “assoc-
iated factors” OR “components”) AND (“handwriting
development” OR “handwriting acquisition” OR “hand-
writing readiness” OR handwriting skills) AND
(“preschool children” OR “kindergarten children” OR
“children aged 4-6 years”). The same search strategy was
used for all databases (Figure 1).

Inclusion and Exclusion Criteria

This review comprised studies related to handwriting
development among preschool children. The inclusion
criteria in this study were studies involving preschool
children, quantitative, written in English, and published
in January 2012-January 2022. The exclusion criteria
were studies whose participants had specific diagnoses
such as dyslexia, autism spectrum disorder (ASD), and
cerebral palsy.

Study Selection

A total of 565 articles were identified based on the in-
clusion and exclusion criteria. The study selection in-
volved several critical steps. The first step was eliminat-

ing duplicate or similar documents, leaving 255 articles
for subsequent phases. The screening of titles and ab-
stracts of the studies selected was independently done.
Of the 255 articles, 67 were selected for retrieval based
on articles that met the inclusion criteria. Of the 67 arti-
cles, 15 were eliminated as no full-text articles were avail-
able, and 20 were eliminated as the participants had un-
derlying health conditions, such as ASD and develop-
mental coordination disorder (DCD).

In addition, non-English articles were eliminated, as
the translation process might influence the exact meaning
of the articles and the comprehension of authors, 24 se-
lected articles were then reviewed; and discussions were
held to reach a consensus on the final selection. Of the
24 retrieved studies, nine were eliminated as the outcome
did not answer the research question, and five were elimi-
nated as the studies examined the effectiveness of a spe-
cific intervention. For instance, a study measured the ef-
fectiveness of a specific handwriting curriculum, such as
handwriting without tears. Since this review aimed to as-
certain the influential factors to handwriting develop-
ment, the intervention study did not answer the research
question accurately. Finally, only 10 articles were select-
ed for this review study.

Data Extraction
A standardized data extraction form was developed.
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The selected studies were reviewed, and all relevant data
were extracted independently. Two or three reviewers
were suggested for the data extraction process to reduce
bias and error.15 Relevant data, including author, year of
publication, study design, sample size, country of popu-
lation studies, and study findings, were extracted.

Results
Clinical Appraisal of the Studies

Table 1 shows the study appraisal using the McMaster
Critical Review Form. The included studies were inde-
pendently reviewed and discussed until reaching a con-
sensus. All the included studies had a clear purpose, rele-
vant literature, reliable and valid outcome measures, ap-
propriate conclusions, and implications. However, none
of the studies justified the sample size used. Moreover,
five studies did not report dropouts.

Study Characteristics

This review included 10 articles from four databases;
three studies were conducted in the United States, two in
South Korea, two in Germany, and one in Brazil,
Australia, and Egypt. Each study was published in 2012,
2014, 2015, 2016, 2017, and 2020, except for 2018 and
2021, two studies were published (Table 2). The studies
listed were observational studies with a sample size rang-
ing from 25 to 166 preschool children. Two studies com-
pared other populations, including elementary-aged chil-
dren and adults. Therefore, only data pertaining to pre-
school children were included in this review, which fo-
cused on preschool children. Four factors, including let-
ter knowledge, motor skills, executive functions, and

Table 1. Study Appraisal using McMaster Critical Review

writing surface, were identified in the included articles.

Letter Knowledge (n = 4)

Letter knowledge was assessed in terms of letter
recognition,1® and letter naming,16-18 copying familiar
letters, as well as unfamiliar symbols.!8 Letter recogni-
tion was influenced by handwriting fluency,12:16.18 and
name-writing,!7 in preschool children. Reutzel, et al.,18
found that letter-naming and letter-writing fluency were
associated. The study further suggested that competent
retrieval of letter names contributes to the rapid and leg-
ible writing among kindergarten children. According to
Fears and Lockman,!2 this fluency is attributed to a re-
duction in the information-gathering process prior to
handwriting. This study required children to copy three
familiar English letters and three unfamiliar Cyrillic sym-
bols. The findings revealed that all the children required
additional time to copy unfamiliar Cyrillic symbols. In
addition, younger children needed more time than older
children during the information-gathering phase.!8 Letter
knowledge affected the phase of writing the letter rather
than the fluency of movement while drawing letter fea-
tures. Therefore, it was concluded that a lack of letter
knowledge causes disfluency in handwriting.!® Accord-
ing to Gerde, et al.,!7 the most important predictor of
children’s name writing was letter knowledge, specifically
capital letters.

Motor Skills (n = 3)

Motor skills were categorized into fine and gross mo-
tor skills. A study identifying the relationship between
handwriting and fine motor skills found that fine motor

Fears and Fitjar, Gerde, Reutzel, Seo!9 Dayem, Pazeto, Valcan, Gerth, No and
Lockman!2 et al.,16 etal,'7  etal,8 et al. 20 et al. 2! et al. 22 et al. 23 Choi24

Study purpose

Was the purpose clearly stated? v v v v v v v v v
Literature

Was relevant background literature

review? v v v 4 v v v 4 v
Sample

Was the sample described in detail? v v v v v v v v v

Was the sample size justified? X X X X X X X X X
Outcomes

Were the outcome measures reliable? v v v v v v v v v

Were the outcome measures valid? v v v v v v v v v
Results

Results were reported in terms of

statistical significance? v v v v v v v v v

Were the analysis method(s)

appropriate? v v v v v v v v v

Clinical importance was reported.

Dropouts were reported? v v X v X v v v X
Conclusions and implications

Conclusions were appropriate given

study methods and results. v v v v v v v v v
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Author Year  Country Design Sample Size Participant Characteristics Key Findings

Fears and Lockman!2 2018  United States  Observational — n =40 Mean age: 69.60 months Children copied familiar English words more
efficiently than unfamiliar Cyrillic symbols.
Unfamiliar Cyrillic symbols needed more rega-
thering information process during the act of
writing than familiar English letters.

Fitjar, et al.,1® 2021  Germany Observational  n =176 Mean age: 74.6 months Pen control ability (garlands and figure eights)

Sex: 90 boys, 86 girls could predict the fluency of copying characters.
Good letter knowledge (phoneme to grapheme
encoding) allowed children to copy letters and
symbols proficiently.

Gerde, et al.,17 2012 United States  Observational n =103 Mean age: 47.35 months Letter knowledge and fine motor skills were

Sex: 59 boys, 44 girls more significant predictors of name writing than
the other factors analyzed.

Reutzel, et al.,18 2017  United States  Observational — n =48 Sex: 23 boys, 25 girls A high correlation between letter naming and

letter-writing fluency.

Seo!9 2018  South Korea  Observational ~ Preschool Mean age: 69.19 months Fine motor precision and in-hand manipulation
children Sex: 23 boys, 29 girls skills were found as components that could
n=>52 influence handwriting legibility.

Dayem, et al.,20 2015  Egypt Observational Group A Group A Gross motor skills were strongly correlated to
n =54 Mean age: 56.7 months the speed of handwriting.

Sex: 29 boys, 25 girls

Group B Group B
n =46 Mean age: 64.1 months

Sex: 28 boys, 18 girls

Pazeto, et al. 2! 2014  Brazil Observational Kindergarten I ~ Kindergarten I In the field of executive function, only attention
n=37 Mean age: 4.35 years was significantly affected by the school level.

Sex: 19 boys, 18 girls

Kindergarten I Kindergarten II Executive function correlated with handwriting
n=>53 Mean age: 5.30 years in both groups of kindergarten.

Sex: 27 boys, 26 girls

Valcan, et al.,?? 2020  Australia Observational T1 T1 Executive function could predict academic
n =166 Mean age: 5 years 8 months achievement, specifically reading and writing.

Sex: 81 boys, 85 girls Immediate effects pathway supported in hand-

T2 T2 writing automaticity and writing quality.
n=155 Mean age: 6 years 5 months The growth potential model supported reading

Sex: 74 boys, 81 girls and writing quality.

Gerth, et al.,?3 2016  Germany Observational ~ Preschool Mean age: 5.4years Better handwriting quality during paper writing.
children Sex: 8 boys, 17 girls Better velocity was found for tablet writing com-
n=25 pared to paper.

No and Choi24 2021  South Korea  Observational — n =97 Mean age: 79.06 months A larger print was recorded on the tablet.

Sex: 39 boys, 58 girls

Writing speed improved on the tablet.
Lesser pressure on the tablet.

precision, in-hand manipulation skills, and handwriting
legibility were related.!9 This study concluded that fine
motor precision and in-hand manipulation skills con-
tribute to handwriting legibility and that in-hand manip-
ulation skills should be included once children learn how
to write. A study by Gerde, et al.,17 discovered fine motor
skills to be the most crucial predictor of name-writing
skills in the development of children’s handwriting. A
study on gross motor activities reported that gross motor
activities influence handwriting, especially handwriting
speed, in both copying and dictation skills.20

Executive Function (n =2)

Two studies reported the relationship between execu-
tive function and handwriting.21.22 Executive function
was measured via activities involving working memory,

shifting ability,22 inhibition,21-22 cognitive flexibility, and
selective attention.2! Based on the two reviewed articles,
the executive function had the ability to predict children’s
handwriting achievement.21.22 A related study described
the relationship between executive function and hand-
writing in two groups of kindergartners: kindergarten |
and kindergarten I1.2! The findings showed that execu-
tive function correlated with the handwriting of both
groups of children, and the study recommended execu-
tive function as a target of intervention to improve acade-
mic achievement.2! Another study investigated the mech-
anisms that enabled executive function to predict later
academic success.?? The findings indicated that execut-
ive function could predict handwriting automaticity via
the immediate effects pathway and writing quality via
both the immediate effects pathway and growth potential
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pathway.22

Writing Surface (n = 2)

Two studies had identified the effects of the writing
surface on handwriting by comparing writing on tablets
and paper.23.24 One study investigated the effect of the
writing surface using three tasks: graphomotor abilities,
visuomotor abilities, and automatic handwriting abil-
ities.23 Visuomotor is the coordination of visual percep-
tion and motor movements, whereas the task involved in
this study was copying geometric forms. The study’s find-
ings indicated that children had better handwriting qual-
ity while writing on paper because they were not auto-
matized in their writing actions, which made writing on
tablets difficult due to the lack of proprioceptive feed-
back.23 Regarding the handwriting process, tablet writ-
ing was found to be faster than paper writing because of
the smoother surface of the tablet. Therefore, a smoother
surface requires additional control and challenges the
learners” handwriting.23 In their study, No and Choi,24
evaluated three factors: print size, writing speed, and
writing pressure. The study explained that a larger print
was recorded on the tablet, and the pen was found to
move faster and applied less pressure on the tablet.24
This is consistent with Gerth, et al.,?3 reporting that writ-
ing on a tablet reduces handwriting clarity while increas-
ing the writing speed and print size.

Discussion

Of 10 quantitative studies on handwriting develop-
ment in preschool children in this review, there were four
factors: executive function, letter knowledge, motor
skills, and writing surface, were discovered. Generally,
all the factors discovered in this review were intercon-
nected and consequently contributed to handwriting de-
velopment.

Executive function is a cognitive process involving
working memory, inhibitory control, and cognitive flexi-
bility.25-27 This review showed that executive function
contributed to the prediction of children’s handwriting
development. Executive function facilitated children
memorizing what they learned, shifting and controlling
attention, and responding to stimulation appropriately.
In line with Rosenblum, 28 efficient handwriting perform-
ance required components of executive function, includ-
ing shifting, working memory, planning and organiza-
tion, monitoring, and material organization. Moreover,
executive function was found to be significantly associat-
ed with the growth of letter knowledge.29

Letter knowledge facilitated automaticity in hand-
writing. Inadequate letter knowledge disrupts automatic-
ity because children cannot automatically retrieve letters
from memory.12 A study found that improving hand-
writing automaticity could contribute to longer and bet-
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ter text writing.30 Therefore, lack of handwriting auto-
maticity reduced writing speed as children might require
references to write the letters. When the children used
references, their gaze will frequently shift from the refer-
ence to the writing surface. Hence, letter knowledge sig-
nificantly contributes to facilitating the handwriting
process. Moreover, good executive function encouraged
the learning and memorization of letter knowledge.

Motor skills were further divided into gross and fine
motor skills; gross motor skills involved large muscle
groups, and fine motor skills involved small muscle
groups. Both fine and gross motor skills were necessary
for handwriting acquisition.31 Gross motor skills were
necessary for maintaining a stable and correct posture
while writing in a classroom.20 Fine motor skills were
equally important and necessary to hold and manipulate
writing tools during the handwriting process.26 Writing
tools, such as crayons, pencils, and pencils color, are usu-
ally small. Therefore, fine motor precision and hand ma-
nipulation skills were required to manipulate small writ-
ing tools. In addition, the writing surface could influence
fine motor skills. Smoother writing surfaces required
children to have good fine motor skills to manipulate
writing tools effectively.

The handwriting process was guided by propriocep-
tive feedback. However, low-friction writing surfaces
such as tablets reduce proprioceptive feedback, causing
writers to rely more on visual feedback.32 According to
dynamic system theory, sensory perception and motor
systems are coupled and continually interact to acquire
new skills.® Generally, sensory input is transmitted to the
brain to generate motor commands before producing
written output. A study comparing the effect of a smooth
tablet surface on handwriting quality and kinematics in
children in grades 9 and 2 found that handwriting on a
tablet reduced letter legibility and augmented letter size
in both age groups.33 The smoother surface demanded
greater graphomotor control due to the lower proprio-
ceptive feedback.23

The findings coincided with the conceptual frame-
work of Malay language handwriting.34 This framework
explains that neuromotor development (fine and gross
motor skills), ergonomics (writing surface), orthography
(letter knowledge), and cognitive factors all contribute
to Malay handwriting (executive function).3* According
to the framework, neuromotor development and er-
gonomic factors are acquired from the occupational ther-
apy discipline.3* While, the education discipline lays out
most information on linguistic and memory factors.
Hence, the involvement of multidisciplinary teams is es-
sential for handwriting development.34

According to Dinehart, the best strategy for teaching
handwriting among young children before schooling was
unclear; thus, this study encouraged practitioners to de-
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velop effective handwriting strategies. Accordingly, the
findings from this review could guide teachers, parents,
and occupational therapists to implement effective strate-
gies in teaching handwriting. For instance, as the review
explained, smoother writing surfaces demand more
graphomotor control and provide lower proprioceptive
feedback; therefore, teaching handwriting using pencils
and paper promises more benefits. Moreover, pencils and
paper have been extensively used in classroom learning.
Additionally, based on both gross and fine motor skills
review explains that teachers, parents, or occupational
therapists should focus on both skills and not only on
fine motor skills.

Furthermore, these findings encouraged the public to
obtain more information on the influential factors to
handwriting development. Awareness of these factors
could make the public realize that handwriting is a com-
plex task that depends on multiple components. The pub-
lic could be aware of the possibility for children to face
handwriting difficulty, even though the writing task
could be perceived as easy for adults. Therefore, less
awareness about this issue may cause people to think they
are lazy. Awareness and understanding of this issue could
prevent late intervention programs and negative percep-
tions towards children with handwriting difficulty.

The strength of this review was that it might be the
first systematic review to examine the factors influencing
handwriting development among preschool children.
Children begin learning handwriting at an early age; thus,
the factors discovered may be beneficial for improving
handwriting acquisition among preschool children.
However, this review does not include a study of ergono-
mic factors. According to Case-Smith and O’Brien,! er-
gonomics factor, such as sitting postures and desk and
chair height, should be analyzed. Second, this review also
incorporated a study involving the Korean (non-English
alphabet). The Korean and English alphabets have dis-
tinct features. Therefore, it would be ideal for explaining
this distinct feature and its relationship with handwriting
development in children.

Conclusion

Overall, this review explains the four factors influenc-
ing handwriting development and provides an under-
standing of the relationship between all the factors dis-
covered. This review supports the notion that handwrit-
ing depends on various components, including executive
function, letter knowledge, motor skills, and the writing
surface. Occupational therapists, educators, and parents
may implement the factors discovered to facilitate hand-
writing acquisition among preschool children. For in-
stance, before handwriting learning, educators may im-
plement letter knowledge activities such as alphabet
flashcards, and tablet use may be avoided to teach hand-

writing among preschool children.

These findings also help raise public awareness of the
factors influencing handwriting development. Therefore,
more people would be aware of this issue, and more
strategies could be developed to support handwriting de-
velopment among children. However, as most handwrit-
ing studies examine school-aged children, the findings
are insufficient to make definitive clinical recommenda-
tions. More Randomized Controlled Trials studies exam-
ining handwriting development among preschool child-
ren should be conducted to provide more conclusive and
comprehensive evidence.
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