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THESIS ABSTRACT

Background. Internationally, handwriting difficulty is a common issue among children.
Occupational therapists are involved in helping children to improve their handwriting.
Previous studies have summarised occupational therapy research and practice in handwriting,
but these have not included information about occupational therapy practice for children’s
handwriting in South Korea. To understand the nature of practice and identify the scope of
evidence relating to South Korean occupational therapy for children with handwriting

difficulties, a review of published literature on this topic is required.

Methods. A scoping review was conducted to identify and summarize published literature on
occupational therapy paediatric handwriting practice in South Korea. A detailed context of the
review was provided in a background chapter (Chapter 1 “Introduction”). The introduction
provided comprehensive information about the hand, handwriting, South Korea and the
occupational therapy profession in South Korea to define terms and to help provide an

understanding of occupational therapy practice conducted in Korea.

e Chapter 2 “A scoping review of occupational therapy handwriting literature” is presented
in the form of a manuscript for submission to a peer-reviewed journal (Occupational
Therapy International). This background, the gap in evidence and research design used is
presented. This study used a scoping review methodological framework suggested by
Arksey and O’Malley (2005). This five-step framework was followed. First, the research
question was identified; second, a search strategy was designed in Korean and English,
and implemented in three databases which published or may have published Korean
occupational therapy research. Third, after inspection a total of 22 articles were selected
for inclusion from 151 sources. Fourth, a data-extraction form in Excel™ was created and
this recorded the characteristics of each of these studies. At the last stage, a descriptive
analysis of numerical data and thematic analysis were used to collate, summarise and

synthesise the data from the 22 included papers.

Results. Key findings of the scoping review demonstrate that hospitals and school-based
settings were the most commonly studied service sites. Most studies were with Korean
children with cerebral palsy. Standardized assessments were predominantly used, and these
measured various performance components, rather than the “task™ or “activity” of
handwriting. Author-designed handwriting assessments which were reported to be based on

previous studies were frequently used for measurement of handwriting quality. These did not
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go through standardisation or validation processes. A sensory integration approach was the
most popular approach to intervention, and the most targeted performance component of
handwriting was fine-motor skills. Most study designs were of low research rigour in the
evidence-based hierarchy. This study highlights that there is a diverse approach to
assessments and intervention in Korean occupational therapy handwriting research, indicating
that there is no consensus on the best handwriting approach in Korean occupational therapy

literature.

Conclusion. Most of the found evidence was focussed on clinical samples and used a sensory
integrative approach. This is different to international occupational therapy research literature
(which used standardised instruments) which focused mostly on typically developing children
and used a wide number of conceptual approaches. Korean research was similar in the low
level of research evidence generated. In the future, Korean occupational therapy handwriting
research should use rigorous designs and should use assessments to accommodate the cultural
and linguistic uniqueness of Korea. This will provide more opportunities to enhance the

diversity of evidence on handwriting research.
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CHAPTER 1
INTRODUCTION

1.1 Introduction to Chapter

This chapter introduces the thesis study by providing background information on the hand and
hand function, handwriting in children, factors affecting handwriting performance and

handwriting related measurements.

Since this study investigates handwriting in Korea, introductory information will be
provided as a background on: general information about the South Korean nation and official
language; when and where handwriting is taught; and what happens when a child is identified

to have a handwriting problem.

Since the study investigates occupational therapy handwriting practice in Korea,
introductory information will also be provided as a background on: the occupational therapy
profession in Korea and what is known about the scope and scale of occupational therapy
handwriting practice in Korea. A gap in evidence will be demonstrated to show that to date no
study has investigated what published research evidence is available on occupational therapy

handwriting practice in Korea.

This thesis aims to fill that gap in evidence by conducting a scoping review. It will be the
first scoping review of any field of occupational therapy practice in Korea. Chapter 1 provides

the background to the scoping review.
1.2 The Hand

Hands are the most distal part of the upper limb of the human body. Using the function of the
hand enables engagement in diverse activities that are meaningful to every single human
being. People move their hands to perform tasks. A common task is handwriting; this is

defined and described in Section 1.6 of this Chapter.

To understand how the hand is associated with handwriting performance, the International
Classification of Functioning Disability and Health, known as ICF was used to frame the
body part with task performance and participation in roles (such as student) that require use of
the hand. The ICF is a taxonomy developed by the World Health Organisation to categorise
aspects of health and wellbeing (World Health Organization [WHO], 2002). This ICF
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taxonomy is arranged in domains. Definitions of each of these domains can be seen in Text

Box 1 (WHO, 2002, p. 10).

Body Functions are physiological functions of body systems (including
psychological functions).

Body Structures are anatomical parts of the body such as organs, limbs and
their components.

Impairments are problems in body function or structure such as a significant
deviation or loss.

Activity 1s the execution of a task or action by an individual.
Participation is involvement in a life situation.

Activity Limitations are difficulties an individual may have in executing
activities.

Participation Restrictions are problems an individual may experience in
involvement in life situations.

Environmental Factors make up the physical, socal and attitudinal
environment in which people live and conduct their lives..

Text Box 1: Definitions of the ICF domains

Each domain in the ICF has a hierarchy of categories which are coded to enable precise
identification regardless of language (WHO, 2001). An example of the hierarchy is given in

Section 1.3 below. The terms and codes from the ICF are introduced and used in this thesis.
1.3 Anatomical Structure of the Typical Hand

The “Body Structures” part of the ICF names and describes “anatomical parts of the body
such as organs, limbs and their components” (WHO, 2002). In the ICF, “Body Structures” is
coded as ‘s’ (WHO, 2001). Anything within this domain also has the prefix ‘s’ (WHO, 2001).

The hand is in the body structures of “structures related to movement (code s7). It is
labelled “structure of the hand” (code s7302). There are six categories in the structure of the
hand: bones of hand; joints of hand and fingers; muscles of hand; ligaments and fasciae of
hand; the structure of the hand specified; and then the structure of the hand unspecified. The
structure of the hand will be outlined below, including nerves and skin as additional structures
identified from the literature (Palastanga & Soames, 2012; Schreuders, Brandsma, & Stam,

2014).
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1.3.1 Bones

The bones of the wrist and hand regions perform crucial functions such as providing support
and attachment points for muscles and ligaments of the upper limb (Palastanga & Soames,
2012). It is categorised into three types: carpal, metacarpal, and phalangeal bones (Palastanga
& Soames, 2012). The carpal bones are also known as “the carpus” altogether and features the
bottom of the hand forming the wrist (Palastanga & Soames, 2012). These carpal bones are
located in two rows, and each row consists of four individual bones: trapezium, scaphoid,
lunate and pisiform in the proximal row and trapezoid, capitate, hamate, and triquetral in the
distal row (Palastanga & Soames, 2012, pp. 48-49). The distal carpal rows are then connected
to five long- and thin-shaped metacarpal bones that correspond to each of five digits (fingers)
(Palastanga & Soames, 2012). The metacarpal bones represent the intermediate part of the
hand, connecting carpal bones to phalangeal bones (Palastanga & Soames, 2012). However,
this is not the case for the first finger (the thumb). Instead, it has proximal and distal
phalangeal bones while the other four digits are divided into three parts called proximal,

middle, and distal phalangeal bones (Palastanga & Soames, 2012).
1.3.2  Joints

To allow smooth and continuous motion of the hand, the wrist and hand regions also involve
several small joints. Figure 1.2 shows examples of joints articulated by two or more bones in
the wrist and hand. For the wrist, the main joints include: a radiocarpal joint (between carpal
bones and the distal part of the forearm), a midcarpal joint (between two rows of the carpus),

and intercarpal joints (between carpal bones) (Palastanga & Soames, 2012).

Metacarpophalangeal

: N -
joints Interphalangeal joints

‘—l—m—l— Carpometacarpal
‘ )
Radiocarpal (wrist)

Figure 1: Radiograph of hand retrieved from

Midcarpal joint

https://commons.wikimedia.org/wiki/File:814 Radiograph of Hand.jpg#filelinks
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On the other hand, the hand has other four types of the joints which exist between the
carpal bones and the metacarpal bone of each digit or phalangeal bones with the metacarpal

bone. This includes (Palastanga & Soames, 2012):

- Common/first carpometacarpal joints (between carpal bones and a metacarpal bone),

- Metacarpophalangeal (MCP) joint (between a metacarpal bone and a proximal
phalangeal bone),

- Proximal interphalangeal (PIP) joint (between proximal and middle phalangeal bones),

- Distal interphalangeal (DIP) joint (between middle and distal phalangeal bones).

For the thumb, there is only one joint called an interphalangeal (IP) joint instead of two
joints (i.e. PIP and DIP joints) (Palastanga & Soames, 2012). This feature of the thumb
promotes mobility of the first carpometacarpal joint (Jones & Lederman, 2006a). When
movements happen in the hand, these multiple joints allow the bones to slide over each other

smoothly (Palastanga & Soames, 2012; Schreuders et al., 2014, p. 3).
1.3.3 Muscles

The muscles of the wrist and hand regions move the wrist and fingers for precise motor
control of the hand. The major muscles of these regions are divided into intrinsic and extrinsic
muscles, depending on whether there are attached only within the hand or both within and
outside the hand (Palastanga & Soames, 2012). Intrinsic muscles which have all attachments
within the hand are able to create a small range of motion in fingers, while extrinsic muscles
can generate more power to move the entire hand (Drake, Vogl, & Mitchell, 2018; Palastanga
& Soames, 2012). Like bones and joints, more than one muscle of the wrist and hand are
responsible for the movement (Palastanga & Soames, 2012). This combination of the
structure of the hand enables people to move one finger at a time, which is essential for

functional hand movements such as grasping (Palastanga & Soames, 2012).
1.3.4 Ligaments

The ligaments and fasciae of the wrist and hand play an important role in stability during any
hand movements. For the ligaments, it provides a strong connection between the small bones
of the hand (Palastanga & Soames, 2012). This bond limits the range of joint movement in
order to prevent excessive movements occurring at a joint while maintaining its structure
(Jones & Lederman, 2006a; Palastanga & Soames, 2012). The ligaments are also connected

with the fasciae, which encloses the muscles and tendons in the hand (Palastanga & Soames,
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2012). A fascia is made of thin, fibrous tissue, and each fascia is a sheet that eventually

stabilises every structure of the hand right under the skin. (Hurst, 2011, p. 270).
1.3.5 Nerves

The nerves provide motor or sensory innervations, supplying muscles and sensory receptors
of the skin (Drake et al., 2018). There are three major nerves innervating the hand: the
median, radial, and ulnar nerves (Drake et al., 2018; Palastanga & Soames, 2012). These
nerves travel along the arm and forearm to finally enter the hand (Palastanga & Soames,
2012). The hand movements are then controlled by a network of nerve fibres (Drake et al.,
2018), which collect and send the information about sensation to the brain (Tortora & Nielsen,
2017, p. 569). This enables the muscles to commence appropriate movements (Jones &
Lederman, 2006b). Consequently, the nerves coordinate with the sensory receptors and adapt
to changes in any types of sensation (e.g. joint position, touch or temperature) (Duft, 2005;
Jones & Lederman, 2006b), which allows the upper extremity including the hand to adjust the
movements more delicately and efficiently. If nerves of the hand are injured, this results in
failure of receiving sufficient sensory input, causing decreased control in hand force and

coordination (Duff, 2005).
1.3.6 Skin

The skin of the hand primarily protects all the above-mentioned structures that are situated
underneath the skin. While there are multiple proprioceptive receptors in the joints and
muscles of the hand, the skin covering the hand has rich receptors for touch sense (Pratt,
2011, Schreuders et al., 2014). These tactile sensory receptors have a function to recognise
features of objects, such as identifying its shape (Pratt, 2011). Also, the palmar surface of the
hand has thicker and less mobile skin than the dorsal surface (Pratt, 2011, Schreuders et al.,
2014). It contains many lines, known as “creases” present in where joints of the hand and
fingers meet in the hand (Schreuders et al., 2014). The major creases in the palm include one
longitudinal crease and two transverse creases: longitudinal thenar crease, proximal digital
crease and distal palmar crease (Schreuders et al., 2014). With the sensory function, these
physical features of the palm and fingers make the hand capable of a folding motion easier
and improve grasping (Park, Shin, Jung, & Chung, 2010; Pratt, 2011; Uygur, M., de Freitas,
P., & Jaric, S., 2010).

1.3.7 The measurement of anatomical structures in hand
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As noted above, the anatomical structure of the wrist and hand regions is complex. It contains
27 bones and more than 30 joints, muscles and ligaments (Palastanga & Soames, 2012),
which works together for manipulative movements of the hand such as holding small objects

(Palastanga & Soames, 2012).

Anthropometry is the measurement of dimensions of the human body in terms of bone,
muscles and fat (Stack, Ostrom, & Wilhelmsen, 2016; Westat, Inc., 1988; WHO, 1995). There
is an extensive body of literature about anthropometry primarily arising from work
rehabilitation or ergonomic evidence relating to work (e.g., design of hand tools) (Nadadur &
Parkinson, 2013; Pheasant, 1996). Various anthropometric data are also available across
different countries including America, Japan and United Kingdom (de Onis & Habicht, 1996).
However, the international data were generally anthropometric measures for human growth or
health (e.g. obesity across the lifespan or malnutrition in children) (de Onis & Habicht, 1996;
Mramba et al., 2017), which has often taken into account weight, height or arm. The hand was
not included as a specific body part in both adult and child populations. This indicates that

little attention was paid to the anthropometric norms of the hand.

In regard to the available information about the hand anthropometry, there is a study that
measured hand circumference using male and female adult populations in United Stated Army
(White, 1980). Based on a recent report (Fryar, Gu, Ogden, & Flegal, 2016, p. 37), another
anthropometric data of the hand (i.e. hand breadth) was studied between 1963 and 1965 in
America. More comprehensive norms for anthropometry of the hand have been collected
since 2010 and over recent years (Cakit, Durgun, Cetik, & Yoldas, 2014; Khadem & Islam,
2014). These norms were gathered and studied in relation to associative factors with
anthropometry. For example, Cakit et al. (2014) found differences of the hand anthropometry
between people of different age or ethnic groups. Norms mean hand differences can be

compared between samples in research studies and the wider population.

The following sub-headings are about methods for measuring dimensions of the hand and
its components, which includes girth and circumference measurements, goniometry, and
electromyography. In occupational therapy practice, body structure measures such as this can

be used.

1.3.7.1 Girth/circumference measures of the hand

Girth/circumference is a measure taken by using a measuring tape with an appropriate
recording of the results (e.g. a photograph) (Westat, Inc., 1988), or more recently using a
technology such as X-ray and scanner (Kong, Freivalds, Kim, & Chang, 2017; Kuehnapfel,
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Ahnert, Loeffler, Scholz, & Kuehnapfel, 2017). The shape or size of any parts of the hand can
be measure based on anatomical sites, for example, the base creases of the fingers (Kong et
al., 2017). Many studies with health adult subjects have been shown to identify a strong
correlation of grip strength with anthropometric variables such as the length and width of the
hand (Alahmari et al., 2017). A statistical significance was particularly found between hand

length and grip strength (p<0.01) (Alahmari et al., 2017).
1.3.7.2 Goniometry

Goniometry is a technique measuring the range of motion (ROM) at a joint with a specialised
ruler for ROM measurement, known as a goniometer (Shurtleff & Kaskutas, 2018). Health
care professionals commonly use the goniometric measurement in the clinical setting and
share its results with each other (Szekeres, Macdermid, Birmingham, & Grewal, 2016). It
requires standard approaches for accurate ROM. Many studies with adult patients investigated
reliability and validity of using a goniometer in relation to the upper extremity including the
forearm and fingers (Colaris et al., 2010; Gajdosik, 2001; Szekeres et al., 2016). Most of these
studies reported that the goniometric measurement has good reliability, but psychometric

properties of the goniometric measurement are still debatable (Szekeres et al., 2016).
1.3.7.3 Electromyography

Electromyography (EMQG) is a recording method that assesses electrical activity in muscle for
clinical diagnosis or training (Hu et al., 2013; Mills, 2005). To detect the myoelectric activity
of movements of the body including the hand, the EMG recording can be processed using a
hardware (e.g. computer) and different types of electrodes such as needles and skin surface
sensors (Kauppi et al., 2015; Mills, 2005). The EMG allows assessors to identify which
muscle generates greater power when performing a hand function such as a tripod pinch
(Martin-Martin & Cuesta-Vargas, 2014) or whether there is muscle fatigue during the induced
action (Gonzalez-Izal, Malanda, Gorostiaga, & Izquierdo, 2012).

1.4 Hand Function

The ICF does not organise categories of function in relation to body structures (WHO, 2001).
“Body Functions” (with the prefix code ‘b’) includes 8 chapters: “mental functions” (code
bl), “sensory functions and pain” (code b2), “voice and speech functions” (code b3),
“functions of the cardiovascular, haematological, immunological and respiratory systems”

(code b4), “functions of the digestive, metabolic and endocrine systems” (code b5),
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“genitourinary and reproductive functions (code b6), “neuromusculoskeletal and movement

related functions” (code b7), and “functions of the skin and related structures” (code b8).

The lack of specified Body Functions for the hand means that clinicians and researchers
need to select and justify what chapter functions they include when considering “hand
function”. It has been suggested that categorising and classifying hand function is challenging
due to the complex and diverse uses of the hand (Feix, Romero, Schmiedmayer, Dollar, &
Kragic, 2016). However, defining and understanding what particular type of hand function is
sought out is vital to ensure a clear research purpose and appropriate guide to best practice. If
the terms are vaguely or comprehensively used, for example, as interchangeable words, it can
cause a gap between research and real practice (Mckay & Verhagen, 2016). This is because
the concept of the terms used by researchers can have different interpretations to clinicians.
This means that the purpose and result of outcome measures in study could be applied to
clinical situations which does, in fact, differ from contexts designed in research (Mckay &

Verhagen, 2016). Thus, the definition relating to hand function is addressed below.
1.4.1 Defining hand function

Hand function can refer to “the capacity to use the hand in everyday activities depending on
the anatomical integrity, sensation, coordination, strength, and dexterity” (Durudz, 2014, pp.

41). The features of the hand function include (Case-Smith & Exner, 2014, p. 220):

- Reach: extension away from the body and movement of the arm for grasping or
placing objects

- Grasp: transportation of a hand-held object from one place to another

- Carry: transportation of a hand-held object from one place to another

- Voluntary release: finger extension allowing intentional release of a hand-held object a
t a specific time and place

- In-hand manipulation: adjustment or movement of an object within the hand

- Bilateral skills: coordinated use of two hands together sequentially or simultaneously

to accomplish an activity

This review will particularly focus on grasp because the grasp has greater importance for

handwriting as enabling the act of holding and manipulating writing tools.

1.4.2 Grasp/grip/prehension functions
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The term, grasp will be used throughout this section as mentioned above. It will also include
the functions of grip and prehension, as these terms can be used with grasp interchangeably in
the literature (Durudz, 2014; Palastanga & Soames, 2012, pp. 179-182). From the study (Feix
et al., 2016), grasp is defined as “every static hand posture with which an object can be held
securely with one hand, irrespective of the hand orientation” (p. 67). An important aspect of
this definition pointed by the researcher is that grasp must be stable (Feix et al., 2016). The
approach used by Feix et al. (2016) regarding the definition of hand grasp is adopted in this

thesis whereby “non-prehension grasps”™ (e.g. hook grasp or flat hand grasp) are excluded.

Feix et al. (2016) identified 33 grasp types (excluding non-prehension grasps) by
reviewing published literature and synthesising findings from 211 sources. These 33 grasp
types would be characterised by the following elements: opposition type, thumb position,
mass, size and compliance of an object, and force. Each of the 33 grasp types would be then
categorised into “power”, “intermediate”, and “precision”. Feix et al. (2016) presented

different grasp types in visual and table forms on page 70 in the article (cannot be reproduced

for copyright reasons).

Of the 33 grasps, four precision grasp were represented in the form of holding a standard
pen. These were prismatic 2 finger, prismatic 3 finger, prismatic 4 finger grip and writing

tripod (Feix et al., 2016, p. 70). See pictures below.

Prismatic 2 Finger Prismatic 3 Finger Prismatic 4 Finger Writing Tripod

Photograph 1: Precision grasps for pen-holding (Source: Photographs taken by thesis author)

The many other grasps identified in that taxonomy could not easily be used to hold
writing instrument in a stable position without considerable adaptation (e.g. if a person only
has a sphere grip, an adaptation to the writing instrument could be made, for example,

embedding the pen in a rubber ball so that they can use a grasp to guide the pen).
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Daily activities are generally the combinations of different types of grasps (Duruéz, 2014)
which become sophisticated skills over time (Schneck & Case-Smith, 2014). To hold and
manipulate objects functionally, grasps take place with certain patterns of hand function
which includes reach, carry, voluntary release, in-hand manipulation, and bilateral hand use

(Case-Smith & Exner, 2014).
1.4.3 The measurement of hand functions

The measurement of hand functions determines how an individual demonstrates their hand
use at a functional level, for example, when they have a disability (Durudz, 2014). Duruéz

(2014) identified the following areas and typical hand function assessments for each area:

- Range of motion (ROM) (e.g. goniometer for observation-based evaluation,
computerized goniometer)

- Grip or pinch strength (e.g. JAMAR dynamometer and pinchmeter)

- Person’s experience using hands (e.g. Disability of the Arm, Shoulder, and Hand
Index [DASH], Australian/Canadian [AUSCAN] Osteoarthritis Hand Index)

Other aspects involved in hand function also have specific assessments. These may
include dexterity defined as “a manual skill requiring rapid coordination of fine and gross
movements based on a certain number of capacities developed through learning, training and
experience” (Poirier as cited in Durudz, 2014, pp. 46). Traditionally, dexterity can be assessed
using several standardized tools such as the Purdue Pegboard Test (Tiffin & Asher, 1948),
Grooved Pegboard, Nin-Hole Pegboard Test and Box and Block Test (Durudz, 2014).

1.5 Hand Function and Handwriting

When children learn how to read numbers, letters and words from their parents, they may start
to learn using a pencil or a crayon for writing. Through repetition, children practice holding a
writing tool with stability and develop particular types of hand function such as grasp patterns
(Schneck & Amundson, 2013). As the development of grasp function progresses, children
exhibit various pencil grips (Schneck & Amundson, 2013; Schneck & Case-Smith, 2014).
Particularly, when children are elementary school students, they are likely to use pencil grips
considered to be mature (e.g. dynamic tripod and lateral tripod) (Schneck & Case-Smith,
2014). Over time, children become skilful at handwriting, being able to demonstrate the

different size and form of the letter (Andersen, 1969; Schneck & Case-Smith, 2014).
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Children who have a lack of handwriting skills are found to display poor handwriting at
school (Schneck & Case-Smith, 2014). They are likely to have grammatical errors or low
marks for poor legibility on homework paper more frequently than their peers (Feder &
Majnemer, 2007; Vander Hart, Fitzpatrick, & Cortesa, 2010). If there are time constraints,
children with handwriting problems may also show incomplete tasks of handwriting, as they
need more time to finish it due to their slow handwriting speed (Tseng & Chow, 2000). This
poor academic performance can, in turn, result in psychosocial problems among students. For
instance, it is reported that children with handwriting difficulty often exhibit frustration and
severely low self-esteem (Feder & Majnemer, 2007). The following two sections will review

handwriting and factors that can cause handwriting difficulties.
1.6 Handwriting

The basic concept of handwriting is the ability to create a written language by hand. In 1979,
Kao shared an ergonomics point of view on handwriting performance, which is based on
human sensory and motor systems. Kao (1979) described that handwriting is a dynamic
system which is generated by interactive feedback between movements of the hand, the
writing instrument (e.g. pens and pencils), and the paper. Handwriting is further discussed in

relation to its performance as well as outcome — that is, written production — below.
1.6.1 The act of handwriting

Traditionally, handwriting is a part of developmental continuum of human’s hand function.
Children develop a sequence of hand functions to acquire handwriting skills in early
childhood (Case-Smith & Exner, 2014; Schneck & Amundson, 2013). It is seen that
developing the ability to write by a hand enables children to participate in several daily
activities such as writing the name, copying numbers and taking notes (Schneck & Case-

Smith, 2014).

The act of handwriting can be understood more than “using skills” to children. According
to the Taxonomic Code for Occupational Performance (TCOP) (Polatajko et al., 2004), using
at least one tool through a series of actions of which each action is an active and voluntary
movement (e.g. reaching) can be defined as a task. Given that handwriting stems from a series
of actions such as grasping and in-hand manipulation and involves a writing instrument (van
Hartingsveldt, de Groot, Aarts, & Nijhuis-van der Sanden, 2011), performing handwriting can

be regarded as a task.
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Based on consensus suggested by Creek (2010), a series of actions can also be defined as
an activity. The definitions of a task and activity are suggested as follows (Creek, 2010, pp.
25-26):

e A task: a series of structured steps (actions and/or thoughts) intended to accomplish a
specific goal. This goal could either be:
1. the performance of an activity
2. apiece of work the individual is expected to do

e An activity: a structured series of actions or tasks that contribute to occupations

Considering those concepts above, whether handwriting is defined as a task or an activity
seems closely linked to how we see a child’s writing behaviour in relation with occupation.
Given the nature of handwriting, handwriting may generally be regarded as a task to most
children. Yet, depending on social and cultural backgrounds, the same performance can have a
unique meaning and interpretation to different individuals (Reed, Hocking, & Smythe, 2013).
This means that if necessary, contextual aspects and the perspective of the child should be
explored in order to deepen our understanding of a child’s handwriting performance and the

meaning of their engagement in handwriting performance.
1.6.1.1 Handwriting as an activity and participation in life situations

According to the ICF which provides a combined classification of activity and participation,
handwriting is under a category named writing (code d170) (WHO, 2001). Children use
handwriting to express their feelings and share opinions, to participate in written assessments,
mathematical tasks, and communication activities such as letters and messages to friends
(Schneck & Case-Smith, 2014). A systematic review study on 44 articles targeting children
with developmental coordination disorder (DCD) found that the handwriting difficulty was
the most common problem regarding children’s restricted participation in classroom tasks
(Magalhaes, Cardoso, & Missiuna, 2011). It can be, thus, seen that poor handwriting
undermines the capability of children achieving their learning purposes and social inclusion at

schools.
1.6.2 The quantity of handwriting

Even though technology such as computers and laptops are increasingly implemented in the
classroom (Miranda & Russell, 2012), the amount of handwriting that children need to do at

school is considerable. Evidence suggests close correlations between handwriting and
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participation in classroom activities among children; it was reported that handwriting-related
activity such as pencil-and-paper tasks make up for 50 to 60% of the classroom activity

during a school day (Leung, Lam, Lam, Pao, & Li-Tsang, 2014; Rosenblum, 2008).

Many of handwriting tasks that children need for the completion of school are also done
in a condition where they need to finish the tasks within a certain timeframe, for example,
when taking an exam. This means that another quantitative aspect of handwriting is “how

fast” a child can write. The speed of handwriting, therefore, is a factor of interest.
1.6.3 The quality of handwriting

Regarding handwriting performance, an attribute for “good” quality handwriting is legibility —
whether written work is legible to read or not (Andersen, 1969; Feder & Majnemer, 2007).
The legibility is contributing to but distinguished from readability which is defined as the
level of ease with reading and comprehending written language (Dale & Chall, 1949).

Readability can be measured based on three main aspects. These aspects include how
written contents are organised in a format; what level of reading proficiency a reader has; and
to what degree the reader can read and understand the contents at an optimal speed (Dale &
Chall, 1949). On the other hand, legibility is often evaluated with accuracy in letter formation,
size of the letter, alignment and spacing (Falk, Tam, Schwellnus, & Chau, 2010; Lee, Howe,
Chen, & Wang, 2016; Mackay, Mccluskey, & Mayes, 2010; Volman, van Schendel, &
Jongmans, 2006). This indicates that legibility is more related to elements of letter design,

which can be an objective standard for the quality of handwriting.

Additionally, there are two ways of measuring handwriting legibility, which is “rating of
legibility components (e.g., slant, size, alignment) and rating of global legibility (i.e., overall
readability of writing sample)” (Sudsawad, Trombly, Henderson, & Tickle-Degnen, 2001, p.
519). This means that what is measured as legibility also needs to be understood carefully by
researchers and clinicians depending on the purpose of using measurements of handwriting

legibility.
1.7 Factors Affecting Handwriting in Children

As briefly noted before, children perform several activities of handwriting at school for
academic learning. These handwriting activities require children to use motor, perceptual, and
cognitive abilities at the same time (Schneck & Case-Smith, 2014). These days, understanding
the underlying factors is vitally important. Not only for children with a disability who appear
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to have deficits in at least one of these abilities, children who are typically developing or do

not have specific diagnoses also experience handwriting difficulty (Cusick & Elvery, 2017).
1.7.1 Motor aspects

Based on the ICF (WHO, 2001), motor functions are under the category
“neuromusculoskeletal and movement related functions” (b7) which includes muscle
functions such as muscle power, tone, and endurance. A wide range of evidence have
suggested that motor functions of the hand are closely associated with handwriting
performance (Cornhill & Case-Smith, 1996). For instance, there are studies that reported
positive correlations between upper limb strength (e.g. grip force or shoulder and thumb
strength) and handwriting legibility or speed in groups of children with handwriting difficulty
(Alaniz, Galit, Necesito, & Rosario, 2015; Falk et al., 2010; Naider-Steinhart & Katz-Leurer,
2007).

Also, there are other specific motor factors reported as influencing children’s
handwriting. A study with Australian children who were diagnosed with traumatic brain injury
(TBI) measured upper limb functions such as grasp and eye-hand coordination and found that
children with severe TBI demonstrated poorer handwriting than other two groups, presenting
with immature grasp patterns of writing during a 2-year follow up. (Wallen, Mackay, Duff,
Mccartney, & O’Flaherty, 2001). Bilateral coordination and fine motor abilities such as
dexterity and in-hand manipulation were also reported to have relations with handwriting

performance (Bumin & Kavak, 2010; Cornhill & Case-Smith, 1996).
1.7.2 Perceptual aspects

When using hands for writing, children are required to coordinate this visual perceptual
processing with their motor ability of the hand. Many studies identified that such a combined
ability, also known as visuo-motor integration, had significant correlation with handwriting
quality, particularly, in relation to the elements of letters such as the form and alignment
(Kushki, Chau, & Anagnostou, 2011; Leung et al., 2014; Tseng & Chow, 2000; Volman, van
Schendel, & Jongmans, 2006; Weintraub & Graham, 2000). However, Leung et al. (2014)
who conducted a study with Hong Kong Chinese school-aged children pointed out that
inconsistent findings exist between children using Chinses characters and the other using
English alphabets regarding relations of visual perception ability with handwriting

performance.
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Also, kinesthetic perception is a factor that was investigated for its relations with
handwriting performance in research (Cornhill & Case-Smith, 1996). It is a perceptual ability
of the human body to be aware of weight of an object and provide the directionality of joint
and limb movement (Cornhill & Case-Smith, 1996). In the past, correlations between
kinaesthesia and handwriting legibility were shown as opposite across the research (Cornhill
& Case-Smith, 1996). The opposite results are still being reported in more recent studies. For
example, a pre- and post-test study found that a kinestheic training did not have significant
impact on improving first-grade primary students’ handwriting legibility, even though
teachers reported that the students showed and maintained improved legibility in the
classroom after the intervention and during a 4-week follow up respectively (Sudsawad et al.,
2002). On contrary, Yu, Hinojosa, Howe and Voelbel (2012) found that there were significant
correlations of handwriting legibility and speed with kinaesthetic and tactile perception

among 177 first- and second-grade children in Taiwanese primary schools.
1.7.3 Cognitive aspects

Handwriting performance can also be affected by cognitive functions such as attention and
memory. For example, children need to maintain their concentration to complete writing, and
with motor functions, they also need to be able to retrieve letter form from their memory to
generate a particular sequence of movement for writing (Christensen, 2005; Schneck & Case-
Smith, 2014). A study conducted by Berninger et al. (2010) particularly examined the
contribution of working memory to reading and writing outcomes. The researchers found that

working memory was responsible for copying words but not for composing sentences.

In addition, a high level of cognitive functions categorised under mental functions in the
ICF are also known as a specific contributing factor to handwriting. One of the cognitive
functions at a high level is executive function which is defined as the ability to organise, plan
and self-assess purposeful activity/performance within the given temporal and contextual
environments (Rosenblum & Manalo, 2018; Yildiz & Yekeler, 2017). According to two
studies recruiting primary school students, an organisational ability (an executive function)
was found to have a strong correlation with handwriting proficiency in a group of children
identified as having difficulty with handwriting (i.e. dysgraphia) (Rosenblum & Manalo,
2018; Yildiz & Yekeler, 2017). These children tend to struggle more in managing their time
(Rosenblum & Manalo, 2018; Yildiz & Yekeler, 2017) and to write letters in smaller size than
typically developing children (Bumin & Kavak, 2010; Rosenblum & Manalo, 2018). This
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indicates that handwriting quality relating to legibility and speed should be considered with

cognitive functions.
1.7.4 Emotional aspects

Emotion can be other factors affecting handwriting performance in children. Poor handwriting
in children with ADHD was found to be associated with negative affect such as low
motivational pattern and self-esteem (Racine, Majnemer, Shevell, & Snider, 2008). In 2003,
Barnes, Beck, Vogel, Grice and Murphy conducted a survey to American occupational
therapists working in public schools, and from a total of 476 respondents, 224 respondents
reported that they had experience of working with children who had emotional disturbance. It
was found that the children with emotional disturbance were made up for nearly 11% of each
respondent’s caseload, and handwriting was the most common area in intervention for those
children with 91.5% of the response rate (Barnes et al., 2003). Therefore, it may be essential
for occupational therapists to consider emotional aspects of children and provide emotional

strategies and positive environments where children can feel emotionally supportive.
1.8 Handwriting Related Measurement

Since handwriting is both an activity and a means of participation in a life situation and it has
the dimension of quantity and quality, there are a range of different assessments that aim to
assess these different aspects. In addition, there are assessments that have attempted to isolate
and measure factors that contributes to the quality or quantity of handwriting performance. In
2017, a comprehensive review of handwriting assessments not only used in occupational
therapy and other health related handwriting research which was published in peer-reviewed
journals was conducted by Cusick and Elvery (University of Sydney 2017 Honours Thesis,
unpublished). This identified all instruments used in published research and using scoping
review methodology it charted characteristics of studies that used standardized handwriting
instruments. This scoping review found that the most common components targeted to
measure were perceptual factors (e.g. visual and kinaesthetic), followed by motor factors (e.g.
grasp and strength) and cognitive factors. Also, handwriting performance and/or quality were
frequently investigated with its related factors. On the basis of this study, the most common

handwriting assessments used were:

- Developmental Test of Visual Motor Integration (all versions) (Beery, 1989)
- digitising tablet system
- Evaluation Tool of Children’s Handwriting (ETCH) (Duff & Goyen, 2010)
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- Minnesota Handwriting Assessment (MHA) (Reisman, 1993)
- Bruininks Oseretsky Test of Motor Proficiency (BOT-MP) (Bruininks, 2013)

1.9 Handwriting in Korea

Recently, handwriting difficulties in children has gained attention through the mass media in
South Korea. A Korean newspaper, Kook-Je Newspaper stated that Korean students struggle
with pencil-and-paper tasks since they spend an increasing amount of time using electronic
devices such as smartphone and computer (Min, 2015). This is supported by the fact that the
frequent use of electronic devices hinders children from developing coordination skills of the
small muscles in their hand, which is necessary for writing (Scientist in Neighborhood, 2015).
Therefore, it is expected that there are an increasing number of Korean children who are in
need of handwriting intervention programs. The following sub-sections will review a

background relating to Korea.
1.9.1 The overview of South Korea

South Korea is a country located near Russia, China and Japan in East Asia (Danuri, 2018). It
is officially named the Republic of Korea (ROK) with a special city, Seoul as its capital city
(Danuri, 2018). Aside from the capital city, the administrative districts of South Korea include

(Danuri, 2018):

- Eight provinces (Gyeonggi-do, Gangwon-do, Chungcheongbuk-do,
Chungcheongnam-do, Jeollabuk-do, Jeollanam-do, Gyeongsangbuk-do, and
Gyeongsangnam-do),

- One special self-governing province (Jeju-do),

- One special self-governing city (Sejong city), and

- Six metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon and Ulsan cities).

In 2017 (the latest figures), there were 51,466, 201 people in Korea (The World Bank,
2017a), with nearly 80% of this population living in urban areas (The World Bank, 2017b).
Based on 2012 data from the Organisation for Economic Co-operation and Development
(OECD), the estimate of Korean population under 18 was 9,578,186; the number of
population at each age was summed from the OECD website
(https://stats.oecd.org/Index.aspx?DataSetCode=RPOP#). The life expectancy of Korean
population in 2016 (the latest figures) was 82.024 years (The Word Bank, 2016). South Korea
is a high income country being 15" largest economy in the world (The World Bank, 2018,
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para. 3). The country is recognised as technologically advanced; 90% of Korean people

between 16 and 74 years old were identified as Internet users in 2016 (OECD, 2017).
1.9.2 The national language

The official language of South Korea is Korean. Since its alphabets were invented based on
the sound structure in spoken language of Korean people, Korean is known as phonetic
language using syllabaries (Sohn, 1999). The letters of the Korean alphabet are called
“Hankul” which consists 14 consonants and 10 vowels. Similar to Chinese and English,
Korean letters and words are composed from left-to-right and top-to-bottom directions (Sohn,

1999). However, the characteristics of Korean involve more circles and straight lines.

The unique characteristics of Korean characters indicate that the results of Korean
handwriting research may differ from English evidence. Leung et al. (2014) had a view that
given the correlation of handwriting with visual perception abilities that contribute to the form
and spatial recognition, as well as visuo-motor integration, there will be different visual
demands between Chinese and English-native children. Therefore, handwriting research
should be encouraged to conduct in one’s own nation (Leung et al., 2014), as linguistic

aspects are one oy key part of multiple process on writing production (Graham & Weintraub,
1996).

Previously, Orliaguet and Boé (1993) also pointed out that letter characteristics such as
size and form and the concept, frequency and phonetic nature of the word are closely linked to
the movement time of linguistic tasks such as handwriting and typing. From the study that
investigated the impacts of linguistic factors, particularly grammatical rules on the timing,
they found that some subjects took more time to write if additional stroke is required (e.g. for
plural form). Since Korean has different grammatical orders and phonetic features, it is, thus,
possible that handwriting research with Korean children may result in different outcomes

compared with English literature.
1.9.3 Writing in Korean education

According to a survey conducted by the OECD in 2012, the literacy proficiency of Korean
people aged 16-65 year olds were just above average compared to the same aged groups of
people in other OECD member countries; yet, when only young Korean people were
compared (i.e. between 16 and 24 year olds), they achieved competitively high numeracy and

literacy level than other countries (OECD, 2016). Given this, it is rated “among the highest-
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performing countries in international assessments of numeracy and literacy” (Kim, 2014,

para. 18).

The education system of Korea is mainly divided into kindergarten, elementary school,
middle school, high school, and university (Ministry of Education, 2017, p. 10). The 6-year
elementary and 3-year middle school education are mandatory for all eligible Korean citizen
in accordance with the Article 8 of Framework Act on Education 2017 (South Korea), and
Korea, in fact, recorded a high primary school attendance between 2008 and 2012, with
approximately 99% and 98% in urban and rural areas respectively (United Nations
International Children’s Emergency Fund [UNICEF], 2013). Children take the elementary
education between the Korean ages of eight and thirteen, which is equivalent to International
Years six and eleven (The UNESCO Institute for Statistics [UIS], n.d.) (note: Korean age
years are different to ‘international age’ years — regardless of months alive, a child is deemed
to turn one year old at the new year — thus, all children become a Korean year older at the new
year). Children may be encouraged to learn Korean from their parents or kindergartens before

entering an elementary school.

In 2017, the Korean Educational Development Institute (KEDI) identified the number of
Korean elementary school children from different provinces and cities. Based on these
numbers, there are 2,674,227 primary school students in Korea. Generally, Korean children
are expected to finish a full course of primary and secondary education before advancing to

higher level of education (e.g. college and tertiary education).

Based on the national basic curriculum (Ministry of Education, n.d.), students have
Korean classes called “Korean language arts subject” from elementary and middle school to
high school. Korean students receive their regular Korean classes most frequently during the
elementary school, which takes up more than 200 hours for each different grade (Ministry of
Education, n.d.). This means that once they become elementary school students, they are
required to know how to read and write Hankul in Korean classes. Throughout their school
life, they practice writing Korean letters and sentences by participating in activities, for

example, dictation words and sentences as well as note taking.

The Korean education system has been criticised as being test-focused (Kim, 2014). This
requires children to be able to handwrite clearly and quickly because tests are often timed.
The need to write quickly and clearly continues into other tests after schools such as the
highly competitive university entrance examination (Kim, 2014). In other words, there is an

immense demand for handwriting among Korean children.
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1.9.4 Korean children with handwriting difficulties

Handwriting difficulty is a global issue, with a prevalence of 5 to 30% in school-age children
(Overvelde & Hulstijn, 2011; Volman et al., 2006). Based on a survey’s data from first-to
fourth-grade teachers, the estimation for children with handwriting difficulties in the USA was
estimated to be an average of 23% of students in each classroom (Hammerschmidt &
Sudsawad, 2004). In addition, a study conducted in the Netherlands found that compared to
third-grade students, second-grade children are nearly twice as likely to be at risk of
handwriting difficulty (Overvelde & Hulstijn, 2011). These findings indicate that poor

performance in handwriting is, indeed, common among children.

To date, however, no study has been published which provides the population based
estimate of the number of children who have difficulty with handwriting (i.e. the task of
handwriting) in Korea. Using the international estimate, it could anticipate that up to 800,000
children could have handwriting difficulty. This is a gap in information about Korean
handwriting. Instead, there is current evidence (Kim & Hong, 2008), about problems in a
child’s ability to think and creatively/fluently write from educational perspectives, for
example, focusing on a student’s written expression and writing flow other than handwriting

performance.
1.9.5 Services for handwriting difficulty in Korean children

Korean children with disability are supported by the Korean special education law. The
Article 1 of Act on Special Education for Persons with Disabilities, Etc 2018 (South Korea)
(available in English) stated that:

The purpose of this Act is for the State and local governments to provide disabled persons
and those who have special educational needs with an integrated educational environment
pursuant to Article 18 of the Framework Act on Education and to provide them with
education according to their life cycle considering characteristics, such as the type and
level of disability so that such education may contribute to their self-realization and

integration into the society.

To achieve this ultimate goal stated above, special education-related services are part of
available support in accordance with the Article 28 of Act on Special Education for Persons
with Disabilities, Etc 2018 (South Korea). This includes a service named “therapeutic

support” which involves relevant health professions such as occupational therapy and
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physiotherapy. In other words, children who have difficulty in academic activities in their

classroom may be identified and referred to services by teachers.

On top of that, from an internet search conducted by the thesis author, it was identified
from a Korean search engine (https://www.naver.com/) that there are some of the parent
community blogs and websites of private service centres which contain online information
about available services regarding children’s handwriting difficulty. However, most results of
this internet search were a form of advertisement about clinical services that parents may want
for their child’s health conditions to be diagnosed or treatments for children having difficulty

in performing everyday tasks or learning activities including writing.

Given this information, it appears that children can be self- referred by parents to services
or present to services that have a blanket referral for a comprehensive delay in developmental

and learning outcomes by teachers.
1.10 Occupational Therapy for Children and Handwriting

Occupational therapy is a health profession which focuses on children’s engagement in
meaningful and relevant occupations in their childhood, for example, play and education
(Case-Smith, 2014; Schneck & Case-Smith, 2014). It is well perceived that children engage in
the role of students, spending a lot of time on their school activities, particularly writing
(Ratzon, Efraim, & Bart, 2007, Schneck & Case-Smith, 2014). For children with handwriting
difficulty, occupational therapists play an important role in assessing handwriting problems,
planning interventions and following up outcomes for future plan (Rigby & Schwellnus,

1999; Schneck & Case-Smith, 2014). They also value and look at relationship between factors
underlying handwriting and the natural environment where children perform handwriting
(Schneck & Case-Smith, 2014). Paediatric occupational therapists eventually determine
primary performance components of handwriting and specific environmental aspects that lead

problems in a child’s handwriting.
1.11 Occupational Therapy in South Korea

In South Korea, the nation’s first licensed occupational therapist was produced in 1969, and
the official association for Korean occupational therapists, named the Korean association of
Occupational Therapists (KAOT), was established in 1993 (KAOT, 2015). Five years later,
the KAOT joined a membership at the World Federation of Occupational Therapists (WFOT)
(WFOT, 1998). As of April 2018, it is estimated that more than 16,000 occupational therapists
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have obtained a national Occupational Therapist Licence (Korea Health Personnel Licensing
Examination Institute as cited in KAOT, 2018a). It is also expected that there would be
approximately 3,500 occupational therapists working with children (personal communication,
Byeong Jin Jeon, the President of the KAOT). These paediatric occupational therapists are
known as working not only in hospitals but also in rehabilitation centres as well as private
clinics. The school-based setting is rare workplace, but it is reported that school-based
occupational therapists worked 40 hours a week, mainly with students who have intellectual

difficulties, cerebral palsy and autism spectrum disorder (Oh & Kim, 2010; Lee et al., 2015).

According to an international scoping review honours project study of health related
handwriting research conducted by Cusick and Elvery in 2017, handwriting interventions and
assessments were mostly conducted by occupational therapists. Another finding was that over
100 standardised handwriting assessments were used in research, identifying that performance
component evaluations were the most common rather than task-focused assessments. This
review did not locate any Korean occupational therapy handwriting literature, perhaps

because the inclusion criteria had sources in English.

Given that there is the potential demand in children who need handwriting intervention
programme, Korean paediatric occupational therapists may have been delivering handwriting
practice for evaluation and intervention. However, to date, no one has summarised literature

and evidence related occupational therapy handwriting practice for Korean children.
1.12 Research Question
In this study, a research question will be explored as follows:

e What published research evidence is available about handwriting practice for children

within Korean occupational therapy?
To answer this research question, a scoping review methodology was selected.
1.13 Study Significance

The gap between Korean and English literature on handwriting practice in occupational
therapy should be addressed in order to meet a potentially increasing demand for handwriting
programme among Korean children with handwriting difficulties. Conducting handwriting
research will first help to gain an understanding of the current pattern of Korean occupational

therapy regarding: what assessments Korean occupational therapists use for children with
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handwriting difficulties; what types of occupational therapy interventions for handwriting
programme are available; and what group of children have been studied. This work will assist
in defining the gap between Korean and international evidence by providing a summary of
published research evidence about handwriting assessments and approaches in Korean
occupational therapy. Based on this summary, recommendations on future research topics and
handwriting practice can be given, which will, in turn, create an opportunity to encourage the

evidence-based practice.
1.14 Outline of Thesis Structure
This thesis includes the following chapters:

e Chapter 2 “A scoping review of occupational therapy handwriting literature” which
includes information about introduction, methods, results and discussion that
presented based on the publication template of the international journal, Occupational
Therapy International. 1t, thus, presents an Introduction, Methods, Results and
Discussion section as well as ‘article’ references and figures/ tables. The Chapter is
intended to be read as a stand-alone study report.

e Chapter 3 “Thesis summary, implications and recommendations” which addresses
summarised results from the scoping review study and identifies practical implications

and recommendations on research.
1.15 Chapter Synopsis

The current chapter introduced a background to the Masters research project, which is
reported in the next chapter. The chapter presented information about the hand, hand function,
measurement relating to the hand, handwriting and writing in Korea, the education context as
it relates to handwriting, occupational therapy in Korea and the gap in evidence about
handwriting information in Korean occupational therapy literature. The next chapter presents

the stand-alone research study report in the form of a journal article.
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CHAPTER 2

A SCOPING REVIEW OF OCCUPATIONAL THERAPY
HANDWRITING LITERATURE

2.1 Chapter Preamble: Target Journal is Occupational Therapy

International

This chapter is presented in a form of a journal manuscript. It is prepared using the Author
Guidelines of Occupational Therapy International. See Appendix M: A journal submission
guideline and template (Occupational Therapy Internationa). Please note that all in-text
citations have been presented in this chapter in the APA format to comply with Faculty of
Health Sciences University of Sydney preferred reference style. This is different to
Occupational Therapy International. In future, if the paper is submitted for review to that
journal, the references will be reformatted as consecutive numbers in square brackets and
heading numbering will be also removed upon submission. In this chapter, appendices were

used to provide the examiner with detailed information.

2.2 Abstract

Background. Handwriting difficulty in children is an established issue across the globe.
However, there has been no review of Korean research literature regarding occupational
therapy handwriting practice to date. Objectives. This study aims to summarise published
literature on occupational therapy handwriting practice in South Korea. Methods. A scoping
review methodological framework by Arksey and O’Malley was applied. From three
databases JKSOT, RISS, and Google Scholar, 22 articles were included based on the face-to-
face agreement by the research team consisting of a native English researcher and bilingual
co-investigator. The key information was then extracted. Descriptive analysis of numerical
data and thematic analysis were used to collate, summarise and synthesise the data. Results.
All 22 research studies were quantitative studies published between 1991 and 2018. Children
with medical conditions including cerebral palsy (CP) were most studied, commonly in
school-based settings, followed by hospitals. A total of 41 assessments were found: 30
standardized assessments, eight non-standardized assessments, and three could not be
determined due to a lack of description. Only two standardized assessments were used in
Korean version (i.e. K-DTVP-2 and K-DDST-2). Standardized assessments were generally

used to measure performance components, the most common being fine motor function. Task-
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oriented handwriting programs were the most popular, and all interventions across the Korean
literature found improvements on handwriting legibility, speed or performance components,
but there were a mix of intervention outcomes that were of statistical significance.
Conclusions. Handwriting research on Korean occupational therapy investigated various
topics regarding assessment and intervention programs targeting handwriting quality and/or
underlying performance components. However, comprehensive focuses on assessment and
intervention and different results from each study indicates no consensus and guideline built
in the Korean literature. Therefore, rigorous handwriting research with Korean standardized

instruments is warranted.

2.3 Introduction

Handwriting is a crucial occupation for children to become a successful learner. To actively
engage in a student role, children need to perform pencil-and-paper tasks in the classroom on
a regular basis (Marr, Cermak, Cohn, & Henderson, 2003; Mcmaster & Roberts, 2016;
Rosenblum, 2008). As a literacy skill, students are expected to integrate their writing ability
into the broad curriculum. However, children who have difficulty in writing often produce
poorer legibility and less amount of writing with more prolonged pauses compared to their
peers (Barrientos, 2017; Case-Smith, 2002; Feder, Majnemer, Bourbonnais, Blayney, &
Morin, 2007; Prunty, Barnett, Wilmut, & Plum, 2014). Consequently, handwriting problems
can have negative impacts on child well-being, by resulting in poor academic achievement
(Alhusaini, Melam, & Buragadda, 2016; Tseng & Cermak, 1993). Children who have
difficulty in mastering handwriting tend to display unwillingness to write (Alhusaini et al.,
2016), potentially presenting with a lack of participation in essential everyday activities
(Magalhaes, Cardoso, & Missiuna, 2011). In the long-term, outcomes of handwriting
problems in children can lead to secondary issues such as anxiety and low self-esteem (Feder

& Majnemer, 2007).

Handwriting difficulty affecting the quality of children's school life has been recently seen
as more general issues worldwide. The international sources have reported continuously that
between 5% and 30% of school-aged children undergo handwriting problems (Overvelde &
Hulstijn, 2011; Volman, van Schendel, & Jongmans, 2006). In 2017, Cusick and Elvery
conducted an extensive scoping review and assessed 178 studies of which each included at
least one standardized assessment for handwriting practice (Cusick & Elvery, 2017).

According to their scoping review, handwriting studies had been published from 23 countries
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such as America, Netherlands and Taiwan since 1975. In other words, poor performance in

handwriting among children has, indeed, become an ongoing concern across the globe.

Over decades, such common research activities have discussed various topics regarding
handwriting difficulty of children. This involves performance components underlying
handwriting, assessment tools for the identification of handwriting difficulty and intervention
programs (Dunsmuir & Blatchford, 2004; Goldstand, Gevir, Yefet, & Maeir, 2018;
Rosenblum, 2008; Van Waelvelde, Hellinckx, Peersman, & Smits-Engelsman, 2012; Wallen,
Duff, Goyen, & Froude, 2013). The recent review by Cusick and Elvery (2017) reported that
most studies of handwriting research targeted visual perception and grasp; the most frequently
used standardized assessments included Developmental Test of Visual Motor Integration,
Evaluation Tool of Children’s Handwriting (ETCH) and Minnesota Handwriting Assessment
(MHA); and the most frequent type of handwriting interventions was task-specific training
which aims to improve handwriting quality such as legibility and speed. More importantly,
Cusick and Elvery (2017) highlighted that there are over 100 standardized handwriting
assessments and a variety of intervention strategies available for use, while very little
duplication exists. Therefore, consensus on assessments and interventions within handwriting
practice has not established yet, hence there is an urgent need for appraising the quality of

evidence (Cusick & Elvery, 2017).

The need for handwriting research to reach a consensus is particularly significant in
paediatric occupational therapy. As unique health professionals who focus on children’s
occupational engagement in major productive activities such as handwriting (Rosenblum,
Goldstand, & Parush, 2006), occupational therapists are identified as the main contributors to
handwriting research, assessment and treatment (Cusick & Elvery, 2017). On top of that,
handwriting difficulty is one of the primary reasons for referrals to paediatric occupational
therapy (Hammerschmidt & Sudsawad, 2004), mostly in school-based settings (Karlsdottir &
Stefansson, 2002). Hammerschmidt and Sudsawad (2004) stated that nearly 95% of teacher
referrals were made due to handwriting difficulties from students. Teachers also reported that
the most common reason for the referral is because students did not show improvements in
handwriting performance with the help of classroom assistance alone. Similarly, a study using
semi-structured interviews found that kindergarten teachers seek for more support on
handwriting instruction, perceiving occupational therapists as having a broader

comprehension of handwriting and holistic view on children (Nye & Sood, 2018).
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In South Korea, approximately16,737 people are nationally qualified occupational
therapists (Korea Health Personnel Licensing Examination Institute as cited in Korean
Association of Occupational Therapists [KAOT], 2018), and it is considered that 3,500
paediatric occupational therapists work with children in various settings including hospitals
and schools. Given the great attention to handwriting research by occupational therapists,
Korean paediatric occupational therapists are expected to have engaged in handwriting
practice actively. However, although the Medline/CINAHL review of paediatric handwriting
research was conducted recently (Cusick & Elvery, 2017), evidence on handwriting practice
of paediatric care from Korea was not revealed. In the international literature (Cusick &
Elvery, 2017), it was found that most studies on handwriting practice were conducted in North
America, while little was done in non-English speaking countries such as China. Thus, the
absence of Korean handwriting research suggests that there is a wide gap between the

international and Korean literature on handwriting practice in paediatric occupational therapy.

To define gaps in research evidence, collecting and organising evidence from the Korean
literature are imperative. The figure on the body of Korean handwriting research is further
critical in South Korea due to a potentially large number of Korean children with handwriting
difficulty. For instance, if reflecting the maximum estimation (30%) of the international
prevalence of handwriting difficulty in school-aged children on the reported number of
Korean elementary school students in 2017 (total = 2,674,227) (Korean Educational
Development Institute [KEDI], 2017), more than 800,000 children are likely in need of
handwriting intervention programs in Korea. Furthermore, understanding Korean evidence on
handwriting practice can be meaningful globally. The World Federation of Occupational
Therapists (WFOT) recently made a call for challenges within occupational therapy,
emphasising that because of diverse population groups in the world, we as occupational
therapists should also increase diversity in our professional knowledge and practice
(Hammell, 2018). Therefore, sharing insights on Korean occupational therapy handwriting
practice are required not only to give Korean occupational therapists recommendations, but
also to connect the client-centred and evidence-based occupational therapy practice around
the world (Hammell, 2018). The understanding of handwriting practice within Korean
occupational therapy will, in turn, contribute to building up the evidence base for handwriting

practice.

In the light of issues stated above, this study aimed to describe handwriting practice of

Korean paediatric occupational therapy. The objectives of the current study were to search and
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summarise published literature on occupational therapy handwriting practice for children with

handwriting difficulty in South Korea.

2.4 Materials and Methods

A scoping review is a research methodology that aims to clarify the potential size and scope
of existing literature on research topics (Grant & Booth, 2012; Peters et al., 2015). This
methodological approach is known as a way of ‘mapping reviews’ by categorising the data
and summarising findings (Peters et al., 2015). Scoping reviews do not necessarily require the
appraisal of the quality of evidence of included studies (regarding methods and study
designs). Instead, scoping reviews address broad research questions to identify the vast
amount of relevant studies in an area of research (Arksey & O’Malley, 2005; Peters et al.,
2015). Thus, the scoping review methodology was selected for this study to clarify the size
and scope of existing literature since to date there has been no comprehensive review of

handwriting practice by Korean paediatric occupational therapists.

To undertake a scoping review, the research team made a protocol based on a scoping
review methodological framework proposed by Arksey and O’Malley (2005). The framework

consists of the five stages listed below.
2.4.1 Stage 1: Identifying the research question

A research question was defined reflecting on the aim of the study mentioned above: what
published research evidence is available about handwriting practice for children within
Korean occupational therapy? The research question was not made any more specific so that
a large body of research about Korean occupational therapy handwriting practice could be

identified (Peters et al., 2015).
2.4.2 Stage 2: Identifying relevant studies

The search strategy was developed using keywords selected by the research team (See

Appendix A: Search strategy). Three data sources were selected for the search:

e The Journal of Korean Society of Occupational Therapy (JKSOT) is an official peer-
reviewed journal co-founded with the Korean Association of Occupational Therapists
(KAOT) in 1993. The JKSOT was selected since it is the journal for the peak professional

society for occupational therapy in South Korea.
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e The Research Information Sharing Service (RISS) is an open research database that
provides access to academic resources such as domestic and international scientific
journals as well as national dissertations produced by universities. The RISS was searched
to locate sources that may have been published in English and/or Korean but outside the
JKSOT.

¢ Finally, Google Scholar was searched in English and Korean language to identify any
sources not previously found in the JKSOT and RISS.

A discrete method of searching was used for each data source. For the JKSOT, the Table
of Contents title of each issue available online was visually inspected (English and Korean
language), and all those papers relating to paediatrics had the abstract inspected (all issues
between 1993 and 2018 in both English and Korean language). Articles were excluded by
consensus of the research team if the title and/or abstract in English did not include the

specific search terms: hands, hand function, handwriting or writing.

For RISS, visual inspection of titles was undertaken; usually, titles were available in both
Korean language and English. From the Google-Scholar results, English language search was
first conducted revealing titles in English, and second, Korean language search was conducted
revealing titles in both English and Korean. Visual inspection was used for these data sources
because unlike proprietary indexes such as Medline/PubMed™, there is no way to structure a
search with limits and qualifiers. Articles were excluded if not conducted by Korean authors
OR in South Korea; a bilingual researcher determined this exclusion process by inspecting
author names, titles and/or abstracts in English/Korean; by discussing reasons for proposed
exclusion with the other researcher; and by reaching a consensus decision. A total of 151

potentially relevant articles were retained at this stage (See Figure 1).
2.4.3 Stage 3: Study selection

The inclusion/exclusion criteria are presented in Table 1. Out of the 151 papers, 40 articles
had an English title and abstract available. Each researcher independently assessed these 40
papers. There was 100% agreement on all 40 to keep for full-text evaluation. To ensure
rigorous full-text review, both researchers made a consensus decision in face-to-face meetings
where each component of the article was identified and assessed through a question and
answer process conducted in English about the main document written in Korean. For
example, an article was inspected to reveal if original data on handwriting had been collected
— the relevant text was highlighted, sentence translation was made by the bilingual researcher

and was interrogated by the co-researcher, and both researchers inspected relevant
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data/numerical tables and analysis. Through this process, 20 articles were retained as eligible
papers. Papers were excluded because 13 studies did not have the original data on
handwriting; three studies had adult participants alone; two studies had only children from
countries other than South Korea; and two papers were duplicates. The reference lists of all
included papers were also inspected to identify additional relevant studies for inclusion in the
scoping review (Peters et al., 2015). Finally, a total of 22 articles were included for the next
stage (data extraction). Each study was given a study identifier. See Appendix B: Study
identifiers for the included studies (n=22).

2.4.4 Stage 4: Charting the data

A data-extraction form in Excel™ was created by the authors to record the key information
from each of the final studies (Peters et al., 2015). See Appendix C: Chart for data extraction.
The extracted information included: publication characteristics (author, year, article title,
journal name, written language); study characteristics (purpose, research approach, study
design, study location, practice setting, sample size, results, conclusion); participant
characteristics (age, gender, diagnosis); assessment characteristics (name and citation details
of assessments used in the study, assessment administrator discipline); and intervention
characteristics (name of the intervention or program and citation details if relevant,
intervention administrator discipline, type of intervention/ theoretical or other approach,

procedures for the intervention).
2.4.5 Stage 5: Collating, summarising and reporting the results

A descriptive analysis of numerical data was used to collate and summarise the results. In an
attempt to better understand and describe patterns of occupational therapy handwriting
programs for children in South Korea, some results were synthesised and presented

thematically — for example, the purposes of the studies.

2.5 Results

Results of the 22 papers included in the scoping review are presented; first as a descriptive

summary and second, as an analysis of topic themes.
2.5.1 PartI: Descriptive analysis

2.5.1.1 Publication characteristics
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The 22 included papers were published between 1991 and 2018. More than half of the
published papers (n=12) were conducted from 2011 to present (Figure 2). Most papers came
from The Journal of Korean Society of Occupational Therapy (n=10), followed by The
Journal of Physical Therapy Science (n=3), The Journal Korean Academy of Sensory
Integration (n=2), Journal of The Korean Society of Integrative Medicine (n=2) and Journal
of The Korean Contents Association (n=1). The remaining four publications were thesis
papers issued by four different universities. The written language of most publications (n=19)

was Korean, and the rest were written in English (n=3).
2.5.1.2 Study characteristics

All papers were 12 observational cohort studies, one of which aimed to inform development
of an evaluation tool and 10 intervention evaluation studies. The intervention studies used the
following designs: pre- and post-test (n=4); single case ABA design study (n=3); and single

experimental study (n=3).

Just over half the studies were studied in urban areas (n=11: n=6 metropolitan city, n=2
capital city, n=2 city, and n=1 capital city and city). Three studies were undertaken in the
nearest province to the capital city (n=2 Gyeonggi Province, and n=1 Gyeonggi Province plus
capital city). Two studies were conducted in Chonbuk Province located in the middle of South

Korea. The remaining six studies did not state regional areas.

The most common study settings were educational, followed by hospitals and

clinics/centre. See Table 2.
2.5.1.3 Participant characteristics

The sample sizes of the included studies varied, ranging from 1 to 326 as shown in Figure 3
(20 participants in a comparison group of a study were excluded from this sample calculation,

as they were adults). Under half of the studies (n=10) had less than 20 participants.

From the 22 studies, the mean age of all child participants was estimated to be 7 years and
8 months using the international age-years rather than Korean calculated age years. The
international age-years were taken as the actual years and/or months reported; 20 of the 22
studies reported this (Table 3). For the remaining two studies, no actual years and months
were reported. The estimation of these two studies was made by taking the mean age of the

given range. For all seven studies where years were reported in Korean ages, the following
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rule was consistently applied - all Korean ages were reduced by one year to be international

age-year equivalents.

In terms of gender, 16 studies involved both male and female participants. Five studies

were male only, and one study did not specify.

Table 4 shows the population of the included studies according to the existence of
medical conditions. More than half of the studies (n=13) targeted children with medical
conditions as participants, with the remainder being typically developing children (TDC).

Cerebral palsy (CP) was identified as the most common diagnosis.
2.5.1.4 Assessment type and frequency of use

The number of assessments used in each study ranged from one to 10 (Figure 4). Across the
22 reviewed studies, 41 assessments were identified, including 11 assessments that were only
used for participant eligibility and/or initial measure. Eight tools of 41 were non-standardized
assessments (six of these were all “writing tasks” and structured, two were unstructured, and
three were not specified: sitting balance test, interview and survey). Thirty evaluation tools
were standardized assessments; a technology, called “Compact Measuring System (CMS) 10
for 3D motion analysis” (zebris Medical GmbH, 2011), was included as a standardized
assessment. In two studies (Kim, 2016; Seo, 2018), there were insufficient descriptions of
measures and details of three assessments could not be determined (i.e. proprioception test
and tactile test, and Korean visual perception screening test: no references provided by the
authors of the study for this assessment). All 41 assessments are outlined in Appendix D: Lists
of standardised, non-standardised and non-determined assessment reported with targeting

elements (n=41).

There were three standardized assessments translated into Korean. These evaluations
included “Korean version of Developmental Test of Visual Perception-2” (K-DTVP-2)
(Frostig, 1972; Hammill, Pearson, & Voress, 1993; Moon, Yeo, & Jo, 2003 — translation and
standardisation), “Korean version of Denver Developmental Screening Test-2” (K-DDST-2)
(original DDST developed by Frankenberg & Dodds, 1967; Korean version cited as being
translated by Shin, Han, Oh, Oh, & Ha, 2002), and “Korean-Intelligence Scale for Children-
37 (K-WISC-3) (Jun, Hwang, & Lee cited in Hwang & Oh, 2017). There was also a task-
oriented handwriting assessment developed by the study authors (Lim et al., 2018). The latter

was an instrumentation study, with the largest sample size (326 school-aged TDC), exploring
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assessment development and properties for item construction, rating scale, construct

validation and reliability.

Across all studies, 27 of the 41 assessments had been used only once. The remaining 14
assessments were used between two and five times. Having been used 15 times in 14 studies,
the most frequently used assessment was a non-standardized assessment “writing tasks” (i.e.
writing “sentences” or “Korean consonants and vowels” or “Korean word/s”), and this
assessment was used to measure handwriting legibility and/or speed (Appendix D). The most
frequently used standardized assessments were the “Jebsen Hand Function Test” (Hong, 2000;
Hwang, 2011; Hwang & Jeong, 2011; Lee, Park, Kim, & Shin, 1996), the “Bruininks-
Oseretsky Test (BOT)” (different versions) (Bruninks, 1978; Kwon, 2008; Park, Lee, Noh,
Lee, & Cha, 2010), and the “Developmental Test of Visual Perception-2 (DTVP-2)” (Frostig,
1972; Hammill, Pearson, & Voress, 1993; Moon, Yeo, & Jo, 2003); these assessments were all
used four times. Occupational therapists were the most common assessment administrators

(Table 5).
2.5.1.5 Intervention type, approach, and administrators

Out of the 10 intervention studies, eight primarily focused on intervention for handwriting
improvement. In the remaining two studies conducted by Kim (1992) and Jung (2011), the
handwriting was not a primary target of intervention but was reported on as a part of an
outcome measurement. The most common types of intervention were task-oriented
handwriting programs (n=6); three studies targeted both handwriting task and handwriting
performance components and three studies targeted handwriting performance components

only.

Table 6 shows the names of the programs and the different approaches used by all authors
for the development of the intervention. As seen in the table, interventions based on sensory
integration (SI) theory (n=4) were the most frequently studied (n=3 activities and n=1 product
use), followed by visual perception training programs (n=2). The common abilities targeted in
performance component/mixed interventions (n=5) were identified as eye-hand coordination
(n=2), postural control/stability (n=1), visual perception (n=1), and fine motor function (n=1).
According to eight studies that reported the duration of interventions, participants were on
average treated for 30.63 minutes per session, with the most common frequency of
interventions being three days a week (n=3) (Table 7). Intervention providers are outlined in

Table 8, and intervention programs were mostly administered by occupational therapists.
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2.5.2 Part II: Thematic analysis
This section summarises topics explored in the 22 studies included in this review.
2.5.2.1 Lived experience of child/caregiver

Only three studies included qualitative aspects of lives among children who had handwriting
difficulty (n=2 described in method section as participant information and n=1 described in
result section) (Hwang, Kim, & Jung, 2017; Jung, 2011; Shin & Park, 2016). A single case
ABA study conducted by Shin and Park (2016) mentioned a child’s perspective on
handwriting performance, using the COPM. They identified that the child recognised
handwriting problems hugely by reporting the importance, performance and satisfaction items

with 10, 4 and 3 points respectively.

The lived experiences of child participants were also addressed by the information from
primary caregivers. Both Jung (2011) and Shin and Park (2016) who conducted studies on
children with medical conditions have stated that parents reported their child had difficulty
with other occupations such as play with peers, personal hygiene and eating, while showing
low self-esteem (Jung, 2011). The participant was specifically struggling with fine motor
activities such as playing the recorder and folding paper (Shin & Park, 2016). According to
Shin and Park (2016), a parent reported that teachers often pointed out her child’s writing,
while she also suspected her child having decreased abilities in fine motor control and
visuomotor coordination. The parent further reported that she did not, however, seek for
interventions, as the child did not have cognition and learning problems and no-one advised
on the suspected abilities of the child (Shin & Park 2016). However, another study reported
that a child participant with no particular diagnosis was found to have difficulty in
maintaining attention span, proper sitting position and friendships, which was, in turn, a

reason for referral to the developmental centre by parents and teachers (Hwang et al., 2017).
2.5.2.2 Selecting child participant for handwriting research

The topic of whom to include in handwriting research studies gives an insight into the types
of children targeted in occupational therapy handwriting practice. Only 15 of 22 studies
specified participant eligibility (n=9 studies involved children with medical conditions and
n=6 involved children without medical conditions). Table 9 summarised participant eligibility
criteria for studies with children who have medical condition and studies with children who

have no medical condition.
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2.5.2.3 Measuring handwriting quality and performance components

Handwriting legibility and/or speed were investigated for the correlation with several
performance components (Table 10). Followed by visual perception (motor free) and visual-
motor integration, fine motor skills were the most common primary measure (n=7), which
used an observational assessment (i.e. writing name and colouring) and standardized
assessments such as the modified versions of the Bruininks-Oseretsky Test (BOT), Grooved

Pegboard Test and O'Connor Finger Dexterity Test.

According to Kim, Han, and Jang (2015), visuoperceptual and motor abilities were not
correlated with handwriting legibility in 23 typically developing preschool-aged children.
Although there was a similar finding to no correlation of legibility with general visual
perception, legibility was identified to have a good correlation with visual motor skills, such
as visual-motor speed, among 49 pre-schoolers (Min, Jung, Jung, & Kang, 2008). This study
also concluded that the significant predictors for handwriting legibility were eye-hand
coordination and copying skills through stepwise multiple regression analysis (Min et al.,
2008). A study targeting TDC identified no correlation between legibility and joint position
sense at the elbow (Hong, Jung, & Kim, 2016).

In other TDC, performance components - praxis, fine-motor precision and in-hand
manipulation skills - were found to be influential factors to legibility (Seo, 2018; Yu, Kim, &
Kim, 2006). However, while finger coordination, visual perception and visual motor
integration had correlations (Kim et al., 2015; Lee, 2002), praxis was reported as not
significantly correlated with the writing time (Yu et al., 2006). A comprehensive study found
that the crucial predictors of handwriting articulation were wrist lateral deviation of muscle
strength and upper extremity speed among 54 children with CP (Kim, 2016). Statistical
differences on handwriting performance were also reported according to participant
demographics such as education (p<0.05) and gender (p<0.05) (Kim, 2016; Yu et al., 2006).
Lee (2002) found that the number of Korean letters increased as the grade level of the

elementary school children increased.
2.5.2.4 Effectiveness of task-orientated handwriting interventions

Three studies of the task-oriented handwriting interventions reported positive changes in both
handwriting legibility and speed (Ham, Kim, Lee, & Jeon, 2012; Hwang, 2011; Shin & Park,
2016). However, a study using ‘copying contents’ (a task-oriented intervention) identified that

a significant improvement was only found in legibility (Shin & Park, 2016). Hwang (2011)
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investigated the active teamwork-based intervention between special education teachers and
occupational therapists to implement the low tech assistive technology; the therapists
provided indirect services by making plans on handwriting programs and these were delivered
by the teachers. In this study, it was noted that all three participants with intellectual disability
showed fluctuations in the writing time during the intervention period. The author discussed
that this is because the participants avoided writing tests since attention span became
shortened as a result of physical fatigue and low motivation. However, the other study using a
SI based handwriting program reported significant improvements, particularly in handwriting

speed among children with ADHD (Ham et al., 2012).
2.5.2.5 Effectiveness of handwriting performance component interventions

The effects of the intervention programs on performance component with or without targeting
handwriting quality were reported as all positive (Hong, 2000; Hwang et al., 2017; Hwang &
Jeong, 2011; Kim, Bae, Jun, Jang, & Song, 2015; Park, 2009). One of two studies that only
targeted a performance component (i.e. eye-hand coordination) reported that children with CP
showed significant improvements in writing speed, particularly for the dominant hand after
multisensory intervention (snoezelen) (Hwang & Jeong, 2011). The other study also identified
that children with CP showed the reduction in the performance time when writing Korean

sentences (almost 20% faster), hence eye-hand coordination was improved (Hong, 2000).

On the subject of intervention programs targeting both performance component and
handwriting quality, a unique intervention study using the weighted vest reported that there
was a substantial statistical difference in postural stability of the trunk between experimental
and control groups (each consisting of eight children with DCD) (p<0.001) (Park, 2009). In
this study, the intervention group was also observed to have significant improvements in their
handwriting performance - legibility, letter form, letter size, errors, angles. However, a pre-
and post-test study implementing a visual perception training program identified that the
intervention had positive impacts only on handwriting legibility (Korean consonants), not
targeting performance component (visual perception) among children with CP (Kim et al.,
2015). Statistically significant changes were also only observed in a comparison group (TDC)

that did not receive the intervention (Kim et al., 2015).

A study conducted by Hwang et al. (2017) implemented a proprioceptive-vestibular based
sensory integrative intervention in elementary school students. To assess fine motor abilities,
the authors administered the Bruininks-Oseretsky Test of Motor Proficiency (BOT-MP) and

found that both response speed and visuomotor control items showed increases in the scores.
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However, a statistically significant difference was found only in response speed (Hwang et al.,
2017). Furthermore, this study examined legibility of Korean consonants and vowels
specifically. There was a significant difference in the total score of the writing test; yet, a
statistical significance was found in the score of consonant writing, while the vowel writing
section showed only an increase in the score with no statistical significance (Hwang et al.,
2017). Overall, all studies found positive changes, but there were mixed results in statistical

significance.

2.6 Discussion

The current review has identified the patterns of handwriting practice in Korean occupational
therapy by collating and summarising the existing studies from South Korea. This section
discussed handwriting and occupational therapy in the context of the Korean language and

international English language handwriting research.
2.6.1 Predominantly underpowered quantitative observational cohort designs

In relation to the volume of research, the number of studies from the Korean literature (22) is
comparable in the same time period to that found in Israel (20), Australia (19), and Canada
(19) (Cusick & Elvery, 2017). This similar volume demonstrates a sustained interest in
handwriting research in Korean occupational therapy, with more activity evident in the recent
10 years. Unlike the increasing activity in South Korea, Cusick and Elvery (2017), however,
reported that the volume of handwriting research had decreased internationally since 2011.
This discrepancy may be associated with the special education law for people with disabilities
that was enacted in Korea in 2007. In this law, occupational therapists are recognised as
special education related service providers on early intervention and therapeutic support for
children with disabilities in the school system (Lee et al., 2015). Given that handwriting
research is generally conducted in school-aged children (Cusick & Elvery, 2017), it can be

seen that handwriting research in Korea finally received attention after the year 2007.

Besides, any research design was considered in the current study, but, even so, all
research studies were quantitative studies. While the international literature identified that
there is the overwhelming number of observational study, followed by intervention study
(Cusick & Elvery, 2017), this scoping review study found an almost equal number of
observational cohort studies and intervention studies. Also, both literature identified pre- and
post-test as the most common study design for the intervention, while RCT and systematic

review were only found in the international evidence. As a matter of fact, two systematic
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studies conducted by Korean authors (Hong & Kim, 2010; Jung, 2014) were detected as
relevant articles, but, excluded at the selection stage because both studies reviewed evidence
from English countries. This may reflect that there had genuinely been no review on

handwriting research in Korean occupational therapy.

Also, qualitative components were found in a few single case design studies from the
Korean literature. The qualitative findings were consistent with results from other
international studies that children with handwriting difficulty exhibit low self-esteem and
struggle to perform other daily activities such as self-care tasks (Feder & Majnemer, 2007;
Magalhaes et al., 2011). However, due to a small sample size of Korean studies of which half
were published a decade ago, the Korean findings may have limitations to represent a valid

generalisation on a wider group of Korean children with handwriting problems.

2.6.2 Study purposes either evaluated intervention impacts or explored underlying

performance components

When it comes to the topics of concern in Korean occupational therapy handwriting research,
the current study revealed that equal attention is paid to i) the effectiveness of handwriting
interventions and ii) correlation of handwriting quality with underlying performance
components. Although task-oriented handwriting interventions were the most popular type of
intervention programs in both literature, the international literature found that performance

components were more investigated than handwriting interventions.

Most Korean studies addressed at least one performance component relating to
biomechanical, perceptual, cognitive or physical abilities (e.g. fine motor control, in-hand
manipulation, eye-hand coordination, praxis, visual perception, postural stability and grasp
patterns). Similarly, international handwriting studies were found to have a great focus on
various performance components of handwriting (Wallen et al., 2013). As handwriting is
considered as a complex process requiring a combination of those personal abilities, research
on the diverse components can be thought to be reasonable and may be encouraged.
Considering that Korean handwriting researchers are more likely to refer to English literature
because of the small amount of the existing studies from the Korean literature, Korean
handwriting research relating to performance component is expected to grow as in the

international literature.

2.6.3 Occupational therapy handwriting practice settings
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Both Korean and English literature found that the most common study setting was school.
Although the hospital was the second most common setting in Korean studies, no studies
based on hospital settings were found in the international literature. This opposite finding can
be explained by societal background on which Korean occupational therapy practice is mainly
developed. Based on a previous study conducted by Lee et al. (2010), the most common
workplaces for a majority of Korean occupational therapists were hospitals. An analysis study
using the data of the KAOT also found that while nearly 25% of the members were either
unemployed, students or professors, 57% of the Korean occupational therapists who were the
association members (n=2,982) worked in hospitals (Lee, Chang, Jung, Ku, & Woo, 2014).
Hence, as Korean occupational therapy has largely emerged in the form of rehabilitation at
hospitals, it is suggested that handwriting practice in occupational therapy are delivered based

in hospital settings.
2.6.4 Children receiving occupational therapy for handwriting

Consistent with previous studies (Cusick & Elvery, 2017; Feder, Majnemer, & Synnes, 2000),
Korean school-aged children are identified as the most studied participants. However, unlike
the international literature where the majority of evidence relates to TDC (Cusick & Elvery,
2017), in Korean practice over half of the research studies investigated handwriting of
children with diagnosed conditions, the most common being CP. As discussed earlier, Korean
occupational therapy profession has significantly developed based on medical settings where
it traditionally focuses on remedial occupational therapy for children who have medical
conditions. Thus, it is possible that TDC who may have handwriting difficulty have not
received enough attention compared to children with the diagnosis, even though Korean
occupational therapy services have expanded in the educational districts such as kindergarten

and school since 2007.

In this study, qualitative components from two Korean studies gave brief insights into
how caregivers/children approached occupational therapy services. Although a caregiver was
aware of a child’s writing difficulty, it was noted that caregivers and/or teachers made
referrals to occupational therapy for other reasons than handwriting difficulty. While this
indicates that the primary reason for referrals to Korean occupational therapy could differ
from the international literature, it is tempting to think that there may be a lack of social
systems to identify and support children with handwriting problems within Korean

community.
2.6.5 Non-standardized assessments in occupational therapy handwriting practice
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Predominantly, non-standardized assessments — writing Korean alphabets, words, or sentences
— were used in order to measure handwriting quality. There were researchers who conducted
studies with non-standardized structured assessments by using a letter evaluation sheet,
legibility standards and score criteria established from previous Korean studies. Structures of
non-standardized assessments provide evaluators opportunities that control biases associated
with a person, testing item and environment (Luebben & Royeen, 2010). Understanding that
handwriting has been focused on as occupation which is central to occupational therapy
profession (Cusick & Elvery, 2017), the popularity of the Korean writing assessments could

be seen as positive.

However, given that there is a lack of standardized assessments available in Korean, this
leads to another possible explanation regarding the use of non-standardized assessment. Since
occupational therapy emerged from English speaking countries, it is clear that most
occupational therapy assessments are available in English. Due to the cultural and linguistic
differences between English and non-English speaking backgrounds (McDonald, 2000), it can
be, therefore, considered that Korean researchers and occupational therapists might intend to
use non-standardized assessments, as it allows them to gather valid results for a child client in

South Korea.
2.6.6 Standardized assessments in occupaitonal therapy handwriting practice

From the Korean occupational therapy literature, standardized assessments were found more
than non-standardized assessments and were most commonly used to measure performance
components. However, most of the identified standardized assessments were used without
local validation - for example, Korean version of assessments (e.g. K-DTVP-2 and K-DDST-
2); the assessments were translated but no psychometric information was provided about
translating the instrument. To obtain and compare accurate evaluation outcomes from children
over time, using standardized assessments are recommended. If standardized assessments that
are relevant to the Korean culture and linguistic background are not available, this will not
only result in evidence-based practice being undervalued, but also prompt less motivation for
Korean occupational therapists to use standardized assessments to measure both handwriting

quality and performance components, increasing the use of non-standardized assessments.

Other countries where English is not their first language have been aware of issues with
using English version of evaluation tools. For instance, since the characteristic features of the
language are different, studies to develop handwriting evaluation tools have been focused and

investigated in China (Lam, Au, Leung, & Li-Tsang, 2011; Tseng, 1998). In South Korea, the
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authors who conducted an instrumentation study to develop the handwriting instrument also
pointed out that the new instrument is required for cultural validity reflecting on unique
characters of Korean because there is difficulty of comparing findings with established tests
developed overseas that did not use Korean characters (Lim et al., 2018). Thus, it is suggested
that more standardized assessments need to be more available in Korean, and further studies

are needed in Korean handwriting research using the Korean version of formal assessments.
2.6.7 Studies focused on intervention

Of 22 studies, 10 explored the impact of the intervention. Most used standardized measures,
but each study used a unique author designed program. There was no intervention program
replication, while SI was the most popular approach. Despite various types of intervention, all
showed positive changes in one or more outcome measure relating to legibility and/or speed.
However, this observed change was not statistically significant in some studies. A mix of
outcomes was observed across a range of measures beyond speed and legibility. For example,
studies using the SI approach reported outcome measure improvement in things as different as
legibility of Korean consonants but not vowels, response speed (time task) or postural
stability. It should be noted the effects of the intervention on handwriting quality and/or

performance components could vary depending on children's diagnosis.

The current review revealed that fine motor abilities were more investigated than other
performance components in Korean correlational research, while the intervention studies most
commonly targeted eye-hand coordination in the Korean literature. According to a Canadian
survey, fine motor related hand function was reported as commonly and routinly assessed by
Canadian occupational therapists, followed by perceptual abilities and quality of movement
and motor planning (Feder et al., 2000). These inconsistent findings indicate that there is no
consensus built in the literature for Korean handwriting practice nor in the international

evidence.
2.6.8 Study limitations

Compared to international age, the Korean age is always one to two years older. The correct
Korean age can be only calculated from the international age when the actual birth date of
participants is obtainable. Therefore, the average age of all child participants in this scoping
review is an estimation. Also, only a small number of studies used the evaluation tools and
handwriting treatments. For instance, although eye-hand coordination was identified as the

most common targeting component for the intervention, it was only studied two times
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whereas other components were studied only once. Moreover, since scoping reviews do not
rigorously appraise the quality of evidence, this assessment of the body of evidence was not
done. Thus, interpretation of the review as evidence should be done with caution. Finally, this
study only used three search databases. By including other Korean databases, it would help to
find more relevant articles that might be published outside the official journal of Korean

occupational therapy.
2.7 Conclusions

Handwriting research has been constantly growing in South Korea. Particular research topics
were investigated in relation to the development of an evaluation tool, correlation of
handwriting quality with underlying components as well as intervention programs targeting
legibility, speed and/or specific performance components. With small sample sizes, however,
most of the found evidence was primary and quantitative studies. Further investigation is,
therefore, required to describe a current trend of Korean occupational therapy practice for
handwriting. Also, like other countries, there were no consensus and gold standard guideline
in the Korean literature. This highlights that high-quality handwriting research using
standardized instruments in Korean is warranted not only in children with medical conditions
but also in typically developing children. As diversity has become crucial in the occupational
therapy profession, the summarised results of the current study have significance by
introducing more evidence to the international literature. This will enrich the diversity of
evidence on handwriting research and will be fundamental data that assists Korean and
international occupational therapists and policymakers to promote the evidence-based

handwriting program service.
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CHAPTER 3
THESIS SUMMARY, IMPLICATIONS AND RECOMMENDATIONS

3.1 Introduction to Chapter

The findings of the scoping review were discussed in the previous chapter (see Section 2.6
Discussion). This chapter closes off the thesis by summarising critical findings and suggests
implications and recommendations for future research and practice. Further, study limitations

identified but not presented in scoping review are also included.
3.2 Summary of Key Findings from Scoping Review

Handwriting difficulty is common in both educational and health sectors. Due to complex
factors associated with handwriting performance, there has been a wide range of international
research activity regarding the quality of handwriting and its performance components. The
scoping review on the literature from South Korea demonstrated that Korean researchers have
shown sustained interest in this research area between 1991 and 2018 and that this focus has
become more active in the last 10 years with more research completed. It was noted that they
equally paid attention to two distinct topics of handwriting research. These topics were
interventions and correlational investigations around handwriting quality with underlying
performance components. All of the included studies were identified as quantitative studies

such as pre- and post-test or single case ABA design studies.

Further, Korean occupational therapy handwriting research was found to differ from the

international English language handwriting research as follows:

Firstly, hospitals were the second most common setting in Korean studies but not in
international literature. School-based settings were the most common research settings in both

Korean and international handwriting research.

Secondly, although Korean school-aged children were the most studied participants in
both Korean and international literature, the children had medical or diagnosed conditions in
the Korean research with CP being the most common diagnosis. In international literature the

children were most commonly typically developing children.

Thirdly, informal handwriting assessments developed by the Korean authors based on

previous studies were frequently used for handwriting quality measurements. On the other
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hand, consistent with previous studies, standardized assessments were dominantly used to
measure various performance components in Korean practice. However, the most targeting
component was fine motor function in the Korean research, whereas different popularity
regarding targeting components was found in the international literature (e.g. visual

perception or both gross and fine motor function).

Lastly, Korean research investigated the different types of handwriting treatments which
focussed on task-oriented interventions with sensory integration approaches most studied.
However, unlike international literature where task-specific training was most frequently
applied with the named intervention programs such as “Handwriting Without Tears”, “Write-
Start” and “Size Matters”, these programs were not named and were specific to the single

Korean studies in occupational therapy practice.
3.3 Implications and Recommendations

Multinational studies, including Korean research, has yielded knowledge about handwriting
practice over decades. This indicates that researchers and practitioners value building a strong
evidence for the best outcomes for handwriting interventions. In this regard, the high quality
research evidence needs to be conducted. For instance, randomized controlled trials (RCTs)
and systematic review studies are ranked at very high levels in the hierarchy of evidence
(Hoffman, Bennett, & Del Mar, 2017). As the high-level studies are less likely to cause
systematic error (bias) than lower levels of evidence, using these well designed studies is
regarded as providing reliable and duplicable results of the study for the real world practice

(Burns, Rohrich, & Chung, 2011; Hoffman et al., 2017).

However, the current scoping review identified that there were only quantitative studies,
and that these used research designs that were low level of evidence (e.g. pre- and post-test
and single case study) (Hoffman et al., 2017). To build up a strong evidence base, it is
imperative that higher levels of evidence should be obtained (Hoffman et al, 2017). The
existing lower levels of evidence may be useful. As long as the low level of evidence shows
relevance to research questions and consistency of study data across research, these low
quality evidence can be graded and used to provide recommendation guidelines for children’s
handwriting difficulty (Burns, Rohrich, & Chung, 2011). This indicates that there is a chance
that a majority of Korean studies found from the scoping review may be able to contribute to
future consensus. Whether or not Korean results support previous empirical studies will
suggest new directions for future research development to embrace diversity in health

research.
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In the future, Korean handwriting research should be introduced, using diverse research
designs. Particularly, it is recommended to use RCTs and systematic review designs in order
for future consensus or guideline regarding handwriting research. To more accurately
integrate Korean data into international literature, different aspects between Korean and
English cultures should be considered. For example, there is a different way of calculating age
between Korean and English countries. Since most Korean studies rarely reported the
International ages of their study participant as they tended to present their Korean ages, then
this suggests a need for researchers to provide participants’ chronological age in accordance to
international standards. By doing so, it will facilitate a valid comparison in data collected

from Korea and other countries.

The key findings from the scoping review also reinforce the need for neglected topics in
Korean handwriting research. This research will involve study with typically developing
children or different types of intervention approaches other than sensory integration based
approaches (e.g. named handwriting intervention programs). On top of that, it is identified
that no studies primarily investigated environmental aspects in South Korea, which is similar
to the result of the previous scoping review by Cusick and Elvery (2017) that environmental
aspects were identified as neglected. As handwriting is understood as activity which children
participate in within the natural context, studies focusing on contexts where handwriting

performance occurs would benefit practice development in occupational therapy.

Also, despite the fact that there has been a great attention to children with medical
conditions and sensory integration approaches for handwriting practice in Korean
occupational therapy, the current trend of Korean occupational therapy for children’s
handwriting is still unrevealed due to the absence of qualitative research and a small number
of handwriting studies of which almost half are out-of-date. This means that another
descriptive research will be needed to explore the current trend of Korean occupational
therapy handwriting practice regarding caseload, standardized/non-standardized assessments,
intervention approaches and targeting performance components or factors including
environmental aspects (Cusick & Elvery, 2017). Therefore, as part of the follow up work
associated with the scoping review, the thesis author was involved in developing a protocol
for a survey. Due to time limitations for the thesis unit (which required assessment before
semester one commencement in 2019), the survey could not be implemented. The
development of the protocol is, however, part of the work undertaken for this thesis (see
Appendix E: A protocol for a survey of occupational therapy handwriting practice in South

Korea).
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Recently, one of WFOT executive members, Ritchard Ledgerd visited a head office of the
KAOT, and he discussed with Korean occupational therapists and identified global
connections as a priority to enhance research project and development in occupational therapy
profession, which reflects on diversity derived from different countries (KAOT, 2018b). The
scoping review is a very recent collaboration between a native Korean-speaking student
researcher originally from a non-English speaking country, South Korea and a native English-
speaking researcher in Australia. The methodology of the current scoping review which was
described in great detail could be utilised for future bilingual approaches to review of non-

English literature in occupational therapy.

Apart from the issue of bilingual methods, effective communication within collaborations
can be also achieved when team members share a common language where key terms have
the same meaning (Mitzkat, Berger, Reeves, & Mahler, 2016). The ICF was used in this study
to define aspects of the hand and hand function. The ICF taxonomy may be useful for
international collaboration, as it was developed through international consensus, and its codes
can be used by any health professionals from different cultural and linguistic backgrounds.
For instance, if researchers or clinicians address children’s “attention”, which is categorised
under “Mental functions”, and present codes between b1400 and b1409 in their document,
any other professionals from different nationalities or disciplines or countries may be able to
check what the term indicates in their own language (currently available in English, Chinese,
French, Russian, and Spanish; and multiple languages may be in translation process). If a
child’s hand function is reported with b7300 “Power of isolated muscles and muscle groups”
(e.g. small muscles of hands), b152 “Emotional functions” (e.g. hate and anxiety) and d145
“Learning to write”, impairments in these areas may trigger a referral to be made in relation to
relevant health professions such as physiotherapists, psychologists and occupational
therapists. Therefore, understanding the ICF location and categorization of the hand will help
ensure consistent use of terms and stimulate boundless communication in health research and

practice worldwide.
3.4 Study Limitations

Specific limitations are associated with this scoping review have been presented in the
relevant section, Chapter 2. In this section, other limitations are identified. This includes the
limited time available to conduct the study because it was located within the coursework of a
Master’s degree program. Another limitation was reliance on the author (SL) to complete all

translations due to financial reasons. The studies could not be professionally translated and it
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is possible that the author’s translation could be inaccurate. It should be noted, however, that
the thesis author is a qualified occupational therapist with a bachelor degree in Korea and has
practiced for two years as an occupational therapist. Therefore, this enhances the likelihood of

appropriate translation of Korean occupational therapy research literature.
3.5 Chapter Synopsis

The current chapter presented a summary of key findings from the scoping review. The
implications and recommendations for future research and practice were considered. A survey

protocol for future research was introduced and appended, and general study limitations were

described.

-63 -



REFERENCES

(translated to English if required)

Act on Special Education for Persons with Disabilities, Etc 2018 (South Korea). Retrieved
from https://elaw.klri.re.kr/kor service/lawView.do?hseq=46846&lang=ENG

Alahmari, K., Silvian, S., Reddy, R., Kakaraparthi, V., Ahmad, 1., & Alam, M. (2017). Hand
grip strength determination for healthy males in Saudi Arabia: A study of the
relationship with age, body mass index, hand length and forearm circumference using a
hand-held dynamometer. Journal of International Medical Research, 45(2), 540-548.
doi:10.1177/0300060516688976

Alaniz, M., Galit, E., Necesito, C., & Rosario, E. (2015). Hand strength, handwriting, and
functional skills in children with autism. The American Journal of Occupational

Therapy, 69(4), 6904220030p1-9. doi:10.5014/aj0t.2015.016022

Alhusaini, A., Melam, G., & Buragadda, S. (2016). Short-term sensorimotor-based
intervention for handwriting performance in elementary school children. Pediatrics

International, 58(11), 1118-1123. doi:10.1111/ped.13004

Andersen, D. (1969). What makes writing legible. The Elementary School Journal, 69(7),
365-369. doi:10.1086/460524

Arksey, H., & O'Malley, L. (2005). Scoping studies: Towards a methodological framework.
International Journal of Social Research Methodology, 8(1), 19-32.
doi:10.1080/1364557032000119616

Barnes, K., Beck, A., Vogel, K., Grice, K., & Murphy, D. (2003). Perceptions regarding
school-based occupational therapy for children with emotional disturbances. The

American Journal of Occupational Therapy, 57(3), 337-341. doi:10.5014/ajot.57.3.337

Barrientos, P. (2017). Handwriting development in Spanish children with and without learning
disabilities: A graphonomic approach. Journal of Learning Disabilities, 50(5), 552-563.
doi:10.1177/0022219416633866

Beery, K. E. (1989). The Developmental Test of Visual-Motor Integration (3rd ed.).

Cleveland; Modern Curriculum Press.

Berninger, V., Abbott, R., Swanson, H., Lovitt, D., Trivedi, P., Lin, S., Gould, L., Youngstrom,
M., Shimada, S., & Amtmann, D. (2010). Relationship of word- and sentence- level

-64 -



working memory to reading and writing in second, fourth, and sixth grade. Language,
Speech, & Hearing Services in Schools, 41(2), 179-193. Retrieved from https://pubs-
asha-org.ezproxyl.library.usyd.edu.au/doi/pdf/10.1044/0161-1461%282009/08-
0002%29

Bruninks. R. H. (1978). Bruninks Oseretsky Test of Motor Proficiency.: Examiners manual.

Minnesota: American Guidance Service.

Bruininks, R. H. (2013). BOT 2 Bruininks-Oseretsky Test of Motor Proficiency: Manual.
Minneapolis, MN: NCS Pearson Inc.

Bumin, G., & Kavak, S. (2010). An investigation of the factors affecting handwriting skill in
children with hemiplegic cerebral palsy. Disability & Rehabilitation, 32(8), 692—703.
doi:10.3109/09638281003654789

Burns, P., Rohrich, R., & Chung, K. (2011). The levels of evidence and their role in evidence-
based medicine. Plastic and Reconstructive Surgery, 128(1), 305-310.
doi:10.1097/PRS.0b013¢318219¢171

Cakit, E., Durgun, B., Cetik, O., & Yoldas, O. (2014). A survey of hand anthropometry and
biomechanical measurements of Dentistry students in Turkey. Human Factors and
Ergonomics in Manufacturing & Service Industries, 24(6), 739-753.
doi:10.1002/hfm.20401

Case-Smith, J. (2002). Effectiveness of school-based occupational therapy intervention on
handwriting. The American Journal of Occupational Therapy, 56(1), 17-25.
doi:10.5014/aj0t.56.1.17

Case-Smith, J. (2014). Chapter 1: An overview of occupational therapy for children. In J.
Case-Smith & J. C. O’Brien (Eds.), Occupational therapy for children and adolescents
(7th ed.) (pp. 1-26). St Louis: Elsevier.

Case-Smith, J. & Exner, C. E. (2014). Chapter 8: Hand function evaluation and intervention.
In J. Case-Smith & J. C. O’Brien (Eds.), Occupational therapy for children and
adolescents (7th ed.) (pp. 220-257). St Louis: Elsevier.

Christensen, C. A. (2005). The role of orthographic-motor integration in the production of
creative and well-structured written text for students in secondary school. Educational

Psychology, 25(5), 441-453. do1:10.1080/01443410500042076

-65 -



Colaris, J., van Der Linden, M., Selles, R., Coene, N., Allema, J., & Verhaar, J. (2010).
Pronation and supination after forearm fractures in children: Reliability of visual

estimation and conventional goniometry measurement. Injury, 41(6), 643—646.

doi:10.1016/5.injury.2010.02.007

Cornhill, H., & Case-Smith, J. (1996). Factors that relate to good and poor handwriting. The
American Journal of Occupational Therapy, 50(9), 732—739. do0i:10.5014/aj0t.50.9.732

Creek, J. (2010). The core concepts of occupational therapy: a dynamic framework for
practice (pp. 17-31). London: Jessica Kingsley. Retrieved from
https://books.google.com.au/books?hl=en&Ir=lang_en|lang ko&id=vPXr0yOzHkIC&oi
=fnd&pg=PA2&dq=creek+2010+occupational+therapy&ots=hB70poz918&sig=3KzT4
YeD02CKvaz0fqBAG2L43hk#v=onepage&q=creek%202010%?200ccupational%20ther
apy&f=false

Dale, E., & Chall, J. (1949). The concept of readability. Elementary English, 26(1), 19-26.
Retrieved from
https://www.jstor.org/stable/pdf/41383594.pdf?casa token=70a9QEqEjJUAAAAA:gK
m6DKxjConskxtp] PTEtDnUjMH_1IBnCPNFds6¢57SjMGkY 6RbJMbyLnh8aglgMFjN
xfaluP2nBkQYO0OFPv9sa-6zCxyQod4NUQKPdLzAZIebeDohvb

Danuri. (2018, April). Korea general information. Retrieved January 26, 2019, from
https://www.liveinkorea.kr/portal/USA/page/contents.do?menuSeq=3704&pageSeq=9

de Onis, M., & Habicht, J. (1996). Anthropometric reference data for international use:
Recommendations from a World Health Organization Expert Committee. The American
Journal of Clinical Nutrition, 64(4), 650—658. Retrieved January 10, 2019, from
https://doi-org.ezproxyl.library.usyd.edu.au/10.1093/ajcn/64.4.650

Drake, R., Vogl, W., & Mitchell, A. (2018). Upper limb. In R. Drake, W. Vogl, A. Mitchell, R.
Tibbitts, P. Richardson, & A. Horn (Eds), Gray’s basic anatomy (2nd ed) (pp. 341-412).

Philadelphia, Pennsylvania: Elsevier.

Duff, S. (2005). Impact of peripheral nerve injury on sensorimotor control. Journal of Hand

Therapy, 18(2), 277-291. doi:10.1197/j.jht.2005.02.007

Duff, S., & Goyen, T. (2010). Reliability and validity of the Evaluation Tool of Children’s
Handwriting-Cursive (ETCH-C) using the general scoring criteria. The American

Journal of Occupational Therapy, 64(1), 37-46. doi:10.5014/ajot.64.1.37

- 66 -



Dunsmuir, S., & Blatchford, P. (2004). Predictors of writing competence in 4- to 7-year-old
children. British Journal of Educational Psychology, 74(3), 461-483.
doi:10.1348/0007099041552323

Duruéz, M. T. (2014). Assessment of hand functions. In M. T. Durudz (Ed), Hand function: A
practical guide to assessment (pp. 41-51). New York, NY: Springer.

Falk, T. H., Tam, C., Schwellnus, H., & Chau, T. (2010). Grip force variability and its effects
on children’s handwriting legibility, form, and strokes. Journal of Biomechanical

Engineering, 132(11), 114504. doi:10.1115/1.4002611

Feder, K. P., & Majnemer, A. (2007). Handwriting development, competency, and
intervention. Developmental Medicine and Child Neurology, 49(4), 312-317.
doi:10.1111/5.1469-8749.2007.00312.x

Feder, K., Majnemer, A., Bourbonnais, D., Blayney, M., & Morin, 1. (2007). Handwriting
performance on the ETCH-M of students in a grade one regular education program.
Physical & Occupational Therapy in Pediatrics, 27(2), 43-62.
doi:10.1300/J006v27n02_04

Feder, K. P., Majnemer, A., & Synnes, A. (2000). Handwriting: Current trends in occupational
therapy practice. Canadian Journal of Occupational Therapy, 67(3), 197-204.
doi:10.1177/000841740006700313

Feix, T., Romero, J., Schmiedmayer, H., Dollar, A., & Kragic, D. (2016). The GRASP
Taxonomy of human grasp types. IEEE Transactions on Human-Machine Systems,

46(1), 66-77. doi:10.1109/THMS.2015.2470657

Frankenburg, W. K. & Dodds, J. B. (1967). The Denver Developmental Screening Test. The
Journal of pediatrics, 71(2), 181-191. doi:10.1016/S0022-3476(67)80070-2

Framework Act on Education 2017 (South Korea). Retrieved from
https://elaw.klri.re.kr/kor_service/lawView.do?hseq=42697&lang=ENG

Frostig, M. (1972). Pictures and patterns for the developmental program in Visual Perception.
Chicago: Follett Educational Corporation.

Fryar, C. D., Gu, Q., Ogden, C. L., & Flegal, K. M. (2016). Anthropometric reference data for
children and adults: United States, 2011-2014. Retrieved January 12, 2019, from the

-67 -



Centers for Disease Control and Prevention (CDC) website:

https://stacks.cdc.gov/view/cdc/40572

Gajdosik, R. (2001). Comparison and reliability of three goniometric methods for measuring
forearm supination and pronation. Perceptual and Motor Skills, 93(2), 353-355.
doi:10.2466/pms.2001.93.2.353

Goldstand, S., Gevir, D., Yefet, R., & Maeir, A. (2018). Here’s how I Write—Hebrew:
Psychometric properties and handwriting self-awareness among schoolchildren with

and without dysgraphia. The American Journal of Occupational Therapy, 72(5),
7205205060. doi:10.5014/aj0t.2018.024869

Gonzalez-Izal, M., Malanda, A., Gorostiaga, E., & Izquierdo, M. (2012). Electromyographic
models to assess muscle fatigue. Journal of Electromyography and Kinesiology, 22(4),
501-512. doi:10.1016/j.jelekin.2012.02.019

Graham, S., & Weintraub, N. (1996). A review of handwriting research: Progress and
prospects from 1980 to 1994. Educational Psychology Review, 8(1), 7-87.
doi:10.1007/BF01761831

Grant, M. J., & Booth, A. (2009). A typology of reviews: An analysis of 14 review types and
associated methodologies. Health Information & Libraries Journal, 26(2), 91-108.
doi:10.1111/5.1471-1842.2009.00848.x

Ham, B. H., Kim, S. K., Lee, J. S., & Jeon, B. J. (2012). The effect of sensory integration
treatment on handwriting performance in children with attention deficit hyperactivity

disorder. The Journal of Korean Society of Occupational Therapy, 20(2), 55-71.

Hammell, K. W. (2018, May 28). WFOT 2018 Final Day Plenary — Karen Whalley-Hammell
[Video file]. Retrieved from https://www.youtube.com/watch?v=9WipUPXx Kk

Hammerschmidt, S. L., & Sudsawad, P. (2004). Teachers' survey on problems with
handwriting: Referral, evaluation, and outcomes. The American Journal of

Occupational Therapy, 58(2), 185-192. doi:10.5014/aj0t.58.2.185

Hammill, D. D., Pearson, N. A., & Voress, J. K. (1993). Developmental Test of Visual
Perception (2nd ed.). Texas: Pro-ed.

Hoffmann, T., Bennett, S., & Del Mar, C. (2017). Evidence-based practice across the health
professions (3rd ed.). Chatswood, NSW: Elsevier Australia.

-68 -



Hong, E. K., & Kim, K. M. (2010). Occupational therapy strategies for visual motor skills of
children: A systematic review. The Journal Korean Academy of Sensory Integration,

8(1), 61-72.

Hong, J. R. (2000). Effect of program in visual perception on eye-hand coordination in a child
with cerebral palsy: A case study. The Journal of Korean Society of Occupational
Therapy, 8(1), 103-110.

Hong, J. R., Kim, S. Y., Shin, Y. L., & Kim, Y. H. (1999). Developmental evaluation of
disabled children using LAP: Correlation between subtest scores. The Journal of

Korean Society of Occupational Therapy, 7(1),17-24.

Hong, S Y., Jung N. H., & Kim, K. M. (2016). The correlation between proprioception and
handwriting legibility in children. The Journal of Physical Therapy Science, 28(10),
2849-2851.

Hu, X., Tong, K., Wei, X., Rong, W., Susanto, E., & Ho, S. (2013). The effects of post-stroke
upper-limb training with an electromyography (EMG)-driven hand robot. Journal of
Electromyography and Kinesiology, 23(5), 1065-1074.
doi:10.1016/j.jelekin.2013.07.007

Hurst, L. (2011). Dupuytren’s disease: Surgical management. In T. Skirven (Ed.),
Rehabilitation of the hand and upper extremity (6th ed.) (pp. 266-280). Philadelphia,
PA: Mosby.

Hwang, J. H. (2011). The low-tech assistive technology through collaborative teamwork
intervention & middle school students with intellectual disabilities (Masters thesis,

Ewha Womans University, South Korea).

Hwang, J. H., Kim, H. J., & Jung, H. R. (2017). The effect of sensory integrative intervention
focused on proprioceptive-vestibular stimuli on the handwriting and fine motor function
in lower grade elementary school children. The Journal Korean Academy of Sensory

Integration, 15(1), 10-20.

Hwang, K. C., & Jeong, J. S. (2011). Effects of intentional multisensory environments
(Snoezelen) on eye-hand coordination in children with cerebral palsy. The Journal of

Korean Society of Occupational Therapy, 19(1), 69-81.

Hwang, K., & Oh, S. W. (2017). Validity of the K-WISC-IV Short Forms. Korean Journal of
Clinical Psychology, 36(3), 381-390.

-69 -



Jones, L. A. & Lederman, S. J. (2006a). Human hand function: Evolutionary development and
anatomy of the hand [ Adobe Digital Editions version].
doi:10.1093/acprof:0s0/9780195173154.003.0002

Jones, L. A. & Lederman, S. J. (2006b). Human hand function: Neurophysiology of Hand
Function [ Adobe Digital Editions version].
doi:10.1093/acprof:0s0/9780195173154.003.0003

Jung, H. S. (2011). Sensory Integration therapy evaluation and intervention in clients with
Goldenhar Syndrome: A case report. Journal of The Korean Contents Association,

11(11), 286-295.

Jung, N. H. (2014). A systematic review on effects of school-based occupational therapy. The
Journal Korean Academy of Sensory Integration, 12(1), 25-38.

Kao, H. S. R. (1979). Handwriting ergonomics in Visible language. Retrieved January 12,
2019, from http://visiblelanguage.s3.amazonaws.com/pdf/13.3/handwriting-

ergonomics.pdf

Karlsdottir, R., & Stefansson, T. (2002). Problems in developing functional handwriting.
Perceptual and Motor Skills, 94(2), 623-662. doi:10.2466/pms.2002.94.2.623

Kauppi, J., Xiong, M., Hahne, J., Miiller, K., Hyvérinen, A., & Xiong, M. (2015). Three-way
analysis of spectrospatial electromyography data: Classification and interpretation.

PLOS ONE, 10(6), €0127231. doi:10.1371/journal.pone.0127231

Khadem, M., & Islam, M. (2014). Development of anthropometric data for Bangladeshi male
population. International Journal of Industrial Ergonomics, 44(3), 407—412.
doi:10.1016/j.ergon.2014.01.007

Kim, D. I. & Hong, S. D. (2008). Construct equivalence of qualitative assessment for
identifying low achieving students and the comparison of latent means between general
students and low achieving students in written expression. Journal of special Education,
15(2), 265-280. Retrieved from
http://www.riss.kr/search/detail/Detail View.do?p mat type=1a0202e37d52c72d&contr
ol no=e49c5460e325a4e8ffeObdc3ef48d419&outLink=N#redirect

Kim, E. H., Bae, M. J., Jun, H. Y., Jang, C., & Song, M. O. (2015) The effects of visual

perception training program on writing intelligibility and visual perception ability of

-70 -



children with spastic cerebral palsy. Journal of The Korean Society of Integrative

Medicine, 3(1), 11-21.

Kim, H. Y. (2016). An investigation of the factors affecting handwriting articulation of school
aged children with cerebral palsy based on the international classification of
functioning, disability and health. The Journal of Physical Therapy Science, 28(2), 347-
350.

Kim, J. Y. (2014, December 4). Human capital in the 2 1st century [ Transcript]. Retrieved
from http://www.worldbank.org/en/news/speech/2014/11/04/human-capital-in-the-21st-

century

Kim, M. S. (1991). Effects of occupational therapy and therapeutic exercise on the daily
living activities of cerebral palsied children (Masters thesis, Dankook University, South

Korea).

Kim, Y. K., Han, S. S., & Jang, C. (2015). A study on factors influencing handwriting of
preschool children. Journal of The Korean Society of Integrative Medicine, 3(1), 1-10.

Kong, Y., Freivalds, A., Kim, D., & Chang, J. (2017). Investigation of methods for estimating
hand bone dimensions using X-ray hand anthropometric data. International Journal of
Occupational Safety and Ergonomics, 23(2), 214-224.
doi:10.1080/10803548.2016.1199354

Korean Association of Occupational Therapists (KAOT). (2015). History. Retrieved January
20, 2019, from https://www.kaot.org/start.asp

Korean Association of Occupational Therapists (KAOT). (2018a). The national production
status of the occupational therapists [Table. 5]. Retrieved January 20, 2019, from
https://www.kaot.org/start.asp

Korean Association of Occupational Therapists (KAOT). (2018b, October 27). A meeting
with Ritchard Ledgerd, Executive Director of the World Federation of Occupational
Therapists [Video file]. Retrieved January 19, 2019, from
https://www.facebook.com/Korean.OT.Association/videos/351643338915746/

Korean Educational Development Institute (KEDI). (2017). Statistics of education: Summary
of elementary school. Retrieved January 20, 2019, from
http://kosis.kr/eng/statisticsList/statisticsList 01List.jsp?vwcd=MT_ETITLE&parentld
=A#SubCont

-71 -



Kuehnapfel, A., Ahnert, P., Loeftler, M., Scholz, M., & Kuehnapfel, A. (2017). Body surface
assessment with 3D laser-based anthropometry: reliability, validation, and improvement

of empirical surface formulae. European Journal of Applied Physiology, 117(2), 371—
380. doi:10.1007/s00421-016-3525-5

Kushki, A., Chau, T., & Anagnostou, E. (2011). Handwriting difficulties in children with
autism spectrum disorders: A scoping review. Journal of Autism and Developmental

Disorders, 41(12), 1706-1716. doi:10.1007/s10803-011-1206-0

Kwon, H. R. (2008). Effects of Sensory Integration Therapy on Motor Proficiency and Visual
Perception Development in Children with Developmental Disability (Doctoral thesis,
Pochon CHA University, South Korea). Retrieved from
http://scholar.dcollection.net/public_resource/pdf/000000556385 20190108075848.pdf

Lam, S.S. T., Au, R. K. C., Leung, H. W. H., & Li-Tsang, C. W. P. (2011). Chinese
handwriting performance of primary school children with dyslexia. Research in

Developmental Disabilities, 32(5), 1745-1756. doi:10.1016/j.ridd.2011.03.001

Lee, H. S., Chang, K. Y., Jung, M. Y., Ku, L. S., & Woo, H. S. (2014). Job analysis of
occupational therapists for 2013. The Journal of Korean Society of Occupational
Therapy, 22(2), 89-112.

Lee, H. S., Jung, M. Y., Chung, B. L., Park, S. H., Yoo, E. Y., & Kang, D. H. (2010). Survey of
job characteristics and practice analysis among Korean occupational therapists. The

Journal of Korean Society of Occupational Therapy, 18(2), 1-21.

Lee, H. S., Park, S. H., Kim, Y. J., Noh, C. S., Yoon, Y. Y., & Lee, K. M. (2015). Practice
analysis among Korean school based occupational therapists. The Journal of Korean
Society of Occupational Therapy, 22(4), 17-33. Retrieved from
http://www.earticle.net/asp/service/Article.aspx?sn=258325

Lee, J. E., Chung, H. W, O, Y. T., & Lee, J. Y. (1998). Difference of in-hand manipulation
pattern between normal adults and cerebral palsied children. The Journal of Korean

Society of Occupational Therapy, 6(1), 36-43.

Lee, M. J., & Lee, C. R. (1997). A study of grasp pattern in children with cerebral palsy. The
Journal of Korean Society of Occupational Therapy, 5(1), 34-40.

-7 -



Lee, S. A., Park, C. I, Kim, Y. C., & Shin, J. C. (1996). Comparison of non-affected hand
function of hemiplegic children with bilateral hand function of normal children. The

Journal of Korean Society of Occupational Therapy, 4(1), 11-19.

Lee, S. M. (2002). Study on relationship between finger coordination and handwriting speed
in low-level of elementary school students (Masters thesis, Daegu University, South

Korea).

Lee, T., Howe, T., Chen, H., & Wang, T. (2016). Predicting handwriting legibility in
Taiwanese elementary school children. The American Journal of Occupational Therapy,

70(6), 7006220020p1-7006220020p9. doi:10.5014/aj0t.2016.016865

Leung, M., Lam, C., Lam, S., Pao, N., & Li-Tsang, C. (2014). Visual profile of children with
handwriting difficulties in Hong Kong Chinese. Research in Developmental

Disabilities, 35(1), 144—152. doi:10.1016/5.ridd.2013.10.013

Lim, K. M., Yoo, E. Y., Jung, M. Y,, Lee, J. S., Kim, J. R., & Park, H. Y. (2018). Development
of the evaluation tool of school-aged children's handwriting. The Journal of Korean

Society of Occupational Therapy, 26(1), 103-118.

Luebben, A. J., & Royeen, C. B. (2010). Nonstandardized testing. In J. Hinojosa, P. Kramer,
& P. Crist (Eds), Evaluation: Obtaining and interpreting data (3rd ed.) (pp. 157-178).

Bethesda, Md: American Occupational Therapy Association.

Mackay, N., Mccluskey, A., & Mayes, R. (2010). The Log Handwriting Program improved
children’s writing legibility: a pretest-posttest study. The American Journal of
Occupational Therapy, 64(1), 30-36. doi:10.5014/ajo0t.64.1.30

Magalhaes, L. C., Cardoso, A. A., & Missiuna, C. (2011). Activities and participation in
children with developmental coordination disorder: A systematic review. Research in

Developmental Disabilities, 32(4), 1309—1316. doi:10.1016/.ridd.2011.01.029

Marr, D., Cermak, S., Cohn, E. S., & Henderson, A. (2003). Fine motor activities in head start
and kindergarten classrooms. The American Journal of Occupational Therapy, 57(5),

550-557. doi:10.5014/aj0t.57.5.550

Martin-Martin, J., & Cuesta-Vargas, A. (2014). Quantification of functional hand grip using
electromyography and inertial sensor-derived accelerations: clinical implications.

BioMedical Engineering OnLine, 13:161, 1-12. doi:10.1186/1475-925X-13-161

-73 -



McDonald, G. (2000). Cross-cultural methodological issues in ethical research. Journal of

Business Ethics, 27(1/2), 89-104. doi:10.1023/A:1006406505398

Mckay, C., & Verhagen, E. (2016). Compliance versus adherence in sport injury prevention:
Why definition matters. British Journal of Sports Medicine, 50(7), 382—-383.
doi:10.1136/bjsports-2015-095192

Mcmaster, E., & Roberts, T. (2016). Handwriting in 2015: A main occupation for primary
school—aged children in the classroom?. Journal of Occupational Therapy, Schools, &

Early Intervention, 9(1), 38-50. doi:10.1080/19411243.2016.1141084

Mills, K. (2005). The basics of electromyography. Journal of Neurology, Neurosurgery &
Psychiatry, 76(suppl 2), 1132—5. doi:10.1136/jnnp.2005.069211

Min, K. C., Jung, M. Y., Jung, B. 1., & Kang, D. H. (2008). Relationships between
handwriting legibility and visual perception of preschool children. The Journal of

Korean Society of Occupational Therapy, 16(3), 1-12.

Min, K. J. (2015, October 8), Digital shade - awkward handwriting: People feel more
concerned due to the universalization of digital devices such as computers. Retrieved
August 10, 2018, from
http://www.kookje.co.kr/news2011/asp/newsbody.asp?code=0300&key=20151009.2200
6192847

Ministry of Education. (2017). Education in Korea (2017). Retrieved January 25, 2019, from
http://english.moe.go.kr/boardCnts/view.do?boardID=282&boardSeq=72461&lev=0&s
earchType=null&statusYN=C&page=1&s=english&m=0303&opType=N

Ministry of Education. (n.d.). Introduction — Education System: Primary Education. Retrieved
January 25, 2019, from http://english.moe.go.kr/sub/info.do?m=020102&s=english

Miranda, H. P. & Russell, M. (2012). Understanding factors associated with teacher-directed
student use of technology in elementary classrooms: A structural equation modeling
approach. British Journal of Educational Technology, 43(4), 652—666.
doi:10.1111/5.1467-8535.2011.01228.x

Mitzkat, A., Berger, S., Reeves, S., & Mahler, C. (2016). More terminological clarity in the
interprofessional field - a call for reflection on the use of terminologies, in both practice
and research, on a national and international level. GMS Journal for Medical Education,

33(2), Doc36-Doc36. doi:10.3205/zma001035

-74 -



Moon, S. B., Yeo, G. E., & Jo, Y. T. (2003). The Korean version of the Developmental Test of

Visual-Perception. Seoul, South Korea: Hakjisa

Mramba, L., Ngari, M., Mwangome, M., Muchai, L., Bauni, E., Walker, A. S., Gibb, D. M.,
Fegan, G., & Berkley, J. (2017). A growth reference for mid upper arm circumference
for age among school age children and adolescents, and validation for mortality: growth
curve construction and longitudinal cohort study. BM.J, 358, j3423.
doi:10.1136/bmj.j3423

Nadadur, G., & Parkinson, M. (2013). The role of anthropometry in designing for
sustainability. Ergonomics, 56(3), 422—439. doi:10.1080/00140139.2012.718801

Naider-Steinhart, S., & Katz-Leurer, M. (2007). Analysis of proximal and distal muscle
activity during handwriting tasks. The American Journal of Occupational Therapy,

61(4), 392-398. doi:10.5014/ajot.61.4.392

Nye, J. A., & Sood, D. (2018). Teachers’ perceptions of needs and supports for handwriting
instruction in kindergarten. The Open Journal of Occupational Therapy, 6(2), Article 6.
doi:10.15453/2168-6408.1411

Organization for Economic Cooperation and Development (OECD). (2016). Education policy
outlook: Korea. Retrieved January 31, 2019, from
http://www.oecd.org/education/Education-Policy-Outlook-Korea.pdf

Organization for Economic Cooperation and Development (OECD). (2017). Highlights from
the OECD science, technology and industry scoreboard 2017 - the digital
transformation: Korea. Retrieved January 31, 2019, from

https://www.oecd.org/korea/sti-scoreboard-2017-korea.pdf

Oh, H. W., & Kim, S. Y. (2010). Working conditions and job satisfaction of therapy support
service professionals at schools and support centers for special education: Centered on
occupational therapy majors. The Journal of Korean Society of Occupational Therapy,
18(2), 23-37. Retrieved from
http://www.earticle.net/asp/service/Article.aspx?sn=122557

Orliaguet, J., & Boé, L. (1993). The role of linguistics in the speed of handwriting
movements: Effects of spelling uncertainty. Acta Psychologica, §2(1), 103—113.
doi:10.1016/0001-6918(93)90007-E

-75 -



Overvelde, A., & Hulstijn, W. (2011). Handwriting development in grade 2 and grade 3
primary school children with normal, at risk, or dysgraphic characteristics. Research in

Developmental Disabilities, 32(2), 540-548. d0i:10.1016/j.ridd.2010.12.027

Palastanga, N., & Soames, R. (2012). Anatomy and human movement: Structure and function

(6th ed.) (pp. 35-200). Edinburgh: Churchill Livingstone.

Park, H. N. (2009). Effects of a weighted vest on the handwriting activity of the children with
developmental coordination disorder (Masters thesis, Dankook University, South

Korea).

Park, J. H., Lee, E. J., Noh, J. S, Lee, H. S., & Cha, J. J. (2010). The effect of sensory
integration program (sensory integration therapy) after school on functional task
performance in school. The Journal Korean Academy of Sensory Integration, 8(1), 27-

40.

Park, J. S., Shin, D. S., Jung, W., & Chung, M. S. (2010). Improved analysis of palm creases.
Anatomy and Cell Biology, 43(2), 169-177. d0i:10.5115/acb.2010.43.2.169

Peters, M. D. J., Godftrey, C. M., Khalil, H., Mclnerney, P., Parker, D., & Soares, C. B. (2015).
Guidance for conducting systematic scoping reviews. International Journal of

Evidence-Based Healthcare, 13(3), 141-146. do1:10.1097/XEB.0000000000000050

Pheasant, S. (1996). Bodyspace: Anthropometry, ergonomics, and the design of work (2nd
ed.). London, UK: Taylor & Francis Ltd. Retrieved January 11, 2019 from
http://web.a.ebscohost.com.ezproxyl.library.usyd.edu.au/ehost/ebookviewer/ebook/bmx
1YmtfXzc20DcyX19BTg2?sid=771d3152-cbd2-4ae8-af12-
0e90134ef053@sessionmgr4006&vid=0&format=EB&rid=1

Polatajko, H. J., Davis, J. A., Hobson, S. J. G., Landry, J. E., Mandich, A., Street, S. L.,
Whippey, E., & Yee, S. (2004). Meeting the Responsibility that Comes with the
Privilege: Introducing a Taxonomic Code for Understanding Occupation. Canadian

Journal of Occupational Therapy, 71(5), 261-264. doi:10.1177/000841740407100503

Pratt N. E. (2011). Anatomy and kinesiology of the hand. In T. Skirven, Rehabilitation of the
hand and upper extremity (6th ed.) (pp. 3-17.el). Philadelphia, PA: Mosby.

Prunty, M., Barnett, A., Wilmut, K., & Plumb, M. (2014). An examination of writing pauses in
the handwriting of children with Developmental Coordination Disorder. Research in

Developmental Disabilities, 35(11), 2894-2905. doi:10.1016/;.r1idd.2014.07.033

-76 -



Racine, M., Majnemer, A., Shevell, M., & Snider, L. (2008). Handwriting performance in
children with attention deficit hyperactivity disorder (ADHD). Journal of Child
Neurology, 23(4), 399-406. doi:10.1177/0883073807309244

Ratzon, N., Efraim, D., & Bart, O. (2007). A short-term graphomotor program for improving
writing readiness skills of first-grade students. The American Journal of Occupational

Therapy, 61(4), 399-405. doi:10.5014/ajot.61.4.399

Reed, K., Hocking, C., & Smythe, L. (2013). The meaning of occupation: Historical and
contemporary connections between health and occupation. New Zealand Journal of
Occupational Therapy, 60(1), 38—44. Retrieved from
http://search.proquest.com/docview/1364814006/

Reisman, J. E. (1993). Development and reliability of the research version of the Minnesota
Handwriting Test. Physical & Occupational Therapy in Pediatrics, 13(2), 41-55.
doi:10.1300/J006v13n02_03

Rigby, P., & Schwellnus, H. (1999). Occupational therapy decision making guidelines for
problems in written productivity. Physical & Occupational Therapy in Pediatrics,

19(1), 5-27. do1:10.1080/J006v19n01 02

Rosenblum, S. (2008). Development, reliability, and validity of the Handwriting Proficiency
Screening Questionnaire (HPSQ). The American Journal of Occupational Therapy,
62(3), 298-307. doi:10.5014/aj0t.62.3.298

Rosenblum, S., Goldstand, S., & Parush, S. (2006). Relationships among biomechanical
ergonomic factors, handwriting product quality, handwriting efficiency, and
computerized handwriting process measures in children with and without handwriting
difficulties. The American Journal of Occupational Therapy, 60(1), 28-39.
doi:10.5014/aj0t.60.1.28

Rosenblum, S., & Manalo, E. (2018). Inter-relationships between objective handwriting
features and executive control among children with developmental dysgraphia. PLOS

ONE, 13(4). doi:10.1371/journal.pone.0196098

Schneck, C. M. & Amundson, S. J. (2013). Chapter 19: Prewriting and handwriting skills. In
J. Case-Smith & J. C. O'Brien (Eds.), Occupational therapy for children (6th ed.) (pp.
555-580). St Louis: Elsevier.

-77 -



Schneck, C. M. & Case-Smith, J. (2014). Chapter 18: Prewriting and hand skills. In J. Case-
Smith & J. C. O’Brien (Eds.), Occupational therapy for children and adolescents (7th
ed.) (pp. 498-521). St Louis: Elsevier.

Schreuders, T. A. R., Brandsma, J. W., & Stam, H. J. (2014). Functional anatomy and
biomechanics of the hand. In M. T. Duruéz (Ed.), Hand function: A practical guide to
assessment (pp. 3-22). New York, NY: Springer.

Scientist in Neighborhood. (2018, March 5). Why children are not holding pencils properly
these days. Retrieved from

http://www.astronomer.rocks/news/article View.html?idxno=85178

Seo, S. M. (2018). The effect of fine motor skills on handwriting legibility in preschool age
children. The Journal of Physical Therapy Science, 30(2), 324-327.

Shin, H. S., Han, K. J., Oh, K. S., Oh, J. J., & Ha, M. N. (2002). The Korean version of

Denver II: Procedure manual. Seoul, South Korea: Hyunmoon

Shin, M. K., & Park, J. H. (2016). Effects of a task-oriented intervention on handwriting of
school aged children with ADHD: A case study. The Journal of Korean Society of
Occupational Therapy, 24(1), 65-74.

Shurtleff, T. & Kaskutas, V. (2018). Joint range of motion. In H. M. Pendleton & W. Schultz-
Krohn. Pedretti’s Occupational Therapy: Practice Skills for Physical Dysfunction (8th
ed.) (pp. 477-511). St Louis: Mosby.

Sohn, H. M. (1999). The Korean language. Cambridge, UK: Cambridge University Press.

Stack, T., Ostrom, L., & Wilhelmsen, C. (2016). Occupational ergonomics (pp. 21-76).
Hoboken, NJ: John Wiley & Sons, Inc. doi:10.1002/9781118814239.ch3

Sudsawad, P., Trombly, C., Henderson, A., & Tickle-Degnen, L. (2001). The relationship
between the Evaluation Tool of Children’s Handwriting and teachers’ perceptions of
handwriting legibility. The American Journal of Occupational Therapy, 55(5), 518-523.
Retrieved February 3, 2019, from https://ajot.aota.org/article.aspx?articleid=1869033

Sudsawad, P., Trombly, C., Henderson, A., & Tickle-Degnen, L. (2002). Testing the effect of
kinesthetic training on handwriting performance in first-grade students. The American

Journal of Occupational Therapy, 56(1), 26-33. doi:10.5014/aj0t.56.1.26

-78 -



Szekeres, M., Macdermid, J., Birmingham, T., & Grewal, R. (2016). The inter-rater reliability
of the modified finger goniometer for measuring forearm rotation. Journal of Hand

Therapy, 29(3), 292-298. doi:10.1016/j.jht.2016.02.010

The UNESCO Institute for Statistics (UIS). (n.d.). Republic of Korea: Education and literacy.
Retrieved January 23, 2019, from http://uis.unesco.org/en/country/KR

The World Bank. (2016). Korea, Rep.: Life expectancy at birth, total [Figure]. Retrieved
January 22, 2019, from https://data.worldbank.org/country/korea-rep

The World Bank. (2017a). Korea, Rep.: Population, total [Figure]. Retrieved January 22,
2019, from https://data.worldbank.org/country/korea-rep

The World Bank. (2017b). Urban population (% of total). Retrieved January 25, 2019, from
https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS

The World Bank. (2018). Where we work / Republic of Korea — Overview. Retrieved January

22,2019, from https://www.worldbank.org/en/country/korea/overview

Tiffin, J., & Asher, E. J. (1948). The Purdue Pegboard: norms and studies of reliability and
validity. Journal of Applied Psychology, 32(3), 234-247. doi:10.1037/h0061266

Tomlin, G., & Borgetto, B. (2011). Research pyramid: A new evidence -based practice model
for occupational therapy. The American Journal of Occupational Therapy, 65(2), 189-
196. doi:10.5014/aj0t.2011.000828

Tortora, G., & Nielsen, M. (2017). Principles of human anatomy (14th ed.) (pp. 563-588).
Hoboken, New Jersey: Wiley.

Tseng, M. H. (1998). Handwriting assessments for Chinese elementary school students. World
Federation of Occupational Therapists Bulletin, 37(1), 17-23.
doi:10.1080/20566077.1998.11800241

Tseng, M. H., & Cermak, S. A. (1993). The influence of ergonomic factors and perceptual-
motor abilities on handwriting performance. The American Journal of Occupational
Therapy, 47(10), 919-926. Retrieved from
http://homepage.ntu.edu.tw/~mhtseng/References/Tseng/AJOT1993V47 10t.pdf

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

-79 -



United Nations International Children’s Emergency Fund (UNICEF). (2013). At a glance:
Korea, Democratic People’s Republic of. Retrieved January 22, 2019, from

https://www.unicef.org/infobycountry/korea statistics.html

Uygur, M., de Freitas, P., & Jaric, S. (2010). Frictional properties of different hand skin areas
and grasping techniques. Ergonomics, 53(6), 812—817.
doi:10.1080/00140131003734237

van Hartingsveldt, M., de Groot, 1., Aarts, P., & Nijhuis-van der Sanden, M. (2011).
Standardized tests of handwriting readiness: A systematic review of the literature.
Developmental Medicine & Child Neurology, 53(6), 506-515. doi:10.1111/j.1469-
8749.2010.03895.x

Vander Hart, N., Fitzpatrick, P., & Cortesa, C. (2010). In-depth analysis of handwriting
curriculum and instruction in four kindergarten classrooms. Reading and Writing, 23(6),

673-699. doi:10.1007/s11145-009-9178-6

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

Volman, M., van Schendel, B., & Jongmans, M. (2006). Handwriting difficulties in primary
school children: a search for underlying mechanisms. The American Journal of

Occupational Therapy, 60(4), 451-460. doi:10.5014/ajot.60.4.451

Wallen, M., Duff, S., Goyen, T., & Froude, E. (2013). Respecting the evidence: Responsible
assessment and effective intervention for children with handwriting difficulties.
Australian Occupational Therapy Journal, 60(5), 366-369. doi:10.1111/1440-
1630.12045

Wallen, M. A., Mackay, S., Duff, S. M., Mccartney, L. C., & O’Flaherty, S. J. (2001). Upper-
limb function in Australian children with traumatic brain injury: A controlled,
prospective study. Archives of Physical Medicine and Rehabilitation, §2(5), 642—649.
doi:10.1053/apmr.2001.22620

Weintraub, N. & Graham, S. (2000). The contribution of gender, orthographic, finger

function, and visual-motor processes to the prediction of handwriting status.

-80 -



Occupational Therapy Journal of Research, 20(2), 121-140.
doi:10.1177/153944920002000203

Westat, Inc. (1988). National health and nutrition examination survey III: Body measurements
(anthropometry). Retrieved January 17, 2019, from

https://wwwn.cdc.gov/nchs/data/nhanes3/manuals/anthro.pdf

White, R. M. (1980). Comparative anthropometry of the hand. Retrieved January 12, 2019,
from https://apps.dtic.mil/dtic/tr/fulltext/u2/a101070.pdf

World Federation of Occupational Therapists (WFOT). (1998). Country and organisation
profiles: Korea Rep. of. Retrieved February 1, 2019, from
http://www.wfot.org/Membership/CountryandOrganisationProfiles.aspx

World Health Organization (WHO). (1995). WHO expert committee on physical status: The
use and interpretation of anthropometry — Geneva, 1-8 November 1993. Retrieved
January 10, 2019, from
http://apps.who.int/iris/bitstream/handle/10665/37003/WHO_TRS 854.pdf?sequence=1

World Health Organisation (WHO). (2001). International Classification of Functioning,
Disability and Health (ICF). Retrieved January 26, 2019, from

https://www.who.int/classifications/icf/en/

World Health Organization (WHO). (2002). Towards a common language for Functioning,
Disability and Health (ICF). Retrieved January 8, 2019, from

https://www.who.int/classifications/icf/icfbeginnersguide.pdf?ua=1

Yildiz, M., & Yekeler, A. (2017). Writing performance of fourth grade primary school
students in relation to organizational ability and handwriting proficiency: A structural

equality model. Egitim Ve Bilim, 42(192), 99—112. doi:10.15390/EB.2017.7172

Yu, S. B, Kim, J. J., & Kim, K. M. (2006). The correlation between handwriting skills and
praxis in the low grades students at the elementary school. The Journal Korean

Academy of Sensory Integration, 4(1), 1-15.

Yu, T., Hinojosa, J., Howe, T., & Voelbel, G. (2012). Contribution of tactile and kinesthetic
perceptions to handwriting in Taiwanese children in first and second grade. OTJR:
Occupation, Participation and Health, 32(3), 87-94. doi:10.3928/15394492-20111209-
02

-81-



TABLES

Table 2.1: Inclusion and exclusion criteria

For screening the title and abstract For reviewing the full text
Inclusion Papers were: Papers were:
a) About Korean occupational therapy a) About Korean occupational therapy
practice AND practice AND
b) Written either in English or in Korean b) Written either in English or in Korean
AND AND
€) Targeting children as study population €) Targeting children as study population
AND AND
d) Containing search strategy terms d) Having a handwriting topic
Exclusion  Papers were: Papers were:
a) Not articles a) Not having original data on handwriting
b) Not relating to handwriting b) Not including the data from the
¢) Studies not conducted in South Korea but population of Korean children

other countries
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Table 2.2: Study settings

Type of Settings Name of Settings Study Identifiers
Education setting elementary school [13], [22]
kindergarten [5],[19]
special education school [11]
rehabilitation school 9]
daycare centre [15]
Hospitals university hospital [6], [7], [18]
rehabilitation hospital [4], [8]
Clinics/centres occupational therapy/sensory integration room [2], [20]
developmental clinic/centre [12], [21]
rehabilitation centre (inpatient/outpatient), [14]
Multiple service elementary school, clinic [3]
setting™® kindergarten, community rehabilitation centre [10]
(outpatient), university hospital (inpatient)
local children’s centre, church (Sunday school), private [1]
educational institute
Not specified [16],17]

*Multiple locations were used to collect data for study.
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Table 2.3: Participant demographics - age

Category Study ldentifiers
Years and/or months with; mean age and age-range [51, [7], [8], [9], [12],
[13], [15], [16], [17],
[18], [19], [22]
age range [10]
no mean age and age-range [2], [3]. [4], [6], [11],
[20], [21]
No years and/or months only age-range [14]
only grades (grade 1 ~ grade 6) [1]
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Table 2.4: Participant demographics - existence of medical conditions

Category Study Identifiers
Children with medical conditions: Cerebral palsy (CP) [41, 161, [8]*, [9],
[14], [16]
Attention Deficit Hyperactivity Disorder 2], [3]
(ADHD)
Intellectual disability (ID) [11]
Developmental Coordination Disorder [12]
(DCD)
Syndrome & ID [20]
Mixed group [77%*, [10]***
Children without medical Typically developing children (TCD) [11,[51, [131, [15],
conditions: [171,[19], [22]
TCD (having difficulty in maintaining [21]
learning attitudes and relationships with
peers)
Children with and without medical ~ TCD + CP [18]
conditions

*Adults cohort was excluded.

**4 mixed group consisted of CP, delayed development (DD), language disorder, intellectual disability and
brain injury.

***4 mixed group consisted of CP and traumatic brain injury (TBI)
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Table 2.5: Assessment administrators

Administrators Identified administrators OR professions if unidentified Study Identifiers
mentioned:
Yes clear Occupational therapist(s)/OT researcher(s) [3],[6], [7]

Occupational therapists, OT researchers and OT students [5]
Occupational therapist and physiotherapist [9]
Special education teacher(s)/researcher(s) [11],[12]

Yes but not clear

OT (“therapists” or “observers” or “evaluator” or
“investigator”)

(2], [8], [15], [17]

OT and physiotherapy (“therapist™) [19]
OT and physical medicine and rehabilitation (“evaluators”)  [22]
No oT [171, [4], [13], [16],
[20], [21]
Special education [14]
OT and physiotherapy [18]
OT and rehabilitation medicine [10]
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Table 2.6: Intervention type, programme and approaches

Category Intervention type Intervention Intervention Study
name/tool approach Identifiers
Handwriting Task-oriented e Task-oriented Task-oriented approach  [2]
asaprimary handwriting program intervention; copy
focus (targeting legibility + contents of textbooks
speed)
e Sensory integration ~ Sensory integration [3]
treatment (S1)
e Collaborative Collaborative [11]
teamwork intervention  teamwork approach
for application of the
low-tech assistive
technology
Task-oriented and e Customised vest Sensory integration [12]
performance targeting legibility + (Sh
component targeted postural stability
handwriting program
e Visual perception Nothing mentioned [18]
training program
targeting legibility +
visual perception
e Sensory integrative ~ Sensory integration [21]
intervention targeting  (S1)
legibility + fine motor
function
Performance e Intentional Snoezelen  Multi-sensory [4]
component targeted program targeting eye-  environment
handwriting program hand coordination
« Visual perception Nothing mentioned [6]
training program
targeting eye-hand
coordination
Handwriting Task-oriented ¢ Occupational therapy ~ Occupation/activity [14]
asapartof  occupational therapy functional training™ focused approach
measure not  program targeting performance
a program’s of activities of daily
focus living
Performance e Sensory integration Sensory integration [20]
component targeted therapy targeting (Sh
program tactile sensitivity,

postural response,
bilateral coordination,
fine motor skills and
motor planning

*Comparison study between occupational therapy functional training with and without therapeutic exercises
focusing on gross motor and/or fine motor.
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Table 2.7: Frequency and duration of interventions

Day/s a week Study Identifiers Minutes for a day Study Identifiers
1 [12], [18]* 10< -

2 [4], [21] 20< [2], [11], [18]*

3 [31, [6], [14] 30< [6], [14]

4 [11] 40< [31, [12], [21]
Not reported [2],[20] Not reported [4], [20]

*Intervention was conducted two times a day. The duration of each session was between 10 and 15 minutes so
the total duration for a day was estimated at approximately 25 minutes.
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Table 2.8: Intervention administrators

Administrators Identified administrators / professions if unidentified Study Identifiers
mentioned:
Yes clear Occupational therapists [12], 18]
OT researcher [6]
Collaborative team (consisting of occupational therapists and  [11]
special education teachers)
Yes but not clear OT (“therapist”) [2], [3]

No

oT

Special education
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Table 2.9: Participant screening criteria (based on groups of children with or without

medical conditions)

Eligibility Criteria

Study Identifiers for studies with
Children who had medical
conditions

Study Identifiers for studies
with Children who have no
medical conditions

No history of any disease or physical
impairments / disabilities (e.g. visual,
hearing, arm, hand functions)

[11],[12], [16]

[13], [17], [19], [22]

Comprehensive developmental/functional ~ [6] tested with LAP, [5] K-DDST-2,

status score [14] tested with Activities of Daily [15] K-DDST-2,
Living, [19] DDST-2
[8] tested with FIM (dressing and
eating items)

Can follow verbal instructions (no [2] tested with K-WISC-3 for [19], [22]

difficulty to understand)

intelligence score,

[91, [11]

No experience of receiving interventions

[2] no previous handwriting
intervention,

[3] no previous SI therapy program,
[11] no previous handwriting
therapy AND no previous
experience on low-tech assistive
device

[5] no previous special
education or therapy

No visual perception problem

[2] tested with DTVP-2
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Table 2.10: Targeting measurements of observational cohort studies (except for
instrumentation study)

Aim of study Handwriting quality Performance component Study ldentifiers
Correlation legibility and speed visual perception, praxis [19], [22]
legibility visual perception, fine motor [5], [15], [16].[17]
skills, proprioception, bilateral
coordination & ULs speed,
hand strength, sitting balance
speed finger coordination [13]
writing as measure not a cognition [7]
program focused
Comparison speed as measure not a - [10]
(between groups)  program focused
Observation - in hand manipulation, grasp [8], [9]

pattern
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FIGURES

Figure 2.1: Study identification and selection flow chart
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Figure 2.2: Published articles in Korean occupational therapy for children's handwriting
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Figure 2.3: Sample sizes
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Figure 2.4: Total number of assessments used in each study
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APPENDICES

Appendix A: Search strategy (Please see Word document as an email attachment; in journal

article, this would be online supplementary)

Appendix B: Study identifiers for the included studies (n=22) (Please see Word document

as an email attachment; in journal article, this would be online supplementary)

Appendix C: Chart for data extraction (Please see Excel attachment; in journal article, this

would be online supplementary)

Appendix D: Lists of standardised, non-standardised and non-determined assessment

reported with targeting elements (n=41) (Please see Word document as an email

attachment: in journal article, this would be online supplementary)
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Appendix E: A protocol for a survey of occupational therapy handwriting practice in

South Korea

Design. A guantitative and qualitative cross-sectional study design is selected. &n online survey will be used
to collect the information about demographic characteristics of Korean paediatric occupational therapists, their
employment characteristics and types of handwriting assessments and interventions used by them for children

with handwriting difficulty. To test the feasibility of administration, a full protocel was developed as follows:

*  Develop instrument (e g. items based on sCoping review).

* |dentify convenience sample of occupational therapists working in South Kerea to pilot the survey and
receive feedback on the items.

*  Develop recruitment strategy.

«  Develop an administration protocol to test the feasibility of administration.

«  Apply for pilot ethics.

= Create a survey on the online platform.

s Administer pilot survey.

+  Collect data which include users’ feedback and their suggestions for improvements.

=  Analyse data including users’ feedback.

*  Revise instrument and protocol for use in lager study.

Instruments. The survey will be developed based on the results of the 2018 scoping review and divided inta
the five sections: 2) demagraphic characteristics of cccupational therapists such as gender, age and
pccugational therapy practice experiences, b) their employment characteristics such as location and type of
setting, C) intervention, d) assessment, and e} comments. Except for the last section which has an open type of
guestions, other individual guestions will be designed as a close response. For example, Yes/Mo guestions or
multiple choice guestions will be applied to promote the response rate for a future study. All questions will be
created in English by the research team and then the research investigator whose first language is Korean will
translate the questions into Korean. To make all questions clear, the Korean version will be inspected by a
native speaking Korean occupational therapist not previously involved in the survey or associated document
development. If any issues of intelligibility, interpret-ability or local relevance are identified, these will be

addressed by further translation and the use of professional back-translation from Korean to English.

Sample and recruitment. Participants of survey will be Korean occupational therapists who self-identified
themselves a5 having experience with paediatric handwriting practice. A convenience and snowball sampling
will be used in order to try reaching a large pool of potential participants who live outside Australia. To recruit
survey participants, the Korean Association of Occupational Therapist (KACT) will be contacted. If the
association agrees to help the recruitment process, their database system will be used by the association staff
to send email invitations to occupational therapists who agreed with using their details for the research

purgose. The email invitation will include Participant Information Statement and a link for online survey.
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Ethics. Mo personal details of potential participants will be sought for privacy pratection. Potential

participants will also be given an acknowledgement of their right to agree or refuse to particpate in the survey.

Data collection and analysis. The anonymaous respanses will be collected via a database of a secure wehsite
for online survey. Any users’ feedback and suggests for improvements will be recorded electronically. The data
collected from the onling survey will be then summarised by using a descriptive statistical method. The

gualitative data such as feedback on question order or categorisation will be also analysed to improve the

survey instrument and protocol.
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Appendix F: Survey instrument (English version)

OCCUPATIONAL THERAPY PRACTICE FOR CHILDREN WITH HANDWRITING DIFFICULTIES IN SOUTH KOREA: A

NATIONAL SURVEY
Online survey Questions
structure/
layout
Information on The whole Participant Information Statement (PIS) will be embedded in this section.
survey

Online consent

Please select your choice below. Clicking on the “Agree” button indicates that you
voluntarily agree to participate.
[0 Agree [ Disagree

Section 1.
Demographic
Characteristics

1. Whatisyourgender? [OMale [Female

2. What age group are you in?
Under 25 years old
25-29

30-39

40-49

50-59

Over 60 years old

hat type of Occupational Therapy (OT) qualification do you have?
College degree
University degree
Postgraduate degree
Doctoral degree

OoooOoOs OOoOooono

4. How long have you been working as an occupational therapist? (Years of practice)
O Below 2 years
O 3-5years
O 6-9years
O 10-14 years
O Over 15 years

5. How long have you worked with children? (Years of paediatric practice)
O Below 2 years
O 3-5years
O 6-9years
O 10-14 years
O Over 15 years

6. Are you currently working with children?
O Yes
O No, but used to work before

Section 2.
Employment
Characteristics

(Multiple choice
included)

7. Which option best describes where you work(ed) when working with children?
Seoul

Sejong

Incheon/ Gyeonggi

Daejeon/ Chungcheong

Daegu/ Gyeongbuk/ North Gyeongsang

Busan/ Ulsan/ South Gyeongsang

Gwangju/ Jeolla

Kangwon

Jeju

OoOoooooooag
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10.

11.

12.

Which category best describes your primary work setting when working with
children?

OoOooOoooood

University hospital

General hospital

Children’s hospital

Hospital

Rehabilitation

Private clinic

School/ supporting centre for special education
Specialized child-care centre

Community welfare centre

Please indicate your caseload in the selected primary work setting.

O
O
O
O

O

Inpatient
Outpatient
Community-based
School-based
Other:

Do/did you have children with handwriting difficulty in your caseload?

O

*

Yes

If No, please go to question 12.

Please indicate your client groups in handwriting difficulty.

ooooooe

OooOooOooOoooooao-e

Age

Infants (0-6 months)

Toddlers (6 months-2 years)
Pre-schoolers (3-7 years)

Primary school-age students (8-13 years)
Middle school-age students (14-16 years)
High school-age students (17-19 years)

Diagnostic characteristics

Cerebral palsy (CP)

Developmental Coordination Disorder (DCD)
Attention Deficit Hyperactivity Disorder (ADHD)
Autism

Brain injury

Intellectual disability

Visual impairment

Hearing impairment

Developmental delay

Dyslexia

Others:

No diagnosis/ typically developing children

In your experience, are handwriting difficulties a primary reason for referral to
occupational therapy?

O
O

Yes
No

10-1.If Yes, who refers to occupational therapy for handwriting intervention?

ooono

Parents
Teachers
Schools
Doctors
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O Others:

10-2.1f No, what are the other primary reasons for occupational therapy referral?

Section 3.
Interventions

(Multiple choice
included)

13.

14.

15.

How often do/did you provide handwriting programs to children with handwriting
difficulties?
OO Never [Rarely 0[O Sometimes [ Often [ Always

12-1. If Never, what are/were the reasons? Due to:

Other needs of children

Other goals of parents

Other goals of teachers

Uncertainty about the effectiveness/ lack of evidence
Other:

ooood

What type of interventions do/did you provide?
Performance component intervention
Sensory motor intervention
Task-specific/oriented intervention
Assistive devices/ equipment

Other:

ooood

13-1. Which component of handwriting performance do/did you target in
treatment?

Sensory — sensory processing

Sensory — perceptual processing

Neuromusculoskeletal

Motor — Gross motor skills

Motor — Find motor skills

Motor — visual motor integration

Cognitive

Psychosocial/ psychological

Ooooooooao

How do/did you plan handwriting programs?

Korean textbooks

Korean journals

English textbooks

English journals

English textbooks or journals translated in Korean

O
O
O
O
O
O Other:

Section 4.
Assessments

(Multiple choice
included)

16.

Please select all assessments that you use(d) in your setting for children’s
handwriting performance.

Korean (Hangul) Alphabet Writing Evaluation

Curriculum-Based Measurement (CBM)

Copy Korean Sentences

Jebsen-Taylor Hand Function Test (JHFT)

The School Version of the Assessment of Motor and Process Skills (School
AMPS)

Developmental Test of Visual Perception (DTVP)/ DTVP-2

Beery Buktenica Developmental Test of Visual-Motor Integration (Beery VMI)
Digitizing Tablet/ Computerized Handwriting Evaluation System (ComPET)
Evaluation Tool of Children’s Handwriting (ETCH)

Bruininks Oseretsky Test of Motor Proficiency (BOT-MP)

Minnesota Handwriting Assessment (MHA)

Southern California Sensory Integration Tests/ Sensory Integration and Praxis
Test

Concise Evaluation Scale for Children’s Handwriting (BHK)

O OOO0OoOooOo OoooooOd
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17.

18.

19.

20.

Movement Assessment Battery for Children (Movement ABC)/ Movement ABC-
2

Hebrew Handwriting Evaluation Scale

Wechsler Intelligence Scale for Children (WISC)

Learning Accomplishment Profile (LAP)

ooo o

15-1. Are/were there other standardised assessments that you use(d) but not on
the list?

15-2. Are/were there other non-standardised assessments that you use(d)?
15-3. Do/did you use any Korean version of English assessments?

Which option best describes your frequency of the use of standardised
assessments?
OO Never [ Rarely O Sometimes [ Often [ Always

When do/did you use standardised assessments? For the stage of:
O Screening

[0 Baseline

O Progress

O Outcome

How do/did you use assessment results?
Treatment plan for yourself
Treatment plan with the team
Report to parents/carers

Report to school

Other:

O
O
O
O

O

Why did you choose the standardised assessments used for handwriting?
O Evidence from the literature.

O They are already in use at the practice.

O Other:

Section 5.
Any feedback/
opinions

If you would like to share any of your thoughts on handwriting practice, please leave
comments below.
(e.g. barriers, available resources or research areas you wish to explore)

Online consent

Please click a button ‘Return of a Survey’

End page (e.g. “Thank You!”)
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Appendix G: Survey instrument (Korean version)
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Appendix H: Participant Information Statement (English version)

THE UNIVERSITY OF Masters of Occupational Therapy Program
!Ign SYDNEY Faculty of Health Sciences
Professor Anne Cusick Room J126
Faculty of Health Sciences Cumberland Campus, The University of Sydney

NSW 2006 AUSTRALIA

Telephone: +61 2 9351 9386

Email: anne.cusick@sydney.edu.au

OCCUPATIONAL THERAPY PRACTICE FOR CHILDREN WITH HANDWRITING DIFFICTULTIES IN
SOUTH KOREA: A NATIONAL SURVEY

PARTICIPANT INFORMATION STATEMENT

You have been invited to participate in this study because you are a member of the Korean Occupational
Therapy Association. This Participant Information Statement tells you about the research study. Knowing what
is involved will help you decide if you want to take part in the research. Please read this sheet carefully and ask
questions about anything that you do not understand or want to know more about.

(1)  What is this study about? This study aims to describe occupational therapy (OT) handwriting practice in Korea.
There is little information internationally about OT handwriting practice. To date, few studies have been
published in Korean or in English about Korean OT handwriting programs. We think the findings of this study
will fill an important gap in practice knowledge and contribute to future guidance on OT handwriting services.

Participation in this research study is voluntary. By returning the survey which is anonymous, you will be
consenting to take part in this study and this means you:

¥ Understand what you have read.
¥ Agree to take part in the research study as outlined below.
¥ Agree to the use of your survey responses as described.

(2)  Whois running the study? The study is being carried out by the following researchers:
*  Professor, Anne Cusick (Chief Investigator and supervisor)
University of Sydney
* Associate Professor, Lynette Mackenzie (Co- Investigator and co-supervisor)
University of Sydney
* Student, Siwon Lee (Co-Investigator)
Postgraduate Student Faculty of Health Sciences
University of Sydney
Siwon Lee is conducting this study as part of her Masters of Occupational Therapy Program in the Faculty of
Health Sciences, The University of Sydney.

(3)  What will the study involve for me? If you choose to participate in this study, you will be required to complete
an anonymous, self-administered online survey. The survey questions investigate your experiences about what
assessments and intervention approaches you have been using for clients with handwriting difficulties.

(4) How much of my time will the study take? It is estimated that most therapists will complete the survey within
7 minutes.

(5) Who can take part in the study? Korean occupational therapist volunteers having worked in handwriting
programs for children with handwriting difficulties.

(6) Do | have to be in the study? Can | withdraw from the study once I've started? Being in this study is
completely voluntary and you do not have to take part. Your decision whether to participate will not affect
your current or future relationship with the researchers or anyone else at the University of Sydney or in the
Korean Association of Occupational Therapists (KAOT).

Occupational Therapy Handwriting Program Practice in South Korea: A national survey.
PIS: Version 2 [11/09/2018]
Page 1 of 2
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(7)

(8)

(©)

(10)

(11)

(12)

(13)

Submitting your completed questionnaire is an indication of your consent to participate in the study. You can
withdraw your responses any time before you have submitted the questionnaire. Once you have submitted it,
your responses cannot be withdrawn because they are anonymous and therefore we will not be able to tell
which one is yours.

Are there any risks or costs associated with being in the study? Aside from giving up your time, we do not
expect that there will be any risks or costs associated with taking part in this study.

Are there any benefits associated with being in the study? We cannot guarantee that you will receive any
direct benefits from participating in this study. You will however have the opportunity to contribute vital
information that may inform future occupational therapy practice in handwriting programme and allow
researchers to conduct future studies relevant to your real-world setting and practice.

What will happen to information about me that is collected during the study? Your anonymous responses will
be entered into a database of a secure website “REDcap” for the online survey. Reports of responses will be
stored and transferred into an electronic file securely. Only investigators involved in this research will have
access to the results of your responses. The data will be analysed to see what types of handwriting assessments
and interventions are commonly used in your setting and to see how factors such as demographics are related
to the use of the assessments and interventions. Study findings may be published, but you will not be
individually identifiable in these publications.

Can | tell other people about the study? Yes, you are more than welcome to tell other people about the study.
You can also distribute our invitation email to other people if you think they are eligible.

What if | would like further information about the study? When you have read this information, Siwon Lee will
be available to discuss it with you further and answer any questions you may have. If you would like to know
more at any stage during the study, please feel free to contact the student researcher, Siwon Lee, in Korean or
English through email: slee6404@uni.sydney.edu.au, or the chief, supervising researcher, Anne Cusick, in
English through email: anne.cusick@uni.sydney.edu.au.

Will | be told the results of the study? You have a right to receive feedback about the overall results of this
study. This feedback will be in the form of an article submitted to in the Korean Occupational Therapy
Association webpage/newsletter.

What if | have a complaint or any concerns about the study? Research involving humans in Australia is
reviewed by an independent group of people called a Human Research Ethics Committee (HREC). The ethical
aspects of this study have been approved by the HREC of the University of Sydney (2018/XX). As part of this
process, we have agreed to carry out the study according to the National Statement on Ethical Conduct in
Human Research (2007). This statement has been developed to protect people who agree to take part in
research studies.

If you are concerned about the way this study is being conducted or you wish to make a complaint to someone
independent from the study, please contact the university using the details outlined below. Please quote the
study title and protocol number. The Manager, Ethics Administration, University of Sydney:

e Telephone: +61 2 8627 8176

e Email: human.ethics@sydney.edu.au

*  Fax:+61 2 8627 8177 (Facsimile)

This information sheet is for you to keep.

Occupational Therapy Handwriting Program Practice in South Korea: A national survey.
PIS: Version 2 [11/09/2018]
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Appendix I: Participant Information Statement (Korean version)
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(5)

(6)
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(8)

(9)

(10)

(11)
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Appendix J: Email invitation (English version)

Dear fellow Occupational Therapists,

We are currently looking for volunteers to participate in our research project looking to
understand occupational therapy (OT) handwriting program practice in South Korea.

Volunteers need to be:

v' Occupational therapists having worked with
o handwriting programs
o children with handwriting difficulties

You can help by completing the anonymous, self-administered online survey which should
take you 10 minutes at most. The survey questions investigate your views about what
assessments and intervention approaches you have been using for clients with handwriting
difficulties.

Please complete the survey by clicking on the following link:
XX

A participant information statement is provided in the first page of the survey link.

If you would like more information before or after completing the survey, please see the
attached Participation Information Sheef or email your questions to Siwon Lee
(sleeG404@uni.sydney.edu.au).

We appreciate your feedback,

Siwon Lee

Occupational Therapist (Korean Qualified)
Masters of Occupational Therapy | Student
The University of Sydney
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Appendix K: Email invitation (Korean version)
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Appendix L: Ethics application

HUMAN RESEARCH ETHICS COMMITTEE FORM

Please Note:

This form was crested via the University’s online system (IRAA) and the information provided is
recorded in the University's research office database

This information is used to sssess the ethics submission under the Mational Health and Medical
Research Council's (MHMRCs) Mational Ststement on Ethical Conduct in Human Researnch (2007) by
the Liniversity Ethics Committee and its expert advisers, including the RPAH Clinical Trals
Subcommittee.

Sign off by researchers is provided onlime in IRKMA and will not be displayed in this document.

ADMINISTRATIVE DETAILS

Title: Cooupational therapy practice for children with handwriting difficulties in South Korea: A
national sureey

Chief Investigator: Prof. Anne Cusick
Primary Faculty/Department: Ageing Work and Health Unit Faculty of Health Sciences

Other Internal Inwestigators: DOr. Mackenzie Lynette {Co-investigator), Les Siwon (Masters Student)
Grants linked:
Extermal Authorities:

Additional Information:

Oeccupational therapists were identified in a recent review as the health professionals most commonhby
imwoheed in researching, designing and providing programs fior children with handwriting difficulties.
Swrprisingly limited information is available in the published literature sbout assessments and
treatments used by cccupational therapists in these programs. Surveys of practice have been
conducted in Australia, Morth Americe and the United Kingdom but not elsewhers. This study waill
survey occupational therapists in South Kores to revesl practice approaches, assessments and
treatment us=d for this client group, as well as service characteristics such as caseload conditions,
treatment settings, service frequency and funding sources.

This study will be conducted in South Korea with the assistance of a colleagus who has agreed to
disseminate information about the study. He is the President of the pesk coccupstional therapy
professional association - the Horean Association of Oooupational Therapists (KADT) Since this
associgtion joined the World Federstion of Cccupational Therapists [WFOT), it has been the official
body that represents Korean occcupational therapist community.

QUESTIONNAIRE

1 - <div align="left"=VWelcome to the University of SydneyaE™s Human Ethics Application
Cluestionnaire. Please be gware that there is a limit of fifieen minutes to complete each individuesl
question. If you exceed this time then your answer may not be saved by the system. We recommend

ETHICS OFFICE JUME 2016 Fage 1
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that you prepare long answers outside of IRMA before pasting it back into the report guestionnaire
andior save your answers regularly. If you choose to edit & previous guestion, your responses to
subs=quent guestions will be deleted. The restore button can be used to refill your subseguent
answers if this happens. For further information on the spplication procedurs, please consult our <a
href="hitp-\'sydney. edu swresearch_support’ethics/human=website</a> or email the Human Ethics
team at ro.humanethics{@s=sydney. edu aulf you experence any technical difficulties, please do not
hesitste to contact Research Support using the detsils below T +51 2 B827 8183E

research. supporti@sydney. eduauidive

Continus
2- SECTION A

Section A is designed to distinguish between staff and student projects. In addition, this
Section also seeks to identify projects that have been approved by other ethics committees.

3 - Is this project a University of Sydney student project ONLY {i.e. ethics application restricted
to the activities of the student research project)?

fes

4 - Select appropriate student classification:

Masters

3 - Indicate whether this project has been or will be submitted to any other ethics committees
Mo

5 - SECTION B

Section B is designed to determine whether your study falls within the National

Statementa€ ™s definition of low or negligible risk. Throughout this section, you may be asked
specific additional questions where you indicate that your study involves particular participant
and! or project types. Please note that the option ¥ cePossible Recruitment3ED with reference
to specific participant populations indicates that these people MAY be recruited into your
study, but are not the specific population of interest. If this population is the focus of your
study, you should select 3€eYesaEl.

Please answer the following guestions.

12 - Does your research involve women who are pregnant and the human foetus?

Mo

13 - Dpes your study involve children andior young people (i.e. younger than 18 years)?
Mo

15 - Does your study involve people in existing dependent or unequal relationships with the
researcher|s)?

Mo

23 - Does your research involve people with a cognitive impairment, an intellectual disability
or a mental illness?

Mo

33 - Does your research involve people highly dependent on medical care whio may be unable
to give consent?

Mo

38 - Does your study have the potential to discover illegal activity by participants or others?

This includes research intending to expose illegal activity, as well as research not specifically
designed to, but likely to discover, illegal activity.

Mo
41 - Does your research involve Aboriginal and/or Torres Strait Islander peoples?
Mo
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47 - Does your research involve CALD (Culturally and Linguistically Diverse) people?
Yes

63 - Does your research involve travel overseas?

Mo

&4 - Is your study likely to cause or elicit distress in participants due to its subject matter, the
procedures involved, information that might be revealed about the participant or related
persons, or in some other way?

Mo
T8 - Does your study involve research that could jeopardise a participant's employment?
Mo

T3 - Is your proposed research a clinical trial? A clinical trial is a form of research designed to
find out the effects of an intervention, including a treatment or diagnostic procedure. A clinical
trial can involve festing a drug, a surgical procedure, other therapeutic procedures and
devices, a preventive procedure, or a diagnostic device or procedure.

Mo

24 - Does your study involve the use of human tissue?

Mo

138 - Does your study involve human genetics or human stem cells?

Mo

185 - Does your study invobee limited disclosure involving active concealment and/or planned
deception?

Mo

186 - Does your study involve research that poses a risk to the physical or emotional safety or
welfare of a University of Sydney student researcher {e.g. honours student or postgraduate
student)? If you are a student and your research takes place off-campus a completion of a
safety protocol may be necessary.

Mo

192 - Does your research involve any of the following: 8€¢ Collection of biclogical samples
{e.g. blood, saliva, bodily fluids).8€¢  Physical screening (2.0. blood pressure, cholesteral, physical
fitness, ME| scans).2€¢ Fhysical exertion? [i.e. physical activity. exercise).

Mo
196 - SECTION C

The guestions in Section C are designed to determine whether there are any conflicts of
interests which may compromise the research process.

208 - Are any "conflict of interest” issues likely to arise in relation to this research?
Mo

2048 - Do the researchers have any affiliation with, or financial involvement in, any organisation

or entity with direct or indirect interests in the subject matter or materials of this research?
(Mote that such benefits must be declared in the Participant Information Statement)

Mo

211 - Do the researchers expect to obtain any direct or indirect financial or other benefits from
conducting this research? (Mote that such benefits must be declared in the Participant
Information Statement)

Mo
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213 - Have conditions already been imposed OR are likely to be imposed in the future, upon
the use (e.g. publication), or ownership of the results (e.g. scientific presentations) or
materials (e.g. audioc-recordings), by any party other than the listed researchers?

Mo
215 - SECTION D

The guestions in Section D are specifically directed at the consent process. Describe how you
will identify and select potential participants for recruitment into the study.

You should include information about how you will obtain contact details for potential
participants.

Ocecupational therapists in South Korea are the target population for this study.

Im 2018, the number of Korean cocupational therapists is estimated at nearly 18,700 (Korean
Association of Ocoupationsl Therapist [KACT]. 2018). According to the collaborator of the Horean
Association of Ocoupationsl Therapist (KAST). nearly 70% of cccupationsl therapists are the
sssocigtion members. A database system of the associztion will be used by their staff to identify
occupafional therspists who agreed with using their details for research purposes and to send email
invitations.

217 - Describe how and where initial contact will be made with potential participants and how
you will avoid real or perceived coercion. Copies of all relevant correspondence (e.g. email,
letter of introduction, covering letter, circulariflyer etc.) need to be uploaded with your
application. If you are using email addresses please outline how their use will not be in breach
of privacy or spam legislation.

The consultstion has been in the process with the president of the Korean Associstion of
Oecupational Therapist (KADT], particularly regarding the survey recruitment. Although it is not
officially reguired, permission has been gained from the president of the asscciation for the
recruitment process.

- Permission Letter in English and Korean (attached).

The therapists will receive am email invitstion which incledes study aim and methods and =2 link to an
online survey. Paricipant Information Statement (P15 will be also attached to the invitation: they will
be given an acknowledgement of their right o agree or refuse to paricipate in the survey.

- Study Recruitment Email Invitation to cocupsational therapists (attached). This invitation can be used
by any volurteer occupational therapist who wishes to refer the stedy to colleagues they know
[snowball recruitment].

- Participant Information Statement (PIZ) (attached).

All parficipants will submit dats anonymowshy, so there s no need for us fo heve email addresses for
them.

218 - If a participant, or person on behalf of a participant, chooses to withdraw from the
research, what specific consequences should they be made aware of, prier to giving consent?
These details should be included in the Participant Information Statement.

There are no conseguences. Submission of the online survey form is woluntary and anonymous. This
is outlined in the Participant Information Stetement (PIS).

219 - Whll participants receive any reimbursement of out-of-pocket expenses, or financial or
other "rewards" as a result of participation?

Mo

220 - How will consent be obtained (more than one may apply)
Return of a Survey

Other

222 - Please clarify your response to the question above and justify with reference to the
Mational Statement (e.g. sections 2.2 5, 3.1.18, 5.2 16). For instance, if you indicated that
consent will be written and oral, does this refer to all participants undergoing written and oral
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consent or does it refer to different consent processes for different participant groups? You
should also justify why you have chosen these forms of consent. If you are using oral
consent, explain how it will be recorded (e.g. in field notes, using tape recording).

Participants will be volunteers. Their responses will be anonymous. If they decde to participate, they
indicate their consent by inserting a tick mark in & question item and returning the online survey.

223 - Will there be participants who are not fluent in English or who have difficulty
understanding English?

es

225 - In what language(s) will the research be conducted?

Korean.

The research team is multilingusl with native English and Korean speakers. The Participant
Imformation Statement (FIS), email invitation and sureey will be developed in English then
professionally translated into Korean. The Morean version will be inspected by a native speaking
korean cccupational therapist not previoushy involved in the survey or associasted docwment
development. If any issues of intelligikility, interpret-ability or local releveance are identifisd. these will
be addressed by further translation and the use of professional back-translation from Korean to
English.

226 - Will an interpreter be present during discussions with the participants about the research
project?

Mo

227 - Why will an interpreter not be present during discussions with participants about the
research project?

The study is conducted entirely in wriften form online with participants who hawe university level
education. Alzo, participants will not be identifiable using an online swrvey.

228 - Will participants be provided with certified translated documents (Participant Information
Statement and Participant Consent Forms, questionnaires ete) in the language in which they
speak?

es

230 - Is there an intention to recruit participants who have a physical impairment or disability
that may affect the consent process (e.g. blindivision impaired/deafihearing impaired/spesch
impaired)?

Mo
232 - SECTION E

The questions in Section E relate to how you will protect participants3€™ privacy and the
confidentiality of their information in your research project.

Will any part of the project involve recordings (e.g. audio, video, online surveys)?
Mo

234 - Will you be collecting informationfdata abouwt a participant from a third party (i.e. another
individual}? Please note that this DOES NOT include agencies or organisations.

Mo

23T - The following questions will establish whether the HREC needs to apply federal or
statefterritory privacy legislation when reviewing your ethics application. Will you use, collect
or disclose information about human participants from an agency, authority or organisation?
This includes Commonwealth agencies, private sector organisations, statefterritory agencies
and intermational organisations. For instance, you may be using information from a medical
practice, a hospital, a university, a state or federal government department. %ou should say
SEyesSE ™ aven if it is your own organisstion (e.g. youwr medical practica).

Mo

- 119 -



S SYDNEY

241 - Is the research project likely to produce information or results that are of persocnal
significance to individual participants? For instance, a project may reveal that participants are
at risk of developing a particular disease, provide insight imto their intellectualiother abilities,
or indicate that they have physical or mental health problems.

Mo

335 - Is the research project likely to reveal a significant risk to the health or wellbeing of
persons octher than the participant {(e_.g. family members, colleagues, community members)?

Mo

319 - Does this project involve the use of information that you or your organisation had
collected previously for another purpose?

Mo

344 - Describe how the overall results of this research project will be disseminated {e.g.
jourmal publications and book chapters, conference presentations, student theses, creative
wiorks).

The study will be written up 2= = research report in the form of & jounal article for the Master of
Oeccupational Therapy coursewaork program and submitted by Shwon Lee for assessment. The study
will also be 5 presentstion to other students and staff for this course.

The study will be written up 2= 8 conference paper. and for submission fo an coccupstional therspy
related conference.

The study will be written up a5 a paper for submission to a peer reviewed occupational therapy
journal.

34T - Wil the confidentiality of participants and privacy of their data be protected in the
dissemination of overall research results? FPlease note that if you propose to identify individuals in
publications, you should select € no#E™ here and obiain their consent for this. Please alsc note that
if you have obtained personal information without individual consent under a waiver of consent, you
can only publish this information in de-identified form.

es

349 - Explain how confidentiality of participants and privacy of their data will be protected in
the dissemination of research results.

All responses are anonymaous in the online survey.

350 - Whll the information generated in this research project be used for any purpose(s) other
than those outlined in this application? For example, will data be retained and used in future
research projects, used to establish a databaselresearch register, provided to a third party or
to a public data sharing resource? Please note that this guestion does not refer to the use of
the data for the purposes of this project (e.g. publication of results).

Mo

351 - Outline how feedback concerning the overall results of the project will be made available
to participants (e.g. via a lay summary or newsletter]. If participants are not to receive
feedback, please justify why not.

The summary of shedy results will be submitted as an item for dissemination in the Korean
Association of Occupational Therapists webpage/newsletter. This summany will b= in Korean.

The study will be written up for submission to 8 peer reviewad conference in Korea - if accepted. this
will provide an cpportunity for dissemination in Korean.

353 - Describe where study materials will be stored DURING the project (including electronic
and hard copy files, consent forms, audio recordings, questionnaires, interview franscripts,
video recordings, photographs etc). Please include building and roeom numbers for hard copy
materials.

Suwreeys retumed by volunteers will be stored dunng the project on the on-line platform Redcap.
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354 - Describe where study materials will be stored upon COMPLETION of the project
(including electronic and hardecopy files, consent forms, audio recordings, questionnaires,
interview transcripts, video recordings, photographs etc). Please include building and room
numbers for hardecopy materials. Mote that on conclusion of the project a copy of all materials
must be kept in an accessible and secure location on University premises.

All records will be electronic and will be stored on CloudStor and according to & research data
managemeant plan in the University of Sydney Ressarch Archive.

355 - Outline the security measures that will be used to protect study materials from misuse,
loss or unauthorised access during and after the project {e.g. remowval of identifiers, secure
storage, restriction of access to appropriate personnel etc).

There will be no identifying matenal on the data - it is submitted voluntanly. &)l contact details for the
Kiorean Occupational Therapy Associstion are publicly availablze on internet. Al documents are stored
on CloudStor or in the University of Sydney research archive according to Research Data
Management Plan.

356 - Specify how long study materials will be retained for after project completion. Please
note that the options provided below are intended to facilitate compliance with relevant
legislation from the State Records Authority of M5W. Data from research involving children;
and from clinical trials, scanning and radicactivity studies, clinical studies, genetic
manipulation, human tissue studies, and psychological research that has potential long term
effects must be retained for a minimum of 20 years or until participants are 25 years of age
[(whichever is longer). Data from other types of studies must be retained for a minimum of 5
years. For some types of research (e.g. oral history, gene therapy) or where it is intended to
reuse data in the future, it is appropriate to retain data in perpetuity (i.e. indefinitely).

5 years
35T - Explain why this storage period has been chosen.

This is a straightforward survey design and following publication the stendard storage penod is 5
WEars.

358 - At the end of the project, will study materialsfinformation be stored in individually
identifiable or re-identifiable form? Please note that this does not refer to the consent forms.
Individually identifiable information is that from which the identity of a specific individual can
reasonably be ascertained. Re-identifiable information has had identifiers removed and
replaced by a code, so it is possible to identify individuals by using the code. Mon-identifiable
information has had all identifiers irreversibly removed or was never identifiable (see Chapter
3.2 of the Mational Statement for more information).

Mo

359 - If they are not to be kept in perpetuity, how will project materials ultimately be disposed
of?

The electronic files will be deleted.
361 - SECTION F

The gquestions in Section F concern risks to both participants and others connected with the
study.

Participation in research can involve potential harm to participants including physical,
psychological, reputational, financial, spiritual, emotional and social distress. Please outline
any potential harm and justify it with regard to the potential benefits of the project What steps
will the researchers take to minimise potential harm endured as a consequence of
participation? (e.g. by providing access/information to counselling)

There is no perceived risk of harm in this study. All participants are health professional occupsationsal
therapists and =l are volunteers. Questions are related to practice approaches, asssssments
treatments and de-identified service characteristics.

362 - Are there any other risks invelved in this research? For example, to the research team,
the organisation, others? What are these risks? Explain how these risks will be negated/
minimised! managed.
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363 - SECTION G

The guestions in Section G concern details of the research study. Please answer the following
questions.

The nature of this project is most appropriately described as research involving {(more tham
one may apply):

Cluestionnaire’survey

364 - Are you doing research in a context which requires you to get permission from an
appropriate authority e.g. a school, corporation, NGO, or similar?

Mo

365 - Outline in lay language the theoretical, empirical and/or conceptual basis, background
evidence for the research proposal with reference to the relevant literature {include at least
four research citations). Mote, that your study should be "based on a thorough study of the
current literature, as well as previous studies"” (N5 1.1 c).

Handwriting difficulty has been demonstrated to be a problem for many children regardless of
handwriting form {characters, letters) - the problem is evident worldwide. Over the decades, it has
been discussed in the internationsl research terature that children with and withowt medical
conditions are expenencing handwriting difficulty. According fo an intemational scoping review of
handwriting practice conducted by Cusick and Elvery in 2017, handwriting intzreentions and
assessments were mosty conducted by occupational therapists; and the most common group to
receive handwrting therapy assistance in research was typically developing children. There is no
gold standard best evidence assessment or infervention established through the research literaturs.
Consaguently local practice can vary and relies an therapists own judgements on what is best. Cwer
100 standardized handwriting assessments are available for use (Cusick & Elery, 20177);
performance-based cbservational assessments are the most commonplace. Although children across
tihe world are known to experence handwriting problems, very litile evidencs is svailable reganding
the assessment and intervention practices used by ococupational therapists in non-English speaking
countries. & recent review of Korean Fterature (Les & Cusick, 2018, research proposal) identified that
nio survey of paediatric handwriting practice by cocupsational therapists or any other health
professional had ever been conducted. The only evidence relating to handwriting praciice in Korean
occupafional therapy were a few studies were conducted in Korean adult petients with stroke or
Alzheimers disease (Yoon, Suh, & Kim, 20910 Yoon et al., 2011,

This study =ims to fill the gap in knowledge by survaying occcupational therapists in Korea. The nesxd
section describes the cocupational therapy profession in Korea as this relates to the recruitrment
sirategy to be employed in the study.

Im South Korea, the official association for Korean occupationsl therapists was established in 1283,
Since then more than 16,000 cccupational therapists have obtsined s national Coccupstionsl Therapist
Licence (KACT, 2018). According to & sursey conducted by Lee and collesgues (2010}, most Korzan
occupafional therapists worked in hospitals. This may be relevant to occupational therapy handwriting
practice because the Cusick and Eheery (2017) study found that most cccupsational therspy
handwriting interventions occurred in community or school settings, not hospitals. The study
recruitment method therefore relies on occupational therapists self-identifying as eligible and salf-
reporting their place of work and other practice information.

The ee et al {2010) study found that occupational therapists rated the following as priorities:
professional standards and responsibilities, evalustion, treatment plan and imterventions respectively,
and the interventions were considered as the most imporiant, followed by professional standands and
responsibilities, treatment plan and evalustion. We are therefore hopeful that occupsational therapists
in Korea will be interested in participating because the evidence generated will help inform
consideration of a number of these priorities in paediafric practice.
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Given information provided by the professional society. we anticipate approzamately 3,500
occupational therapists are working with children. Pasdiatric ccocupationsl therapists are kmown as
ususlly working not anly in hospitals but also in rehabilitstion centres and private clinics; it is rare for
the therapists in Korea to work in a school-based sstting. Some therapists do work in this setting as
indicated in & study by Oh and Kim (2010} that showed that the satisfaction of Korean ccoupational
therapists in the school setting is higher than in other settings. These therapists worked 40 hours a
week with students mainly who hawve intellecheal difficulties. It was also identified that other common
dizgnoses of children who received occupational therapy in the school-based sefing were cerebral
palsy and sutism spectrum disorder (Lee =t al, 2015).

Ewen outside the school-based setfing, similar disgnosas of children are identified as the top common
topic ares of paediafric coccupsational therapy in an official publication of Korean cccupational therapy
which was established in 1253, In a review conducted to underpin the present study, Lee and Cusick
[2018) found 112 articles in the official Korean journal of Cooupationsl therapy were related to
paadistric research. The interventions and assessments were predominantly conducted using a
theoretical model that is called Sensory Integration (Z1). This medel is the subject of infense debate
in English spesking coutnries regarding the rigor of evidence gvailakble fo support it. The most
frequent type of peediainic research design was a lower level of evidence - descriptive reseanch (2.g.
case study and survey) (Yoo, Lee, Lee, Park, & Yoo, 201 1) A few systematic reviews and no
randomized controllad tials (RCT) were found. Thus very little evidence on assessments and
intervention studies for children with handwriting difficulties in the Korean literature.

It is clear that many gaps in research exist between Korean and English itersture when it comes o
handwriting practice for children. This gap should be addressed, as there is & potentially increasing
demand for hendwriting programme among Korean children with handwriting difficulties. A Korean
newspaper, Kook-Je Mewspaper stated thet Korean students struggle with pencil-and-paper tasks
since thay spend an increasing amount of time using electronic devices such s smarphonas and
computers (Min, 2015).

Given that the maxdmum value of the estimated prevalence of handwriting difficulties in school-age
children in other developed countries is nearly 30% [Owenvelde & Hulstin, 2011; Volman, van
Schendel, & Jongrans, 2008), more than 500,000 Korean children could be estimated to be in need
of handwriting intervention programmes; the number of elermnentary school students wes estimated at
2874 227 im 2017 {Korean Educstional Development Institute, 2017). A= children with a8 medical
condifion have been also reporied to experience handwniing difficulties (Wallen, Duff, Goyen, &
Froude, 2013), it can be se=n that there are more Korean children screened yet with handwnting
difficulties outside the schoaol system.

Thus, survey research is needed to invesiigate what assessments Korean occupational therapists use
for children with handwriting difficulties and what types of interventions for handwriting programme the
therapists provide, specifically to which clients’ group. This work will a=ssist in defining the gap
betwesen evidence and clinical practice for Korean occupational therapists who work with children
expenencing handwriting problems. The survey study will further encourage the evidence-based
practice, providing recommendstions for future research topics and practice areas in relstion to
caseload, assessments and intervention approaches.
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36T - Qutline in lay language the methodology for the research proposal. Mote, that you study
should be "designed or developed using methods sppropriate for achieving the aims of the proposal”
[MS 1.1 b). Your response should include:

5E¢ Aims and hypothesssiresearch questions

5E¢ Research plan including duration of the study andior timeline
SE¢ Participant charscteristics including sex, age range and inclesion'exclusion critena (if
relevant)

SE¢ The intended sample size with & justfication, and'or the pariciant sampling/sslection
strategy (a5 relevant to your stedy)

BE¢ Cietails of where the study will be underaken (location/site/UJRL)
&E¢ Details of how data will be collected and anahyzed

5E¢ Potential significance of the study

Aim: To describe occupational therapy handwriting practice in South Korea
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Plan: Survey online lsunch Cotober 2018, Survey Closs Movember 2018, Survey data analysis
Mowvember 2012, Report writing Decembsr 20138,

Participants: Qualified occupsational therapists in Korea who self identify as having worked in
handwriting programs. Al will b2 adulis. Any gender. Mo exclusion criteria as participants self identify.
Participants are doing so in their capacity as private citizens who self identify 2= occupational
therapists - there is therefore no need to have institutional approvals from any institution in Korea.
Sample size: Volurteer responses - no prospective sample size. Since our estimate based on
professional society information is that 3500 therapists work in paedistrics, we would hope for s 10%
response rate thus, 350 paricipants.

Locstion: The study participation i= online. Participants are being recruited from Korea, seIf identify as
being in Korea and the survey is in Korean. The surwey is thus on an online survey platform, RECcap.
The study UEL will be supplied following HREC approval.

Ciata collection: submission by paricipants of the online survey.

Significance: Thers is & dearth of information intemetionally about OT handwriting practice, and few
studies were published in Korean or English about Korean OT handwriting programs. This study will
fill an important gep in practice knowledge.

LIST OF ATTACHED DOCUMENT S

Date Uploaded Type Document Name
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Author Guidelines

Language Editing

Hindawi has partnered with Editage to provide an English-language editing service to
authors prior to submission. Authors that wish to use this service will receive a 10%
discount on all editing services provided by Editage. To find out more information or
get a quote, please click here.

Submission

Manuscripts should be submitted by one of the authors of the manuscript through the
online Manuscript Tracking System. Only electronic PDF (.pdf) or Word

(.doc, .docx, .rtf) files can be submitted through the MTS, and there is no page limit.
Submissions by anyone other than one of the authors will not be accepted. The
submitting author takes responsibility for the manuscript during submission and peer
review. If for some technical reason submission through the MTS is not possible, the
author can contact oti@hindawi.com for support.

Terms of Submission

Manuscripts must be submitted on the understanding that they have not been published
elsewhere and are only being considered by this journal. The submitting author is
responsible for ensuring that the article’s publication has been approved by all the
other coauthors. It is also the submitting author’s responsibility to ensure that the
article has all necessary institutional approvals. Only an acknowledgment from the
editorial office officially establishes the date of receipt. Further correspondence and
proofs will be sent to the author(s) before publication, unless otherwise indicated. It is
a condition of submission that the authors permit editing of the manuscript for
readability. All inquiries concerning the publication of accepted manuscripts should be
addressed to oti@hindawi.com. All submissions are bound by the Hindawi terms of
service.

Peer Review

All manuscripts are subject to peer review and are expected to meet the standards of
academic excellence. If approved by the editor, submissions will be considered by peer
reviewers, whose identities will remain anonymous to the authors.

Our Research Integrity team will occasionally seek advice outside standard peer
review, for example, on submissions with serious ethical, security, biosecurity, or
societal implications. We may consult experts and the academic editor before deciding
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on appropriate actions, including but not limited to: recruiting reviewers with specific
expertise, assessment by additional editors, and declining to further consider a
submission.

Concurrent Submissions

In order to ensure sufficient diversity within the authorship of the journal, authors will
be limited to having two manuscripts under review at any point in time. If an author
already has two manuscripts under review in the journal, they will need to wait until
the review process of at least one of these manuscripts is complete before submitting
another manuscript for consideration. This policy does not apply to Editorials or other
non-peer reviewed manuscript types.

Article Processing Charges

The journal is Open Access. Article Processing Charges (APCs) allow the publisher to
make articles immediately available online to anyone to read and reuse upon
publication. For more details, please visit the Article Processing Charges information

page.

Preprints

Hindawi supports the deposition of manuscripts in preprint servers, and does not
consider this to compromise the novelty of the results. Articles based on content
previously made public only on a preprint server, institutional repository, or in a thesis
will be considered. The preprint should be cited.

Article Types
The journal will consider the following article types:
Research Articles

Research articles should present the results of an original research study. These
manuscripts should describe how the research project was conducted and provide a
thorough analysis of the results of the project. Systematic reviews may be submitted as
research articles.

Clinical Studies

A clinical study presents the methodology and results of a study that was performed
within a clinical setting. These studies include both clinical trials and retrospective
analyses of a body of existing cases. In all cases, clinical studies should include a
description of the patient group that was involved, along with a thorough explanation
of the methodology used in the study and the results that were obtained.

When publishing clinical trials, Hindawi aims to comply with the recommendations of
the International Committee of Medical Journal Editors (ICMJE) on trial registration.
Therefore, authors are requested to register the clinical trial presented in the
manuscript in a public trial registry and include the trial registration number at the end
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of the abstract. Trials initiated after July 1, 2005, must be registered prospectively
before patient recruitment has begun. For trials initiated before July 1, 2005, the trial
must be registered before submission.

Reviews

A review article provides an overview of the published literature in a particular subject
area.

Formatting

An optional research article manuscript template can be downloaded here. We
recommend that all manuscripts follow the structure below:

Title and Authorship Information

The following information should be included:
« Manuscript title

« Full author names

« Full institutional mailing addresses

o Email addresses

Abstract

The manuscript should contain an abstract. The abstract should be self-contained,
citation-free, and should not exceed 300 words.

Introduction
This section should be succinct, with no subheadings.
Materials and Methods

The methods section should provide enough detail for others to be able to replicate the
study. If you have more than one method, use subsections with relevant headings, e.g.
different models, in vitro and in vivo studies, statistics, materials and reagents, etc.

Hindawi journals have no space restriction on methods. Detailed descriptions of the
methods (including protocols or project descriptions) and algorithms may also be
uploaded as supplementary information or a previous publication that gives more
details may be cited. If the method from a previous article is used then this article must
be cited and discussed. If wording is reused from a published article then this must be
noted, e.g. This study uses the method of Smith et al. and the methods description
partly reproduces their wording [1].

If a method or tool is introduced in the study, including software, questionnaires, and
scales, the license this is available under and any requirement for permission for use
should be stated. If an existing method or tool is used in the research, the authors are
responsible for checking the license and obtaining any necessary permission. If
permission was required, a statement confirming permission was granted should be
included in the Materials and Methods section.
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Publishing Protocols. We encourage authors describing any methodology, in particular
laboratory-based experiments in the life sciences but also computational and
bioinformatics protocols, to upload details of their methods to protocols.io. This is an
Open Access website that allows researchers to record their methods in a structured
way, obtain a DOI to allow easy citation of the protocol, collaborate with selected
colleagues, share their protocol privately for journal peer review, and choose to make
it publicly available. Once published, the protocol can be updated and cited in other
articles.

You can make your protocol public before publication of your article if you choose,
which will not harm the peer-review process of your article and may allow you to get
comments about your methods to adapt or improve them before you submit your
article (see also the protocols.io FAQ page).

Protocols in the Clinical Sciences. We encourage authors of clinical trials and other
clinical studies to upload the detailed plan of their study that was approved by the
ethics committee as supplementary materials. If there is a published version of the
protocol, this should also be cited in the methods section.

Results and Discussion

This section may be divided into subsections or may be combined.
Main Text (Review only)

This section may be divided into subsections or may be combined.
Conclusions

This should clearly explain the main conclusions of the article, highlighting its
importance and relevance.

Data Availability (excluding Review articles)

This statement should describe how readers can access the data supporting the
conclusions of the study and clearly outline the reasons why unavailable data cannot
be released. For guidance on composing a Data Availability statement, including
template examples, please see here.

Conflicts of Interest

Authors must declare all relevant interests that could be perceived as conflicting.
Authors should explain why each interest may represent a conflict. If no conflicts
exist, the authors should state this. Submitting authors are responsible for coauthors
declaring their interests.

Funding Statement

Authors must state how the research and publication of their article was funded, by
naming financially supporting body(s) (written out in full) followed by associated
grant number(s) in square brackets (if applicable), for example: “This work was
supported by the Engineering and Physical Sciences Research Council [grant numbers
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XXxX, yyyy]; the National Science Foundation [grant number zzzz]; and a Leverhulme
Trust Research Project Grant™.

If the research did not receive specific funding, but was performed as part of the
employment of the authors, please name this employer. If the funder was involved in
the manuscript writing, editing, approval, or decision to publish, please declare this.

Acknowledgments

All acknowledgments (if any) should be included at the very end of the manuscript
before the references. Anyone who made a contribution to the research or manuscript,
but who is not a listed author, should be acknowledged (with their permission).

References

Authors may submit their references in any style. If accepted, these will be reformatted
in Chicago style by Hindawi. Authors are responsible for ensuring that the information
in each reference is complete and accurate. All references should be numbered
consecutively in the order of their first citation. Citations of references in the text
should be identified using numbers in square brackets e.g., “as discussed by Smith
[9]7; “as discussed elsewhere [9, 10]”. All references should be cited within the text
and uncited references will be removed.

Dates Formatting

Hindawi recommends writing dates out fully to avoid confusion with different all-
numeral date styles. For example, 11/10/2018 could be 10 November 2018 or 11
October 2018 depending on the reader, therefore, the date should be written out in full.
For example, the date September 1, 2018 can be used rather than 01/09/2018 or
09/01/2018.
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Upon submission of an article, authors should include all figures and tables in the PDF
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The abstract should be a single, self-contained paragraph which summarises the manuscript.
Ideally it will provide a brief context for the study, before describing the scientific approach

and some key results in a qualitative manner. It should finish with a sentence to describe the
implications for the field. The abstract must not include references, figures or tables.

Introduction

The introduction should be succinct, with no subheadings. Limited figures may be included
only if they are truly introductory, and contain no new results.

Materials and Methods

The materials and methods section should contain sufficient detail so that all procedures can
be repeated. It may be divided into headed subsections if several methods are described.

Results and Discussion
Subheadings

The results and discussion may be presented separately, or in one combined section, and may
optionally be divided into headed subsections.
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Advice on Figures

At the point of submission, authors may provide all figures embedded within the manuscript
at a convenient break near to where they are first referenced or, alternatively, they may be
provided as separate files. All figures should be cited in the paper in a consecutive order.
Where possible, figures should be displayed on a white background. When preparing figures,
consider that they can occupy either a single column (half page width) or two columns (full
page width), and should be sized accordingly. All figures must have an accompanying caption
which includes a title and, preferably, a brief description (see Figure 1).

Figure 1: Basic rocket ship design. The rocket ship is propelled with three thrusters and features a single viewing
window. The nose cone is detachable upon impact.

The caption can also be used to explain any acronyms used in the figure, as well as providing
information on scale bar sizes or other information that cannot be included in the figure itself.

Plots that show error bars should include in the caption a description of how the error was
calculated and the sample size (see Figure 2).
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Figure 2: Plot of nanoparticle size with respect to time, recorded over a 90 s period. The error bars represent the
standard deviation of measurements for 20 particles in five separate sample runs (n = 100).

If a figure consists of multiple panels, they should be ordered logically and labelled with

lower case roman letters (i.e., a, b, c, etc.). If it is necessary to mark individual features within
a panel (e.g., in Figure 3a), this may be done with lowercase Roman numerals, i, ii, iii, iv, etc.
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All labels should be explained in the caption. Panels should not be contained within boxes
unless strictly necessary.
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Figure 3: Representations of some common weather symbols. (a) The sun with (i) core, and (ii) rays. (b) Thunder
bolt. (c) Cloud. (d) Moon.
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FreeHand, CorelDraw, PowerPoint, Excel, etc.) or bitmap formats (Photoshop, TIFF, GIF,
JPEG, etc.). Bitmap images should be of at least 300 dpi resolution, unless due to the limited
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be embedded in separate layers.
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Every table must have a descriptive title and, if numerical measurements are given, the units
should be included in the column heading. Vertical rules should not be used (see Table 1).

Tables should be cited consecutively in the text.

Table 1: Temperature and wildlife count in the three areas covered by the study.

Location T[°C] Turtles  Sharks  Octopuses Starfish

Blue Lagoon 21.2 5 3 4 543

Regent’s Canal 5.2 8 0 24 312

Shark Bay 12.8 4 7 9 122
Conclusions
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