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Abstract

The efficiency and accuracy of handwriting measurement could be improved by adopting
digital image processing. This study developed a computer-based Korean Handwriting
Assessment tool. Second graders participated in this study by performing writing tasks of
consonants, vowels, words, and sentences. We extracted boundary parameters for each letter
using digital image processing and calculated the variables of size, size coefficient of variation
(CV), misalignment, inter-letter space, inter-word space, and ratio of inter-letter space to
inter-word space. Children were also administered traditional handwriting and visuomotor
tests. Digital variables from image processing were correlated with these previous tests. Using
these correlations, we established a three-point scoring system that computed test scores for
each variable. We analyzed inter-rater reliability between the computer rater and human rater
and test-retest reliability between the first and second performances. The validity was
examined by analyzing the relationship between the Korean Handwriting Assessment and
previous handwriting and visuomotor tests. We suggested the Korean Handwriting
Assessment to measure size, size consistency, misalignment, inter-letter space, inter-word
space, and space ratio using digital image processing. This Korean Handwriting Assessment
tool proved to have reliability and validity. It is expected to be useful for assessing children’s
handwriting.
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1. Introduction

\We communicate with others using language, which is usually spoken and written. The
basis of accurate verbal communication is speech with clear pronunciation. Likewise, in order
to communicate understandably through writing, it is essential to write legibly. Although
typing can be used, handwriting is continuously emphasized because it may be used in a wide
variety of situations. Therefore, handwriting legibility is needed for good writing. The most
essential components of handwriting legibility have been suggested to be form, size,
alignment, and spacing [1]. These components can be measured with handwriting assessment
tools including the Minnesota Handwriting Assessment [2] and Children’s Handwriting
Evaluation Scale [3].

The inclusion of various elements in handwriting legibility means that handwriting requires
complex skills. Let us suppose that a child writes a sentence from a book. The child looks at
the letter (visual fixation), perceives the letter shape (visual perception), encodes the
information of the sentence (memory), directs eyes to the notebook (eye movements),
organizes how letters are positioned (planning), holds a pencil appropriately (fine motor
control), remembers the letter (memory), and moves the pencil to produce the letter (eye-hand
coordination). Perceptual-motor and cognitive functions are interwoven during handwriting [4,
5, 6]. In particular, visuomotor integration has been considered a necessary skill in the learning
stage of writing [7, 8, 9]. Visuomotor integration as measured with the Beery-Buktenica
Developmental Test of Visual-Motor Integration (Beery VMI) is positively correlated with
handwriting legibility [7]. The ability to copy nine basic shapes (|, —, 0, X, \, 0/, A)
reflects children’s readiness to write [8, 9].

Writing is a fundamental skill for school-aged children to learn (Amundson, 1992). For
instance, children write when taking notes and solving math problems. If a child’s writing is
poorly legible, the child would not receive a good score on what is written [10]. Children who
have experienced frustration in writing do not want to engage in writing activities [11]. Since
handwriting in childhood affects academic performance and socioemotional development, it is
important to assess and intervene handwriting problems.

Standardized assessments to measure Korean writing in childhood include the handwriting
subtest of the National Institute of Special Education-Basic Academic Competence Tests
(NISE-B-ACT) [12] and the writing subscale of the Korean Version of the Learning Disability
Evaluation Scale (K-LDES) [13]. Although the handwriting subtest of NISE-B-ACT
(NISE-B-ACT-handwriting) directly measures children’s handwriting performance, it
depends on the rater’s subjective decision. NISE-B-ACT-handwriting has an ambiguous
criterion for scoring one to three points. For example, one can score “3 points if the position
and ratio of the letters are the same as those of the stimulus.” The writing subscale of K-LDES
(K-LDES-writing) indirectly evaluates handwriting by the report of an adult who knows
children’s usual writing performance. These tools have the limitation of subjective evaluation
as well as the advantage of quick assessment. Recently, Lim et al. [14] have developed an
evaluation tool with objective criteria for school-aged children’s handwriting. The evaluation
tool provides numerical criteria such as “0 points, if the longest letter is equal to or longer than
1.5 times the shortest letter.” However, a tester has to use a ruler and protractor. Thus, this tool
requires time and effort. A tool that can assess Korean handwriting objectively in a short time
is needed.
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Computer-based handwriting assessment could satisfy the requirements of both objectivity
and speed. In other countries, researchers have attempted to evaluate handwriting in computer
environments. The Chinese Handwriting Assessment Program has been developed for a
computer environment [15]. This image processing program can calculate the form, size,
alignment, and spacing of a character from scanned writing. The processing result of the
Chinese Handwriting Assessment Program was correlated with the score on the Tseng
Handwriting Problem Checklist [15] and was found to be consistent across test-retest,
indicating that the Chinese Handwriting Assessment Program is a valid and reliable
instrument. The Minnesota Handwriting Assessment [2], a representative English handwriting
assessment using subjective scoring, was implemented objectively in the tablet environment
[16]. Results from the analysis of digitized data could differentiate between proficient and
non-proficient handwriting.

In Korea, computer-based handwriting assessment for children has not been developed.
Thus, the objective of the current study was to develop a Korean Handwriting Assessment tool
based on computers using digital image processing. We conducted this research in four stages:
task development, collection of children’s writing data, establishment of the scoring system,
and evaluation of its validity and reliability. The Korean Handwriting Assessment tool
developed in this study will enable us to measure Korean children’s handwriting quickly and
objectively.

2. Method
2.1 Participants

Forty children in the second grade of elementary school (mean age, 8 years; age range,
7.07-8.10 years; 25 girls and 15 boys) participated in this study. Eighteen of them received the
Korean Handwriting Assessment again two weeks after the main experiment to determine
test-retest reliability. Participants were recruited from two elementary schools. Written
informed consent to participate in this study was obtained from each participant.

2.2 Procedure

This study had four phases: (1) developing writing tasks, (2) performing an experiment to
collect data, (3) establishing a scoring system, and (4) analyzing reliability and validity.
During the experiment in the second phase, children performed not only the Korean
Handwriting Assessment but also NISE-B-ACT-handwriting and Beery VMI. They were
administered these tests individually for about 30 minutes in a quiet room of the school. The
parent or teacher filled out a questionnaire of the K-LDES-writing about their child’s
handwriting problems.

2.3 Instruments
2.3.1 Korean Handwriting Assessment

We developed the Korean Handwriting Assessment based on elementary textbooks to
measure handwriting performance with ecological validity. The Korean Handwriting
Assessment consists of three subtasks: consonant-vowel, word, and sentence tasks. The
stimuli of the tasks were selected from first and second-grade textbooks for Korean and
Korean language activities. The tasks are shown in Fig. 1.
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Fig. 1. Tasks of the Korean Handwriting Assessment.

The consonant-vowel task included the 19 basic consonants (71-3) and 10 vowels ( |, F,

1,4, L+, &, T, 1, —, |). The stimulus for each consonant/vowel, with a size of 37.5 pt,

was presented in a box 1.7 cm wide and 1.7 cm high. Another box for writing was placed 1.5
cm below the stimulus box.

The word task included six types of character (Of, <, 2, &, &, &) as well as basic
consonants and vowels. These words were &' ‘east’, XAFF ‘freedom’, S ‘park’, L2
‘socks’, &3 ‘celebration’, O 2| ‘caterpillar’, 253} ‘running shoes’, &-&& ‘school
supplies’, O|T1EE ‘slide’, and =2H% 7| ‘hide-and-seek’. The sizes of the stimulus and

writing box were the same as in the consonant-vowel task. The distance between the stimulus
box and the writing box was 1.2 cm.

The sentence task included six types of characters. These sentences were 2 ZHBH0]| &F & 0|
22| Eloil 2LMAM BH7Fd&LICH ‘1 was glad of my uncle's visit to our home because it has

been a while since he last came’ and S 0| L F0f OfEE] = 2 ZbF M BZAHL I
am proud of helping my brother play while hanging in the tree.” The stimulus sentences were
presented with a size of 30.8 pt. The writing box, 28.5 cm in width and 1.4 cm in height, was
placed 0.5 cm below the stimulus.

We extracted the boundary parameters and calculated the size, size coefficient of variation
(CV), and misalignment for each letter and the inter-letter and inter-word spaces. The values
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of these variables were averaged across letters or spaces in each task. Each variable value was
then converted into three-point scores (0, 1, and 2). The consonant-vowel and word tasks had
item scores for size, size CV, and misalignment, while the sentence task also had item scores
for inter-letter space, inter-word space, and the ratio of inter-letter space to inter-word space.
The possible scores were 6 points for the consonant-vowel task, 6 points for the word task, and
12 points for the sentence task, for a possible total score of 24 points.

2.3.2 The handwriting subtest of the National Institute of Special

Education—Basic Academic Competence Test (NISE-B-ACT — handwriting)

The NISE-B-ACT aims to assess basic learning abilities in order to screen and diagnose
students who need special education [12]. The NISE-B-ACT comprises reading, writing, and
mathematics tests. We administrated the handwriting subtest of the writing test to assess the
prerequisite skills for writing and letter form quality. The reliability of the NISE-B-ACT
writing subtest was confirmed by a Cronbach’s a of 0.91, the test-retest reliability of the
handwriting subtest by correlation coefficients of 0.80-.0.90, and the validity of the
handwriting subtest by a correlation coefficient of 0.48 with the writing subtest of the Korea
Institute for Special Education—Basic Academic Achievement Tests (KISE-BAAT) [17].

2.3.3 The writing subscale of the Korean Version of the Learning Disability

Evaluation Scale (K-LDES-writing)

K-LDES is a parent/teacher-reported scale to screen children with learning disabilities and
test treatment effectiveness [13]. K-LDES consists of listening, thinking, speaking, reading,
writing, spelling, and math subscales. We used the handwriting problem of the writing
subscale, for which a higher score indicates a greater severity of the problem. The reliability of
K-LDES was shown by a Cronbach’s a of 0.92-0.97 and the validity of the writing subscale
by correlation coefficients of 0.44-0.48 with the Wechsler Intelligence Scale for Children,
Fourth Edition (KEDI-WISC) [18] and 0.40 with the Basic Learning Test (BLT) [19].

2.3.4 Beery-Buktenica Developmental Test of Visual-Motor Integration

(Beery VMI)

The Beery VMI measures the ability to integrate vision and motor skills by copying
geometric shapes [20]. The test consists of a visual-motor integration task (VMI), visual
perception supplemental task (VP), and motor coordination supplemental task (MC). The
reliability of Beery VMI is shown by a Cronbach’s a of 0.92-0.94 and interrater correlation
coefficient of 0.79-0.90, and the validity of the test by correlation coefficients of 0.62-0.80
with the Bender Visual-Motor Gestalt I (BGT-1I) [21] 0.33-0.59 with the visual motion
integration test of the Korean Developmental Test of Visual Perception (K-DTVP-2) [22], and
0.39-0.74 with KEDI-WISC [18].

2.4 Data analysis

2.4.1 Computation of variables

In order to compute the variables of the Korean Handwriting Assessment, we extracted the
boundaries of the top, bottom, left, and right of each letter. Fig. 2 shows the parameters for the
variables. We calculated the variable values for each task using these parameters. Values of
each variable for the first test were derived by the computer rater using digital image
processing and the human rater using a ruler. Values for the second test (retest) were measured
by the computer rater.
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Fig. 2. Digital parameters of the Korean Handwriting Assessment.
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2.4.2 Scoring

The value of each variable was converted to an item score for each task. We scored
handwriting performance with a three-point scale system (0, 1, and 2). The scoring system was
established based on the digital variable property inferred from the correlation between the
digital variable and the raw score on the previous test. The size score decreased as the size of
the letter decreased. We scored 2 if the size was greater than 2/3 of the stimulus size, 1 if the
size was greater than 1/2 of the stimulus size, and 0 if the size was less than or equal to 1/2 of
the stimulus size. The size CV score decreased as the size inconsistency increased. We scored
2 if the size CV was less than 0.2, 1 if the size CV was less than 0.4, and 0 if the size CV was
greater than or equal to 0.4. The misalignment score decreased as letters were placed further
away from the horizontal midline. We scored 2 if the misalignment was less than 0.1 cm, 1 if
the misalignment was less than 0.2 cm, and 0O if the misalignment was greater than or equal to
0.2 cm. The inter-letter space score decreased as the distance between letters increased. We
scored 2 if the inter-letter space was less than 0.2 cm, 1 if the inter-letter space was less than
0.5 cm, and O if the inter-letter space was greater than or equal to 0.5 cm. The inter-word space
score decreased as the distance between words decreased. We scored 2 if the inter-word space
was greater than 0.8 cm, 1 if the inter-word space was greater than 0.6 cm, and 0 if the
inter-word space was less than or equal to 0.6 cm. The space ratio score decreased as the
increase of the distance between letters was relatively larger than the increase in the distance
between words. We scored 2 if the ratio was less than 33%, 1 if the ratio was less than 50%,
and 0 if the ratio was greater than or equal to 50%.
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2.4.3 Analysis of reliability and validity

Interclass correlation coefficients (ICCs) were computed to evaluate inter-rater and
test-retest reliability. Pearson correlation analysis was conducted to validate total and subtest
scores on the Korean Handwriting Assessment. Pearson correlation coefficients were also
used to evaluate the relationship between the digital variables and the results of previous tests.
We performed data analysis with Windows SPSS 23.0. The level of statistical significance
was set at o = .05.

3. Results

3.1 Participant characteristics
Results of previous assessments of children participating in the study are shown in Table 1.

Table 1. Results of previous assessments

Previous NISE-B-ACT K-L.D.ES VMI VP MC
Assessments -handwriting -writing
Mean £ SD 18.82+2.78 19.25+5.14 22.65 £ 2.37 24.58 £ 1.95 22.38 £ 3.66

Note.

NISE-B-ACT writing - handwriting = National Institute of Special Education-Basic Academic Competence Tests-handwriting,
K-LDES - writing = Korean Version of the Learning Disability Evaluation Scale-writing

VMI = Visual-Motor Integration, VP = Visual Perception, MC = Motor Coordination,

3.2. Properties of the variables
Values of the variables of the Korean Handwriting Assessment are shown in Table 2.

Table 2. Values of variables of the Korean Handwriting Assessment

Korean Handwriting Assessment Test Retest

v ComarTar T s
Size 0.50+0.12 0.51+0.14 0.47 £0.15

CO”SOQZ;?"OW‘*' Size CV 0.40 £ 0.06 0.39.+0.05 0.40 £ 0.05
Misalignment 0.12+£0.04 0.11£0.05 0.12£0.05

Size 0.92+0.21 0.95+0.25 0.87+£0.25

Word task Size CV 0.27 £ 0.07 0.28 £ 0.06 0.28 £ 0.06
Misalignment 0.10 £0.03 0.10£0.04 0.11£0.04

Size 0.69+0.17 0.73+0.20 0.70+0.19

Size CV 0.33+0.07 0.32+0.08 0.37+£0.08

Misalignment 0.13+0.04 0.11£0.04 0.12 £ 0.03

Sentence task

Inter-letter space 0.26 +£0.10 0.24 +0.09 0.30+£0.12

Inter-word space 0.92+0.16 0.86+0.18 0.92+0.14

Space ratio 0.29+0.14 0.30+0.15 0.34+0.16

Note. unit of size: cm?; unit of misalignment and space: cm
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To understand the properties of the variables, we analyzed the correlation coefficients
between variable values and previous assessment scores. The size was positively correlated
with VP (consonant-vowel task, r =.382, p <.05; word task, r =.373, p <.05; sentence task, r
=.314, p <.05). The size of the word task was negatively correlated with K-LDES-writing (r =
—.359, p < .05). These results related to the size indicated that the larger the letter size, the
better the visual perception and the fewer the writing problems. The size CV was positively
correlated with K-LDES-writing (word task, r =.322, p <.05; sentence task, r =.471, p <.01).
The size CV of the word task was negatively correlated with NISE-B-ACT-handwriting (r =
—.400, p < .05). The results related to the size CV indicate that the smaller the size CV, the
better the handwriting performance and the fewer the writing problems.

The misalignment was negatively correlated with VMI (consonant-vowel task, r =—.339, p
<.05; word task, r =-.329, p <.05), VP (consonant-vowel task, r =-.338, p <.05), MC (word
task, r = =313, p < .05), and NISE-B-ACT-handwriting (r = —.425, p < .01). The
misalignment was positively correlated with K-LDES-writing (word task, r = .360, p < .05;
sentence task, r = .374, p < .05). These results of misalignment indicate that the smaller the
misalignment, the better the visuomotor integration and handwriting performance and the
fewer the writing problems.

The inter-letter space showed negative correlations with MC (r = —.420, p < .01) and
NISE-B-ACT-handwriting (r = —-.322, p < .05) and a positive correlation with
K-LDES-writing (r = .549, p <.01), indicating that the smaller the inter-letter space, the better
the motor coordination and handwriting performance and the fewer the writing problems. The
inter-word space was positively correlated with NISE-B-ACT-handwriting (r = .441, p <.01),
indicating that the larger the inter-word space, the better the handwriting performance. The
space ratio was negatively correlated with MC (r = -466, p < .01) and
NISE-B-ACT-handwriting (r = —.466, p < .01), but positively correlated with
K-LDES-writing (r = .518, p < .01), indicating that the smaller the space ratio, the better the
motor coordination and handwriting performance and the fewer the handwriting problems.

3.3 Validity and reliability of Korean Handwriting Assessment
Score results of the Korean Handwriting Assessment are shown in Table 3.

Table 3. Scores of the Korean Handwriting Assessment

Test Retest
Computer Rater Human Rater
(Mean + SD) (Mean + SD) (Mean + SD)
Total score 16.37 +2.82 16.91+2.71 15.00 + 4.00
Consonant-vowel score 3.51+0.90 3.86+1.08 3.28+141
Word score 4.29+0.98 4.36 £ 0.85 3.78+1.17
Sentence score 8.56 + 1.66 8.68 + 1.59 7.94+218

Table 4 shows the inter-rater reliability between the computer rater and the human rater and
test-retest reliability between the first and second tests. The Korean Handwriting Assessment
proved to have excellent inter-rater and test-retest reliabilities.
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Table 4. Reliability of the Korean Handwriting Assessment

Inter-rater reliability Test-retest reliability

ICC(2,1) F ICC(2,1) F
Total score .930%** 22.352 .910%** 11.460
Consonant-vowel score .891x** 12.677 .852*** 6.442
Word score .899*** 11.171 144> 4.268
Sentence score .939*** 19.097 194> 4.666

Note. correlations between values *p < .05, **p < .01, ***p <001

Table 5 shows concurrent validity between the Korean Handwriting Assessment and
previous assessments including NISE-B-ACT-handwriting, K-LDES-writing, VMI, VP, and
MC. The Korean Handwriting Assessment was found to be valid, showing correlations with
handwriting performance/problem and visuomotor integration.

Table 5. The Validity of the Korean Handwriting Assessment

N ISE-B-ACT K-L.D.ES VMI VP e
-handwriting -writing
Total score 572" -.652" 403" A48 4917
Consonant-vowel 383" —.468" 299 448" 314"
score
Word score .378" -536" .289 .390" 4217
Sentence score 524" -.539" .353" .285 417

Note. correlations between values *p < .05, **p < .01, ***p <.001

NISE-B-ACT writing - handwriting = National Institute of Special Education-Basic Academic Competence Tests-handwriting,
K-LDES - writing = Korean Version of the Learning Disability Evaluation Scale-writing

VMI = Visual-Motor Integration, VP = Visual Perception, MC = Mator Coordination

4. Discussion

This study described the development of the computer-based Korean Handwriting
Assessment. First, we made tasks for the Assessment concerning consonants, vowels, words,
and sentences from elementary textbooks. Second, we collected writing data from second-
grade elementary school children. We administered the Korean Handwriting Assessment with
NISE-B-ACT-handwriting, K-LDES-writing, and Beery VMI to evaluate the concurrent
validity. Two weeks later, we tested about half of the children again with the Korean
Handwriting Assessment to examine test-retest reliability. Third, we computed values of the
respective variables, including size, size CV, misalignment, inter-letter space, inter-word
space, and space ratio using digital imaging processing. We then established a 3-point scoring
system using the relationship between variables and the results of the
NISE-B-ACT-handwriting, K-LDES-writing, and Beery VMI tests. Fourth, we analyzed the
validity and reliability of the Korean Handwriting Assessment. Concurrent validity analyses
indicated that the Korean Handwriting Assessment could measure handwriting ability. The
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results of test-retest and inter-rater reliability analyses suggest that the Korean Handwriting
Assessment can measure handwriting consistently across time and raters.

Through this study, we have provided an objective and rapid computerized assessment tool
to test Korean children’s handwriting. Traditional tools to assess Korean handwriting
performance for children depend on quick subjective ratings with arbitrary criteria [12] or
laborious objective ratings using a ruler [14]. There has been a trade-off between speed and
objectivity in these traditional tools. However, the Korean Handwriting Assessment can
compute quantitative values accurately and rapidly.

The Korean Handwriting Assessment is a unique computerized handwriting assessment
tool for Korean. In other languages, there have been several handwriting assessment tools in
computer environments. For Chinese, the written paper can be transformed into a digital
image from which the assessment program can compute the variables of size, intercharacter
distance, distance from the midline, and similarity between the written character and the
model character [15]. Each variable of the Chinese Handwriting Assessment Program was
correlated with the corresponding item of the previous Tseng Handwriting Problem Checklist
[23]. For English, the traditional handwriting assessment, the Minnesota Handwriting
Assessment [2], was implemented on a tablet [16]. The quantitative value of variables from the
tablet was comparable with subjective scores obtained manually. These studies have
contributed to the development of computer-based handwriting assessment, suggesting the
great promise and utility of a computerized tool. The current study provides additional
evidence for the usefulness of handwriting digital variables processed by computers.
Furthermore, we attempted to produce a scoring system derived from experimental data. The
scores obtained according to our criteria provide an interpretable summary of performance.
For example, if the value of size is 0.5, we could not infer the meaning of the number.
However, if the score on size is 2 out of 0, 1, and 2, we may interpret this as indicating that the
child wrote letters with an appropriate size. Thus, the Korean Handwriting Assessment could
be used as an interpretable computerized assessment tool.

The Korean Handwriting Assessment measures the variables of size, size CV, misalignment,
inter-letter space, inter-word space, and space ratio. Because we chose digital variables that
could be calculated from the boundary parameter, we did not measure form variables of
handwriting, such as letter reversals or stroke omission. Although the Korean Handwriting
Assessment does not include all aspects of handwriting, it measures essential components of
legibility. In particular, size and space have been suggested to be useful variables to
differentiate between proficient and non-proficient handwriting [2].

Properties of good handwriting were found to be large and constant size, alignment in the
center, small inter-letter space, and large inter-word space. This is consistent with previous
findings [24] except for the results for the size variable. Our results showed that letter size was
positively correlated with visual perception and negatively correlated with handwriting
problems, which differs from previous findings that children with writing disabilities wrote
larger characters than children without such disabilities [24]. This discrepancy could be
attributed to a difference in tasks. The current study used a near-point copying task whereas
the study by Shin and Cho [24] did not present visual stimuli because they measured
phonological error. In the current study, children with good visual perception might have tried
to write letters in a size similar to that of the stimulus letters. In future research, it is necessary
to systematically study how children’s letter size varies according to the task.

Until now, there has been no computer-based handwriting assessment for Korean children.
It is thus difficult to compare the approach proposed in this study with other computer-based
methods. However, our approach could be partially compared with the method of Lim et al.
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[14]. Size consistency is a representative item shared across studies. To score size consistency
in Lim et al.’s study [14], the rater measured the difference between the largest and the
smallest letters. When the difference was less than 1.5 times, 1 point was given, otherwise 0
points were given. We analyzed the size consistency of handwriting of the current study with
the scoring system of Lim et al. [14]. All children except one were given 0 point, and the
average score was 0.02. This is comparable to Lim et al.’s results [14], which reported almost
0 points for size consistency in second-grade elementary school children. The scoring system
for size consistency in Lim et al. [14] has the limitations that only some letters were included
in the analysis and the criterion was so strict that a floor effect occurred. However, the present
study proposed a stepwise criterion that could differentiate handwriting performances. We
computed the size CV for all letters and assigned a score of 2 if the CV was less than 20%, 1 if
the CV was less than 40%, and O if the CV was greater than or equal to 40%. The average CV
and the mean score on the sentence task were 33% and 0.83, respectively. The current study
has implications for providing systematic scoring criteria for handwriting performance on all
letters.

The validity of the Korean Handwriting Assessment was supported by its strong correlation
with the NISE-B-ACT-handwriting and K-LDES-writing tests and medium correlation with
the Beery VMI. The level of correlation was comparable to that between the
NISE-B-ACT-handwriting and K-LDES-writing (r = —.684, p < .001) from the data of the
current study. The reliability was excellent, with correlation coefficients over .9 between raters
or between test and retest. Given that the NISE-B-ACT-handwriting test has a test-retest
reliability of .768 and the K-LDES-writing test has Cronbach’s o of .94, the reliability of the
Korean Handwriting Assessment is thus also promising. Taken together, the Korean
Handwriting Assessment is a valid and reliable measurement tool that provides Korean
children’s handwriting legibility.

This study focused on second-grade elementary school children without writing disabilities.
Handwriting ability is affected by age and disorders such as developmental coordination
disorder [25, 26], attention deficit hyperactivity disorder [27], and learning disorders [28]. In
the future, we need to examine a large sample of children in various age groups and establish
norms to interpret individual data by comparing them with their peers. Also, future research
involving clinical groups would allow us to understand how handwriting is related to
dysfunctions and disorders.

5. Conclusion

This study describes the developmental procedure of the computer-based Korean
Handwriting Assessment through digital imaging. The Korean Handwriting Assessment was
found to have sufficient validity and reliability to measure handwriting performance
adequately. This is the first study to assess the handwriting ability of Korean children via
computers objectively and speedily. The Korean Handwriting Assessment is expected to be
expanded into tele-assessment via the Internet.

References

[1] A. W. Blote and L. Hamstra-Bletz, “A longitudinal study on the structure of handwriting,”
Perceptual and Motor Skills, vol. 72, no. 3, pp. 983-994, Jun. 1991. Article (CrossRef Link)

[2] J. Reisman, “Minnesota Handwriting Assessment,” San Antonio, TX: Psychological Corporation,
1999. Article (CrossRef Link)



https://doi.org/10.2466/pms.1991.72.3.983
https://doi.org/10.1037/t15116-000

4252 Lee et al. : Development of the Korean Handwriting Assessment for Children Using
Digital Image Processing

[3] J. Phelps and L. Stempel, “The children's handwriting evaluation scale for manuscript writing,”
Reading improvement, vol. 25, no. 4, pp. 247-254, Jan. 1988. Article (CrossRef Link)

[4] D. McCutchen, “Cognitive processes in children’s writing: Developmental and individual
differences,” Issues in Education: Contribution from Educational Psychology, vol. 1, no. 2, pp.
123-160, 1995.

[5] M. J. M. Volman, B. M. van Schendel and M. J. Jongmans, “Handwriting difficulties in primary
school children: A search for underlying mechanisms,” American Journal of Occupational
Therapy, vol. 60, no. 4, pp. 451-460, Jul. 2006. Article (CrossRef Link)

[6] A. F. Maeland, “Handwriting and perceptual-motor skills in clumsy, dysgraphic and ‘normal’
children,” Perceptual and Motor Skills, vol. 75, no. 3, pp. 1207-1217, Dec. 1992.

Avrticle (CrossRef Link)

[7] C. J. Daly, G. T. Kelley and A. Krauss, “Relationship between visual-motor integration and
handwriting skills of children in kindergarten: A modified replication study,” American Journal of
Occupational Therapy, vol. 57, no. 4, pp. 459-462, Jul. 2003. Article (CrossRef Link)

[8] D. Marr, M. M. Windsor and S. Cermak, “Handwriting readiness: Locatives and visuomotor skills
in the kindergarten year,” Early Childhood Research & Practice, vol. 3, no. 1, pp. 884-891, Mar.
2001. Article (CrossRef Link)

[9] C. M. Schneck and J. Case-Smith, “Prewriting and handwriting skills,” Occupational Therapy for
Children and Adolescents, 7" ed., J. Case-Smith and J. C. O’Brien, Eds. St. Louis: Mosby, pp.
498-524, 2014.

[10] S. Graham, “Issues in handwriting instruction,” Focus on Exceptional Children, vol. 25, no. 2, pp.
1-14, Oct. 1992. Article (CrossRef Link)

[11] V. W. Berninger and S. Graham, “Language by hand: A synthesis of a decade of research on
handwriting,” Handwriting Review, vol. 12, pp. 11-25, 1998.

[12] T. S. Lee, K. E. Na, S. J. Seo, Y. R. Kim and J. S. Lee, “Manual of National Institute of Special
Education-Basic Academic Competence Tests (writing),” Asan, Korea: National Institute of
Special Education, 2017. Article (CrossRef Link)

[13] M. S. Sin, S. C. Cho and K. E. Hong, Korean version of Learning Disability Evaluation Scale:
K-LEDS, Hakjisa, Seoul, Korea, 2007.

[14] K. M. Lim, E. Y. Yoo, M. Y. Jung, J. S. Lee, J. R. Kim and H. Y. Park, “Development of the
evaluation tool of school-aged children's handwriting,” The Journal of Korean Society of
Occupational Therapy, vol. 26, no. 1, pp. 103-118, Mar. 2018. Article (CrossRef Link)

[15] S. H. Chang, N. Y. Yu and J. J. Shie, “The preliminary development of computer-assisted
assessment of Chinese handwriting performance,” Perceptual and Motor Skills, vol. 108, no. 3, pp.
887-904, Jun. 2009. Article (CrossRef Link)

[16] T. H. Falk, C. Tam, H. Schellnus and T. Chau, “On the development of a computer-based
handwriting assessment tool to objectively quantify handwriting proficiency in children,”
Computer Methods and Programs in Biomedicine, vol. 104, no. 3, pp. e102-e111, Dec. 2011.
Avrticle (CrossRef Link)

[17] K. S. Park, K. O. Kim, Y. J. Song, D. Y. Jeong, and I. S. Jeong, KISE- Basic Academic
Achievement Test, Korea National Institute for Special Education, Gyeonggi, Korea, 2004.
Avrticle (CrossRef Link)

[18] K. J. Kwak, S. W. Oh, and C. T. Kim, Korean Wechsler Intelligent Scale for Children, Hakjisa,
Seoul, Korea, 20072011.

[19] H. J. Park, Basic Academic Skills Assessment, Korean Educational Development Institute, Seoul,
Korea, 1989.

[20] S. T. Hwang, J. H. Kim and S. H. Hong, Beery-Buktenica Developmental Test of Visual-Motor
Integration, Sixth Edition, Koreapsychology, Daegu, Korea, 2016.

[21] L. Bender, A visual motor gestalt test and its clinical use. American Orthopsychiatric Association,
Research Monographs (No. 3), American Orthopsychiatric Association, NY, 1938.

[22] S. B. Moon, K. E. Yeo and Y. T. Jo, Korean Developmental Test of Visual Perception, Hakjisa,
Seoul, Korea, 2003.



https://eric.ed.gov/?id=EJ386986
http://dx.doi.org/doi:10.5014/ajot.60.4.451
http://dx.doi.org/doi:10.5014/ajot.60.4.451
https://doi.org/10.2466/pms.1992.75.3f.1207
https://doi.org/10.5014/ajot.57.4.459
https://doi.org/10.5014/ajot.57.4.459
http://ecrp.uiuc.edu/v3n1/marr.html
https://doi.org/10.17161/foec.v25i2.7543
https://doi.org/10.17161/foec.v25i2.7543
http://find.lib.uts.edu.au/search;jsessionid=C2DFA8A7E8114902E81F59812225AC62?R=OPAC_DRR_14608
http://find.lib.uts.edu.au/search;jsessionid=C2DFA8A7E8114902E81F59812225AC62?R=OPAC_DRR_14608
http://www.nise.go.kr/boardCnts/view.do?boardID=393&boardSeq=314009&lev=0&searchType=null&statusYN=W&page=1&s=nise&m=010104&opType=N
https://doi.org/10.14519/jksot.2018.26.1.08
https://doi.org/10.14519/jksot.2018.26.1.08
https://doi.org/10.2466/pms.108.3.887-904
https://doi.org/10.2466/pms.108.3.887-904
https://doi.org/10.1016/j.cmpb.2010.12.010
http://www.nise.go.kr/boardCnts/view.do?boardID=393&boardSeq=9625&lev=0&searchType=null&statusYN=W&page=2&s=nise&m=010104&opType=N

KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 13, NO. 8, August 2019 4253

[23] M. H. Tseng, “Construct validity of the tseng teacher handwriting checklist,” Journal of the
Occupational Therapy Association of the Republic of China, vol. 1, no. 2, pp. 90-102, May, 1994.
Avrticle (CrossRef Link)

[24] S. W. Shin and S. C. Cho, “Comparative study upon the characteristics of writing between the
patients with writing disabilities and normal elementary school students,” Journal of the Korean
Academy of Child and Adolescent Psychiatry, vol. 12, no. 1, pp. 51-70, Jun. 2001.

Avrticle (CrossRef Link)

[25] E. Bieber, B. C. Smits-Engelsman, G. Sgandurra, G. Cioni, H. Feys, A. Guzzetta and K. Klingels,
“Manual function outcome measures in children with developmental coordination disorder (DCD):
Systematic review,” Research in Developmental Disabilities, vol. 55, pp. 114-131, Aug. 2016.
Avrticle (CrossRef Link)

[26] A. Overvelde and W. Hulstijn, “Handwriting development in grade 2 and grade 3 primary school
children with normal, at risk, or dysgraphic characteristics,” Research in Developmental
Disabilities, vol. 32, no. 2, pp. 540-548, Mar. 2011. Article (CrossRef Link)

[27] M. B. Racine, A. Majnemer, M. Shevell and L. Snider, “Handwriting performance in children with
attention deficit hyperactivity disorder (ADHD),” Journal of Child Neurology, vol. 23, no. 4, pp.
399-406, Apr. 2008. Article (CrossRef Link)

[28] S. Graham, “Handwriting and spelling instruction for students with learning disabilities: A
review,” Learning Disability Quarterly, vol. 22, no. 2, pp. 78-98, May, 1999.

Avrticle (CrossRef Link)



https://doi.org/10.1002/oti.6150010205
https://doi.org/10.1002/oti.6150010205
http://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE02059018&language
https://doi.org/10.1016/j.ridd.2016.03.009
https://doi.org/10.1016/j.ridd.2010.12.027
https://doi.org/10.1177/0883073807309244
https://doi.org/10.2307/1511268

4254

Lee et al. : Development of the Korean Handwriting Assessment for Children Using
Digital Image Processing

Cho Hee Lee received her M.S. degree in Occupational Therapy from Soonchunhyang
University, Asan, South Korea. She is a licensed occupational therapist with experience in
clinical practice. Her current research interests include occupational therapy for children,
handwriting analysis, and eye tracking.

Eun Bin Kim received her B.S. degree in Medical IT Engineering from Soonchunhyang
University, Asan, South Korea. She is a master student in Medical IT Engineering at
Soonchunhyang University. Her current research interests include medical imaging and haptic
technology.

Onseok Lee graduated from Korea University with a B.S., M.S., and Ph.D. in Biomedical
Engineering in 2011, where he developed biomedical engineering techniques such as computer
vision, haptics, and molecular imaging.

Eun Young Kim received her Ph.D. degree in Psychology from Yonsei University in Seoul,
South Korea. She is a professor in the Department of Occupational Therapy at Soonchunhyang
University. Her current research interests include occupational development, developmental
psychology, and neuroscience.



