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I. M E Smith & O'Brien, 2013). 53] 8Hg7] o}g2] 2427

© %9 Uit Ak Es o= ofo] o] A

IR Y A, ololtlel, A mdsty, X © /TS EEel TR Aol e gk el 7127k
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7Ageh obF = Stw el HAG 0w ojojA| L,
AR Rl Ak ke Aeliehs Z1o R UEhsith
(Berninger, 2009; Graham et al., 2008; Overvelde
& Hulstijn, 2011).

91=7] 739 8%7] Ak ok (6~1241) & 10~34%
7F EA2719 olgea 7HAAL Qitkal Barskar glvk
(Overvelde & Hulstijn, 2011). $8ye}e] H$ol|=
ghg7] obE e oF 27.3%7}F 222719 AHw& AL 3l
£ 302 AT Park, 2014). AAABANME &
A7)z 817] obgel 4l 327 9k Choi (2006)
7F 1~184] obsa oz AAS A8A s 22
Hol it o= Agtelxd 22717F 53 el
3.34+0.79% 5A% FelA 7T A vekstth
B35 6~94] Foll ofs FEE o AYAE 2
5 AR AN E 2715 23 SR Tt 52%
2 7P} 8 Alse Akl AW A e 9 mo| kT B
0] =& A0 YERThH(Kang, 2006). o] gk o]+
7 ahgol obgo] = - 9] A FARA CJF H =
g 7F £t o= 2H2719] ofE 2o E ofdf digt
B7keb FA7E wlg- F 238kt (Ratzon, Efraim, & Bart,
2007; Shin & Park, 2016).

S| = 22 ), e 91K, s A s
A5k 710tk (Min, Jung, Jung, & Kang, 2008).

U210 BRI SHS B, W 9HE % 5 9]

(Amundson, 2004; Haskell & Barrett, 1993; Kim,
You, Lee, Lee, & Jang, 2013; Volman, Schendel, &
Jongmans, 2006). URFE 07 IR R7|E H7leh= 7|
T Bk W 7127, 14, Mmool olE = 4
3R] ok SRMECF A §iY, ehs] EelA] ok =
A B4, PFoM e8HoE S5 A o
g e, EARel At Abo] H= wholg) thol Alo] 9]
A, 22k A7), 224 71271, 28R &

3ttt (Brossard, Mazer, Julien, & Majnemer, 2012;
Engel, Nagauker, & Rosenblum, 2009; Rosenblum,
2008; Rosenblum & Gafni—Lachter, 2015).
SAXTE B7kehs =9l BT 8 T B
7V} 27F F7FE T (self report), ZAFE 7)HF F7}
=72 ol At (Cermak & Bissell, 2014; Duff &
Goyen, 2010; Rosenblum, 2015). 3 =4 H7}
S olo7 AR SAT)E 3 5 wkste] Hrksk
o}, gEAel H7I=42= Minnesota Handwriting
Assessment (MHA) ¢} Evaluation Tool of Children’s
Handwriting(ETCH) 5] St} (Rosenblum, Weiss,
& Parush, 2003; Roston, Hinojosa, & Kaplan,
2008). ©] F7teTE2 24 YR (legibility), 7
4 (alignment), 7] (size), 14 (spacing), 8=k (omit),
A4 (letter formation), tf - 2tAk (letter case),
AlZH(time) & S743E ETCHE 2upl 227], 242
7], Wrol2r7] At 50 vheFsk W o2 rkstar olvk
(Roston, Hinojosa, & Kaplan, 2008). A7} H.114] 3
7he AEAE B8l A ARE Hrlkske Aotk dixk
Aol H7}ET2%= the Handwriting Proficiency
Screening Questionnaire (HPSQ) & Here's How I
Write HHIW) 5] th(Cermak & Bissell, 2014;
Rosenblum, 2008). o1& 7= F2 W7 T (legihility),
3 Al 7t (performance time), A (affect), A% &
<! (physical factor)& 37Fsh=d, 3 87kl 37}
2] b= A AAAR]D e”lE% Frtsith HFEH
7N F7FETE AFHE B8l 2 2e 3 FUt
e Zlolrk. thiEAQl F7F== Computerized
Handwriting Evaluation System(ComPET) 0.2, 9]
FeT = 7 85 28 d 4209 ARE g9 Folvt
o AR o], Folol AlsH Bt dEs S5t A
AR AE B F AR X9 WEEE 7 T4
775 Fal A 7kelok Stk (Rosenblum, 2015).
22710 st s €] FrkeTe e S Eoh
w7k AF BT ATHEEY, 2005 Jung,
2004; Lee & Lim, 2015; Park, 2013). &8 2 4
AR = v kv I M TR I L L M
(Curriculum—Based Measurement; CBM) 7} 31tH(31
&, 2005; Park, 2013). SH=AEA7] H7h= 29
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]'??_E]-(Jung, 2001 Min et al., 2008). 1 Z}
2 3 2 e Bl TS Seke Do
U Bk G, Holny] & Hrkeh) gher) Ea
s} 4g1e] IR e sl e Tl
AHgskaL Qlo] st 1R8] BAS
Feth S 7N Wbk AR 06}0% J§7}’6Pt
Wo s 27 74, 29 94, 7] 59, T A
8, 2 7499 & 7NkeR
Park, 2013). = 3¢] 33 vids g7t
1 9lo} 2T Baw AL, -k
W HAE QAE IR Eshs Wlo] Utk (Lee,
2012; Park, Chung, & Kim, 2014). A7} H7}=F
HHIWE ¥1QIst gk=g 227] 271587} ZAF Atk (Lee
& Lim, 2015). AEAE o]43te] AJ7HH o2 g-&4o]
2 2] Salel tia olEe] TR oAb} i
= J7FETE, FHAQ S AA Y gl 4A
At 17] o)%ih, Eet Aol oldl A S5
A5 2} Aol A B3-S 2 olalehA] Eahe o2
<o) B1E}(Lee & Lim, 2015).
AR G 3 99 3 2391 45 o
o a

rr

T F+ Zo]th(Amundson, 2004; Case—
Smith & O'Brien, 2013). ©]¢} 22 X 52| FA
A TA AaE dRlek=t glojA kst Hrt
= H° 838 9o |t} e oy] OJ%BP AAT 22
T QTET) 8 Aol vlsf AA|
9% 659 o= RrAg 0154 */‘7] I =
Q SN TNes BN

H7teT =7PE Rl 01019} w3k 2l & Rk
ap7] wltol] 54 =7tellA AdE BT e
7hol| A ARg-EE w -3} dHmo] HAE 4 qlo] &
shel AE ARgste] A3E sl skt ofefwel itk
(Custers, Hoijtink, Net, & Helders, 2000). ©]&{3} ¢]
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1) 12 =6 dM2
SA27] 7] AR e AeH] $l8l Pubmed,
Google scholar, Scopus, RISS, KISSE o]-g3lo] &3l
=AM A A ARE FAl0]= Handwriting,
Writing, Written text, 2227], 227], $+=0|t}, =
Y - 9] B3RS Ea 14719 HrbeThed =50
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12 ol AR 4Y 54 o4l A%} 393} 25
A8 53 o4l WAL 29l A B2 9 FAFRGL A
GShes Sgich 9HY 2 Qobs 1293} Folobs
9ol ol HlelEl S 4, Brhslol BGL F7aHA
o AP, 3 38 obF A9Ix5 42 34 ol

AAXEAF 11 A 124 YEETE 9 E3ola=E
AAEIITE Y 4& obs AAIR AY 3d o]
A ZAL 2w 257 o)A 22 WS ENEEE
Ak Y 5 WEETEE nfgo® 78 159193
& Qo] HF culird-e ¢8It (Table 1)

g

3) SEHAl: BIrdHt =2

9l

SR2T] FReTo AR T sHg7] oFE e
IR A A A Eskitt(Jang et al., 2008). 32~
7] do|=5 ¥ 28hd 0] A4 301 olaprt of 1%,
4~5018 F&, 6~7018 K%, 7~801H ol ¥, 9012
e o} o] g o BRE A QItH(HAY], 2001).
2 AT AN BE el W] 897 ok
= oE o EARIAIAR] 7&7’01 n|
A 6o #E AEsielt) ArE B At
Zhr] @ el #7} ofZy (o) = 100), By E
o3-S A FEE Y (Hol = 87.9) 03Tt F
=4 Wol == MS word®] Flesch scoreE ¢]-£3}0]
g2t dol L] At AS7F oy wHoR
A Eh wEka] 7 AFeA s dol et W

A
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Table 1. The Preliminary Items of Handwriting Evaluation

Ze7} 2 e wiol] AvF ofZy, do| Tt =L
L A SR AR Sl i U I A g

Als}m

2
g ufgoR sglon 48 ATl e 2L 4
& Uk O] AMEAZ 2HE A Q) 3 F
48] 7122 Fsr,

4) ATHA|: HItET Jhe
P e e 3700 A o7 TR 34 1

= M2 - 371 A9 9 8, A|doksAlE, w3 T4t

BT 20169 8YRE 2016 129744 A -
#7] Aoje] itk 25sel Ask 52l 1~651d oF
& ooz ANSIILE ATtk Bl Bed
z] /\]A].ﬂ_o_ o]ng-aL —/F 9\}1}5 o].%’ z]x% xLoH o] ;ﬂ/q /z‘sﬂE
Follo] AGhS wx] ke ok, B4 w4 W A22 A
e ok, AN, 2N, ARGt gl obE
AT A Aol 2h gl A
QA Tl A 9 B ol 275t 2

&

Number Item Number Item
1 Speed 10 Line transformation
2 Pressure 11 Orthogonal transformation
3 Letter form 12 Letter array
4 Skip 13 Consistency in letter size
5 Adding 14 Letter spacing
6 Revers 15 Spacing interval
7 Typo 16 Letter formation array
8 Incomplete closure 17 Smoothness of line
9 Extension
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29} 2t

Folgh A daze] dnk 5S4 Ui
HE A5, w@olsl g 7sst] flste] SPSS 19.0
versione ARt 7] EAIREA S AAESIT B4
2442 Winsteps (Chicago, IL, USA) 3.92.1 version
= ARSI, el S FEl el Rl Ak
(unidimensionality) ol thet 233} HAA T Felil
& ATs ANl £33 o date] Ao o
M= wde] dol et thdAte] wEs YERlE WA
FA|ggko] —2rRto| ALy 2338k FAof Zgto] —2v]
RO At 2573t Z-¢- AR thdAkE kgl
WA g A gko] 0.67 kol At 1,453} FAlol Z7ko]
—2n|ro| Ay 2x3)st Aol F-Age 3o 3
A8t} Bond & Fox, 2012; Lee, 2005). H 4 e

cC 4

Table 2. General Characteristics of Participants

alphas} Z 9ul=, 1ol 7Pha5 oAl F4&
<u] gt} (Bond & Fox, 2012; You, 2014). #2828
A 0.7 AT 15o1dold +8 7Fedt %
(acceptable level) O& 5 - SH59] 2719 2170 =
R, SERlE S AlS 0.800 X5 2.00)/0]
™ FE st 7 (good level) O F = - Ht - W] 3
N I3, EEAE R #ho] 0.9 A4 3.001 >
-3k = (excellent level) 02 =5, oAk, A
oJah, w9l 47l IFOo® WRHETL st
(Duncan, Bode, Min Lai, & Perera, 2003). ¥ 17-¢]
TRE AR gk AR CR AREE SPSSER L

o) fo)55e 057 APah

Characteristic Classification N %
Gender Male 163 50.0
Female 163 50.0
Grades 1st grade 56 17.2
2nd grade 54 16.6
3rd grade 56 17.2
4th grade 54 16.6
5th grade 52 16.0
6th grade 54 16.6
Dominent hand Right 293 89.9
Left 33 10.1
Pencil grip type Tripod 137 42.0
Dynamic quadri 30 9.2
Lateral 122 374
Cross thumb 32 9.8
Four finger 5 1.5
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Table 3. Item Fit Statistic: The Sentences of Lower Difficulty

E

1) HOl=oF &

AL o) gate] A
s Az A7l 3267 %
& oAk RSk webd 1399
opo® 7} Bl st
& AAEAT Hrle o) Qa9 o
7o 2 #AE It F4
A o] mieE Y] 2%

A28t 31345

=3
—

3+ 3-A

—1TH 0o

A= wdskaitt (Figure
WQW@_Q

Items Logit Outfit
MnSq Z MnSq Z
1. Speed -2.31 1.17 1.0 1.39 0.9
2. Pressure -3.34 0.88 -0.3 0.87 -0.1
3. Letter form -1.75 0.74 -2.0 0.41 -1.8
4. Skip -0.08 1.14 1.9 1.18 1.0
5. Adding -1.28 1.12 1.1 1.00 0.1
6. Revers" -6.91 Minimum measure
7. Typo -1.28 1.03 0.3 2.66 3.4
8. Incomplete closure —0.40 0.84 -2.1 0.63 -1.8
9. Extension 0.59 0.93 -1.2 0.84 -1.1
10. Line transformation 0.99 0.93 -1.2 0.94 -0.5
11. Orthogonal transformation 1.56 0.88 -2.0 0.83 -1.3
12. Letter array 0.38 1.02 0.4 0.96 -0.2
13. Consistency in letter size 4.23 1.01 0.1 0.90 -0.1
14. Letter spacing 0.90 1.10 1.6 1.28 2.0
15. Spacing interval —-1.62 1.10 0.8 0.77 -0.5
16. Letter formation array 3.43 1.03 0.4 1.51 1.7
17. Smoothness of line’ -6.91 Minimum measure

MnSq: Mean Square

HATE T WA AT MnSqd] HE17F 0.67 eI AL 1,433}

Al

Zgkel
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Table 4. Item Fit Statistic: The Sentences of Higher Difficulty

3. BHIEAS S8t BEAE 24

sh7] obFo] 27| FrH e HAH T HE
HE gHEAS Fall A H ek (Table 5, Table 6).
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. Infit Outfit
Items Logit
MnSq Z MnSq Z

1. Speed =2.76 1.17 0.8 4.10 3.7
2. Pressure -1.79 0.93 -0.5 0.98 0.1
3. Letter form -0.87 0.80 -2.4 0.70 -1.1
4. Skip 0.71 1.19 2.7 1.19 1.5
5. Adding -1.34 1.02 0.2 1.11 0.4
6. Revers" -3.88 0.95 0.0 0.33 -14
7. Typo -0.95 0.91 -1.0 0.65 -1.3
8. Incomplete closure -0.35 1.00 0.0 0.84 -0.7
9. Extension 0.45 0.99 -0.1 1.17 1.2
10. Line transformation 1.53 1.10 1.5 1.20 1.7
11. Orthogonal transformation 1.65 0.89 -1.6 0.81 -1.7
12. Letter array 0.57 0.92 -1.2 0.82 -14
13. Consistency in letter size 4.27 0.88 -0.9 0.56 -1.2
14. Letter spacing 0.92 1.05 0.8 1.27 2.1
15. Spacing interval -1.71 1.10 0.8 1.27 0.8
16. Letter formation array 3.52 0.95 -0.5 0.68 -1.1
17. Smoothness of line’ -6.74 Minimum measure

MnSq: Mean Square
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MEASURE PERSON — MAP — [TEM MEASURE PERSON — MAP - |TEM
<more>|<rare> <more>|<rare>
5 + 5 +
T
HHHEH B HHHE T|  @3Consistency in letter size
@3Consistency in letter size T
4 4 +
(BLetter formation array (BLetter formation array
HHHHAH
3 HiHHHAE + 3 +
S S
HHHHHAHH
HHHHEHHE S
2 +3 +
A
. @0r thogonal transformation
FHEHHHHE @0r thogonal transformation @Line transfor
M (HHHHHE
@Line transfor M
1 HHHHEHEEE + 1 + (@@Letter spacing
@Letter spacing HHEHEH
(9Extension @Skip
HHH ) @Letter array (©@Extension
@Letter array HHEHEH
HHEHHHE B
0 +M @Skip 0 HHEHHEE M
###H# S| ®Incomplete closure S| ®Incomplete closure
HHEEHE
# @Letter form
-1 ) + -1 i + @Typo
' ®Adding  @Typo ## | ®Adding
R @Spacing interval @Letter form @®Spacing interval
# Tl @Pressure
-2 THS -2 t
(DSpeed
(DSpeed
-3 + -3 +
(@Pressure
_ (®Revers
-4 +T ®Reverse -4 +
<less>|<freg> <less>|<freg>
EACH "#" IS 5: EACH "." IS 170 4 EACH "#" IS 4: EACH "." 1S 170 3
Figure 1. Item Difficulty: The Sentences of Higher Difficulty Figure 2. Item Difficulty: The Sentences of Higher Difficulty
Table 5. Summary of Ranting Scale Analysis: The Sentences of Lower Difficulty
Infit Outfit
Category label Observed count  Observed average
MnSq MnSq
0 1571 -1.12 0.99 1.09
1 3437 2.46 0.99 1.06
MnSq: Mean Square
Table 6. Summary of Ranting Scale Analysis: The Sentences of Higher Difficulty
Infit Outfit
Category label Observed count  Observed average
MnSq MnSq
0 1735 -1.14 1.00 1.22
1 3305 2.49 0.99 0.88

MnSq: Mean Square
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Figure 3. Category Probability Curves: The Sentences of
Lower Difficulty

Table 7. Separation Index and Reliability of ltem and Subject

Figure 4. Category Probability Curves: The Sentences
of Higher Difficulty

Classification Separation index Separation reliability
o Item 5.06 .96
The sentences of lower difficulty -
Subject 1.48 .69
. o Item 9.95 .99
The sentences of higher difficulty -
Subject 1.51 .70
Table 8. The ltems of Handwriting Evaluation
Number Item Number Item
1 Speed 9 Extension
2 Pressure 10 Line transformation
3 Letter form 11 Orthogonal transformation
4 Skip 12 Letter array
5 Addding 13 Consistency in letter size
6 Revers 14 Letter spacing
7 Typo 15 Spacing interval
8 Incomplete closure 16 Letter formation array
TA7F e AL, £ EEArE gk we O] =7} & el FAR T3l S4E A9
FRFA7L e JEE vERdTh di At 2eAE s 7] AR EEE AAS $ Fexget e AlE
= e SRS drht Al Al Adsk=rk S ERIsISIth 1 A} ol et vk 2] 3
T FeE e 7 wEke] do| =t wdahAl Ada) 245 5.06, T F % 96, thdAF A= 1.48,
T A5E YeRITHBond & Fox, 2012). giH¥ow  Relgh 9% Ve, 157} A i e el
T 77t BT s A BeAgTE oA, ot AT 9.95, FEAEE 99, At FEAge
Ake] F7F WS E £ EeATTE FoAE Aol 151, #elE % 7002 UrE‘r‘ixﬁr(Table 7).
A2 A48, 2000). Hol w7 e ) o
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2) BIHERY T

= ol ) mrele R FA
|7} =2 gl Ao e 3
golqltt. 7 7HA g BFellA] F-A%
A9 wj11e]e o] FakS A 9Ekar
o 16532 897] obse] SN2 BT
1 2-3k3Ich (Table 8).
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v. o &

B A g7 obsl SRS Bk SlEl
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A 270 A ES} BT A3 As. &
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g 1~681d Antolso] AR E 5k gl
8 1671 532 2K 7] F7lET-E st

A vt 2
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e o of

A BAEAS B A 9 e A s A
o)} vk FAolM HAE A= 134, AT £
= EE, ol Eo B

e ot 9] vhzele
y

RAF A 119, $AF 2FE 4 v

O °
fy =
T3 T HAEEE 96~.99F B ol Uit

ok A, Shal G427 2 shdo]
7kstal, ofoprt wotrtt o] Hrh= AE ¢
AR AR A# B 920~.974% W9 2 450]
et

ehEA S Bl A AREE gR1g A A
oAt 3269 F Holrf v el =
139 (4.0%), Fo| =7} =2 ol A= A7ulid=t 11
8 (3.4%)0] A Atz B
o] &3k S eA A E AR ol <]

o
L
o
ok
¥2
)

o7 gk u, A3 o]-f= A Al 7R Bl
th(He"a} A E, 2000). AL FE0|L) A5

M H¥O
—1m
2

T WSS T ), SR B Relolt 7]

ol BAE AT S o, At A B 5
A gl tiel 8 g FAZ Zar AL g LT
4 T gk B ATeE FAT thAE R

o] 4~68hd ashdow IH27]e] FrkEdEel thd

A9 sl vlsl Asls Alew Az,
PSS v AR A dolmrh we
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Abstract

Development of the Evaluation Tool of School-aged Children's Handwriting

Lim, Kyung Min*, Ph.D., O.T., Yoo, Eun-Young**, Ph.D., O.T., Jung, Min-Ye**, Ph.D., O.T.,
Lee, Jae-shin***, Ph.D., O.T., Kim, Jung-Ran**, Ph.D., O.T., Park, Hae Yean™", Ph.D., O.T.
“Dept. of Occupational Therapy, Yonsei University Graduate School
“Dept. of Occupational Therapy, College of Health Science, Yonsei University

sk

Dept. of Occupational Therapy, Konyang University

Objective: The objectives of the present study were to develop a tool to assess school—aged children’s handwriting

using Rasch analysis, testing the tool’s reliability and validity.

Methods: The development of the handwriting evaluation tool proceeded in Four steps namely, construction of

assessment items, test for construct validity using Rasch analysis, and test for inter—rater reliability. In the first

step, Preliminary items for handwriting evaluation were collected through literature search. In the second step, 17

items were constructed through expert survey, content validity survey and expert review. In the third step, In

the final step, testing and scoring methods were determined. data were collected from 326 1st - 6th grade children

and a handwriting evaluation tool consisting of 16 items was developed based on the Rasch analysis results.

Results: The following results were obtained. First, regarding subject fit and item fit examined through Rasch

analysis, on the sentences of lower difficulty the number of misfit subjects were 13 and misfit items were reverse

and the degree to which lines were smooth, while on the sentences of higher difficulty the number of misfit

subjects were 11 and misfit item was the degree to which lines were smooth. Second, regarding item difficulty,

the average subject ability was higher than the average item difficulty. The most difficult item was consistency in

letter size, while the least difficult item was reverse. Third, the item reliability computed in the Rasch analysis

was excellent, ranging from .96 -.99, and the subject reliability was acceptable with a range of .69 -.70.

Conclusion: This study is significant since it is the first to develop a tool that takes the unique features of Hangul

(Korean alphabet) into account and objectively assesses school—aged children’s handwriting. We believe the

study’s findings will be useful for occupational therapists who assess and treat school—aged children’s major task,

handwriting.

Key words: Development, Handwriting assessment, Rasch analysis, School—aged children
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