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HE w2 (theoryofmind) ¥ 3 {7 7 it (executive function) 5 &
EmZE-AELLFRN NI FRERT NI PET TER LR
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FEIRfE 4 o &R AF F4p M %%k r (Pearson's correlation coefficient, ) % % &
ﬁ%&ﬁzﬁiﬁhﬂ%@uﬁﬁ%:biiﬁﬁﬁﬂﬁwﬁiﬁ\%éﬁﬁﬁ
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RIS

— ~ DEHERNER RN ZE NS R RN EE S
Premack v Woodruff ** 1978 # & =t # 471235 (theory of mind) | % & 3
Tigp e & A IR G g AT 4 (DAeF R CBRA SR T AT LR

SR A g e B R TSR TR B A <

B LYo mjEi A g2 (Premack & Woodruff, 1978) » 2§18+ B 485 sk 2245 A 4L
13 #0037 & % > Shamay-Tsoory ¥ & 4§ 1095 ¥ (o F dngdpaf £ 7 - 7w s

SR e T Miosow 7@ (cognitive theory of mind) | i MR
& FFIR G (affective theory of mind) | (Kalbe et al., 2010; Shamay-Tsoory & Aharon-
Peretz, 2007; Shamay-Tsoory et al., 2007) o o 5FI@ 4 | B U IR L Gl

B (bAoA R R WA F ) Sien BEEHRE 4555 b (Brothers
& Ring, 1992; Coricelli, 2005; Duval et al., 2012; Kalbe et al., 2010) ; & Hg <%
h RIBE T R A R (Blde FRE RS ) > T ikd prah i daipe 4
R A i (Brothers & Ring, 1992; Duval et al., 2012) © o >*F R < I AT it 2
SR A dmnav 0 ISR IR S R S AP i A (Dvash
& Shamay-Tsoory, 2014) -

S GTFE RV GIZIAE IR I E A EM A IERL - o B
FHAEL AP ﬁﬁf}igv‘ P IRfRE AT E 2 gRE L A LR 04 Tty

e A E R R ER SRR
FGHEEhE REY - 1 ¥ F B2
$Z BT USRS o ¢ LR A ik RIRIE S hiER > T

B
‘?
e
e
[
= 3

(Callaghan et al., 2005) - =

RPpis A T BIATE FIE L RyRLE A iR RA R e KBS R DA s
i A v 4 (first-order false belief) “BF f2 4 P¥ - 2EH 7 i € F 7 b g
I RBABES A BN AT A AR 0 IR B - REBEE R
# o0 B K K s4pr & (second-order false belief) -+ B A8 45it £ £ 8 X drie 5 &
His A enfgiz (Astington & Gopnik, 1991; Perner & Wimmer, 1985) o 433517 + 3
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ﬁ‘ﬂ

BOE R o W2 8 7% (emotion distinction) ~ B A R hE Y
(diverse desires) ~ 4=.& 45355 A4 (first-order false belief) ~ =t & 453% 12 4 (second-
order false belief) % |5 (7 2 B 28 #5324 % mip o it AT 4
SR B IEEBEE L L LB o £ RE S fol 4T e] 3
o LI ORE EES - R

EAR R QR IIR  FAEL S 4

2000; =70 2001)

* PITINRERE R K BRI ES TR R E Y

F# 75 it (executive function) | et B 75 P cheniz 5 - 272 £H -
g4 o v R A LR kA4 o ¢ 23 F (planning) ~ 1 1Tl
(working memory) ~:n4v3E 4+ (mental flexibility) ~ & & #r#| (response inhibition) -
A2 % & 7 {7 % (initiation and monitoring of action) % L ~3n4vat 4 Fd i 4
BEST BT LA AT 2 T 0 B 12§ S F A (Barkley
& Lombroso, 2000; Pennington, 1997; Stuss, 1992) e~ # @3 » R F# 0 LB A
B - BATEORRRE o LSl HETE B L Y AT T A8 B}
FEI LB HHETER R ER S NS R E IR ] 4k
g * ®F i 4 (Lezak, Howieson, Loring, Hannay, & Fischer, 1995; Tranel,
Anderson, & Benton, 1994) - @ H ¢ i (cognitive shifting) #%AR 5 34 7 # it
P A o TR P AR A AT N LI P RAER Y AR
i (4 (mental flexibility) 2. — (P. J. Anderson & Reidy, 2012; V. Anderson,
Jacobs, & Anderson, 2010; Diamond, Barnett, Thomas, & Munro, 2007; Zelazo, 2006) -
Al T et ARG AT B i JHY R SRS R e TR R

ZANBEERTHEOFETILL AKRE BRI O AT ETHAH N
2B H 3954 7 ¥ (intelligence quotient, IQ) & & B3 ~ & H 79 £ & (Blair
& Razza, 2007; McClelland, Morrison, & Holmes, 2000) - )T} RinAvik g a5 0 4 fow
%5 N2V s * R 0 &2 B 2R (Diamond, Carlson, & Beck, 2005;
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Frye, Zelazo, & Palfai, 1995; Zelazo, Frye, & Rapus, 1996) ° iz £ 4F 11 IR7F f #* 3%

G943 5Kk FGREP
g gE LR (Zelazo et al., 1996; Zelazo et al., 2003) » F3Z 3 F 417 # i Hesg > A
Foavid A 75 S PE R IR Pyl FEL o R BBRED L DS BFERG
B3 (Lezak et al, 1995) » ¢ 3 3% 3 s $tp ¥ 257 chE 2 @iz § ¥

B T eniE i fLIFEF 7 5 (perseverative behavior)

(Perner & Lang, 1999) = 2 & ¢ & pF & %30 ¢ 2fc Rk < ShF > F&w L L F
Yoo F - #AFPEE» T30 & pF (Diamond, 2002; Zelazo, Frye, &
Rapus, 1996) > B 7o v g B 5 A k2 £ 8 A §Tetazd 2t p i feen

ALE TR Y F B D U K vE (Stuss, 1992; Travis, 1998) o

=~ D EER K TIIRE Z B A

WAEAP M Rt T O R ATIZR 2 TR F O F R PP S R R
(Diamond, 2002; Wimmer & Perner, 1983) » ® ¢ 3% s P HE ¥ %4 w2
w2 RS2 M D R 2 o Frye ® %—’“%“ 1995 # £ 4t B #5327 § s e
Ha A BREFANEIP AR E T ZIZE ISR 1B B HFRE
TR HET > 4 L BRI HTE A 4 o Hughes (1998) erf= 7 %% B> &

a3

N
[

VS HPIR P WAR i A fe AR P Prdl a4 2L A ARG &B M
Hughes # &% (1998) 1% - BE &I T S% 7 A1 » LG Y i 5
BB AIRAH NP K s wBEM A # (Frye, Zelazo, & Palfai,
1995; Hughes, 1998a, 1998b) - Sabbagh % % (2006) # § % W% ¥ Wz & &+ 7
FOBFRA B2 TR HCFEREIRFH R ZITEIREFLMG AT
BT AP M T Y B (4 (Sabbagh, Xu, Carlson, Moses, & Lee, 2006)
ph o AT E R FEHFRT QL REREA LI FRG T TRARG A
2 s FD T B %N 4 o0& R (Fisher & Happé, 2005; Kloo & Perner,

2003) oL b AR % BETIE hC LA E R FH K B M G

o
=2
>
—_t
g
S
|~
(,.
é*i

AR VRO ELRBERFTH AP o R RATC
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WAL B AN R s AT cnk A (Dvash & Shamay-Tsoory, 2014) > ] 2n5 47
EH B R S HEHmT f A HBEREH LN

a0 FRE P EF &

A&y

ZESHERERFH LTSSV ER EL

v

sz%%@ﬁmﬁﬂ%ﬁﬁﬁﬁﬁi%ﬁ’%%mﬁﬂ mA R RRATE TR S AT
Wi TEPFEA AT EAENEH R ZM G o AL B F R TS
AR S AT B (T A chp M SRS ARG R T B R R
SFRBAREA N LM BRI AR A RTIFERZ 20 RS
HmZE IR E R EF A M PR L SRR AN a2 DI

B i R AT 5 kA

&

g~ BsEH

AATE TR 2 K MY P hG R EIEE ST R TR
SLGEREH M AP BRI EETH IR OGRS E S A
B > P RRAT S IFIRA R R ARG T A BB H TR AP o AT RET

BETRRERT I IFEHNCFEABERE AN 2L DL F BB AH

ﬁ?{i:ﬁzwﬁo&ﬂ,ipzﬁiﬁjyﬁpfl’ﬁiﬁ W g s A
WARARGEHAAMIEE A 3 N2 A

— - s

P s Il AFERHIE o ckHghda
Fp () 2mMESANIKRIOARSET 5 (2 REBHEH PR
PR Q) ARLBEIRSPFTAAMELF ISR @) ZEFERL
R L R AFg o

2% 53F) o IZE B~ 0E

)
3

]
=
I\ 1
[k
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S R RS L R LA T Dh B R (A
B N HF%I/\
AEFRYZIEIE ¢ FEET I CHFELATRLL-FRF P R
AT E-T RRB AL S A IR N R 2R @ﬁaéﬂ&’

— ) BT B R S s T H- Bl (Brief Preschool Theory of Mind
Assessment, BP-ToMA)

Ay @ * BP-TOMA =& 323 s @5 4 (% 2% >2017) - BP-ToOMA
RN ETNER P IME3 I ORS T L CHERFE > £ 83 TG

AT AT IR A RS B TR S AT IR A RIS o AT AT IR A RIS S 3 40 ¢ 3
B85 7 e g5 P% (diverse desires) ~2EFE #p eh4 i (unexpected location) (4~
BRI A ) BE - B4R 4 RS (second-order false belief) £ 1 3% ; R v
FILh o Rk 548 0 & 7 2 REH- 4% (emotional distinction) Rl% ~ 1 32 B 4
F AR RIS LRI 8 (BT A ) PIRE 1 T R AR
SeoXE P B RB AT FAILE 4440 473 (1) =RAL (memory question)
FETLIZE (TR0 ek ¥ 5 (2)  E 4L (pre-question) I FEIRIZE hE 4R RN
FERAE 5 (3) FEEME (testquestion) ZE A FAE P A A TT R (T
& (4) FEiAE (justification question) : FXEniZ i EAvaEE X400 HIE
%ﬁ’m«%ﬁoﬁumﬂﬂﬁ&ééﬁliﬁﬁ£¢®@p2%ﬁ Bl E F
TIRAL S T B AL FRREE 1AL 2R 0B RIRAL S 70 seRAL S FRRE
FERALE 1AL U g5 if G A RISRALS 77 0 o RAL  FRSAL - mLALE 1 4L -
41 5 BP-TOMA P B Henfs o SRS R E #7191 A 54 11 40(3)
M5 04 oBP-TOMA 2 G5B g e @ XEHFRPE 5 AP 7o
SO W ozl & L TPEA T Gl HBE FR&RZ B FOOR BRI R L RRAME
BBl E #:% (Raschmodel) #:5% > % % ¥ BP-TOMA ¥ 4 5 = B # & (p<05) -
PR ¢ Ranp R- R (B % A 4% Bic[person separation reliability]=0.58 %

S8) ATP HLE K EEBOLA 0 2 B AR I 5 L A i
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BEiEE o AL R A7 P enfi ] b m B en A BIGEAEH B (p>.05) o M TEEdEac

2T R R o BN F IS £ 4 % w K2 F S B fE 4 i (Verbal Comprehension
Index of the Wechsler Preschool and Primary Scale of Intelligence-IV) ~ < 7 if & {7
% E % (Vineland Adaptive Behavior Scale) z_ & A g IV AR A A BOBEF
(p<.05) g ip| BP-TOMA A $co ptob > a2 350 § 3 3 ® 2 @ kH 4 & R BP-

TOMA # £7%3 8§ P 3PS &5H 23 5 302 2 (Mt B 1 28

.

gug v - (2%, 2017)

*x1
Bdrw 23 &R 1 L -f§ %% (Brief Preschool Theory of Mind Assessment, BP-

ToMA) 417 %1

P TR I
R 2% s
e 2 :
B D RS 1 I
Y f 1 ! 1
SR A 1 1
AT 5 3

ERE TR

(=) =K aER & 5 EE- BASHK (Dimensional Card Change Sort task,
DCCS)

*EF Y T DCCS #% Z 4 8 {77 it (Zelazo, 2006) & "% DCCS
AL S w #7E 3 B% (Wisconsin Card Sorting Testing) 1524 5% » 12 T %5 ip] o i
A3/ P ei%E o R DCCS BlS e 7 2% P R+ P - 14 %PI%KF o~
AR A e R fé%‘?”?ifi%fé“)i%iﬁ'lﬁﬁ—l‘ FPEPRT PRE 7 v
RYAL ISR (D AEE A D FE) 2 7 BE D NI4T £ 80 4L o & iR %4
R ARF 204 e ke BIR G R S e AR (¢ 7 - AR >
Hu Ry s s 104 ARAFS 8RB o REE (K- 2p)) - 29

34r 6 BFEAGEE A B 2 S T RE AN AR TR RGO
AR foR R DS A E AT It 5o F R A R

2

&
I
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W N L HEERE o W N PR R F R TR PRAL
L I0E 2.5 BARE LN LI 200 F LR R PR o A A 3
i F R R A eI TG f 45 (Zelazo, 2006; Zelazo etal., 1996) o A7 7
4% P~ 22 Diamond {r Kirkham (2005) k% - 5> F R o 47¢ W a1 m¥ %

TR TR TP R AC L 39 B AT 2.5 i £ fok JEPF R 0T 200 & )
RS o AT B R NERE BAR Y N AFFHZINFH L RTE

¥ en1 £E2 — (Zelazo, 2006) -

(=) BRI 7EE T HIGEEIIR XK (Wechsler Preschool and Primary Scale
of Intelligence-Fourth Edition, WPPSI-1IV) 2 3Z & 22 #E 75 #¢ (Verbal

Comprehension Index, VCI)

KA G # % WPPSLIV ¥ ch VCI 3=/ 7% cid < ki 4 > A

Yo
IS
[
~=\
(‘\’3

JgeiE 2 Wi 4 17§ BP-ToMA & 7 %% DCCS > Fx 3% (3 lsk & % L/ A %
ET IR 4 BB A MR o AT W% WPPSLIV en VCI 4 M5 B 22 & 6 B

FI3 A1 B 2R SRR ¥R P 4 KT TA I B 2323
WRIH R AR S P cWPPSLHIV % ip]» MG R F e gw F A L4

ZRhwE o™i WPPSIIV en VCI B B G Z - L 048> 3% FHIiFE kiR
@ A o WPPSI-IV @ 32 = =z Zoch s HE R AR S 0721 0.89; p 35—
RIS 0665 LR 0861 096 HHSIZIAAS BlRF e R 2 R M
50552 0.84 (Fsis ~ A EH2013) o

AR FORBETEFAERD SRR LT g AP 2L 2 RE
imipiﬁ PR ARPEFERLE  FREABRLEE AT

" #F > %4 %4 % BP-ToMA ~ WPPSLIV ~ %44 DCCS » = 3 pl% c% 5 o
P2 RIS VR TR R RN ISR 0 R AT R GR35 Ak AR ¢
EFHREFRACMFRLE § O L NFRABERTIE
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o~ BRI

L g B T R R L AR TR £ A AR M Rl 7 (Pearson’s
correlation coefficient, ) # 5 2n o I Hh ~ H RS & FFIRHA 22 3 (7 74 a0 Lt B andp
BRI 5e B o H ¢ 3ndr IS B R S AP TR% E * BP-ToMA 404 o0 #4 (7

e 23t DCCSHEw REFs R EIRDIFEFEF BPFE o 4p G /3 —1~
+1 2 B o PR BB ¥R E S 0.70~099 2 % A Ap M (highly correlated) -
0.40~0.69 % * B 4p M (moderately correlated) - 0.10~0.39 % ™ & 4p B (mildly
correlated) ° 0.01~0.09 % #:7 & 4p B (weakly correlated) - 0 % & 4p R (Team,
2014) - 2777 @ * SPSS17 2 e 7~ 47 -

AFETER L e RECHEESE 128 2E VT
WAL Ef & Fla A =% DCCS 3=k » ¢ ;!:5—.}1.#%“,% s Hap 124 =3%4 (70 =9

AN
(2
jud
A9
N
E
Ay
I\
(i
SH
&
=

FESA A ) THEEL5930B ) (REL£=936) 03K 0 ~3K57 2

SRR (08%) 0 IR AT B TR LA RA LR EUSRFLA 2020
2 3% % R f#4p ¥ (Verbal Comprehension Index, VCI) # P F 4 & &L 325 73.1> *

2#EE 2 VCIERE Y 50 T s @ n+ $5 AR 221 o - H 1
R PR HIEAFEREZ AT (B 1) » P RIZE dndios LG
%K&#ﬁ%@wﬁﬂﬁivﬁw’~ ST AT e B TR S AR B
et DCCS 8 v B2 B FE R T ot (0.873) B v AT X TEE (0.802) o
DCCS H » & F P T30 (1908.721 #5) $a e B F P T30 (2341.156
F)) e

AT E LR 2 4 M & 35 BP-ToMA iusvs £ 4 22 DCCS ¥ »
B &S (7=0.203, p=0.024) ~DCCS ¥ + B F BFE®F (7=-0.268, p=0.003) %
DCCS v B F PR (7=-0.197,p=0.028) % & F4pk (p<0.05) ;BP-ToMA
BAE 2B DCCSEwARF BFERF (=0318, p=0.000) 2 DCCS v & F R
(=-0.264, p=0.003) ‘* E & F 4k (p<0.01) ; BP-TOMA ins4s & % (=0.157,
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SRR AT B A R RO R B R T D RE Z R A

p=0.083) ~ g 4 & % (7=0.050, p=0.579) 22 DCCS o Bt ez fpM M AE
BEApR v R BdRT # R  BP-TOMA v~ R A £ 42 DCCS v B (4 5

W FE S S F RPER ) chdp B E S e B > @ BP-ToMA inir i g A R 4
2 DCCS 8 ~ e B F P cjp b (24 <3 DCCS ¥ ~ gFo B /2% » ¥ BP-

ToMA g~ 8 422 DCCS ¥ ~ fFF BPEFF 2 ApM LY 2300w s B4 o

120

100

80 33

40

20

B A A BFY
BB

"’““?4 2 Dfifi“%”i“'vm

B 1
BEC1N N L =R N R A O )|

S

AEE g BFEHES R ZINTE TR S EAER T 2 MR A

B4 WA A R F B M A 6 AR e
BRLMG e NBAET SR RE T T FR S FEAER FH LR LD

M AR ELAER RACCHFERZEN T2 F LML (Frye et al,

1995; Hughes, 1998a, 1998b; Sabbagh et al., 2006) - 1 3% % 2 fE & A ezl i§
Taga FEEERIE A F LR i 4 o BT RO P E RS S L
BHAY c AFTRETRETFROFERERNTH LML BT AR
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fri HR G (blde

FHE (5

L BEH

$) TR m FEREIERIE AR RN 4

SRR R s A0 S TRl e R AR M o Tt AT B R AR

o A7 fr‘*frnj—)’i\:f])‘ EQ RN fgr

W I R IR R R T AP R -

%2
PELAr S ERE LT RAEL (V=124)
I3 P E5%
ZEEE () (TmE o REX) 59.30/9.36
E e (L %)
3/0P~3/5? 1/0.8
3/6 2 ~3F 11 14/11.3
40P ~4 5 20/16.1
467 ~4kI1l? 31/25.0
S5/kO02~5k50 25/20.2
S5/ 6% ~58k 11 20/16.1
60" ~6%5" 13/10.5
Za B (5% %) 70/54 (56.5/43.5)
I AN 4 C WPPSLIV
VCl & il (TioE» £841) 114.24/16.376
VCIf A %5 (T L) 73.1/26.9
VCI BERFTFGE /RSP T /0 2F/° /g4 /25%  0/0/9/37/26/25/27

A %) (0.0/0.0/7.3/29.8/21.0/20.2/21.8)
A © BP-TOMA (32 » 8 X )
suaeh B A 1.15/0.722
R AR A 2.85/0.722
# BB
AT TG (SR RGN %) 20/99/5 (16.1/79.8/4.0)
FRECHFESE (SR REE %) 39/83/2 (31.5/66.9/1.6)

M FH i (DCCS (T35E > HE 1)
% RIS

e B I FES

ok FBER (£4)

B k5 EPERE (E4))

0.873/0.098
0.802/0.152
1908.721/1083.006
2341.156/1286.492

0 WPPSI-IV=4%. X% % 24 4 Pl %
Intelligence-Fourth Edition)

AU

> 4% ¢ 2 4% (Wechsler Preschool and Primary Scale of
; VCI=3% 3 L f#4p # (Verbal Comprehension Index) ; BP-ToMA=% &
W2 e IR 1 & -f§ 55 (Brief Preschool Theory of Mind Assessment)
T¥-¢ "’ (Dimensional Card Change Sort task)

; DCCS=+ % w R iz
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%3
ST E 2 M (N=124)
BP-ToMA DCCS
o HR RS R iR o R
a4 i R IR FRER F R
BP-ToMA 1

o 4o N B 2
@’Z;XK’A E =~

BP-ToMA 0.390%** 1
FRA~E4% 0.000

DCCS ¥ # 0.203* 0.132 1

B FEF 0.024 0.144

DCCS g = 0.157 0.050 0.728*** 1

B FES 0.083 0.579 0.000

DCCS # » -0.268** -0.318%** -0.448%** -0.213* 1

B FEREE 0.003 0.000 0.000 0.018

DCCS # =+ -0.197* -0.264** -0.307** -0.134 0.885%#* 1
BRF PR 0.028 0.003 0.001 0.136 0.000

* p<0.05, **p<0.01, *** p<0.001

FMIR TG ERES L M A SR Frye 38 F 9w g
T FBFEEELDIZIRFHAF P L8 E R (Short-Form Card Sort) 14 R
B Bz BplskE I LT A (false belief) -~ £ /E F
(appearance-reality) -~ # fci& 4% (representational change) ‘¥ i+ 40k (Fryeet
al.,1995) - F#wiZi 7R RAR AL R L PR 2 FRREFHRIEZ X
BT VIBEfRE A AR G - HARRIE A (T 5 0 RIS APM RIS B D
S AFIR R 45 oot i Hughes 97 3 B % D iAo IR A g A RISk B2 (T
# it 2.1 iT2e i (working memory) ~ #r#(#r 4] (inhibitory control) B2 ‘¢ & & ¥
I #p B (Hughes, 1998a) » & AT ¥ e gt 0 BB 3012 A T A B 21 A #T R eh
BERFERRT oo iR TR R aRLAE i - 3 e R Frplivala 4 3R
PR H FEM IV UER RS HRAER AN ALY E R F D
1R e
WRCER FAM O T F RFEF R SR SRR FER
R SHERENGTH N E ~ FF BT 22T AR % L TR
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B AFIEA e R A G B A N T o R R T L B R TR

E3als 7%(' Fmﬁ'ﬁt 283 P KF_E = 53’1“’ i mﬁl“é{ (Dvash & Shama oory, 2014) > 75

AP e H - 537 F AT AT A LIRS S IR AT 0 T IR R AR
PRATSIATIR A B 0 H oo e T A FH A L L s BA TR G ApiT 0 Flet 4
FOTIRAC I G T A F R G p R o B - RS SRR LR

IR A RF AT B EOFLRAT T pRATILEE A ik i
A ERERREAFL AR ZIT AL FREEERTERE R SEEE L

RAGE (blde: R a g £ ) F38n Fe & daiplis A FR K/ 4z (Liebermann,
Giesbrecht, & Miiller, 2007)

WS HFIRAE N FH R R E DS P AeRaes R
FIRABNFH N2 F REF A A mSF s A7 jEp 2 2 8 Ao
AR T FERE A TR BN L IR R 2 AP S o ERAE R 2 R
2 APMERC] T VA EFAF BREFRRIAT AR FpIZIRGFH
AR F RFRFERBEE e A DS T R HE F 4 TR R
%ﬁ;@ﬁ@ﬁﬁu%ﬂ%iﬁ%ﬁwwﬁ°

AR R CHERERGFH R LE e R (7 F2RF~F RFRF) Dip e
WAER R od VAP ATRET PR A RACE FRR AR AR R B
P2 B > ZIFREREINEY F- P oo FRBHEN TSR B
w R REF AR BRSNS P % ¥ Frye £ % —‘F*f 23 %%k (Frye et al,
1995) o 5F & ra b o ApROTE AT A B AR R A 00 R T A AR R P e 1T
FEAE s ML AJEE R AR R IR G R o B - R s Bt -
P F LI e L ARl LAJTER A F R AP -

Hp penaes R g #RFLH D ¥ FEZL R FEgh AR
VORI A 0 T R S TR AR REL 0 T R S I A
FEGHAFESIR - RNEFH G Ee R AR o RS PR LY 2 e R FE
FERAABe RZEFERE > FRFIH VRO HF RN PRV E R
T% 7 & 1% che Frf 42 (Diamond & Gilbert, 1989; Mayr & Keele, 2000) -
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Abstract

Background: Theory of mind (ToM) and executive function (EF) are important to
preschool children and may interact throughout preschool development. Recent
neuroimaging research has shown ToM to have cognitive and affective aspects. However,
so far, no researchers have separately investigated the relationships between these two
aspects of ToM and EF. Hence, the purpose of this research was to explore the relationships
between both cognitive and affective ToM and EF in preschool children. Methods: A total
of 124 children aged between 3 years old and 6 years 5 months were assessed with the Brief
Preschool Theory of Mind Assessment (BP-ToMA) , Dimensional Change Card Sort task
(DCCS), and Verbal Comprehension Index of the Wechsler Preschool and Primary Scale
of Intelligence-Fourth Edition respectively for their ToM, EF, and verbal comprehension
abilities. Results: Most of the correlations between the cognitive and affective ToM
subscale scores of the BP-ToMA and the reaction times of the one- and two-dimension tests
of the DCCS were significant (|r| = 0.197-0.318, p < 0.05) . The correlations between
affective ToM scores of the BP-ToMA and reaction times of the DCCS were stronger than
those between the cognitive ToM scores of the BP-ToMA and the reaction times of the
DCCS. Conclusion: Both affective and cognitive ToM are significantly correlated with EF,
and the relationship between affective ToM and EF is the stronger of the two. These
findings clarify the relationships between ToM and EF for better practice and as a basis for
further exploration of their mechanisms.
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The Role of Occupational Therapists in Special Educational
Professional Teams for Improving the Adaptive Functioning of
Elementary School Children With Autism Spectrum Disorder in
Tainan City

Wei-Dai Sun?, Ling-Yi Lin®"
Abstract

Special educational professional teams have developed for more than twenty years in
Taiwan, and increasingly more related research outcomes have been focused on the
satisfaction and interactions between members. However, few studies have investigated
the effects of occupational therapists (OTs) in professional teams. Therefore, this study
investigated whether the adaptive functioning of elementary school students with autism
spectrum disorder (ASD) improved after receiving services from OTs in professional
teams. The study recruited 19 elementary school students with ASD (16 boys, 3 girls; mean
age: 8.79 years) to receive services by OTs in professional teams over two semesters during
one academic year. The Vineland Adaptive Behavior Scale-Chinese (VABS-C) and the Goal
Attainment Scale (GAS) were used. The results of the VABS-C indicated significant
improvements in the students’ composite scores (Z = -2.069, p = .039) and daily living skills
(Z =-2.536, p = .011). The GAS results showed significant improvements from 37.60 (SD =
1.47) at baseline to 52.55 (SD = 6.98; Z = -3.417, p = .001) after receiving services from the
OTs. The difference in the socialization score significantly correlated with the amount of
time that the OTs spent in school (r = .489, p = .046). The differences in the raw scores of
daily living skills, socialization, and motor correlated significantly with the amount of time
that the OT spent at the school. The present study provides evidence to support the current
policy of the special educational professional team and highlights the importance of
school-based OTs.
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Professional Team

@ Department of Occupational Therapy, College of Medicine, *Correspondence: Ling-Yi Lin
National Cheng Kung University 1 University Road, Tainan 701, Taiwan
TEL: 06-235-3535 ext. 5917
E-mail: lingyi@mail.ncku.edu.tw
Received: 31 August 2018
Accepted: 07 November 2018

152



Adaptive functioning and autism spectrum disorder

1. Introduction

Autism spectrum disorder (ASD) is a permanent impairment that can
affect a person’s independence throughout their entire life. An ASD diagnosis
is determined according to a person’s social communication dysfunction and
repetitive or restrained behaviors and interests (American Psychiatric
Association, 2013). When children attend elementary school, they are
expected to possess a certain level of independence and control over their
lives. For example, children can participate in the academic, social,
extracurricular, and independent living activities needed for student success
in school. However, elementary school children with ASD typically have
underdeveloped or inappropriate adaptive functions, affecting their ability to
perform activities of daily living independently even if they are high-
functioning ASD. The adaptive functions (communication, social interaction,
daily living, and motor skills) of people with ASD are considerably impaired
regardless of the symptom severity or intelligence level (Kanne et al., 2011;
Klin et al., 2007; Perry, Flanagan, Geier, & Freeman, 2009).

Adaptive functioning, which is crucial to independent functioning, is
divided into four general abilities: communication, socialization, daily living,
and motor skills (Sparrow, Balla, & Cichetti, 1985; Sparrow, Cicchetti, &
Balla, 2005). In the communication and socialization domains, children with
ASD have major deficits (American Psychiatric Association, 2013). Difficulties
with comprehension and verbal expression affect not only children with low-

functioning ASD, but also children with high-functioning ASD, particularly

153



W-D Sun & L-Y Lin

those experiencing problems in developing adequate social communication
ability (Kanne et al., 2011). In the daily living domain, low-functioning
children with ASD cannot execute age-appropriate behaviors because of their
obvious sensory processing problems and self-stimulus behaviors (Patel,
Preedy, & Martin, 2014). Children with high-functioning ASD do not perform
as well as children of average intelligence, and their Vineland Adaptive
Behavior Scales-II (VABS-II) scores are significantly lower than those of
typically developing children (Farley et al., 2009; Hume, Loftin, & Lantz,
2009). In the motor skill domain, the motor coordination abilities of children
with ASD, such as balance and ball skills, are poorer than those of typically
developing children (Green et al., 2009); moreover, incoordination in
handwriting is common in children with ASD (Ashburner, Ziviani, & Rodger,
2008; Cartmill, Rodger, & Ziviani, 2009). As the impairments in adaptive
functioning in children with ASD affect their level of independence, the
appropriate intervention by professionals aims to improve these children’s
adaptive functioning performance.

Special educational professional teams (hereinafter referred to as
professional teams), as a type of school-based intervention, are organized to
provide a holistic perspective for improving the situation of students with
special needs. When children with ASD reach school age, the school
environment has a critical role in their lives because they spend considerable
time accessing compulsory education. The goal of school-based occupational
therapy services in professional teams is enabling participation in school-

related occupations (Bonnard & Anaby, 2016). Furthermore, according to
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Kasari and Smith (2013), school-based interventions are more effective than
clinic-based interventions. Children with ASD can easily learn the skills
required for general school contexts through a school-based intervention. In
Taiwan, the concept of professional teams originated from the Education for
All Handicapped Children Act (EAHCA, 1975) and the Individual with
Disabilities Education Act (IDEA, 1982) in the United States, which were
merged into the 1997 Special Education Act in Taiwan (Special Education Act,
1997). Professional teams were introduced by local educational agencies and
provided team-based collaborative services. In 1998, Occupational Therapy
was identified as a team-based collaborative service based on the Special
Education Act and regulations (Enforcement Rules of the Special Education
Act, 1998). Professional teams have five responsibilities: (a) assess a student’s
present status regarding abilities, family functioning, and needs; (b) provide
related services and support strategies for students with special education
needs; (c) determine school-year and per-semester educational goals,
assessment means, dates, and educational objective criteria each semester;
(d) provide functional behavioral intervention and administrative support for
students with emotional and behavioral problems; and (e) provide transitional
counseling and services for students with special needs (Special Education
Act, 2014; Enforcement Rules of the Special Education Act, 2013). While the
professional teams typically comprise multiple professionals (physical
therapists, occupational therapists [OTs|, speech therapists, psychological
therapists, teachers, special education teachers, and parents), their

composition differs to suit students’ individual needs. OTs focus on children’s

155



W-D Sun & L-Y Lin

occupational performance such as education, the activities of daily living,
social participation, play, leisure, and vocational activities.

The concept of professional teams has been developed for more than 20
years in Taiwan, and increasingly more related research outcomes have
focused on the internal effects, which include how members interact with
each other (Lai & Yen, 2006; Wuang & Wang, 2002). However, only a few
studies have researched the relevant external effects, such as the quality of
teamwork (Wuang & Wang, 2002; Yang & Cherng, 2013). Some researchers
have investigated the subjective satisfaction of parents and teachers for
evaluating the quality of team services (Lai & Yen, 2006; Yang & Cherng,
2013; Yen, 2005); however, clinicians and parents lack objective terms for
understanding the extent to which the teams improve the adaptive
performance of children with ASD.

This study investigates whether the adaptive functioning of elementary
school children with ASD improves after receiving services by OTs in
professional teams. The results could clarify the role of occupational therapy
services in professional teams. Thus, this study addressed the following
questions: (1) Does a significant difference exist between the pre-test and
post-test adaptive functioning of children with ASD? (2) Was the amount of
time that the OTs spent in school over two semesters related to the change in
students’ scores for adaptive functioning? Subsequently, the research
hypotheses of this study were (1) the adaptive functioning of elementary

students with ASD was significantly different between the pre-test and the
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post-test, and (2) the amount of time that the OTs spent in school over two

semesters correlated with improvements in students’ adaptive functioning.

2. Methods

2.1 Participants

This study used a repeated measure design and purposive sampling.
Nineteen participants (16 boys, 3 girls) were recruited from regular
elementary schools in Tainan City. The criteria for inclusion were (a)
possessing formal disability cards for ASD, (b) studying in regular elementary
schools in Tainan, and (c) receiving occupational therapy services in
professional teams. The mean age of the participants was 8.79 years old,
ranging from 6.46 to 10.87 years old. The school days for two semesters were
179 days. Students received an average of 3.75 hours of occupational therapy
services over two semesters. The students were pulled out of the class to
receive services without the presence of teachers or other professional
members. According to the participants’ disability certifications, the severities
were divided into three levels: mild (8 students), moderate (10 students), and
severe (1 student). The students attended three different types of classes:
regular class (1 student), inclusive class (8 students are extracted for
individual lessons), and special education class (10 students). Seven
participants had no extracurricular treatment. Twelve participants also

received extracurricular treatments such as occupational therapy (10
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students), physical therapy (5 students), speech therapy (8 students), and
other treatments (1 student received psychological treatment and 1 received
acupuncture) (Table 1).

To understand the students with ASD comprehensively, we recruited
their OTs. The inclusion criteria for the OTs were (a) members of professional
teams, (b) certificated by the Tainan Bureau of Education, and (c) with at
least two years of related pediatric experience. The present study recruited

10 part-time OTs, with a mean pediatric experience of 9.6 years.

2.2 Measurements
2.2.1 Basic Information Questionnaire

This questionnaire was designed to investigate the demographic data,
such as the birth date, gender, autism severity, types of classes, and
socioeconomic status of the family, and the ongoing treatments in clinics. The
main classroom teacher was asked to provide information about the related

services in the professional teams.

2.2.2 Vineland Adaptive Behavior Scales

The Vineland Adaptive Behavior Scales (VABS; Sparrow, Cicchetti, &
Balla, 1984) is commonly used to evaluate the adaptive functioning of
children with ASD and is suitable for use with children aged 3 to 12 years.
There are two different editions for teachers and parents to assess people with
ASD. This study used the Classroom Edition-Chinese version (Wu, Chang, Lu

& Chiu, 2004) for the main classroom teachers who were familiar with the
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child with ASD to assess their performance at school. The following four
domains are key parts of the VABS: communication (receptive, expressive,
and written), activity of daily living (personal, domestic, and community),
socialization (interpersonal relationships, play and leisure, and coping skills),
and motor skills (gross and fine motor). The scores according to the teachers’
observation are divided into three levels (i.e., O = never/ seldom, 1 =
sometimes, and 2 = very often). The total raw scores can be analyzed by
conversion to standard scores, percentile rank, and developmental age. The
results showed the Chinese version of VABS (VABS-C) having a good split-
half reliability (0.91-0.99), good test-retest reliability (0.62-0.95), good

interrater reliability (0.74-0.89), and good construct validity (Wu, Chang, Lu

& Chiu, 2004).

2.2.3 Goal Attainment Scale

The Goal Attainment Scale (GAS) was originally developed as a
measurement tool for program evaluation purposes in 1968 (Kiresuk &
Sherman, 1968). Researchers used the GAS to capture the extent to which
the individual goals for treatment were achieved. The GAS is rated on five
outcome score levels (ranging from -2 to +2) with the degree of attainment
captured for each goal area (i.e., O indicates the achievement of the expected
level, 1 indicates the achievement of somewhat less than/more than the
expected level, £2 indicates the achievement of much less/more than the
expected level). In the practical guide for the GAS, raters and clients could

rate the varied importance and difficulty for each goal to weigh the scores.
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However, as the OTs in this study were new GAS users, they were asked to
rate the importance and difficulty as one and put no weight on the goals. The
baseline score of each goal was -1, and the OTs rated the students’ changes

as outcome scores. The following is the formula for the GAS:

10X (W;X;)

Overall Goal Attainment Score = 50 +

JO75W2 + 035w

where W_i is the score weighting, which is equal to 1 in this study; and
X_iis the score from the OTs, ranging from -2 to +2. Researchers have claimed
that, as the reliability of the GAS varies depending on the raters, it should be
assessed on a case-by-case basis because the goals are individual and the

reliability could change (Ruble, McGrew, & Toland, 2012; Schlosser, 2004).

2.3 Experimental Procedure

After receiving approval from the Institutional Review Board (IRB) in
National Cheng Kung University Hospital, the elementary schools in Tainan
City were contacted to recruit the students with ASD who received services
from OTs in professional teams. The investigator distributed flyers to the
parents of the students receiving services. Following agreement by parents
and students to participate in this study, the OT in the professional team was
invited to participate, and the teachers of the students with ASD were asked
to complete the VABS-C. In the beginning of the semester, the OTs in the
professional teams set appropriate goals for the students with ASD as the
baseline of the GAS. Over two semesters, the OT offered these students

suitable interventions or adjustments and provided their teachers and
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parents with supportive suggestions to improve these students’ adaptive
functioning. After the students received services from the OTs, their scores of
the VABS-C and GAS were collected again to determine any changes following
the intervention. All students were assessed in September for the baseline

and in June for the end of services.

2.4 Data analysis

The collected data were analyzed in SPSS 17.0 for the descriptive analysis
and hypothesis testing. The demographic data were presented using
descriptive analysis in means, percentages, and standard deviations. The pre-
test scores of the VABS-Chinese version and GAS data were compared with
the post-test scores using the Wilcoxon signed rank test analysis. The
significant level was set at p < .05. In order to determine whether a
confounding factor (i.e., the extracurricular treatments) might affect the
students’ improvements, the Mann-Whitney U analysis was conducted to see
whether any significant differences exist between two groups—with versus
without clinical treatments. The Pearson and Spearman’s correlation
analyses were computed among the data from the demographic data and the
scores of VABS. The cut-off points for Pearson correlation coefficients were
0.25, 0.5, and 0.75 to present as mild, moderate, and excellent levels of

correlation, respectively (Portney & Watkins, 2007)
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Table 1
Overview of Demographic Data
Mean SD Range
Chronological age (years) 8.79 1.23 6-11
The amount of time spent in school for two semesters (hours)
OTs 3.75 2.73 1-10
PTs 333 3.01 0-10
STs 2.23 2.93 0-10
n %
Boys 16 84.2
Girls 3 15.8
Level of disability
Mild 8 42
Moderate 10 53
Severe 1 5
Types of class
Regular class 1 5
Inclusive class 8 42
Special education class 10 53
Professional teams
oT 5 26
OT and PT 4 21
OT and ST 3 16
OT, PT, and ST 7 37
Extracurricular treatments
oT 10 53
PT 5 26
ST 8 42
Others
Psychological therapy 1 5
Acupuncture 1 5

NOTE. OTs = Occupational therapists; PTs = Physical therapists; STs = Speech therapists; OT
= Occupational therapy; PT = Physical therapy; ST = Speech therapy.
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3. Results

Table 2 shows the pre-test results of the descriptive analysis of VABS-C.
The students showed relative weakness among all domains of the VABS-C. In
the domain of communication, 72.2% of the students were at borderline (-1
SD~-2 SD) or disability (-2SD below). In the domains of daily living skills and
socialization, only 5.6% of the students had age-appropriate skills at school.
The domain of motor skills showed similar results as communication: 77.8%
of the students were at borderline or disability performance. The students’
mean developmental age of adaptive functions was 4.32 years old (ranging
from 0.5 to 8.5 years old), which was lower than their chronological age.

After the students received services from the OTs in professional teams,
they showed some subtle improvements during their school days. A
comparison of the raw pre-test and post-test scores in the VABS-C showed
that the scores of daily living skills (Z = -2.536, p = .011) and the composite
scores (Z =-2.069, p = .039) reached a significant level. Overall, the mean age
equivalent increased significantly from 4.25 (SD = 2.1) to 4.60 years old (SD
=12.28; Z =-1.970, p = .049). However, no significant differences were found
in the standard scores of the VABS-C at the pre-test and post-test.

The students’ difficulties of adaptive functioning existed in their daily
lives at school, and their OTs set individual goals for them through the GAS.
According to the OTs’ documents, most of the students’ goals were related
with adaptive functioning. Depending on the students’ individual needs, their

goals could be set by the OTs as one to five for each student. Socialization
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was considered a major problem because it formed 50% of the goals listed.
The other problems belonging to adaptive functioning were motor (33.33%),
daily living skills (12.49%), and communication (4.17%). In the GAS, the OTs
rated the students’ changes from -2 to +2. The baseline and outcome scores
for each student were adjusted according to the formula for the GAS. A
comparison of the differences before and after receiving the OTs’ services
using the Wilcoxon rank-signed test showed a significant increase in the post-
test scores from the pre-test (Z =-3.417, p = .001).

Because outcomes from the extracurricular treatments might have been
confounding factors that affected the students’ improvements, we separated
the data into two groups—with versus without clinical treatments—and
compared their standard scores on the VABS-C at pre-test and post-test. The
results of the Mann-Whitney U analysis showed no significant differences in
the demographic data between the two groups. Furthermore, a comparison
of the differences between the standard scores of the two groups showed a
significant difference in the communication domain (Z = -2.175, p = .030).
While the communication domain might be affected by extracurricular
treatments, other domains of improvement might not.

To investigate the relationship between other factors and the change in
scores for adaptive functioning, we included factors, such as the amount of
time that the OTs spent at the school over two semesters and the receiving of
extracurricular treatments, in the correlation analysis. A difference in the
socialization standard score correlated significantly with the amount of time

that the OTs spent at the school over two semesters (r = .489, p = .046), and
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the results showed a moderate positive correlation. Additionally, the
differences in the raw scores of daily living skills (r = .426, p = .049),
socialization (r = .504, p = .028), and motor (r = .525, p = .021) correlated
significantly with the amount of time that the OT spent at the school over two
semesters. A difference in the communication standard score correlated
significantly with receiving extracurricular treatments, with a moderate
positive correlation. No correlations were found between the remaining

variables and differences in the VABS-C scores (Table 3).

Table 2
Comparing Pre-test and Post-test of VABS-C and GAS by Wilcoxon Signed-rank Test
Subtests Pre-test Post-test Z value  pvalue
VABS-C
Communication 60.67 +34.34 59.94 + 35.03 -.129 .897
Activity of Daily Living  86.83 + 36.88 95.29 + 44.98 -2.536 011%*
Socialization 34.56 =£20.47 36.53£22.42 -1.336 182
Motor 40.06 +12.89 41.59+11.19 -1.114 265
Composited 222.11 £98.89 233.35+£107.17  -2.069 .039%*
Age equivalent (years) 432+2.12 4.60 +2.35 -1.970 .049*
GAS 37.60 + 1.47 52.55+£6.98 -3.417 .001*
NOTE. VABS-C = Vineland Adaptive Behavior Scales-Chinese Version; GAS = Goal attainment
scaling
*p <.05.
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4. Discussion

The present study examined the differences between students’ pre-test and
post-test adaptive functioning scores after receiving services from OTs in
professional teams and investigated the relationships among the changes in the
scores of adaptive functioning, the amount of time that the OTs spent in school
over two semesters, and the receiving of extracurricular treatments. The results
indicated that students’ adaptive functioning made significant improvements,
evident in the students’ raw scores for the VABS-C and GAS. Moreover, the
relationships between the changes of adaptive functioning and the amount of
time that the OT spent in school over two semesters and the receiving of
extracurricular treatments were found to be significant. The present study fills
important gaps in the previous research to provide a better understanding of
the role of OTs in professional teams and the changes in the adaptive
functioning of students with ASD.

Consistent with the previous research, this study showed that the ASD
students’ adaptive functioning had mild or moderate impairments concerning
not only their language and socialization skills but also their daily living and
motor skills (Wang, Hsu, & Huang, 2009; Matthews et al., 2015). We used
VABS-C as a standard measurement to investigate the difference between the
pre-test and post-test adaptive functioning scores. The raw scores of the
composite and domain of daily living skills showed significant differences. In

the GAS, the students showed significant improvements after receiving the OTs’
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services. The results indicated that the students’ adaptive functioning improved
distinctly but in a slow and subtle way. Consistent with the previous study of
professional teams in Kaohsiung (Wuang & Wang, 2002), this study showed
that the main problems for OTs in professional teams to overcome include (a)
poor motor coordination, (b) inattention, and (c) poor daily living skills. The
results from this study support the role of OTs in professional teams for
improving students’ daily living skills.

When comparing the contents of the GAS with those of the VABS-C, we
found that the improvements of socialization were not evident in the changes of
the VABS-C scores, despite finding a significant relationship between the
change in scores for socialization and the amount of time that the OTs spent at
the school over two semesters. The reasons for this discrepancy might be that
the VABS-C is not sensitive enough to detect the micro changes; the standard
scores and norms based on typical children’s speedy development might not
distinguish between the micro changes of the ASD students. Additionally, the
low amount of time that the OTs spent at the school was not enough to make
obvious improvements among the students. For school-based services,
therapists tend to design problem-oriented programs to deal with the
predicaments encountered by the teachers directly (Bazyk & Case-Smith, 2010).
However, limited services and inefficient treatments could lead OTs in
professional teams to abandon socialization training for students with ASD
because it usually requires intensive treatments. The amount of time that the
OTs spent at the school over two semesters was relatively low. In two previous

studies about the effects and collaboration of professional teams, OTs and
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physical therapists in the teams provided school-based services for children
with special needs once to twice a week at school and spent extra time
discussing and having meetings (Lu, 2006; Wang, Hsu, & Huang, 2009). The
clients that they serviced improved at schools. Additionally, they indicated that
the more efficient professional teams need sufficient time to supply services to
students and effect change.

Having extracurricular treatments was a major confounding factor in the
present study. The changes in scores for communication correlated with
receiving extracurricular treatments. Communication is a key deficit of
individuals with ASD and one of the most common concerns of parents and
teachers (Azad & Mandell, 2016), and it may be treated reasonably as a primary
goal in multidisciplinary clinics.

Do OTs in professional teams in Tainan play their roles efficiently?
Education is an essential occupation for students, and school is the key
environment. Students with ASD could have disabilities related to academic
(e.g., math, reading, writing), nonacademic (e.g., recess, lunch, self-help skills),
extracurricular (e.g., sports, clubs), and prevocational and vocational activities.
The professional competence of OTs is qualified in the school-based situation.
Occupational therapy services could promote self-help skills, positioning,
sensorimotor processing, fine motor performance, psychosocial functioning,
and life skills training (Bazyk & Case-Smith, 2010). Adaptive functioning is a
key ability for independent living that needs to be practiced in varied
environments. Promoting adaptation is the central theme for OTs. Ideally, OTs

could play a more valuable role in school-based services by broadening the
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participation and achievements of students with special needs. However, most
of the OTs in Tainan face many challenges related to limited time for services
and inconvenient communication. The OTs in this study recommended that
increasing the frequency of services, providing direct communication, or
recruiting full-time OTs might help students with ASD more efficiently.

Students’ changes should be assessed regularly through interventions to
make appropriate adjustments to the programs and services. Even though
students do not sometimes receive direct treatments, their therapists, teachers,
and parents should identify their improvements or understand the reason of
stagnation to render the service more efficient. For now, no wunified
measurements are used in professional teams. In this study, we attempted to
promote the GAS to OTs to evaluate students’ changes, which demonstrated
concrete and measurable results. While using the GAS to specify every single
goal, OTs could refine the goals rather than describe a narrative-style note. The
GAS can provide evidence for therapists’ recommendations to initiate, increase,
decrease, or discontinue therapy services (Bazyk & Case-Smith, 2010). The GAS
could also act as a medium to communicate with parents and teachers to show
the effects of professional teams

The present study has three limitations. First, the findings could not be
generalized to all students with ASD in elementary schools because the present
study included only the students who received occupational therapy services in
school. As some of the participants received multiple-profession services
including occupational therapy, speech therapy, and/or physical therapy in

school, some improvements may have derived from the team-based
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collaborative services. The effects of a multiple-profession group in school
services should be examined in the future as well. Second, the design of this
study did not have a control group with which to compare the effects of OTs in
professional teams; thus, some latent factors might have affected the results.
In addition, we could not eliminate the effects for natural maturity. Third, as
the GAS scores were rated only by the OTs at the schools, the students’
behavioral changes may not be consistent in other contexts. Therefore, future
studies should recruit students with ASD receiving and not receiving
occupational therapy services in schools, include control groups, and recruit

parents and teachers to rate the GAS scores to ensure valid improvements.

5. Conclusion

This research study investigated the effects of OT's in professional teams on
students with ASD and examined the relationships between other factors that
may influence the effects. The present study used a standard measurement to
investigate the changes in adaptive functioning among these students.
Meanwhile, this study provided a quantitative measurement, the GAS, to
monitor the improvements of students with ASD at school. The results indicated
significant improvements in the students’ adaptive functioning based on the
changes of the raw scores for the VABS-C and GAS. The present study fills a
gap in the previous research to provide a better understanding of the role of

OTs in professional teams.

171



W-D Sun & L-Y Lin

References

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5th ed.). Washington, DC: American Psychiatric Association.

Azad, G., & Mandell, D. S. (2016). Concerns of parents and teachers of children with
autism in elementary school. Autism, 20, 435-441.

Ashburner, J., Ziviani, J., & Rodger, S. (2008). Sensory processing and classroom
emotional, behavioral and educational outcomes in children with autism spectrum
disorder. American Journal of Occupational Therapy, 62, 556- 565.

Bazyk, S. & Case-Smith, J. (2010). School-based occupational therapy. In J. Case-Smith
and J. O'Brien (Eds.), Occupational therapy for children (6th ed., pp. 713-743). St.
Louis, MO: Elsevier Mosby.

Bonnard, M., & Anaby, D. (2016). Enabling participation of students through school-
based occupational therapy services: Towards a broader scope of practice. British
Journal of Occupational Therapy, 79, 188-192.

Cartmill, L., Rodger, S., & Ziviani, J. (2009). Handwriting of eight-year-old children with
autism spectrum disorder: An exploration. Journal of Occupational Therapy,
Schools, & Early Intervention, 2, 103-118.

Farley, M., A., McMahon, W. M., Fombonne, E., Jenson, W. R., Miller, J., & Gardner, M.
(2009). Twenty-year outcome for individuals with autism and average or near-
average cognitive abilities. Autism Research, 2, 109-118.

Green, D., Charman, T., Pickles, A., Chandler, S., Loucas, T., Simonoff, E., & Baird, G.
(2009). Impairment in movement skills of children with autistic spectrum disorders.
Developmental Medicine & Child Neurology, 51, 311-316.

Hume, K., Loftin, R., & Lantz, J. (2009). Increasing independence in autism spectrum

disorder: A review of three focused interventions. Journal of Autism and

172



Adaptive functioning and autism spectrum disorder

Developmental Disorders, 39, 1329-1338.

Kanne, S. M., Gerber, A. J., Quirmbach, L. M., Sparrow, S. S., Cicchetti, D. V., &
Saulnier, C. A. (2011). The role of adaptive behavior in autism spectrum disorders:
Implications for functional outcome. Journal of Autism and Developmental
Disorders, 41, 1007-1018. doi: 10.1007/s10803-010-1126-4

Kasari, C., & Smith, T. (2013). Interventions in schools for children with ASD: Methods
and recommendations. Autism, 17, 254-267.

Kiresuk, T. J., & Sherman, R. E. (1968). Goal attainment scaling: A general method for
evaluating comprehensive community mental health programs. Community Mental
Health Journal, 4, 443-453.

Klin, A., Saulnier, C. A., Sparrow, S. S., Cicchetti, D. V., Volkmar, F. R., & Lord, C.
(2007). Social and communication abilities and disabilities in higher functioning
individuals with autism spectrum disorders: The Vineland and the ADOS. Journal of
Autism and Developmental Disorders, 37, 748-759. doi: 10.1007/s10803-006-0229-4

Lai, M. L., & Yen, C. H. (2006). Analysis on the satisfaction of elementary school special
education teachers toward the professional team operation. Journal of Disability
Research, 4, 18-31.

Lu, Y. T. (2006). The effectiveness of implementing transdisciplinary teamwork approach
in a special school: A case study of a student with severe and multiple disability.
Journal of Disability Research, 4, 83-96.

Matthews, N. L., Pollard, E., Ober-Reynolds, S., Kirwan, J., Malligo, A., & Smith, C. J.
(2015). Revisiting cognitive and adaptive functioning in children and adolescents
with autism spectrum disorder. Journal of Autism & Developmental Disorders, 45,
138-156. doi: 10.1007/s10803-014-2200-0

Patel, V. B., Preedy, V. R., & Martin, C. R. (2014). Comprehensive guide to autism. New

York: Springer. doi: 10.1007/978-1-4614-4788-7

173



W-D Sun & L-Y Lin

Perry, A., Flanagan, H. E., Geier, J. D., & Freeman, N. L. (2009). Brief report: The
Vineland Adaptive Behavior Scales in young children with autism spectrum disorders
at different cognitive levels. Journal of Autism & Developmental Disorders, 39,
1066-1078. doi: 10.1007/s10803-009-0704-9

Portney, L. G., & Watkins, M. P. (2007). Foundations of clinical research applications to
practice, Third Edition: Prentice Hall.

Ruble, L., McGrew, J. H., & Toland, M. D. (2012). Goal attainment scaling as an outcome
measure in randomized controlled trials of psychosocial interventions in autism.
Journal of Autism and Developmental Disorders, 42, 1974-1983.

Schlosser, R. W. (2004). Goal attainment scaling as a clinical measurement technique in
communication disorders: a critical review. Journal of Communication Disorders, 37,
217-239.

Sparrow, S. S., Balla, D. A., & Cichetti, D. V. (1985). Vineland Adaptive Behavior Scales:
Survey Form. Circle Pines, MN: American Guidance Service.

Sparrow, S. S., Cicchetti, D., & Balla, D. A. (2005). Vineland Adaptive Behavior Scales-
2nd edition manual. Circle Pines, MN: AGS Publishing.

Wang, T. N., Hsu, Y. W., & Huang, T. H. (2009). Sensory motor and functional
performances of children with special needs referred to occupational therapy by
school teachers in Tainan City. Journal of Taiwan Occupational Therapy Research
and Practice, 5, 15-26.

Wu, W. T.,, Chang, C. F., Lu, T. H., & Chiu, S. C. (2004). Vineland adaptive behavior
scales: Chinese version manual. (Sparrow, S. S., Balla, D. A., & Cicchetti, D. V.)
Taipei, Taiwan: Psychological (Original work published 1984)

Wuang, Y. P., & Wang, C. C. (2002). Occupational therapy in collaborative teams for
children with special needs in Kaohsiung City. Journal of Occupational Therapy

Association, R. O. C., 20, 75-94.

174



Adaptive functioning and autism spectrum disorder

Yang, G. W., & Cherng, R. J. (2013). The efficiency of the professional team model in
Taiwan special education system: A systematic review. Formosan Journal of
Physical Therapy, 38, 286-298.

Yen, C. H. (2005). An exploratory study of the evaluations on special education

disciplinary teamwork. Journal of Disability Research, 3, 216-228.

175



BEMEL

HekAE B IF
EREY 107 42 36 B45 2 HH 152-176
DOI:10.6594/JTOTA.201812_36(2).0002 [

KRR T ERE R T RS
REAINECETBE/INEMAESRE
HIEMET RAA®

TS ISR

HE

PART HFMGHS @i 51 5 2050 L 0 B3 2 iRt 4 0 i
R SEFENANMAR AL TR AT RAAEZBE T IFEFEHEER
BB ip g FRen i £F 5 Bt ARG REL LA A o5t a &
T EARRT B EBGY B R LR ek p PR e R BT
ARG MFIRE LS L s BRI RE A PEFE (16 2FF 03 &
LR EIDER BT ) o A BB R RFF AN T A 2 B 2 R
PRAZEZ? 2 HPR{frp REAZ 27 p PREFI ARFRGT L PHFT -
FLErlr pPESs a RS TR R FIRBT 6 A BIEF 5 Dk
* ok (Z=-2.069,p=.039) &2 p ¥ 2 ER 4 (Z=-2536,p=.011) ch®i 5 A F
PARFINEHTREFERTPRESE LY A > w3760 ~ (SD=1.47)
FI A~ 1565255 A (SD=6.98; Z=-3.417, p=.001) o Bhii i f7 B A PR A% e
HELALEIPR] L ﬁﬂ(ﬁ—%9p—m®°5#4mu4\&gjﬁﬁ@ﬁﬁ
Bk 8 4 £ B 21BN IO BT B ROR AR DR T AR F AR B o BRAC IS RE A b £ B IR
P N E I ARDGBEG IR ERDES S LE I R ERIET G
FORET B EW P B o R PRI T A

BRI ¢ ERAE - BT R o REEIGRRAD - RAEE HEEEIR

ERVABRZIpNE Ll St e CEEEE ¢ MR R
701 BRI R E K2R —55%
EEL 1 06-2353535 471% 5917
S HHEA B 107408 H 31 H FFE55 ¢ lingyi@mail.ncku.edu.tw
Pz Til#EL - REJ107 4511 5 07 H

176



WA AR St
EREY 107 4 36 B45 2 HH 177-202
DOI:10.6594/JTOTA.201812_36(2).0003 STRREE R

& AT B RE B R A RS SR =
A FE R 2B R [F R B R B 2 L
B 5T & R M B R

Fmgt Zomg’ HiaR T LR RS abem Yt et

L

mﬁﬁuiﬁﬁﬂﬁ4‘ﬁfilﬁﬁﬁ%ﬁ4’@%%ﬁ%?ﬂ%ﬁ%ﬁ

ﬁ‘l: mﬂr‘#ﬁ‘ © / ﬂ Bﬂ‘ﬂb /r}é‘p,\.}fr I"p ‘)’—— ,1 2 a T&-H‘ ’#. e ;,f_;‘rf'fé Hb \:J—‘lp—l
pl R B L R L oL R SR ok

REFRPM BT LOTCA-II % }F'Tﬁﬁiiiluﬂ?J“gﬁ}’?'f’+¢}§% °
% AP E Y e L R BT R *é?“ﬁ* #2 LOTCA-
I 2 s 83§ g 2 ik o 5% B LOTCACIL 54k * 2 £ 349 b 2 £GP 5
BEEMEAARLE  CENGAERZZP - RPEF 2 o H BN P
L fHOR U DT RSB R E AR LS HL R o RLE A
BERECR ARG > HEHA N4 PIERE P ¥ A S0 Pk TR 2dE
LR PE R A e )I‘$ Fim e W RREmEBEY M A- REARLE . HERA
A ORISR TR R A LB R R RIS A X R E AR oV B

ﬁﬂ%ﬁ&ﬁ?f’@ﬂﬁ“m5ﬁ$’$%ﬁuﬁWo

LOTCA-II *> £ %% b ~ £ 125000 s LA EE N REEEHY § AR
HRRECR TERPIRE F R OGP BB SRR G LR
LIRFEEHE L FIELR o AR Y F UFRFHFELOTCA-II 2o wim - > 3k
R ESR RS B

BRERT  J8 SCIEREAE RS RIS G 5 R - T, - BEREH - REAIDIRE o OFE

FrERE
EERERE e AR A CHEEEE  ENES
b ’%a%ﬁa‘iik%ﬁ%;%%ﬁﬁ%ﬁ%h@ BIbi R IEEERINES 17 5% 4 1%
{ERIHRRE /B ea;ﬁ 1 02-33668179
ERBEERE iﬁﬁfﬁaﬁ%/ %4 © cathy@ntu.edu.tw
EEJH?(%%‘%%E{U?EHBEH%E/@ 4

S HE  BE1074£02 22 H
B - REI107 4207 A 14 H

171



JESCHTHBRAE RS TAIET (58 iR DT B M R

RIS

A R A E P AR AL T R A AN c BHEAY b~ AIG 1
o s LX AR R AR R E B R R ZARR LR i R E T
B W R A A FA R R S RE e R 2R I A EEZ
B 32 (Lezak,2004) - 2o £ BARER 2 LB R 0A0H LR 6 v AR 0}
S SR R U ETE R SIE FORY T S SR R
AP KA R FE TR AR R L AT R A
Mz R 1 B oo kA Rk STt o
WP ERFB (TR REF BER)ARFEFL A RPETRI 2
Y EB - BRSTER1ILEN TR - KRR B BRI LET Uh
£ Mo PR A P 1 B Aric b ey ¥ Ak 4p 7 (Hobart, Lamping, & Thompson, 1996;
Kline, 1998) « 24 chiz B §3ER 1 B4 B2 LB EHH 23R 1 L & 22 24
i*&;’ﬁ V2R L H RS TP - RESCLBITARZ ’%«PJ T S
B- RPRA-TRELIEY S A2k B0 FFHARS - 6 %% A48
#& ©_ (Hobart et al., 1996; Portney & Watkins, 2009) - £ B & 835 1 £ 3 Big™
R BRBER A EE > VARITEG L L E e B R LT A8 k£
AL o HRIYR AT ARFRL EFRERNTRIL R 571
287 EEJEFE?"?E'JE'J@T?JL‘E_LFF? » TRE %%ﬁ ARz Epazad > ¥
HHBRIPS i3s FFER1 2 g B2 R (Aaronson et al., 2002; Hobart et
al., 1996; Kline, 1998; Portney & Watkins, 2009) - ¥ * 2. »tE & 2 F P2 ~ JTat
PLRNTERPIR S OEELR R FIE AR c R EEALR AL I BTG 2
LA FE R - BFREERPRFMAEZ R £ % (goldstandard) - 3% (Bowling, 2001;
Hobart et al., 1996) - FiriEHF 2 A 2 - § 2158 > BT ¥ TR IR 1
LR E 2 A M B ehf2 & (Van Deusen & Brunt, 1997; Wade, 1992) - 3¢ ]
PR AR I EER 2 BRIERA Kbz Bk b2 2R (Kline, 1998) o @ s

v
=

b

PR GIERIEVRMA R RET LA RAELE o BEESEEH
M Eri 4 B 2 B % (McCarthy et al., 2002; Wade, 1992) o F| & »2 ¢ 5 35 % 14 7]

178



Pk ZOMR  wla FOE EWRS SEE SR

% ~ 17 (exploratory factor analysis) % % # 1+ %] % 4 47 (confirmatory factor
analysis) » P (i B S T8 £ 078 § 0T R *ﬁ_ PR ALY 4 L
B A A T SEGHE] c FAMFZ AR Y AT APEBEE > F
THEFTAHHFE R D A LT i E g (Costello & Osborne, 2005) 5 @ k7 1 7]
FAATRIE AT FIEBHCE] > P ohs BREGECEIN T ERF BT A (Schreiber,
Nora, Stage, Barlow, & King, 2006) ° F &+ 5 =% 1 2 ¥ § Jp| B 48 % 34 0= 15
ZPIRFFR DN A o FRGERLIE G R OF B AN &IOS
Ferrk o FP R s EEGI1EAEHE R #;1 1 (Barak & Duncan, 2006; Beaton
et al., 2001; Hutchinson, 1992) -

B AT B s s Ari® R % 2 K (Loewenstein Occupational Therapy
Cognitive Assessment, LOTCA-II) (Itzkovich, Elazar, Averbuch, & Katz, 2000) &_
Itzkovich % % %32 p % - 5% LOTCA (Itzkovich, Elazar, Averbuch, & Katz, 1990) »
Higeep 584 - (1) BEPA2 85 (2 H4e3=k 6 » - LOTCA-IL i & i
BA G s FERAE TR E%RE LA THREAUN S > T NEL B R
P dp 2 ARR 0 P E F MR ARILACH i 1~ 2 = z(Annes, Katz, & Cermak, 1996)
LOTCA-II 2 & Hp 3 A5 pHFEHNTOAAR TN A > 23 To
(orientation) ~ A% (visual perception) ~ % B +v§ (spatial perception) -~ # i3+
% (motor praxis) ~ AR # ¥ & % (visuomotor organization) 14 £ X ¥ F ¥
(thinking operations) % 6 B 4 & % > £ 26 I+ 4L ; ¥ P97 7 PFRF L 355 45 » (30-
90 A 48) o LOTCA-Il 234 » s & T o b | AR 4 cpls+ 4T % 1-8 A -
HouplseF3as 1455 TLYHir ALY 4 3 BFILE 154> 843
26-115 4 » & ficf % & 3udre i f £ (Itzkovich et al,, 2000) © B w @ g 3¢
B~ 2~ A1 MR AR e s A B S &% B % (Annes et al., 1996;
Jang, Chern, & Lin, 2009; Josman & Katz, 2006; Rojo-Mota et al., 2017) - & #p &
T3 EF F - LOTCA-Il chip 3 s ¥ = 5 RI" S A Z 320 2 34 e o

MR A TN LEsER o0 RiR AR

Panied 3% F W 7F 7 LOTCA-II 2 < @+ & ##44 (Avila et al,, 2015; Jang et

al., 2009; Josman, Abdallah, & Engel-Yeger, 2010; Josman, Abdallah, & Engel-Yeger,
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2011; Lund, Oestergaard, & Maribo, 2013, 2014; Natar, Nagappan, Ainuddin, Masuri, &
Thanapalan, 2015; Pyun et al., 2009; Rojo-Mota et al., 2017; Su, Chen, Tsai, Tsai, & Su,
2007; Su, Lin, Chen-Sea, & Yang, 2007; it %, 2005; =iz %, M Ak, & & ¥,
2007; gri& ¥, My, ke T, EE R, & thP W,2007) o KA o0 FlE TR E
B LR AREHL R 2 B2 (Jongbloed, 1986) » B hehw 3§ B i
BMUEREHIARNKAL P A FZE2 BEAEREY P18 > L@l
APRFIEIEG L B 2 B o A4 B LOTCA-IT & 92k 7 73+ # 50| chinse
PRI EE SR A BREEE S Z2aRERI P S G B LOTCA-II
T R A L IR E AR E Y B T RS S BT S R A
# LOTCA-I e in & o F|) AFZ 7 wAE T 2 AR P %% LOTCA-IT 2 w223+ §
FAL MR R R EARE SN TR AR £

BEITA

AEFTAREPDERETRLE (2000 # 1 2 2017 & 10 * ) LOTCA-II &
*AEPN AR RaRERE 2 TR gv;}éu—r_:_aﬁ,‘z?: M FHE - TH

o T REAE P R T

—  ESERE

I"F—‘F,*‘ /4 %)%t PubMed » MEDLINE ~ PsycINFO ~ CINAHL £ &4 4t + | 3 4 ( 3

N

FHIHe 2 AE Lk ) BT BFEREKRZ 2000 F 1 7 3 2017 # 10 7R
LOTCA-Il 2. w323 $ HMF T ok R0k 5 ¢ & FREY &9k % LOTCA-II
BT P R (Aot B SRR~ F R X R Rl ) AR 2 F F T
%ﬁ&&%i»ﬂ%ﬁ%%%ié%*”ﬁwkﬁﬁi‘ﬂ*¢%o§m1
MEDLINE % PubMed ¥ ek #& & K3 720 % 1~ & 2«
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%1
MEDLINE # % # %
L R R
S1 TX ( (Loewenstein N1 Occupational N1 Therapy N1 Cognitive N1 Assessment) or LOTCAS)
S2 MH "psychometrics"
S3 MH " reproducibility of results "
S4 MH " exp sensitivity" and MH "specificity"
S5 reliabilit*
S6 validit*
S7 responsiveness
S8 sensitivit*
S9 specificit*®
S10  (psychometric N1 properti*)
S11  (psychometr* or clinimetr* or clinometr*)
S12  (reliab* or reproducib$* or test-retest or interater or inter-rater or intrarater of intra-rater)
S13  (valid* or responsive*)
S14  S2OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13
S15 S1ANDSI14
S16  limit S15 to English language
S17  limit S16 to evaluation studies
S18  limit S16 to validation studies
S19  S170RS18
SI:LOTCA Ap B 2% » S2-S13: wi@ EH M ApM 4 > S16: "I E2 FEH2 2 }}% » S17-S19: =R
#l praral
#*2

PubMed # 2 ¥ %

Lk e & W

#1 psychometricsiMeSH] OR reproducibility of resultsfMeSH] OR Sensitivity and
Specificity[MeSH] OR
realibilit*[ TW] OR validit*[TW] OR responsiveness{TW] OR specifict*[ TW] OR
sensitivit*[ TW]

#2 " Loewenstein Occupational Therapy Cognitive Assessment "[TW] OR LOTCA *[TW]

#3 1 AND 2

#l: wTE R EBARM PR 0 #2: LOTCA fp Mo &
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=~ EREESORR

fe B3 & T 2 2 B &R IR 1% ene [;'L S rgds 1P g ;}.F] ﬂ‘ffﬂi‘“ PG B
LOTCA-Il o3 B2 2 o 2.0 R A S 4H 4 2382 (&9 2) Y%

v (BAELHe ) c REVERY 2 RTA IRH  GS WAALR RS g
B o
T

=~ LEET R R AR

X R TR Y L TP R o T P A R T

(—) 15

SHPM - RESERIGARZGRIFEE A o P - REUET BT
(Cronbach’sa) % :}% Hoa>70 5 24F > T F N EMo P2 W5 >90 5k T
& R A ket & (Aaronson et al., 2002) o R B 2 F 5;3']—'5 B R e 4
B " #c (intra-class correlation coefficient, ICC) % :};1 £5ICC>.75 4 a4, 4
*40~.74 57 & ;<40 5 £ (Shrout & Fleiss, 1979) - TR AR
A 40 M Udfc (Pearson’s ) & 274 fi & 4p B Thdfc (Spearman’s p) 5 4pik > rp 275
4T /i3 40~.74 5 ¢ % 5 <40 5 £ (Van Deusen & Brunt, 1997) -

(=) %E

b5 PERR A RORR S TTRRR ¢ SRR 2 Bl R0k o PR
Pearson r/Spearman p = dpik > 7/p >.75 5 24 5 /3040~ .74 ¢ X < 40 3 £
(Van Deusen & Brunt, 1997) - fzag?»c& F tk 4 Pearson r/Spearman p # 4p % » 7/p
> 50 524 AiRdp i A iR B2 b 2 qp AR R 2 %72 (Salter et al.,
2005) o Feskh v HBEF B TR TR Y gl Ed 2 AEEIEL 1 E S AR
et FieTEALTEH
Frohth 2T HFLEANCATRILVRMI R HELAREIRRA DB RF
#FF (McCarthy et al., 2002) -

B RIE e dok R AR AR S o ¢ AR HELR L L
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Pk ZOMR  wlag FE ERS #EE SR

AN FI R R SRR - {?ﬁ?’ Fli Atttk r -1 igd
RGN LFAR 1R ELILATREINEGREZ P RBELFZ A A7
(confirmatory factor analysis, CFA) 2 #i-4]3f fie R 4p 1% 3 + = & LE (chi-square
index) ~ i fic & 4p ¥ (goodness-of-fit index, GFI) ~ 3 & ¢ i fie & 4p & (adjusted
goodness-of-fit index AGFI) ~ A4 if ficdp % (normed fit index, NFI) ~ 222045 fie
#;] % (Tucker-Lewis index, TLI) ~ 3§ i& i ji.T‘ofﬁ # (Bollen’s incremental fit index, IFT) -
352 {337 3% (root mean square error of approximation, RMSEA) ~ #&# % 35 2
7 4 (standardized root mean square residual, SRMR) % * #iif fit 45 ¥ (comparative
fit index) ~(Bentler, 1990; Bollen, 1990) - if fic & 45 #% (GFI, AGFI, CFI, TLI, IFI,
NFI) % *%.95 5 & i oA g fe A > 4 35.85~90 5 #-Alig fe B & ¥ ; RMSEA <.05
Bl 5 #0305 24 ahig fedz & 0 RMSEA > .1 Rlig fle & % £ 5 SRMR < .08 B3] i
fie B #2i% (Bentler, 1990; Bollen, 1990; Hu & Bentler, 1999) - & H-4l:if fie & i » R
REAZHAPEVREERE S 2 Al il Fid ;F% R iz ¥k REE

AT P

(=) RKIEHE

F gtz 5] "I;:}‘F] 1 5 sl B (effect size, ES) ; ES=.2 % % M & »j 5 ES= .5
AP R ES=.7 v & 3 Bk (Salter et al., 2005)

(17) KIet 5%

Mg A L B A R B 2 A B o F AT 20%0X Y fdX
ARR/AAEFTERFARMAS PR A PRI LG EF O TR AR ER

(Holmes, Bix, & Shea, 1996) -

I"F—‘ﬁ ** PubMed » MEDLINE ~ PsycINFO ~ CINAHL £ &4 + B2 4% 7 B
FALE W 2000 £ 1 7 1 2017 & 10 ? B 5% LOTCA-II 2 w3 E F P 7 o
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WA BEER IS Fhe o AP RS R FEA 2 E- RARE 18 4
W o BIEAET TR 2 125 0 R 6 Kk (SRYIH A I
L) (B1) c26E%> Aulr ks (FEEE 2005; ke
452007 FRSEE L 52007) ~ R4EY B %% (Su, Lin, et al., 2007; 38 & %
2005 3 EE 4 52007 Y E 4 52007) ~ A% %G B % (Su Lin,etal,
2007; HEERE A > 200554 L % L 5> 2007) ~ A% 4 B B% (Su Chen,etal,
2007; Su, Lin, etal, 2007) ~ % 44 Hise ¥ (Jangetal,2009) ° # i £ LOTCA-

R % & BHmERZ e § FaeT (43) ¢

S0 XM IERAE S B T oo E R R A
TEHAHRTRE LT ERELT
PubMed15% ~ MEDLINE 16% - PsycINFO 0% -
CINAHL Of% St 3 40 L B £ 48 38

_’{ HrR 167 & # 2 3 X ]

[ 187 B 040 AR 4B 248 % 818 SCRK ]

4{ HR2EFBANERAZIRX }

A

A

% 65 LOTCA-I1 A 7
ERESM 2 st EHMS
W1

é%?ﬁi%%ﬁﬁﬁ
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Pk ZOMR  wlag FE ERS #EE SR

— ~ @M rpEE

LOTCA-IT i # >+ 4 At e b % (dp7 RARE= B 11 %) o & &P
HEH P - RESLRIGREERIFFER (FER2005) < e in%Ee
HACAOT R~ AR ECR 2 FlE R (FEER2005) o BRETG HER T
/e o -

AR5 > LOTCA-Il RS2 P} - RIELZ R (=91) "2 A2 2P A-
KPP EE A (0=.43~.84) »HPTRER T s  (0=.84) 2T L ¥ (T (a=.84)

A s R ARG 2 o LOTCA-Il chi R B 24 (=95) » & Méivrd 4§

o

(=69 2T RPR A EE (=T7) 3¢ ROBSAEATAE (=.86~1.00)
LOTCA-II s ipl & 8 1 & %4 (7=.99) > & 2§ 4 7% 5 24 (=.91~1.00) (¥
% > 2005)

Joacrc B > & 0 LOTCA-II Plsk 24 < & X 5+ plsk & = %= B & (Wechsler
Adult Intelligence Scale-IIT, WAIS-III) 2_4p i }4:E 245 & % (,=.70) - & & JTarc
B AR @ T2F¥ - TAE®Fes 2 TR ¥HET E2F%s
(= 55~71) : Hr WAIS-II = B2 M Pd 2 $% (= .64) > A £ 247
TiAf | T Tl 2 TR YT s E s (=.51~67) ;& WAIS-
M4 TFFE422pH i assn (=64) 224703 TzFf )~ Tk
Fhoirms 2 TR EHE EamEs (=.50~63) (3EE%2005) - LOTCA-
I |2 22 i ‘=47 i iPl% (Mini-Mental State Examination; MMSE) & 4 2_4p & 4%
A E s (=.69) 0 REAJTROTRE Ao AR A WAL | TARE R T
L2 TR 44| A %n (= .56~66) (EE% 0 2005)

B IEHILRE ERA 0 FEE R FRERE L L & LOTCA-II g s 3 A & 4
2 SAT-RELI N U TLE /T L84 T HFLE -9 b2 (0=31) &
¥ =3]) BMEGDAEF L 66.1% ¢ b el AEIERF L 58.1% 0 1 ¥ wen

FEIRRIF 5 67.2% (3i: % > 2005)
AEE/BE L G RAE I REES TEe R TR 2 T3

B A R4 FHEFNIEE 2 (g A 842 20538 TARE
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#oires 67 FEEE T T HET 4383 {g?;rvﬁ ¥ X [Tl o ¥ T en
ELAN I ) J’;};ﬁfi‘t’imr\gﬁ? A8 AT BE O ol (BFHRE L5 2007) -

TR TEIEES

LOTCA-Il s * >t & WA G5 BR Wy > G RGRES P - Rk
£RIG R SRIEREGR (339 52005) 2B B & fE|Tae R ~ & e
R 2 FlE R (FEE%2005) o

LOTCA-Il iplsk 2. N - RMELZ R (0=94) > HP T2 @Fof A B AR &
- RMRE (0= .56) Baps R A hp - kPGP ET AE (o= T~ 94) o
LOTCA-Il FERgiplsker & o £ 4 PG R Y 245 (M Gdcsr B i = 98
r=89~98) » WwRlF F GRS W (AP M s B 5 = 99 = 99~1.00) (Fi
% > 2005)

Jeacrek 3 h o LOTCA-IL RIS B8N = A 7 Pls k=2 w22 2 240 M
BEahss =61) ARE7 TR |~ (28 ~ TiEHites
2 TR i Zaise = 50~61) ; - FR iz Ml dainss
(r=54) > REACRORR A AR LAY B TR F A E SR (=.63)

Bog L2 ML E% (1=56) resr 47 BETREHTeL
2 TR 4dkir | 4% % (= .56~58) (3EiE%>2005) - LOTCA-II |3 &
MMSE 4,4z e i 2 s (= 81) » R jcapeh 2 A8 47 Taw
Bo~TifEdires 2 TALHT EaEn (=.65~68) (3 %>2005) -

Bt AEFEATR ARNAL 0 R R FRESE * 4 & LOTCA-II (g s %2 2§ 4

AEFREAGE G BE A Y AT A RA R Y LB (FE%R2005) -
=~ BEATHEMEE

LOTCA-II & Z%#E*" 4 #2 LEAA B R P - RE2FE T X213

SR JCROTR - C R HLR Z X T /E Rk o
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Pk ZOWR  wla FE ERS SEE NS

ZRA S LOTCA-Il 2 T2p g | ~ TifFsites 2 TRETHE, A8
F2 )N - RPARNY BT A (0=77~91) ;a8 THRwE, ~ T2FxF %
Toivstd (AR A2 P - RBEL (a=20~45) B RIEAES G TiTFE | -
T Edires | 2 T Tkt AR LA2ZEPBERAY £3 245
(ICC=.77~89) ;m "zwp | ~ 2@ 2 THirrd  AEL2LBGR
# % (ICC= .49~ .67) (Su, Chen, et al., 2007) -

Yo ac P B S @ 0 LOTCA-II 8 A 24584 4 Ploki M d 24 % &

(r=.53~.69) » REAJCROIR A F A EEE TR TE L 2 TR T HT | 4

)

LF T acrc R (r=.55~.64) cLOTCA-Il g Aa B R 7 itk 3+ » o
#]% (Wisconsin Card Sorting Test, WSCT) #p B #2.: 245 & % (1=.56) > 7 L4
dock s AR AY TR, § 2 dcarch (=.55) c LOTCA-I 4 &3%
e 3AF g enY i 3R AvEE & B1%  ((Allen Cognitive Level Screen, ACLS) #p B }i&
LFEm (=55 0 F AR AR A ATARERFeS 2 TREHFE 3
2470 (=.51~.58) JLOTCA-II 4 A 4 < p ¥ 4 iEH il At i 2 45 % 5
(=.55) > % 2k AR AP TR Y4RIE, § A% (=.57) (Su, Chen, et
al., 2007) -
é%éﬁﬁ&*&’ﬁﬁ%u%%%ﬁ%&ﬁiﬁﬁ%%&§;ga%m;
pBEx2 LOTCA-Nl ¢~ & 42 Fak ¥ L2 (p=.13) (Su, Chen, et al., 2007) -
AREF G LEARERRFALAEAFHY > TR 25 F
TR h38 3 TR h2 33 THF4] | h23FF 5
2 TS e s i FF A BF R o A B TR R il 2

3+ 4L B F e 45 2k (Su, Chen, etal., 2007)

VY ~ R RERERE(E

LOTCA-II @ Sz > i m B k2 p - R 75 REFcaok ~ ¢ ok

R R A /B o o
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G RATA S LOTCA- 2t K% T8 ivpr g A B4 5 MR (a=48)
He 7 AR 4439 BT AB2 P - R (0=.74~ 86) ©

Joaerc B > & 0 B2 1Q il (Pictorial IQtest) &2 TR # i s | 2 T ¥
Peit g o B AAMIEE LEE R (p=.61~.63) > & F L jzaercR (Jangetal,
2009) «

Bo AREAR GRS > KRB E K E AR RRB R ERRGER S =2
otz g A D LOTCA-Il » 8 R 2@ s fe e? &3 o fk
T Rme: @Ak R i Rme 2 FIRFILE 223 F
a2 ol BAppot b 2o fra ez ot B ¥ (Jang et al,,
2009) -

%ﬁWﬁﬁﬁ@%&’?ﬁ%? E3 [
o2 Teiryd  F A ftdoak TRERFEE jh5F 2 TRy HiF
1638+ 38 F B F o 2k (Jangetal., 2009) -

gy~ TR, s (iR

k- REEAS (IBEFR - sHB RIS B RAFERESR)

FHEEFH)7 CFA%E LOTCAI 5% *0im £ 4 (¥ b ~ A1 1% 6
2 L 4 RE) 2 FlEocR (Su Lin,etal,2007) » ¢ #2872 A 0 (1) 7
2 #-7] (one-factor model) 3% i LOTCA-II 56 B =X & % JF’K’T-ﬂ FE - e e
(2) #71% #3 (oblique two-factor model) © 3% % LOTCA-II % 3= | = fiu
oo T T e A B # o (MBI RIT) JE Tesmz it s i (F 18
soff e ) | (Suetal., 2000; Su, Lin, etal., 2007) - %% &7 © 7% #3%
R pe R AR 0 B R R AT AR E i fe R B 5 T pedp R0
B MR E o
BFREFE-HRPIFE N EFI AT (hierarchical two-factor model) 4
s R EAIGEIGINE T REEAEADBEOPEFRAE o BT A
QR AE® o ety th Al 0B % (GFI= 982, AGFI= 933, TLI=1.01, CFI=1,
NFI= .986, RMSEA= .000, IFI=1.01, SRMA= .02) % L& 4 # & B % (GFI= .980,
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AGFI= 924, TLI=1.01, CFI=1, NFI= .979, RMSEA= .000, I[FI=1.01, SRMA= .03) jF’K
{%4% (Su, Lin, et al., 2007) -
¥ fif&‘ peraes pom i om 3 jhs% 7 LOTCA-IL B * »v ¢ b~ £ 5 %5 -

LA RS RmB R FFocRAY -
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:\: e
Y B

AT L H - B R LOTCA-I %24 %7 b R@%Ez o2 § #i g
%~ o LOTCA-Il 4 # ek & % Fi&F duu o™ 1 2 > 5 % » 47 » LOTCA-
Mg B LB FREEEFE (37 b ~AIF NG LE 4 A R2 i s
F) o BEFRM IR CRFERHPLBRIR LIAKELE G FAF A

B S A TR R A F AL R R L

RSN
=1
3
f
Ny

P r RS AL PR 2 SR o FliAr i ¢ 4 A

W A2 £ A 2 LOTCA-IL p + 5 B B e acwc B o

— ~ @M rpEE

LOTCA-Il f# *0 ¢ b BAehe P B 14 50 0B HP TR HT -
EAA FRAEIORHEI R BRI AT PR BRY S EET EFRAD
A iR R AL > T LOTCA-IL e * 224 4% > e p 5 5 v R 7R L
LOTCA-Il fis# ** % B¢ b %2 T3 B 342> ¥ 44 4 79§ B b PHoek ~ T
R B R KR 0 AL RS F Bl o

GRS R LOTCAI* 2 A R A2 P - RPZLREAASF &Y 3 2
R FFIEGRIBIOTVRAFF - 1 (D REPFREFIFIGD > T
G BARM RS 0 BRA A REL G Q) BAES T RBER
A2 RRALR O ER MGG R o bl AP AT e BRI G R 2SR
B R 2SS 20 Rl o A KA L A ik A U S LOTCACII
Bt ALY BB % L o fCACHR A + B B g LOTCAIL 8 WAIS-
Iz Ap B L o dearrc R 2 B S % BT 5 2 ¥ 47 LOTCA-IL 7 3= 3 @
%1%%&4o%a,pﬁ$%ip2$ﬁLmEAHﬁﬁ”f%”ﬁbwwﬁ@
PRI EL MM 4op F 2570 (ADL) ~2 2pp § 23Esi (IADL) S #
FHRE AR T @Y AR sl BT 1 2 %% LOTCA-IT 2 T dcre & o 12

HELRFETIRFHE L EFER AL 0P b B k2 LOTCA-II shi » %
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S IR ENE FHE R ST SN

AEEAAEY CWAET LYY A EAAREIAERFLE (FiE%2005)

I

P IFERFEF W 66.1% 0 A E G = 42 2 i F R IES # o LOTCA-IL 5 p
EABA Y TR L R APTR Y R TTER I E LRSS AL

-

ST A TR R R AL U 2 ke B E LT AR £

“r

n%“

&7 skeiiag o ¥ b LOTCA-IL 5% o fitdd b R 2 %3 e oA £47
FEHE O EE R R A - RIRET R R B EHE ) B2 SRR
AT B L BRFERA SRR EHRAY ¢ 790 b BRSHREMLFE AT (Su,
Lin, et al., 2007) > e FE R &2 > 2 R 2 FHE* ¢ b EHPEE o 7
LOTCA-II } = B4 £ 4 > 2 X RI% 7 % /3090 b > s i &7 kil itk
WA A IR R > BV U HZEMEFELTL E- HFE T LOTCA-II &%)
FRfeo s 2 LOTCA-I 5 * *v 4 ¢ k BRy J PR R ~FFRPIRZE F
PRy R d A% D feaock R Ak £ B LOTCA-IT & p § 4 587 it
HAANETEIL 24P ARFT 7 LT AREIFTIREL DRI 20

Pt LAk iRk 2 BARY o

Bl MRS B 2

LOTCA-Il x* > 4] e R 7"72 Lm e p o4 BT = K pRFEL L&
LB B eTE M ok RN EM2 G R 0 R WAL 5%
FREIRZ FlE 22k > ¥ 2 RF L RE;FEZ AT/ EURE F R

CREPe o AIGHRERERELAT AN - RELF Y T W 8o
AR R (BFEEL-2005) -} A- KM E2 B FF i 5 LOTCA-II £ 4 »
EidmE S fidra e BRAED FAHAMBERM - TR > 6 0 P s W8

B4 ITL i lcarch PR ET Mo B AT A EE 5 LAk

iz s REATALBERE (I pALES L CRES )T P w YA

F A %7 LOTCA-IT &g & 2 fe sk o B ® drk Enfk ek A ﬂ@ﬁ%
FREATAEASG HEFLE (FFER2005) - & LOTCA-II ¥ % 541

o

MR 2 Bk o FlFaR 26 0 5 ¢ ZAIGHNG BRORoRARELTF
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A 157 % (Su,Lin,etal ,2007) - fe FJER &4 A > 2 i A H bR A G 1%
§oEE g % o 9 LOTCA-IL s * »0 & B4 G 17615 B R 27 ek £ b phoc
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A Review of Psychometric Properties of the Loewenstein
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Abstract

Cognitive ability plays a key role in maintaining daily function. Cognitive deficits are
common in patients with brain disease. Loewenstein Occupational Therapy Cognitive
Assessment-Second Edition (LOTCA-II) is the most widely used cognitive ability battery
in clinical practice. However, only few studies in Taiwan have evaluated the psychometric
properties of the LOTCA-II. The aim of this study was to review and appraise the
psychometric properties of the LOTCA-II in different disability groups in Taiwan. After
searching electronic English and Chinese databases, results showed that the LOTCA-II's
total score has good reliability in stroke and traumatic brain injury (TBI) , but has poor
internal consistency in each subtest. In patients with stroke and TBI, LOTCA-II was highly
correlated with cognitive tests, which indicates good convergent validity, and can
discriminate between patients and healthy adults. In patients with schizophrenia, LOTCA-
IT has good reliability and good convergent validity, and can discriminate between patients
and healthy adults. In patients with intellectual disabilities, LOTCA-II has good internal
consistency and good convergent validity, and can discriminate between patients and
healthy adults. A few studies investigated factor validity in patients with stroke and TBI
collectively, but no studies investigated factor validity in individual disability groups. Our
study found that the psychometric properties of the LOTCA-II were limited in patients
with stroke, TBI, schizophrenia and intellectual disabilities in Taiwan. Future studies are
needed to explore the applicability and psychometric properties of the test in all disability
groups. For now, clinicians should be careful when explaining the scores of the LOTCA-IL
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Cultural Suitability in Taiwan

Jing-Ru Sun?, Huang-Min Lioa?, Ling-Wei Chang?,
Ko-Hsin Chen®, Chien-Hsiou Liu®"

Abstract

Background: The Contextual Memory Test (CMT) measures aspects of memory and
metamemory of people with cognitive impairments. It is important to improve cultural
suitability of the CMT and develop pictograms for users in Taiwan. The purposes of this
study were (1) to develop and refine appropriate pictograms and objects to address the
issue of cultural suitability for people in Taiwan, and (2) to understand the recognition
performance of the new versions of the pictograms for people with cognitive impairments.

Methods: Three tests were designed, including a pictogram comprehension test for
healthy ~adults, a pictogram recognition test for healthy adults, and. a pictogram
recognition test for people with cognitive impairments. The analysis of variance (ANOVA)
and Fisher’s least significant difference test (LSD test) were used.

Results: For healthy adults, the results indicated that 8 pictograms (razor, towel,
coffee cup, and comb in the Morning version and flowers, fork, coffee cup, and platein the
Restaurant version) should be retained; the objects represented by two pictograms
(deodorant and cash register) should be changed; and another 30 pictograms should be
replaced with the modified versions. For example, the deodorant pictogram was changed
to a eyeglasses pictogram, and the cash register pictogram was changed to the chopsticks
pictogram. The correct recognition rates for all pictograms were higher than 90%. For
participants with cognitive impairments, the results indicated that the recognition rates for
all of the pictograms (lowest recognition rate: 40%) were higher in the new version than in
the old version (lowest recognition rate: 0%), and mild improvement was found for the
items of restaurant server, sugar, and menu (from 0-20% to 40%).

Discussion: The increased recognition rates suggest that cultural suitability of the
CMT has improved for users in Taiwan.

Keywords: Contextual Memory, Cultural Suitability, Pictogram Comprehension,
Pictogram Recognition
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1. Introduction

The Contextual Memory Test (CMT) measures aspects of the memory and
metamemory of people with cognitive impairments. It has been used with a
wide variety of diagnoses, such as head trauma, cerebral vascular disorders,
and dementia. The strengths of the CMT include ease of administration, ease
of transport, a short administration time of only five to ten minutes, and the
ability to screen for memory dysfunction. The limitation of the CMT is that it
is not a diagnostic memory assessment tool. In the United States, the
reliability and validity of the CMT have been studied. Moderate validity was
found on recall and on metamemory for people with brain injuries, and
normative data have also been collected (Gil & Josman, 2001; Toglia, 1992).

The testing materials of the CMT contain 40 line drawings of objects. All
of the objects to be remembered are familiar objects from daily life in the
United States; meaningful everyday items are thought to relate more to
memory function than do the items used in traditional memory tests (Toglia,
1992). Because the "meaningful items” of the CMT were originally developed
and standardized in the United States, the comprehension of the pictograms
of people from other cultures should be examined. Previous research has
indicated that the performance on the CMT of normal subjects in Taiwan
tends to be lower than that of Americans (Tsai, 2006; Tsai & Chen, 2006).
Another study also indicated that the memory scores of normal Israeli
subjects on the CMT were slightly lower than those of American subjects

(Naomi Josman, 2000). The poor comprehension of the CMT items lead to
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lower ratings of the memory performance for normal subjects in Taiwan than
for American subjects, so the issue of cultural suitability should be
considered (Tsai & Chen, 2006). This research attempted to develop pictures
and objects easily recognizable by natives of Taiwan to improve the cultural
suitability of the CMT for users in Taiwan.

Previous research has found that age, education level, and cognitive
ability may influence performance in determining the meanings of pictograms
(Beaufils et al., 2014; Scialfa et al., 2008; Toglia, 1992). In other words, the
comprehension of the pictograms depends on several factors, such as the
concept, depiction quality, prior training, and target group knowledge. As
compared with young adults, older adults tend to have poorer performance
in determining the meanings of pictograms (Beaufils et al., 2014). Older
adults with cognitive impairment also have poorer pictogram comprehension
performance than that of healthy older adults (Scialfa et al., 2008). This
research attempted to consider the subjects’ age, education level, and
cognitive ability to develop appropriate pictures and objects to improve the
cultural suitability of the CMT for users in Taiwan.

Pictogram designs are culturally linked and are important in the
interpretation of the pictograms (Naomi Josman, 2000). The issue of cultural
suitability should be considered for the CMT; for example, the item deodorant
is rarely used in daily life in Taiwan (Tsai, 2006; Tsai & Chen, 2006), and the
format of a receipt is obviously different in Taiwan. Replacing some items and

pictures would improve the cultural suitability.
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Pictograms are sometimes called pictures, drawings, or graphics. In this
research, the term pictogram will be used as our primary term. Easily
recognizable pictograms should be provided for memory evaluation because
the encoding and retrieval conditions in recall performance are more
consistent with the theoretical perspectives of memory (Tulving, 1987). For
presenting correct information, the American National Standards Institute
(ANSI) has proposed comprehension testing methods and criteria. An item is
considered “acceptable” if it is comprehended by 85% of a sample of 50
participants, with no more than 5% critical confusion errors (American
National Standards Institute, 2011). Based on the “acceptable” consideration
of no more than 5% critical confusion errors, our research defined that the
pictograms should be changed if the recognition rate was lower than 95%.
After comprehension testing, the end result was improved recognition and
comprehension of pictogram-related information, leading to significant
cognition processes.

The purpose of this research was to develop and refine appropriate
pictures and objects which address the issue of cultural suitability for a
pictogram comprehension test and recognition test for people living in Taiwan,
based on the 40 line drawings of objects (pictograms) that are contained in
the testing materials of the CMT. The second purpose of this research was to
understand the recognition performance of the new versions of the

pictograms for people with cognitive impairment in Taiwan.
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2. Methods

Three experiments were designed to achieve our research purposes. First,
a pictogram comprehension test was designed for healthy adults who are
natives of Taiwan. Second, a recognition test was designed for healthy adults
who are natives of Taiwan (the participants were different from those who
participated in the comprehension test). However, in an examination of the
possible cultural suitability of a pictogram comprehension test, the effects of
cognitive impairment on pictogram identification must also be considered.
Therefore, the third test, the pictogram recognition test, was designed for
people with cognitive impairment. This research was approved by the local

ethics committee of the Institutional Review Board.

2.1 Experiment 1: Pictogram comprehension test
2.1.1 Participants

All of the participants in this experiment were recruited via the internet,
such as through Facebook, Line, and e-mail. The recruitment criteria were as
follows: native of Taiwan, absence of cognitive impairment, normal or
corrected-to-normal vision, and willingness to participate. People who were
born outside Taiwan and had studied or lived outside Taiwan for over one
year were excluded. The recruitment period was two months. Participants

who did not complete the test were excluded from subsequent analyses.
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2.1.2 Materials

Five sets of pictograms comprising the 40 line drawings of objects
contained in the CMT were used. Equal numbers of studied objects were
paired in two versions of the CMT: 20 line drawings of objects for the morning
version, and 20 line drawings of objects for the restaurant version. The
pictogram comprehension test was conducted in the form of a ranking
questionnaire in this study. The ranking questionnaire was designed in
Google Sheets. Regarding the pictograms in the ranking questionnaire, four
designers of Taiwanese nationality were invited to draw 40 line drawings for
the objects of the CMT. Therefore, five digital images of the pictures were
shown for each of the 40 testing objects. The first was the original image of
the CMT, and the following four images were drawn by designers of Taiwanese
nationality. For example, Fig. 1 shows five line drawings of the object “bed”.
Forty line drawings for the objects of the CMT were designed in the ranking
questionnaire and sequentially presented. Previous research has suggested
that because deodorant is rarely used in daily life in Taiwan, the cultural
suitability of the CMT (Tsai & Chen, 2006) needed to be considered; therefore,
deodorant xwas replaced with eyeglasses after discussion and agreement by

our research team.

2.1.3 Experimental procedure

The pictogram comprehension test was conducted to determine the most
appropriate of the five pictograms of each object for participants living in

Taiwan. First, the participants were asked to enter their demographic
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information, including age, gender, and educational level, into a Google
Sheets table before testing began. Then the five pictograms of each object
were presented sequentially using a personal mobile phone. Participants were
blind to the sequences of images. While viewing the five pictograms of each
object, participants were asked to choose the most recognizable image and
fill in a score of “5”, and then to continue until all the images were scored
from “3” to “1” to rank them from excellent to poor. In the pictogram
recognition test, the 40 objects were presented sequentially. The participants
could rest at any time if they felt tired. All participants completed the
pictogram comprehension test on their personal mobile phones in a quiet

setting.

2.1.4 Statistical analysis

All of the data were examined by normality test. Chi-square was used to
evaluate if the gender, age, and education level were related in choosing the
most recognizable pictograms. Analysis of variance (ANOVA) was used to
determine the most recognizable pictogram of each object for participants
from Taiwan, and Fisher’s least significant difference test (LSD test) was used
for post hoc analysis if any significant differences in pictogram recognition
scores were found within each set of five pictograms. The significance level
was set at a< 0.05.

In addition, the results were summarized for the retention rate,
replacement rate, and change rate of the pictograms. The retention rate was

the number of retained pictograms divided by the total number of pictograms;
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the replacement rate was the number of replaced pictograms divided by the
total number of pictograms; and the change rate was the number of changed

pictograms divided by the total number of pictograms.
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Figure 1

Pictogram recognition test for the “Bed” item

2.2 Experiment 2: Pictogram recognition test for healthy adults
2.2.1 Participants

Fifty-four healthy adults (22 males and 32 females; mean age 30.40 (+

16.99) years) who were natives of Taiwan were recruited to participate in this
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experiment. All of the participants were recruited via the internet, such as
through Facebook, Line, and e-mail. The recruitment criteria were as follows:
native of Taiwan, absence of cognitive impairment, normal or corrected-to-
normal vision, and willingness to participate. People who were born outside
Taiwan and had studied or lived outside Taiwan for over one year were
excluded. The visual acuity of all participants was better than 0.8 to ensure

that they could clearly see the pictograms and recognize them correctly.

2.2.2 Materials

The testing materials for the pictogram recognition test comprised the 40
pictograms of the modified CMT (called CMT-Taiwan, CMT-T) developed in
Experiment 1. The 40 pictograms were printed on 2 sheets of A4 paper, each
containing 20 pictograms. One was the Morning version, and the other was

the Restaurant version (see Figure 2 and Figure 3).

2.2.3 Procedures and data analysis

First, the demographic data were collected and the corrected Snellen
visual acuity at a three-meter viewing distance was measured while the
participants wore corrective lenses. Then all the participants participated in
the recognition test. The distribution of the two testing materials to the
participants was randomized. The participant sat at a table, and an A4 sheet
of paper with 20 pictograms was placed on the table in front of the participant.
Then the participant was asked to name each pictogram from left to right,

and from the top row to the bottom row. Each participant was encouraged to
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name the pictogram or respond with his or her interpretation of its meaning
but not given any verbal or nonverbal cues. The examiner recorded each
response. Finally, the correct recognition score was calculated after all
participants completed testing. Several responses were recorded for the same
pictogram; for example, the “tap” picture elicited responses of faucet, tap, and
water. Therefore, for reliability, three examiners determined which one was
the correct name or meaning in a blind condition. The open-ended responses
were then scored as dichotomous data (either correct or incorrect). Correct
was defined as two or three examiners determining the name to be correct.
All examiners were occupational therapists, were familiar with the testing

procedures of the CMT, and understood the research purposes.

2.3 Experiment 3: Pictogram Recognition test for people with cognitive
impairment
2.3.1 Participants

Five participants (3 males and 2 females, mean age 25.80 * 5.53 (range
from 20 to 34 years)) were recruited from local educational and nursing
institutions. Three had been diagnosed with intellectual disabilities, one with
Down Syndrome, and one with traumatic brain injury. They were thoroughly
screened by interview to exclude individuals with expressive and recognizable
communication limitations before completing the pictogram recognition test.
The Standardized Mini Mental State Exam (SMMSE) was used to evaluate
their cognitive functioning. The mean score of the SMMSE was 13.40 + 3.77,

ranging from 10 to 20. Before the start of the testing session, the corrected
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Snellen visual acuity at a three-meter viewing distance was measured while
the participants wore corrective lenses. The visual acuity of all the

participants was better than 0.8.

2.3.2 Materials

Two sets of testing materials for the open-ended test were prepared. One
set was the 40 pictograms of the CMT, and the other set was the 40
pictograms of the modified CMT (CMT-T) developed after Experiment 2. The
80 pictograms were printed on 4 sheets of A4 paper, each containing 20

pictograms.

2.3.3 Procedures and data analysis

First, the demographic data were collected, and then the cognitive level
and corrected Snellen visual acuity were measured. Then all participants sat
at a table to begin the pictogram recognition test. Each participant was given
one of the four testing material sheets in randomized order. Each sheet was
collected after completion and the next one was given until the four sheets
had been completed. Each sheet of the testing materials containing 20
pictograms was placed on the table in front of the participant. The
subsequent instructions, testing procedure, and scoring process were the

same as in Experiment 2.
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PEARSON
——

Figure 3

Testing materials for the Restaurant version: left, original; right, refined.
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3. Results

3.1 Experiment 1. Pictogram comprehension test

For this experiment, 128 healthy adults native to Taiwan were recruited.
All participants completed the test. Demographic data included information
on gender, age, and years of education. In the sample, 60.75% (n=78) of the
participants were female and 39.25% (n=50) were male. The percentages of
participants that chose the most recognizable image did not differ by gender,
X2 (1, n=128) = 4.762, p > 0.313. Divided by age, 26.17% (n=33) of the
participants were 20-29 years old, 12.15% (n=16) were 30-39 years old,
27.10% (n=35) were 40-49 years old, and 34.58% (n=44) were 50-59 years
old. The age groups were not significantly different, X2 (3, N = 128) = 6.026,
p = 0.915. Regarding level of education, 17.76% (n=23) of the participants
had more than 17 years of education, 72.90% (n=93) had 12-16 years of
education, and 9.35% (n=12) had less than 12 years of education. The
relation between levels of educational was significant, X2 (2, N = 128) =
28.815, p < 0.001. Participants with > 17 years of education rated image 1
lower than did those with 12-16 years of education or < 12 years of education.

Table 1 shows the mean pictogram comprehension score and 95%
confidence interval for each object in the Morning version. The results of
ANOVA for each object are shown in Table 3. All twenty objects were found to
have significant differences within each set of five pictograms (p < 0.05), so
the LSD post hoc test was used to compare the pictogram comprehension

scores within each set of five pictograms. The results of the LSD post hoc test
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indicated the most recognizable images (p < 0.05), which are shown in Table

3. The results indicated that four pictograms, those of a razor, a towel, a cup

of coffee, and a comb, should be retained, and that the object in one

pictogram, deodorant, should be changed. That object was changed to

eyeglasses. Therefore, in the Morning version, the retention rate was 20%

(4/20), the replacement rate was 75% (15/20), and the change rate was 5%

(1/20).

Table 1

Mean pictogram comprehension score and 95% confidence interval for each object in the morning version

Pictogram

Object

1

2

3

4

5

Mean(95%CI)

Mean(95%CI)

Mean(95%CI)

Mean(95%CI)

Mean(95%CI)

Bed
Toothbrush
Bathtub
Shirt
Overcoat
Soap
Razor
Toothpaste
Towel
Coffee cup
Hair dryer
Newspaper
Eyeglasses
Closet
Toilet
Dresser
Bathroom
Shoes
Alarm clock

Comb

3.299(3.015-3.582)
3.710(3.478-3.943)
3.710(3.493-3.927)
2.710(2.440-2.980)
3.336(3.058-3.615)
3.654(3.058-3.615)
4.346(4.177-4.515)
3.589(3.353-3.824)
4.084(3.840-4.328)
3.944(3.673-4.215)
3.374(3.087-3.660)
2.421(2.160-2.681)
4.028(3.805-4.251)
2.888(2.575-3.201)
3.748(3.482-4.014)
2.804(2.516-3.091)
2.439(2.148-2.730)
3.047(2.765-3.328)
3.112(2.778-3.447)

3.374(3.114-3.634)

2.299(2.102-2.496)
3.514(3.306-3.722)
3.822(3.614-4.031)
2.822(2.587-3.058)
2.879(2.641-3.116)
2.720(2.641-3.116)
3.000(2.799-3.201)
2.813(2.630-2.996)
2.393(2.154-2.631)
3.224(3.034-3.415)
2.981(2.752-3.211)
3.121(2.894-3.349)
3.075(2.857-3.293)
3.850(3.657-4.044)
4.065(3.870-4.261)
3.626(3.430-3.822)
4.290(4.115-4.464)
2.953(2.786-3.121
3.280(3.057-3.503

3.421(3.208-3.633

3.271(3.027-3.515)
1.505(1.312-1.697)
2.495(2.278-2.713)
2.766(2.547-2.986)
2.093(1.847-2.340)
2.467(1.847-2.340)
2.617(2.325-2.908)
1.916(1.702-2.130)
2.804(2.509-3.099)
2.103(1.883-2.323)
2.710(2.434-2.986)
2.907(2.670-3.143)
2.308(2.050-2.567)
2.925(2.692-3.159)
1.776(1.597-1.955)
3.589(3.355-3.823)
2.477(2.264-2.689)
2.234(1.962-2.505)
2.121(1.910-2.333)

1.991(1.760-2.221)

3.953(3.752-4.154)
3.944(3.749-4.139)
3.290(3.037-3.542)
3.925(3.702-4.148)
3.813(3.569-4.057)
4.336(3.569-4.057)
3.084(2.890-3.278)
4.318(4.100-4.536)
3.047(2.812-3.281)
3.299(3.056-3.542)
2.925(2.664-3.187)
3.495(3.204-3.787)
3.439(3.191-3.688)
2.570(2.353-2.787)
3.140(2.950-3.331)
2.458(2.234-2.682)
2.449(2.243-2.655)
3.514(3.250-3.778)
3.785(3.562-4.008)

3.692(3.450-3.933)

2.178(1.916-2.439)
2.327(2.134-2.520)
1.682(1.463-1.902)
2.776(2.452-3.100)
2.879(2.642-3.115)
1.822(2.642-3.115)
1.953(1.696-2.210)
2.364(2.137-2.562)
2.673(2.450-2.896)
2.430(2.159-2.701)
3.009(2.722-3.297)
2.056(1.809-2.303)
2.150(1.917-2.382)
2.766(2.454-3.079)
2.271(2.038-2.504)
2.523(2.213-2.834)
3.346(3.084-3.608)
3.252(2.959-3.546)
2.701(2.464-2.938)

2.523(2.257-2.790)

NOTE. Underline and bold indicate the highest value of the five scores.
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Table 2 shows the mean pictogram comprehension score and 95%
confidence interval for each object in the Restaurant version. The ANOVA
results for each object are shown in Table 3. For this version as well, all
twenty objects were found to have significant differences within each set of
five pictograms (p < 0.05), so the LSD post hoc test was used to compare the
pictogram comprehension scores within each set of five pictograms. The
results of the LSD post hoc test indicated the most recognizable images (p <
0.05), which are also shown in Table 3. However, no significant difference was
found for the image of a plate (p=0.07), so the original image was retained.
The results indicated that four images, the images of flowers, a fork, a coffee
cup, and a plate, should be retained. Therefore, in the Restaurant version,
the retention rate was 25% (5/20) and the replacement rate was 75% (15/20).

In total, 9 pictograms were retained; the mean retention rate was 22.5%
(9/40). Thirty pictograms were replaced; the mean replacement rate was 75%
(30/40). Two pictograms were changed; the mean change rate was 2.5%

(1/40).

3.2 Experiment 2: Pictogram recognition test for healthy adults

For the Morning version, the correct recognition score for all of the objects
was 100% (54 /54). For the Restaurant version, the correct recognition scores
for wallet, plate, and cash register were 96.30% (52/54), 96.30% (52/54), and
90.74% (49/54), respectively. For the wallet pictogram, incorrect responses
included cabinet or book; for plate, such responses included hula hoop or

doughnut; for cash register, they were typewriter or calculator. Only one
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pictogram, that of a cash register, should be rejected because the recognition

rate was lower than 95%. Finally, the cash register was changed to chopsticks

after discussion and agreement by all of our research team members.

Table 2

Mean pictogram recognition score and 95% confidence interval for each object in the Restaurant version

Pictogram

Object

1

2

3

4

5

Mean(95%CI)

Mean(95%CI)

Mean(95%CI)

Mean(95%CI)

Mean(95%CI)

Restaurant
server
Sugar
Menu
Knife
Flowers
Cake
Soda
Sandwich
Fork
Receipt
Coat
Table and
chair
Wallet
Ashtray
Coffee cup
Tap
Spoon
Cash register
Plate

Napkins

3.271(2.964-3.578)

2.963(2.665-3.260)
2.355(2.106-2.604)
2.626(2.386-2.867)
3.813(3.560-4.066)
3.075(2.776-3.373)
2.850(2.617-3.084)
1.879(1.641-2.116)
3.850(3.570-4.131)
2.187(1.898-2.475)

3.215(2.927-3.503)

3.439(3.219-3.660)

3.196(2.935-3.457)
2.738(2.491-3.457)
3.944(3.673-4.215)
2.150(1.851-2.448)
3.280(3.003-3.557)
2.430(2.179-2.681)
3.103(2.783-3.423)

1.364(1.203-1.525)

3.869(3.677-4.061)

4.056(3.815-4.297)
2.822(2.595-3.050)
3.879(3.660-4.097)
3.103(2.853-3.352)
3.449(3.222-3.675)
3.364(3.131-3.598)
3.841(3.630-4.052)
3.449(3.231-3.666)
2.991(2.756-3.225)

3.290(3.036-3.545)

4.421(4.240-4.601)

3.308(3.062-3.555)
3.794(3.578-4.011)
3.224(3.034-3.415)
3.449(3.223-3.674)
2.869(2.660-3.078)
3.916(2.677-4.154)
2.794(2.542-3.047)

3.523(3.309-3.738)

2.542(2.311-2.773)

2.551(2.344-2.759)
3.196(3.007-3.385)
2.131(1.895-2.366)
2.383(2.119-2.647)
2.953(2.716-3.191)
2.271(2.058-2.484)
3.318(3.076-3.560)
1.636(1.415-1.856)
2.589(2.364-2.814)

2.570(2.324-2.816)

1.776(1.597-1.955)

3.318(3.064-3.571)
1.692(1.453-1.931)
2.103(1.883-2.323)
2.439(2.195-2.684)
1.822(1.576-2.069)
3.551(3.317-3.786)
3.327(3.124-3.531)

3.168(2.950-3.386)

2.664(2.437-2.890)

2.477(2.269-2.685)
4.542(4.371-4.713)
3.570(3.285-3.855)
2.318(2.121-2.514)
3.364(3.130-3.599)
4.037(3.768-4.307)
3.654(3.423-3.885)
3.206(3.009-3.402)
3.355(3.163-3.547)

2.533(2.274-2.791)

2.664(2.443-2884)

3.047(2.774-3.320)
3.467(3.268-3.667)
3.299(3.056-3.542)
3.449(3.236-3.661)
3.626(3.428-3.824)
2.682(2.476-2.889)
2.953(2.726-3.180)

3.804(3.574-4.034)

2.654(2.357-2.951)

2.953(2.673-3.234)
2.084(1.850-2.318)
2.794(2.564-3.025)
3.383(3.110-3.656)
2.159(1.876-2.441)
2.477(2.216-2.738)
2.308(2.091-2.526)
2.860(2.633-3.087)
3.879(3.594-4.163)

3.393(3.127-3.658)

2.701(2.448-2.954)

2.131(1.837-2.389)
3.308(3.054-3.563)
2.430(2.159-2.701)
3.514(3.264-3.764)
3.402(3.128-3.675)
2.421(2.133-2.708)
2.822(2.499-3.146)

3.140(2.888-3.392)

NOTE. Underline and bold indicate the highest value of the five scores.
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3.3 Experiment 3: Pictogram recognition test for people with cognitive
impairment

Table 4 shows the correct recognition scores for each pictogram. On the
CMT-T, 24 items, such as toothbrush, tube, and shirt, had correct recognition
scores of 100%, and 13 items, such as soap, razor, and flowers, had correct
recognition scores of 60%-80%. Three items, restaurant server, sugar, and
menu in the Restaurant version, had correct recognition scores of 40%. Even
though these three scores were low, they were greatly improved from 0% on the

CMT to 40% on the CMT-T.

4. Discussion

In this study, three experiments were conducted. In the first experiment, it
was expected that the comparisons of five pictures drawn by different designers
would produce pictograms easily recognizable to people who live in Taiwan. For
this experiment, 128 healthy adults were recruited, and the results indicated
that 8 pictograms should be retained, 30 pictograms should be replaced, and
one pictogram should be changed. The deodorant pictogram was changed to
one of eyeglasses. In the second experiment, it was expected that the pictograms
would be correctly recognized in the pictogram recognition test. The results
indicated that the pictogram representing a cash register should be changed,
so it was changed to one of chopsticks. The third experiment was conducted to
measure the recognition performance of participants with cognitive impairment.

The results indicated improved recognition performance for all of the pictograms,
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but only mild improvement for restaurant server, sugar, and menu in the

Restaurant version.

Table 4

Mean pictogram recognition score and 95% confidence interval for each object in the Restaurant version

Morning Correct recognition score Restaurant Correct recognition score
version version
(valid numbers / total responses) (valid numbers / total responses)
CMT CMT-T CMT CMT-T
Restaurant Restaurant
Bed 100 (5/5) Bed 100 (5/5) 20 (5/5) 40 (5/5)
server server
Toothbrush 100 (5/5)  Toothbrush 100 (5/5) Sugar 0 (0/5) Sugar 40 (2/5)
Tub 100 (5/5) Tub 100 (5/5) Menu 0 (0/5) Menu 40 (2/5)
Shirt 100 (5/5) Shirt 100 (5/5) Knife 80 (4/5) Knife 80 (4/5)
Overcoat 100 (5/5) Overcoat 100 (5/5) Flowers 80 (4/5) Flowers 80 (4/5)
Soap 40 (2/5) Soap 80 (4/5) Cake 80 (5/5) Cake 100 (5/5)
Razor 60 (3/5) Razor 60 (5/5) Soda 100 (5/5) Soda 100 (5/5)
Toothpaste 100 (5/5)  Toothpaste 100 (5/5) Sandwich 60 (3/5) Sandwich 80 (4/5)
Towel 100 (5/5) Towel 100 (5/5) Fork 100 (5/5) Fork 80 (4/5)
Coffee cup 100 (5/5)  Coffee cup 100 (5/5) Receipt 20 (1/5) Receipt 60 (3/5)
Hair dryer 100 (5/5) Hair dryer 100 (5/5) Coat 100 (5/5) Coat 100 (5/5)
Table and Table and
Newspaper 100 (5/5)  Newspaper 100 (5/5) ) 80 (5/5) ) 100 (5/5)
chair chair
Deodorant 0 (0/5) Eyeglasses 100 (5/5) Wallet 60 (3/5) Wallet 60 (3/5)
Closet 80 (4/5) Closet 80 (4/5) Ashtray 100 (5/5) Ashtray 100 (5/5)
Toilet 100 (5/5) Toilet 100 (5/5) | Coffee cup 100 (5/5)  Coffee cup 100 (5/5)
Dresser 0 (0/5) Dresser 60 (3/5) Tap 60 (3/5) Tap 80 (4/5)
Bathroom 40 (2/5) Bathroom 100 (5/5) Spoon 100 (5/5) Spoon 100 (5/5)
Cash )
Shoes 100 (5/5) Shoes 100 (5/5) ) 0 (0/5) Chopsticks 100 (5/5)
register
Alarm
Alarm clock 100 (5/5) lock 100 (5/5) Plate 80 (4/5) Plate 80 (4/5)
cloc
Comb 100 (5/5) Comb 100 (5/5) Napkins 20 (1/5) Napkins 80 (4/5)

NOTE. Grey cells indicated the changed objects.
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Previous researchers found that the scores of the CMT for healthy adults in
Taiwan were lower than those of their counterparts in the United States (Tsai &
Chen, 2006). Based on the results of experiment 1, our research found that the
retention rate was only 20%. In Experiment 3, which measured the performance
of cognitively impaired participants, the recognition rate improved from 0% to
100%. The unfamiliar objects on the original CMT were difficult to encode,
register, and retrieve, and cultural unsuitability may have limited the memory
performance or decreased the effectiveness of contextual cues (Tsai & Chen,
2006). The low retention rate indicated that the subjects were unfamiliar with
the objects or had difficulty processing the pictograms, and it also indicated the
cultural unsuitability of the set of pictograms. The high recognition rate
indicated that the subjects could comprehend the objects. Our findings indicate
that the issue of cultural suitability has been considered, and the pictograms
can be correctly recognized and applied to memory testing in Taiwanese
subjects.

The percentages of participants that chose the most recognizable images
did differ by years of education, but not by gender and age. Although the mean
age of subjects was higher in experiment 1 than in experiments 2 and 3, we
suggest that performance on experiment 1 may not have been affected by that
difference because age did not affect the selection of the most recognizable
image. For the years of education, participants with > 17 years of education
rated image 1 lower than did those with 12-16 years of education or < 12 years
of education. Evaluations of memory performance with the CMT should

consider the effects of years of education in the future.
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In Experiment 3, the results indicated improved recognition performance
for all of the CMT-T pictograms for the participants with cognitive impairment.
Previous researchers have also reported that the pictogram comprehension
ability of adults with cognitive impairment is poorer than that of healthy adults
(Scialfa et al., 2008). Individuals with limited cognitive ability have been
reported to have low comprehension rates and more difficulty with pictogram
materials (Hoonhout, 2000; Peckham, 2014). As mentioned above, because the
people with cognitive impairment could recognize and comprehend the new
versions of the 40 line drawings for the CMT-T, they could encode, register, and
retrieve the memory materials in the CMT-T, so memory performance could be
tested with the CMT-T.

The results of the third experiment indicated that recognition performance
improved for all of the pictograms, but that the improvement for restaurant
server, sugar, and menu (40%) was less than that of the others (60-100%). It is
possible that, because the participants had lived in an educational institution
for the cognitively impaired for extended periods, they had little experience of
eating out. Because they rarely encountered restaurant servers, sugar, or
menus, they were unable recognize the objects. The results of the second
experiment indicated that the correct recognition scores for wallet and plate
were both 96.30% (52/54). For the wallet pictogram, incorrect responses
included cabinet or book; for plate, such responses included hula hoop or
doughnut. These two pictograms should be retained because the recognition
rate was higher than 95%. Three suggestions are proposed to overcome these

limitations: (1) replace the pictograms with those of other items, such as a rice
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spoon, which often appear in dining rooms, (2) develop a new version, such as
a Shower version, to replace the Restaurant version for people with cognitive
impairment, and (3) add the object names given by participants with impaired
cognition to the list of acceptable alternatives on the testing manual.

Previous research on the CMT for healthy adults living in Taiwan indicated
that sixteen objects (e.g., deodorant, receipt, and tap) were significantly difficult
to identify (Tsai & Chen, 2006). Tsai et al.’s research suggested that the sixteen
pictograms should be replaced or changed, and our study developed in depth
appropriate pictograms to address issue of cultural suitability for users in
Taiwan. The CMT-T can be applied in clinical memory assessment for people
who live in Taiwan, and it can be used to determine memory response before
and after cognitive intervention.

Our research had several research limitations. First, all of the participants
were recruited via the internet; this recruitment method may have introduced
bias into experiment 1. Second, only five subjects were recruited in the third
experiment. Third, three items (restaurant server, sugar, and menu) should be
considered for replacement in the future. Finally, the experimental design did
not consider whether participants could understand the Chinese characters in

the pictograms, such as the words for sugar and menu.

5. Conclusion

In this research, 80% of the pictograms of the original CMT were replaced

or changed to improve the cultural suitability of the pictograms for Taiwanese
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people. This research developed the pictogram materials for the CMT-T. Since
picture recognition can affect image memory performance, information
encoding, retrieval, and memory will be enhanced by easily recognizable
pictures. It is expected that the clinical implications of the CMT-T will be further

examined in the future.
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Fabrication of Transparent Face Orthosis by Using 3D Printing
Technology: A Feasibility Study
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Abstract

3D printing is a process of creating a three-dimensional object from a digital file. It
allows for printing customized and complicated models with relatively low cost. This
study investigated the feasibility of fabrication of transparent face orthosis (TFO) by using
a non-contact scanning with 3D printing. Twenty able-bodied participants participated in
this study. After fabrication of TFOs by 3D printed mold and conventional plaster mold,
participants were assigned to wear these two TFOs. The sequential order of the wearing
model was randomly assigned with one-week interval. After one-hour wearing,
participants were asked to indicate the comfort level and the discomfort region on face.
The results showed that no differences were noticed between these two molds. But
participants with 3D printed mold felt much more comfortable during the casting process.
3D printing technology was a promising method to help therapist fabricate the TFO. This
method was faster and less stressful for patients. However, one limitation of this study
was the lack of comparisons of comfort rating from patients with facial burns. Future
research is needed to examine the comfortable rating for burn patients.
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1. Introduction

Hypertrophic scars are an unavoidable complication of burn injuries. It
can limit a survivor's functional ability as well as affect their body image. The
use of external pressure applied by non-invasive means of preventing and
controlling of hypertrophic scars have been widely accepted (Cheng et al.,
1984; Linares, Larson, & Willis-Galstaun, 1993; Mann, Yeong, Moore,
Colescott, & Engrav, 1997; Staley & Richard, 1997; Ward, 1991).
Hypertrophic scars could become softer and flatter if adequate external
pressure is applied for a correct period of time. Otherwise scar tissue may
continue to grow until the elasticity of the surrounding tissue is exhausted
(Rivers, Strate, & Solem, 1979). Existing research showed that pressure
reduced minor problems such as itchiness, discomfort and blistering (Leung
& Ng, 1980).

Pressure garments or transparent face masks are widely used
conventional methods for burn scars. Pressure garments seem to work well
over areas of the body. However, the complex and contoured surface of facial
area is a challenge for pressure garments, even for skilled therapists or
manufacturers. If the pressure garment does not provide uniform pressure to
contoured areas of the body, it may increase the tendency of those areas to
form hypertrophic scars. Furthermore, pressure garments fail to apply
enough pressure in areas of high contour or during movement and tend to
lose their elasticity over time (Ahn, Monafo, & Mustoe, 1989; Cheng, et al.,

1984; Harries & Pegg, 1989).
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A transparent face orthosis (TFO), sometimes called a transparent facial
mask, is widely used for facial burns treatment. TFO is effective to reduce
hypertrophic scarring and to maintain the facial contours (Esselman, Thombs,
Magyar-Russell, & Fauerbach, 2006; Powell, Haylock, & Clarke, 1985; Rivers,
et al., 1979; Shons, Rivers, & Solem, 1981). Straps and anchors that secured
TFO provide compression pressure. TFO fabricated from an accurate pattern
of the head eliminates many of the disadvantages of pressure garments. The
vascular blanching of scar beneath the TFO allows the therapist to ensure a
proper fit acutely. Furthermore, Groce, Meyers-Paal, Herndon, and McCauley,
(1999) found that although no significant difference in pressure under a TFO
compared with a custom pressure garment, patients with noticeable scarring
around the face preferred the TFO because it was accepted as normal to
expose facial features in public.

Two methods of fabricating the facial mask could be practiced by the
occupational therapist in rehabilitation unit. First is the conventional plaster
method that involves multiple complicated steps and direct contact with the
scars. The fabricating process includes using dental alginate as a casting
material, applying plaster bandages for reinforcement, filling liquid plaster for
molding the mask, and using high-temperature thermoplastics to vacuum
the mask mold (Locke, 1991). This conventional method is a complex and
labor-intensive task and often causes discomfort to the patient. 64% of
therapists reported that it took 6 to 10 hours to fabricate a TFO, and 68%
stated that the most difficult step of making a TFO was “casting” or “modifying

the mold”. The survey also revealed that 86% of therapists needed to recast
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the patient due to improper fit (Parry, Doyle, Hurlin-Foley, Palmieri, &
Greenhalgh, 2002).

The second technology for fabricating TFO is using a 3D scanner that
scans the facial area. Several types of 3D scanner, (e.g. 3D digitizers, laser
scanners, white light scanner and others) were used to provide the cloud data.
The point of cloud data from the scanning process is used to generate the
mask using computer-aided design (CAD) software, and the part is exported
to a stereolithography (STL) file for rapid prototyping process. The scanning
process increases the fitting between the material and the face surface.

Face masks built using this 3D scanner technology have been reported
in two case studies, and shown to yield better outcomes with accuracy and
fitting of the mask in comparison with using the conventional method. The
first study built the facial contour of a burn patient by 3D surface scanning.
The ZCorp machine with the powder based rapid prototyping system was
used to build the mask mold (Pilley, Hitchens, Rose, Alexander, & Wimpenny,
2011). The second study on two children with facial burns was conducted by
a portable 3D scanning and CAD to produce 3D-printed transparent
facemasks (Wei, Li, Liu, Xie, & Yue, 2017). The results indicated that scar
thickness was decreased and the patients were more satisfied with their facial
appearance. The 3D-printed facemasks were well fitted on two patients.
However, the authors did not report the model of 3D-printer so we are unable
to identify the 3D printed method used in their study. But they concluded
that 3D-printed transparent facemask was a feasible means for treating

pediatric facial hypertrophic scars after burn.

231



W-L Liang, W-M Lee, S-H Huang, J-J Chang, Y-S Yang

As 3D printing technology improves, more 3D printed methods are used
to implement the project. In health care, rapid prototyping techniques like
stereolithography (SLA), fused deposition modeling (FDM), and selective laser
sintering (SLS) are commonly used to manufacture medical devices (Rengier
et al., 2010). The FDM printers use a thermoplastic filament, which is heated
to its melting point and then extruded, layer by layer, to form the object. Due
to its application in varied fields such as architecture, engineering, and
electronics medicine, 3D printing technology is getting more available to the
consumer market today, as an inexpensive go-to machine. Therefore, the
purpose of this study was to investigate the feasibility of fabrication of TFO
by use of non-contact structured light scanning with 3D printing technology.
It was intended to provide a practical means of new fabrication technology for

TFO.

2. Methods

2.1 Participants

Twenty able-bodied participants were recruited through posters in public
spaces. Participants were included in the study if they met the following
criteria: 20 years of age or older; did not have previous history of
musculoskeletal or nerve injuries causing involuntary facial movements such
as facial tics. If the participant appeared facial skin irritation after wearing
mask, the participant was excluded. All participants were informed of the

study’s risks and benefits, and their identity would not be disclosed. Their
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participation was voluntary. Afterwards, participants signed the informed
consent in accordance with the procedures approved by the Institutional
Review Board of the Kaohsiung Medical University Hospital prior to

participation in the study.

2.2 Fabrication of TFO using traditional method

Participants were positioned in semi-reclined position on the hospital bed.
One experienced occupational therapist performed the casting produces for
all participants. The total casting procedure took approximately 25 minutes
for each participant, but the TFO took approximately 72 hours to complete
due to plaster mold drying time. In the first step of making the mask, the
participant’s face was covered with dental alginate impression materials
(Figure 1) and reinforced with plaster bandages. Afterwards, the impression
was removed from the patient’s face. The inside of the impression duplicated
the curves of the person’s face. The face impression then was filled with liquid
plaster (Figure 2). When the plaster dried, it formed a solid head. Next, the
therapist cleaned the plaster head and sanded it smooth. A sheet of
transparent thermoplastic was then heated in an oven until the plastic was
soft and pliable. The warm plastic sheet was then draped and completely
pressed over the plaster head with a vacuum former. After the plastic cooled
down, the therapist cut openings in the mask for eyes, nose, mouth and ears,

and attached elastic straps to the sides.
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Figure 1

Using dental alginate impression materials to get the facial profile

Figure 2

A positive mold of the face was fabricated with the use of liquid plaster
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2.3 Fabrication of TFO using 3D printing technology

After participants finished the casting of face impression, they used face
wipes to clean their faces. Participants were positioned in the semi-reclined
position again. The three-dimensional face image of participant was digitally
scanned by a handheld scanner (iSense™ 3D-Scanner, 3D Systems, Inc,
South Carolina, USA). The acquisition time was less than one minute to
complete the image. Afterwards, the imager was operated by Blender software
package (www.blender.org). Blender is a professional open-source and free
3D modeling software for creating 3D pipeline, modeling, animation, and
rendering. The data point clouds generated from the handheld scanner were
then cleaned of extraneous data by trimming tool and fitted with 3D surfaces
via Blender. The finished 3D facial model was then exported to a STL file for
use in 3D printing. A 3D printer (Mbot Black Stone plus, Armsource Inc,
Kaohsiung, Taiwan) with the quality 0.2 mm layer resolution was used to
make a face mold (Figure 3). The printing process took 24 to 32 hours
depending on the size of face mold. Afterward, the following steps were the
same as described above for the traditional method including heating
transparent thermoplastic, pressing over the face mold with a vacuum former,

and cutting openings in the mask (Figure 4).

2.4 Questionnaire

After completing fabrication of TFO by using the two methods, the
participants were asked to wear the TFO which were made from either the
conventional plaster mold or 3D printed mold for one hour. After one-hour

wearing TFO, the participants filled out a subjective questionnaire. Ten
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questions including a question regarding recall of comfort level during
fabrication and a question regarding facial discomfort regions (Figure 5) were
constructed to form this subjective comfort questionnaire. Perceptions of TFO
fitting comfort were measured by a visual analog scale of 10cm in length
(Daniel, 1995). The left end of the scale (Ocm) represented extreme discomfort
and the right end of the scale (10cm) represented extreme comfort.
Participants were asked to place an “X” on the visual analog scale to show
their level of comfort for each TFO (DiGiovine, Cooper, Boninger, Lawrence,
VanSickle, & Rentschler, 2000).

The wearing session of two TFOs was one week apart to minimize
problems with recall over a more extended time interval. The sequential order

of the wearing model was assigned by a random number generator.

Figure 3
A positive mold of the face was fabricated with the use of 3D printing technology
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Figure 4
The final product of TFO by using 3D printed mold (A) and plaster mold (B)

Figure 5

The regions of physical discomfort over facial areas
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2.5 Statistical analyses

Descriptive statistics was used to describe the presence of physical
discomfort in the regions of the face. A Wilcoxon Signed Rank Test was used
to look for significant differences of comfort level between TFO made from the
traditional plaster mold versus 3D printed mold. All statistical analyses were
performed using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp,

Armonk, NY, USA). The level of significance was set to 0.05.

3. Results

The average age, height and weight of participants were 23.13+2.17 years
old, 164.20+5.34 cm, 53.00%£5.98 kg, respectively. The gender ratio in
participants was 1:1. There were statistically significant differences in
reported comfort levels between plaster mold casting and 3D printed mold for
casting TFO. Participants with 3D printed mold felt much more comfortable
during the casting process (mean=8.5+0.7 versus 5.9+1.1, p<0.01). In term
of comfortable fit with TFO, there are no significant differences (p=0.57). The
comfort of the participants with 3D printed model ranged from 2.1 to 8.7
(SD=2.5, median=4.0), and ranged from 1.8 to 7.9 (SD=2.0, median=3.8) with
traditional plaster mold. The presence of self-reported physical discomfort
across seven facial regions is presented in Table 1. Most participants with 3D
printed model reported experiencing discomfort in the root of nose (90%); 40%
participants reported discomfort in supraorbital ridge; 20% participants
reported in forehead region; and 5% participants reported in chin. On the

other hand, 50% participants with conventional plaster mold reported
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experiencing discomfort in the root of nose, 30% participants reported in
forehead region, 20% participants reported in supraorbital ridge and chin
region. No severe complaints such as stinging, itching, and irritation on facial

skin were reported by any participant after wearing TFO for 1 hours.

Table 1

The presence of self-reported physical discomfort across facial regions (N=20)

Forehead Supraorbital Rootof Tipof Wingof Zygoma Chin

ridge nose nose the nose
3D printed mold  4/20 8/20 18/20 0/20 0/20 0/20 1/20
(20%) (40%) (90%) (0%) (0%) (0%) (5%)
Traditional 6/20 4/20 10/20 0/20 0/20 0/20 4/20
plaster mold (30%) (20%) (50%) (0%) (0%) (0%) (20%)

4. Discussion

The use of 3D scanning systems has gained popularity in recent years.
The handheld scanner rotated 360° around the participant’s head and
captured 3D models of the facial profile and contour. When using this
scanning process, there was no direct contact with the participant in the
process, which was different from the traditional method that was mostly
painful to the participant (Rogers et al., 2003). The scanning process took
just a few seconds, significantly reducing the amount of time and resources
devoted to each step. Furthermore, a handheld 3D scanner was easy to use.
The simple point-and-shoot action ensured that data can be collected easily

by healthcare professionals. The noncontact nature of the 3D scanner
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combined with the speed of shape acquisition eliminated most of the
drawbacks of conventional fabrication.

According to the results, the root of nose was the most discomfort region
reported by the participants with 3D printed model. Although the handheld
scanner used in this study claimed resolutions as high as 0.5mm and an
accuracy of up to 4mm, our 3D printed model resulted in poor accuracy in
particular region of facial contour. Through structured light technology of 3D
scanner, highlight bridge of nose (usually between eyebrow) might shade
down the sides of the nose. Therefore, it might not be able to capture all
details in the concavity of the nasal root. It was suggested that softening of a
bony nose contour should be done carefully by the CAD software to create
facial model. Besides, each year 3D scanning technology advances in terms
of accuracy and speed. The technology improves significantly on the reliability
and on perfect 3D modeling. Therefore, it can be expected that more handheld
scanners will deliver a very high level of feature accuracy in the near future.

Our results show that the non-contact structured light scanning with 3D
printing technology is feasible to fabricate TFO. No difference was noticed
between wearing TFO fabricated by 3D printed mold and traditional plaster
mold. The total cost of the handheld scanner with a 3D printing system was
less than $50,000 NTD. The software used in this study, Blender, is a free 3D
animation program. It integrates the steps required for TFO fabrication. It can
import data from a scanned image and export 3D solid objects in the STL file
format compatible with all major 3D printers. Therefore, it would be feasible

for a burn care facility to have this low-cost system for mask fabrication. The
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TFO could be designed onsite by a therapist, and fabrication of mask could
be done locally at the same site. If a 3D printer is available in the facility, then
a mask can be available in just few hours based on printing speed and quality
settings.

The advantages of non-contact scanning with 3D printing technology for
TFO fabrication include easy to use, rapid process, and requires minimal
training. The major strength is that the proper face topology can be created
quickly and accurately without discomfort to the patient. Generally speaking,
it appears to be a less anxiety-provoking, less uncomfortable, and more
efficient process than conventional methods. However, one limitation of this
study was the lack of comparisons of comfort rating from patients with facial
burns. Thus, the results from this study may not well reflect satisfaction of
burn patients. Nevertheless, this study supports the feasibility of using 3D-
printed TFO as a novel method for treating facial hypertrophic scars for burn
patients. More clinical cases should be examined in the future to refine the

methods and consolidate the knowledge.

5. Conclusion

3D scanners and printers are improving accuracy and speed each year.
3D printing technology has a great potential to improve the quality of life of
people with disabilities by providing options for highly customized and
affordable assistive devices for daily living activities. Over the years, major

improvements have been made in 3D scanning and printing materials, which
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made 3D facial model for TFO fabrication possible and reliable. Burn victims
may be benefited greatly from the fabrication of face masks utilizing this

technology with less uncomfortable process.
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