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Improving AAC Display Pointing Speed Using Eye Tracking
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Purpose : This study aimed to examine the effectiveness of eye tracking technology, which
is a direct selection method for children with cerebral palsy, to prepare a strategy for
improving the speed of AAC symbol selection.

Methods: Two types of mouse conditions and eye tracking conditions were designed and
implemented for 20 children with cerebral palsy between the ages of 7 and 18 (16 males,
4 females). The target stimulus location divided into three areas: center, periphery, and
corner. Two-way repeated ANOVA tests were performed using SPSS.

Results: The reaction time of the eye tracker approach showed a statistically-significant
faster difference than the mouse approach. In addition, the reaction time of the eye
tracker approach (5.05s) was faster than the mouse approach (8.97s) on average by 3.92
seconds. The error rate of the eye tracker approach was lower than that of the mouse
approach. The effect was significant at the center and periphery and center and corner
positions of the display symbol position. The interaction effect was also statistically
significant. The eye tracker error rate was lowest in the center position of the target
stimulus and increased toward the peripheral and corner positions. The mouse error rate
was highest in the order of periphery, center, and corner.

Conclusions: The effectiveness of eye pointing using an eye tracker was investigated as a
direct selection strategy for improving the display symbol selection speed of AAC in
children with cerebral palsy. This may be a guideline for designing an efficient AAC
system in the future.
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TEHRl AAC AR8o] HE 24

ALEE A7 ARBloA] Y- FR3%F ATAgHAoln A
Tide= Whe el #e3]l 840|tHHegde,
2011). SHAIYE kst 7154 2 7144 Q1o Qs A 9
AtAEol EAZE A¥SHA =lal(Light, 1989), ol= sf w4, 11
& A3k A, 715 59 SN AIFCIAY ARl w2
EAS0] ¥sHA EHSeong et al., 2013). oJ=at AKglE 9
AeE FAE e O 59 ARRES TR HES SV
gl AREEIAE ¥ 4 Ee TS Bl AHE B9
A AAES & QA she BRI AAE(augmentative

Bk

i)

s

and alternative communication: AAC) A|AElo]
(Beukelman & Mirenda, 2013).
£3] ¥ 5 SFAAA £402 HiAolel FEARE A
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THPellegrino, 2002). o} #Id HIANAIE Hgshs WA 7
< 13 go|gat £} dEfo] 37E=t|(Beukelman &
Mirenda, 2008), & AR Hg&s 253} dAx] 2HA
4, A%, = AH(eye pointing) WH, Bl ALt HA]
A g 9 AR A9 59 SHolA 11 HEhg RS
E 4 QA siejolAes HgnRlE dideE she AAC AT
7k 80dth 25E @A7HA] ElelA NPE ol (Beringer &
Gans; 1986; Beukelman & Mirende, 1992; Blischak, 1995;
Erickson et al., 1997; Light et al., 1999), 90¥lt] FHHLEl=
SHOIAE ol2fet A7 APEHARTHGo & Jeon; 2006,
2010; Han, 1998, 2001; Han & Ahn, 1994; Kim, 2008;
Kim & Park; 2003, 2006: Lee, 2009; Lim, 2019).

SHAEE o] AFEE FF SEYNUS FHOE AljHHeln &
HHow ZPEo] ot HAgupgle] otk 4sA At
gt ®7] of#& =wo] QItHan, 2010; Jeong, 2000; Kim,
2019; Kim & Park, 2005; Kim et al., 2008; Lee & Jeon,

2010; Park, 1996, 2003). 53] H/dupu|Qlo] st =fe] A+
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tifso] JaAE &3 3 4, AAC AA neH &8, &
74 733t £x1, i3}t iR 2 52 FHeE o|FoF] o
2ol 2 AR L SRk e ARE ZEOR
It HER, olEEAleld E8st o] oigh A= o
HESE oIt lee et al, 2012). EFE HAguR|QIY 4144
Aok ol HFE 7171 2 AAC AlAE ARgo] ofgal EHE
L dgsty] e, AAC PFXY &=F) Aol a+
Hoigkouy, I tiRE, &2 ol8% A=Al #|3F AHolx,
AR uRA, Folre wieA, YAE ukeA FAY o
9] Aol Awet Ao wet AT & Sl A7 &
Aol Sl= sht &= AYL WHold 11 {840 19 =
AthKwak et al., 2017).

HHH, AAC "AET o] 219 Hdl 2 71l AAFEIe
< Z&5HA Hohd e AA1RES FA7E olRt w2 ARESH
| wZel ke HEET 21go] S golsid Zolth AlAFH
&2 @A dojgiE B|(wearable device)2t HE AMEH
|
|

R

>

N, N

9] i3t vEo] F&0] sl ItiYoo et al., 2016).
71e2 AA9 IA(fixation), T *B(saccade), AlKIFZ
(gaze pursuit), FA] ZZ(gaze path) 59 ElolH 24& &34
TR &0k & AR APSRAL Eof, AoidES] 9ikAE ¥
7I71A01E 9% 9, 98t Ag 9 & Fof SojA &EEI
UkSeo, 2016). AAFH AT 1990QAHRE A=Y
(Poole & Ball, 2005), @Al F& - FEANIS o=z 3
= g3z x| 9lok(Majaranta & Bulling, 2014; Poole
& Ball, 2005), AAFA7|&E AAC UFAS] ZHEsH &%
P Aol T Ahs ofF] ZofHy] otk AuHIRI
ARE 259 ARteR Qls] 7HgAE S B8 A9
E F2 AR&=(Cosbey & Johnston, 2006; Dycher,
1998), AdFA7|1as A&sH Hohd, APAEoR HAA|
£ Agsp] el FEZ AgsiAY AEE 5= A HER =
BRIl AAC 7)7] 29 71648E woE & Ak ol &5
AR &gl Al AFE ARES fld) AMdFRTIEE
Aget AvsolM 1 7FeE AKE HE 4 QitKFejova et
al., 2009; Kocejko et al., 2008).

mEh 2 AgtolAe H/utH] ofsolA A" HHAR
A& (eye pointingrE Yol AlFH71&Z H8olo] 1 a3t
TEetAl sHnt olE Hdl ERAS(EE FERYA)E EQ
Sto] Aelol: o 4AQFE BRARIE @FE& SHoA 7|29
#AQ1 AAC HAEe o] ZQAIY MRl uheA AR} vl
oilth. FAgog faZeo|(Ee 3h) A9 HxA9 94
of & ZIY BREAITN} o7& FA61 T

2 a9 AEAl= vt 2

A, AAC HAaEHo]l EQIY HIFAAAFA7] vs. of
ST EHFEAFY] o] weh WHAguiEiQle ZQIY BRSA|
2l Zol7t A=7Y?

4, AAC Y"AEdo] :QIY HH =ExA459 A
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7-184] ugte] W ol 20%e] ArciaRiE Ale
ok AR A7 (DA HAguE g
WAL QA 7 5 A7l AP ¢lem ()AEFH
0 FolE A8e] Jisd SN M AR Sdu
HZ717] ol& 7Fs?) ol 7 HeA dWEe F9 &
oletitt. 1 Qo= (4The Child's Recognition and Near
Point Test Z¥, Ay AZHA 3o] 7hssta (5)
Peabody Picture Vocabulary Test-revised(PPVT-r, Kim et
al, 1995) ZHAF 23}, 58013 Bat AFol 74 ol A+
2 51t AR HE= Table 13 Zth

Table 1. Participants’ information

Average age Types of PPVT-r
Gender (year;month) cerebral palsy (min-max)
Male (16) 11;6 Spastic® (16) 80-98
Female (4) 12;1 Athetoid® (4) 94-98

Note. * Spastic type: it is difficulty to walk independent using a
separate assistive device, it is possible to maintain a sitting
posture by yourself, able to use fine muscles (dominant hand),
suggestive use of spoken language, but poor intelligibility (parent
interview).

b Athetoid type: Independent walking using a separate assistive
device is possible, it is possible to maintain a sitting posture by
yourself, able to use fine muscles (dominant hand), unable to
communicate verbally, low learning ability (parent interview).
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Walo] w2 mQlY wheAIRES Hlwsl| Y5, APRAS A
7] 243 okg-A 27, o] F 7R Witk 2 AgzA0A
AL SoF & TAE PC ShHo] EIAIFo] LERPH 1
A2E uigrg SFESANERSA ) O AFd AAE 1
AR CENAAAEE7] 24) 7hset o w@E] 2Y she A
ot} ZQIE o} K= EHAECE ALY EFS ARSI
o ol HAFAEAA AREEE AHEC] LukHom
A FEHE Wa Q7] otk PC M 401R) x 4N=)9]
AZZE rol, sAe] 167] YA FollA & Foll BxA o] F
AHog YBHESE siithFigure 1). 16709] ZF SRAS9IAH}
ot 134, 2% 163 AlgS T AEZ AFAFS Ao,
7F Adzznit 3NES AAlste] 74 AF9AER 33 [k
St Aot £ DREE st AE Aol &
AT 7HTE 7 AFRE AR ARAFET] vs. vk
2) B HleIEE oglEd], ¢AENE 1esi I4¥Est
o7 ol oRES] Wk AKREA7] 270 WA Hod &
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Figure 1. Symbol position
Note. Symbol position: center(6, 7, 10, 11), perimeter(2, 3, 5, 8,

9,12, 14, 15), corner(1, 4, 13, 16).

SI GP Al8]% GP63 Leopard S8RE kEE PCE
ARSIl EQIY AXZEA Tobii Bye Tracker 5 AlX527]9}
EREA 0kA RolAEE ARSI Tobii Fye Tracker 5
= AEAE ofsfslr] flste] AlRE AlEgoE #E 2‘3”‘3
2Ee Wy 34 75, EHA oRRE, WY o] ¥
g EAE 71 gloH, *Mﬂ F4 4wy IS EH
Elgfslo] tiefet Hop HEE & Qe AAFH7Iolh 2
Ao FAHQ 1}5?7‘1]*]9} golg 8 59 AFEA
Assts JalAl FYE(UNITY, ver. 2019.3.13.f1)5 7[5te
2 Tobii Pro SDK®} Amazon Dynamo DBE FEslo] & 4
FHE AEHACIAE Hdsto] ARESITh
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Figure 2. Procedure schematic
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Figure 3. Program procedure
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5. Xz 24
Y HIFHRAFA7] vs. vReL)o] mE Aoiet of

2 FEAS0] 3 FHNA oA Qe ko wE Aol F
Aoz B Y8 BEAS JHE FU6, 7, 10, 114),
FH(2, 3, 5, 8,9, 12, 14, 159), A1, 4, 13, 16%), °]
Al BEOE Uko] HRSARKR)T SRS HASKIT
(Figure 1). °ol& €3l SPSS(Ver 23.0) 4 w7712 X183
o] AukSo] HkSAZkEl QHRSgo] Tid] ZHzb 2(:olg HRA)
x 3(EHATYA) olunkE S BARAS HASt

4

2

n.

ol
ru}i

1. SEAS ZOIY ARZIof Cist 24

olo

Aoy BERAEE AgeA 2" & ARPY BA
AZbE ZRIY FHEY FEA=9AER g A
Table 29} Figure 4]t} WESAIH dis] 21 A4
x ZRASYHA(3)9] olgESY EAREA ZAy, mQlYy
S BRA=E9AY Aot AeAEaIt 247 B4
Aoz RIyrkTable 3). AAFA7] HJ4AY RREAIZE
(5.052)0] T-A HIAB.97x) Tt BFHOR 3.92% ¢
FOH(A1, 19=160.208, p<.001), 3tAS] ERAEA7E S
(3.57%), FH(5.19%), 2AE(6.4%) £o7 Z4E xolE H-S
A7to] ZojAE AFE HIATHAL 19=46.814, p<.001, Figure
4). I8 3 2RIy F{TFA T ERAEHA] 719 ASAE R
SAXCE FOISIUTH A1 19=25.170, p<.001).

= 9

E

Table 2. Reaction times for the pointing approaches and target
positions (s)

Center Perimeter Corner Mean

(SD) (SD) (SD) (SD)

Eye tracker 3.57 5.19 6.4 5.05
(.29 (.45) (.39 (.03)

Mouse 8.61 9.01 9.28 8.97
(1.47) (1.29) (2.25) (.29

Table 3. Analysis of variance for reaction times

Variance df F 7” p

Approach (2) 1,19 1602087 .89 .00l

Target position (3) 1,19 468147 71  .001

Approach (2) x Position 3) 1, 19  25.170™ .59 .001

" p(001
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Figure 4. Reaction times (s) of the pointing approaches
and target positions
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‘@ﬂr JollAl ERATS ot ZRIYokr] £t ¥l
Agsto] AAJSE Ao] Table 49} Figure 50|tk &

&0 dis) =AY HITAQ) x FEAFAAR)Y ol LRESH
AR Ay, SRASAAC et Fa3HAL 19=7.91, pC01)
oF Y HIAM BHEAS 93 19 ATALRINA,
1978.08, p{.01)7 BAHCRE [stgitHTable 5). AldF47]
HHA(5.07%)°] TH-A(6.24%)HEF 27-80] HFEoz W
S HoA BARCE fostAl= Atk AAFA71Y] 3
&, ERAFY A7 3 FF FR(97%)E &0l ¥ ut
W, FHAA6.53%), =LA A 73(%)& 52 9Rgo] =
o AFE EAUch W, WA AL FH(T.29%), L
(5.39%), ZA2|(4.99%), 02 2F-80] ~JE}.

:|m AN

Table 4. Error rates for the pointing approaches and target
positions (%)

Center Perimeter Corner Mean
(SD) (SD) (SD) (SD)
Eve tracker 97 6.53 7.73 5.07
Y (.79) (2.19) (.83 2.75)
Mouse 5.39 7.29 4.99 6.24
(1.73) .68 (3.05) (2.65)
9
o
Es
£:
2

Center Perimeter Corner
Symbol position
e—eEye tracker e--=Mouse

Figure 5. Error rates (%) of the pointing approaches
and target positions



Table 5. Analysis of variance for the error rates

Variance df F 7”? §2)
Approach (2) 1, 19 2.14 14 167
Target position (3) 1, 19 7.91" 93 .006

Approach (2) X Position 3) 1, 19 8.08" .55 .005
“p(01

V. =9 & 28

& Aol Aapt 7 ool disl =ofsAbd vt .
AR, HguHRle At gAE g & Al AAC HAEE
o] ZAGZ Fdl Al7l&s A8 AAFA7] HTAlo] 71E9
AEA HFARD A ARGHT ERIY AlFto] T HEith
(5.05% vs. 8.97%). ol2fdt A= AAFoRlE o= AA
FA7ES AEsto] AHU AMEY TS woiE AgAT
A F(Kwak et al, 2017) Hguh] RS 913 AACAHAE

M= AAFA7E] adS & HolFA 9lom, E3t mheAs
ZRAY AAGA7F 229] A offaL, dF 2Ao| 7hsstt et
T ZAARM] @o] £8FY yggg Wo| WZte HsSS
1H3}E w(Vanderheiden, 2010) ¥AuH|obsoAl= AlA%
A7) 209 AA7F Hoh 3&AYdS AAR] F3 Qe AAC
HAaEde] shdof| AAHE ERASS] X "t F HS
A BE b QoA BAE AR doE EZQIF WA
Ztol ZojFetl, ol HAE] s FYolA mAE FE
o7 Aoy wheAE Aol © ARzte] o o] 4AQ%7
o] dVdEe At 2 o Sk shARE AlAFA719
3% AlAe] HAaEHelol YoM Hloldes AlA
Ad=rt ta Eojx|a, H&ol HHU}H]OY oA

539 FF= ANE EAY BRoE olEsy] fd 5%
A = ZARE AAE &7]e o] oidd FHE A

BAEE AAE olEshe A HIleH, BAY dFe= Al

H3AS et ool o ol Sof EAHE 248 xdl

N r

ol 1
do 1o

=
>
=

0

(o

o)

F

g Aol o 48FHYE Zo® gk od EAle A
T AAFATIE0] HHEo] HAFEo 2t sid" o=
Abs gt

E4), 2og 028u HROAZH} uRIAE A|AE=Z7] v
oA wipAHTH HWtHo® W}—Etﬂ 53] "aZde] ¢
Fol AR ZEAS dis] diFE AEshA 20" skl
ok W, mReAl] A H*JU}H]‘?JO] i R o3t 2=
], e, 2= o) VIR @570 AR o
g, AAL R B 22 B71s°] AskE/ol(Park,

1998), UhpAE A ANE ERAS Aol fAATIL d

= BES ZY} ol AR vl 0F7} o
UE AOR G, ol A el ]
A AAC EQY YERAA A§EEAE B muEel o

]l 2 218% AR &t

AMZERT|1E E5t AAC CIASH|0| EOIE At

o

Q9] AnE FPE o AFAVIEeS F8S & A W4
o] Hhg&Lel QFgoA S&AQl AoE FRIFT EIF AJA
F47] 2ZRAY JEAA7L At El3EEA AEHEe|A AE &
HollA e W(Man & Wong, 2007), AAE] doj|A H
FA0FE QFE HrME 7t Fa%F |l WA A
3] nEoA 88A4L FFAIAFH(Tanmoto et al., 2005),
HE E2IEE HasdArt didRpE d83o]l d8shke
O|(Brodwin et al., 2004) AlA1527] &+ A7 FEgt 34|
o A7 IAEOA 3NER 44E WAl § dEi
3, 9F8L Uoly ZiE E o FHL /7l &S Aoz
oddet. olfet 2 A3 72 AAC AREAY] A BE

= B HAE F glon, A A #FHE 9 AEHAE
AL & glom, B0 g2 Fk - F5dEC] HE
4 BAE o3 AAC 77| &8s =olA Xl @AF
Az &=Zo] & Zo= AlmHrh

H o:]:,Lg] 7:1_7,]._1: 6&:6 E%;ﬂo] AAC }\]/\Eﬂ /\-17;]];:—; %3]. XPQ
o] d & Sl& Zolt}. HAwH| ofF] HAAAAE AIAH
of thek AR BE&AHS A & e AR 9 =
Y PFFA=A AAFA7|9 RIS FHTO=A TRt &
o] ERIY YRR MeES figt 712 AHE EE 7Msoiths
SHolA 2 A9 Q9E S 4 0 ot HAu] 59
of @2 AolE BAIHA £3 Zo| & A+ Aol & &
AT, oA olgfdt g JhAlste] HAgu] fEdE i
ot F57d9QlE e s, E}Okﬂ ZIY JHGA|of ek &
& AFE0] AGAHoE Z3d =

Hn
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