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This study explores a novel information-input interface utilizing optokinetic nystagmus (OKN) as an
indicator of visual attention. Unlike gaze-based methods, OKN can reflect attentional shifts without
requiring stable fixation. We implemented a two-step approach: real-time estimation using a simple
velocity threshold and offline analysis combining seven criteria to distinguish OKN from saccades and
blinks. In experiments, real-time estimation achieved correct character input in 60.3% of trials. Offline
analysis improved detection accuracy, yielding mean precision of 0.85, recall of 0.80, and F1 (the
harmonic mean of precision and recall) of 0.81 across participants. These findings demonstrate that OKN
enables reliable detection of attentional switching and provide a foundation for developing a fast, non-
invasive communication system for users, including individuals with serve motor or speech impairments.
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Fig. 1 Example of stimuli used in the experiment. The input
characters were arranged with consonants on the outer circle
and vowels on the inner circle. At the center, a fixation point
was presented together with a moving dot pattern. On the
outer circle, a green dot and a blue dot were displayed.
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Fig. 2 Procedure of a single trial in the experiment. (a) At the beginning of each trial, an instruction text was presented.
(b) Participants were required to fixate on the central fixation point. (c) When the target reached the green dot, partici-
pants shifted their attention from the fixation point to the rightward moving dot pattern. (d) After the target passed the
green dot, they were instructed to return their gaze to the fixation point.
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Fig. 3 Character input range. The input range of a character
was defined as =18 on either sides of the line connecting the
fixation point and the character center.
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Fig. 4 Results of real-time estimation. The horizontal axis
represents time, and the vertical axis indicates the number of
data samples. A value of 0 s corresponds to the moment when
the estimated input time coincided with the time the center of
the target character reached the green dot. An observation
within the interval of —0.6 to 0.6 s was regarded as evidence
that the attentional shift occurred within the effective input
range of the target character.

ThHDEREL, SFXENKIEZRRZEH L GERIE
MEFHL, 220 o8E%H o TRIZEZ FEAMmN L
7=,

(7] IRERAZIE DG 22 Lo © OKN CTIXFRIRH - Suk
MHOBHTHR Y 34 U 2\ Z & Z R ICEHG L 72,

2. 1 S
2.1 U7 E1LBEEDOER

Fig. 4 12, £ZMMFHICE T 5 OKN 25 #fiE Sk AN
Rl & & =7y b SCFDIEBRICHERD FUCEE L 7R & o
EOMERERT, B Z R L, 0s FHEE I A
TR & & =77y b SCEO LD RUCERE L 7 I
—H LT3 LEERT,. —0.6~0.6 s DHIPHIZ A>T
W, ¥ =7y FXCFOHEHPANCTIEROY D & 2037
bhTwZ L27RT, BlldEELZRT. fRLT,
RHEEO XX —0.6~06s THH, ZoESGEISMNE D
12 429% (109/254), 62.4% (267/428), 50.9% (140/
275), 89.2% (148/166), 54.9% (179/326), 68.9 (246/
357) THote. £BNMETIZ60.3% (1089/1806) TH >
7o, RICHHEE DS 2 XEIE—1.8~—06s THD, %
DEIEIZ 23.4% (423/1806) TH o7z, 7z, OKN Bthiis
A (tgee) EF =772 FELERH] (o) ZHOEHE~ v F
YK DB, B (£0.6s) NORTIZDOWT
B REZIF 2 (timing error) % At = e barger & EF% L



12

10

00 00 0 ©0 00 0O

°
8
°

°
°
°

(™ PRT

O Sub. 1 [ Sub.2 [7Sub.3 [ Sub.4 [ Sub.5 [JSub.6 M Al

Absolute timimg error |At] [s]
(=}
00000

< 000000 000 00

Fig. 5 Distribution of timing error Af. Af = fgerect— Farget-
Boxes show median and IQR (25th-75th percentiles) . Whisk-
ers extend to the most extreme data points within 1.5XIQR
from the quartiles; points beyond are plotted as outliers.

7o, BSNEZ@ L 72 |At] ORI 0.00 s, interquartile
range (IQR : PUZrfzfipH) 12 0.90s ThH -7 (Fig.5). &
MEFICE>TRIESDERREWVHIOGRDON, 5
I, RSMFEOTHHEE (MAE) (3019, 3T
JitiE#E (RMSE) 1 0.99 TH -7z,
2.2 #7514 RMAEOER

BB INE 2B B precision (EAK) & recall (FHEK)
% Table 1 12789, precision D& MEH D F-¥{E 1 0.85
(SD = 0.011), Recall i% 0.80 (SD = 0.040) , F1 2 a7
0.81 (SD=10.026) TH-7-. Fig.61c4 7 74 @ DOH
2T, EBO 2 O0 87 VIIRBGES D NEE 2, TB
D 3 DD S F)VIFHRERDE (B A 759, Rl KRR, e 1 om
TRPE F 72 X IRBRALE 2R U, HRERDZ & (Al 1< 8\ TS
B9 2 KR A IGT 5. Mo silk, OKN &
LTSN 7—% 2R3, 185 s L E TOXHIEL
FANBATICA D WO MRERESE TH D, BoRLERTBED
IREREBI® ) 4 3G T TW72838, OKN L XAl
Twi, ZOBOXHETYH, BMEIGERT2LE2605
IRERAZE DO K & A2l s nis, b EX
O IR TWE, —J7, OKN & LTtk
T—% Tl&, TR ORERM & TN D A DR X
1, OKNZNEYICEME ) I TETwa 2 &b h 5.
PEXD, KPFETHEEL 772Dk > T, OKN
L2 Dfthd 7 4 AR MRERHEE) 2 DRI XA TETW»3 2
EDIRI N,

2.3 EEBERS OKN OF 751 iR

AL D TN RNTH > e BESAD Ky b RF—
WXHIG L 72 OKN ORAEH WA MERT 27290, KFEIAD
ORN M I ffifl L 72 b @ & [l — DR 517 — & Tl g
WMziro7. BEREROEZICHIMLEZL, RHRT
WCEDHEREL, & ORI D> & I %2
BHL 72, SIS & B Am e H—E L, (1) i
WY — 2k, ) AR (0.20~0.66s), (i) I1l-
Bl (FB3B-IL-8) ORH Y — v L EME (h
REDMH K D =01 deg HE\2), (iv) F—EHME (2
=1.5708 rad) ZH L 7. HiHIE o A E 12 E S
Z, EIfE OKN Z#EHMH25E (>0), 25l (<0)
EEFL 2. XRIT, KPS OKN &l o—8 (£
030s) BLXUOXMA—=N—=F v 7 (£010s) 12k D, [H
Mgk 2 A L 72,

o DFERE A Table 2 128 T, #E LD, KFEHA
OKN & DHEIFAEDZHIEIZ W TNOSMEIZEB VT
BRI NT, ¥—7 v FCFANREICEBE ST F v b3
§— v ANZERAET 2B A N7 —JiT,
TR TIREELY OKN OFREBSNNE H 7 h 2~31
B CE#fE 13.3 [|]) FA: L 7.

3. & %=

FEYDBEADOY 7L A LHEETIE, AHMOBED
AIZHEDWTORN ZH L, 2084 S v 7 oiEEL
T AL FOFPMNIZIEL C Ao TW0 B0 E ) »DiHli%
fTot. ZDEE, J84 L7 OKN 2360.3% DG TIEL
WXFATNIC A>Tk, 2k D, ZUdHOHE D A
DWW E, ANXTFOHE XD 2RIEEMTH 5
23, R 40% IFFATI LT L £ ) MRS H 2 2 L R
SN, o liE, HEBROAZEEL T 2HETIE
HERY DB ZOHERKEICRA2H Y, X EEEDE:
HEED 7= DITILBEMOIEEZ HAG DY 2 0HEH 5 LH
ZA6MN5,

V7Y A LHEEIZE T B OKN DR REEE DMK - 72
HBELT, BWEICX2 /4 APy HA—FhED
IRERIES) & OKN 208H &L OXBINB S LT wizad ok
EVEZONDL, 22T, 774 TD OKN Dt

Table 1 OKN detection results obtained from offline analysis. Precision, recall, and F1 score are shown for
each participant as well as the average across participant.

Sub. 1 Sub. 2 Sub. 3 Sub. 4 Sub. 5 Sub. 6 Average
Precision 0.70 0.93 0.91 0.81 1.00 0.76 0.85
Recall 0.58 0.93 1.00 0.48 0.97 0.84 0.80
F1 Score 0.63 0.93 0.95 0.56 0.98 0.78 0.81
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Fig. 6 Example of offline analysis. The horizontal axis represents time, and the vertical axis represents either acceleration or
eye position. The first panel shows the data extracted using the acceleration threshold. The second panel presents the acceleration
data further filtered according to the criterion described in [1]. The third panel illustrates the corresponding eye position. The
fourth panel shows the eye position data obtained by evaluating the sequential occurrence of slow and fast phases. The fifth panel
presents the data finally identified as OKN, based on the linearity of eye position and changes in eye movement direction.
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Table 2 Vertical OKN detections and co-occurrence with horizontal OKN. Counts of vertical OKN per participant
and co-occurrence with horizontal OKN (timing match £0.30's, overlap =0.10's) . Extraction followed the same cri-

teria as horizontal OKN.

Sub. 1 Sub. 2 Sub. 3 Sub. 4 Sub. 5 Sub. 6 Average
Detection count 31 13 7 9 2 18 13.3
Match count 0 0 0 0 0 0 0.0
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