J Ergon Soc Korea 2017; 36(6): 717-727
E K http://dx.doi.org/10.5143/JESK.2017.36.6.717
http://jesk.or.kr eISSN:2093-8462

Analysis of Reading Process with Korean
Learner using EEG and Eye Tracking

Jung Nam Im', Seung Nam Min? Sung Moon Cho'

"Hanyang University, Korean Language and Literature, Seoul, 04763
2Shinsung University, Fire Safety Mamagement, Chungcheongnam-do, 31801

AMMFEXa} kfat S

9i7] Iy £

1 A LR 1
A, HSH" =HE
Sofrfjst, QIR upstryst Zoj =2kt
A Cistm, Zeboyst AOHH B2 | TR(AL

2l
= O

O

b et=0 StEXte|

r

Corresponding Author

Sung Moon Cho

Hanyang University, Korean Language and
Literature, Seoul, 04763

Mobile : +82-2-2220-0738

Email : mooni67@hanyang.ac.kr

Received : October 17, 2017
Revised : October 20, 2017
Accepted : November 16, 2017

Copyright@2017 by Ergonomics Society
of Korea. All right reserved.

@This is an open-access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/), which
permits unrestricced non-commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

Objective: The purpose of this study is to establish the goal with the reading stage
of Korean learners in Korean language education institutions for preparing enter
university using EEG and eye tracker.

Background: International students enter the university after completing Korean
language education finding lots of difficulties in classes handled in Korean. This is
due to the current qualitative evaluation method adopted by the Korean teachers.
Therefore, the international students need a proper learning method.

Method: The Korean language proficiency test and learner’s level are classified as
a beginner, intermediate, and advanced levels. The reading process was measured
using Eye tracker and EEG. The independent variables consisted of 3 text level and
3 learner's level. The dependent variables consisted of fixation time, fixation number,
saccade number, saccade time, and stress index. The variance analysis was performed
with 3 X 3 within subject design.

Results: As the text level increased, the fixation time and number were lowered for
beginner, intermediate, and advanced learner. Even the number of fixation decreased,
the understanding score as significantly increased. It was also found that the part
of fixation number was related to process vocabulary and grammar. The text level
significantly increased when saccade number increased. In addition, the saccade
number significantly increased for the learner language level. There was no significant
difference in the level of text difficulties between beginner and intermediate learners.
Nevertheless, we found that advanced learners were confirmed with higher saccade
time in beginner difficulty text.

Conclusion: The fixation ratio was higher for beginner learners. Similarly, it was found
that fixation time had a constant pattern with respect to learners' proficiency regardless
of difficulty level. The saccade time affects the learners' level of text understanding.
Also, the number of saccades associated with grammar and vocabulary.

Application: In the future, if this study focus on a word and grammar in a sentence
using EEG and eye tracking, this can prepare a study design for Korean reading system.
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2.1 Subjects
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2.2 Procedure
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SHA Bl Q2N 2Hs HEfZ HAEE KSRt

Table 1. Experimental procedure and time

Contents Time (min)

@ Research progress guide and written informed consent 10

v
@ ldentify subject words and grammars ‘ 5

v
(3 Eye tracking test and EEG test method guide ‘ 5

v
@ Conduct EEG and eye-tracking experiments ‘ 20

v
® Contents understanding 10

2.3 Apparatus

o= Mx
—_— =2 O
Ch Esh Lot =73 AH|E Biopac, MP1502 2 Sampling rate 1,000Hz2 2 M7Hs}0] L|TtE =Y}

O AN ALE
z A
10/20 S HTFHIX| B (Im et al, 2016)01l 23§ M Fz, Oz FLI0 FAISHACTHFigure 1).
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Figure 1. Device and experimental scene

2.4 Experimental text

O] HAOIM AHESH Bt=0f HAEE x.F- 15 HO|EZ2 FEIIACH HO|=E FE5H7| 2I3iA ot=50] SHAIZTOPIK)A =
T -1g g H0|=E FEGRUCL =5 HA | FHE 4371, T8 Y2EQ FHE 252, 1g H2AEQ FH= HENZ dF
StUCHTable 2).
Table 2. Level of Korean text
The number of times Subject matter Text type
No. 29, B Type, Number: 59~60 Electric fan
Beginner text Explanation
Word: 33 / Sentences: 5
. No. 29, B type, number: 57~58 Alleyway )
Intermediate text Explanation
Word: 79 / Sentences: 8
No. 28, B type, number: 51~52 Hare
Advanced text Essay
Word: 91 / Sentences: 7

2.5 Analysis

240 AFEEl SEBPE HAE HO|ERE: MEY|, 35, MET), & A =FReE: X3 54, 58 &4, 13 g5

Xholm, o|0f HE J&Mae Al 17 AlZh AN 7 Sl AN ZOF AlZE AJM Z9F Jl= AE A X|=2 MHEHIUCHTable 3).
2B A X|ps AEYAY O LIEL= DH|EMINR0~30HAE QHEAl MG EYsl= LMI@~12H)Z Lhe 222 AMZSIY
CHSuh et al, 2016). J2|1 SEHF0 M2 SHHEFH 0K IS 27| sHA 3 X 3 within subject design@ 2 2AH2MS A
AlSHAILE
Table 3. Definition of measurement variables

Measurement o : :
variable Definition Previous studies
EEG Stress index Criteria of stress judgment (high BETA wave + alpha wave) | Suh et al, 2016
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Table 3. Definition of measurement variables (Continued)

Measurement

vanable Definition Previous studies
Fixation time | Jime of gaze: information processing is not smooth or Liu and Chuang, (2011); Jeong
and number interesting information (it is set to keep the gaze more (2015); Lee and Yong, (2009);
than 0.25s) Kim et al. (2012), Choi, (2016)

Eye-tracking

Saccade time | Moment of movement of the eyeball: move to understand Lee and Yong, (2009);
and number or words Kim et al. (2012)

3. Results

o =
0| &, SHEAL &0 CHSA] 2t2H Qo|0|8t X0 7} LIEFETHp<0.05, p<001). E3H O
opo] AERA X|=0|MO MEYO ZRe FaUQl HAE HO|E, S5t £=F0| CiehA |2l0|st XHO|7} LIEFGCHp<0.01).

1

Table 4. ANOVA for dependent variables (eye tracking and EEG) on independent variables

Text level Learner level Text level X learner level
Fixation time 254" 26.46™ 2.122
Fixation number 61.35™ 2147 16.13™
Eye-tracking "
Saccade time 373" 19.2" 298"
Saccade number 32.74™ 15.57" 9.52™
EEG Stress index 14.41™ 7.110™ 04322

* p<0.1, ** p<0.05, ** p<0.01, a: no significant

242N At Rol0jgt Xto|7h s Frtet NS EE0| CHs{A Bonferroni AFZEAS MAISIAUCE AlM F& ZHOZ LiEILEE
AM A A 22 97| SHEREY| 87| 1P o Fof B2 =& QAR HEBSh= 2471 RFAKE MY 5= s HHA
£ Mo 17 A7t 2R 2 HIAE HE HAE 0|7t SEUSE X5 SEie 700 (p<001), &8 SEX0M 2
oSSR 242 Qo087 1H A|Z0] ZABIACH(p<0.01), W Z50| AL XF sh&Ao| L HAEO| Lo|ry} 222
F5 13 35k soikten ng HAENMe XO|7F O 2 A2E LEHHCHp<0.01)

O 3Qf HIAEQ| WOz 20 =FE SHEA ZFO0|M H[HBAE LIEFNRACE 2iLt g S-S0 Hg X-F5 S5t
LOR2 2SR ol HMAEQ O[O M2tME IH S74EHR] RUACHp<0.1). = A|Zka IAEQ| HO|eEs g SHEXIRt X
-5 G 20| Xto[Lt LtEtRten, 83| ng SR £9F A[ZH0| ZA| LIEFEHTHp<0.01).

ot EFHE LB Bl 2EHA X QX|RSE T = Qe 7|F0| &= HutZ 7IFYo|Lt B2 2EH A MEjY o &
dotel= AH[EHIHE OHEIQl YImE Liw Z40|Ch BAEQ| HO|Z7t O0tET SEA7t Be AE A O RORX|2 oM
=g aERe 4% g to|zo| HAE 92 I AERAE OFF =H LIEHGCHp<0.1). AlZE AEYA HA| HO|Z7h Z0t&S
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4. Discussion
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Table 5. Content understanding of whole learners

Content understanding
Beginner learner Intermediate learner Advanced learner

Electric fan (Beginner level) 75% 83% 94%

Alleyway (Intermediate level) 30% 56% 78%

Hare (Advanced level) 0% 27% 70%
T Z201M HAE HO|EHR B0 AT HO|E HAEMEI|)O| 2L 99 £FO|N SRt 7F KHO|7h LIEFIX| QtTt 2Lt
S5 HAEET)N dg HAEWENOME StEAE 2 X0[7L Ro| £FO|AM Xt0|S 20| Ut g HAEREN)M E5
StEits &g SSAtet HS A Mo|7t Lt Ol HAE HO[EQ| XO[7F 245 20 sxks 1T A0 S 0Lt
1 g & QICHChoi, 2014). &, 17| Of¢H IFY0IM FEX2|Q| OfF2 LiEtLE D8I 2HE St SIHIRACE A2 olsl=
7t HOIEE of0jshe At 22 WEtol2tn siMs = = UCL M2tM 7] IPE0| 0] n7Ha BEX|0 & £ U= ofF|et o
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L& olsoll st ofFiet 2 AXRI=7F BOX7] WEM §7] 2EHAM O B2 2EYAS SUATD & = A0k

O] AN 7IEL YEH LEQEF, AnTE S DAL dEAte] F2g0] ZHYE 780l ILhof et Moz
T ZM =018 AUSSHH JI|Q Al FHI Lot SYS 2810 87| HES FYH2Z EMOIAULL 2=0f SIEAIOA
A EOlE 87| MAE O 3 Xz 28 SOl tieh 87| 18 EA0| 7|E2| AF0fM O|ROHLHE =2N0ME =0{2 A2 o
O E staotll e 2=USel &7] ES FAstn MBIt Ol 297t s AO[2h BEELE &, 210f S50MFH Kol
£ B0l 2=l oEAtel Qx| IFgof e FM2 o=0f O] Y us dAof f8% 7= AME2 28E + US AOIC
d2|3 = AF0ME StEAtel A0l =FE HAES| HO[=0| WME 87| dgs 2MoIRUXT Al SHYS O Tl 28 B
= g5t DIAHQl S HE 4 AS AOICh ot Of IFFOol|A LIEILHE LT S8& mofoto] of5Atel AXIF5tE =4
Of ZSAIA 47| s EAH0f| HHISICHE 2O ShgAtel YoM QZtSsHel H2E Al 87| 1S Heto] ofag £+ 2 A

0|2t 7|t &l Ct.

5. Conclusion

tiststs THOID QU= =0 StaAtel 87] g 2AE fI8 Al =X ZH[QF Lo £ FHIE 0|83t0] 1 dgds Hlu
3 ERACE

Y AZEa R0 F2, 24 HAET 1P Az 8 STt RiX[OtE HlE HAl 28 ShEAE B2 ANE Hol=et JRelo] oE
Ao o0 £=F0| HOLFO| wat Lot EHS A=Che NS LHSIACH ESH 2OF A2t} 8150| B HAEQ| HO|=0f M2t
HAEO| OfoH=ef HZSIH StEAte] 20| &S D|X|D, Ol Ofzilt 28 TZ20 OfL[2} HAE Ofsief BAE Hef Argat
= BE0| s Ao2ts 8k & 7 UNLL 2EY A XF0ME SEA 50| 2245 LEY L X7t RO, AlZ4H
LTste AEA0 FES DIXE A2 LHASIUM. =2 WA 87| S mtofst=dl IXIX| g ¢H7| ofsHof YgS 0K
= 0%, 28 7= S DAY 2N 87] P8 Mttt Sy 24 UyS 28ot0] HudtotH tistests FH[5H
A o= SdESAA =F2 & 5+ U= 87| 1] Yots OtEst=El 22N A=RE MISY + S Aol
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