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Eye Tracking Data and Text Visual Analytics for Reading Assistance

CHENG Shi-Wei, HU Yi-Lin, SUN Yu-Jie

(School of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: This paper studied visual attention behavior characteristics during reading process. Several visualization such as eye
movement heatmap, doughnut chart, node link graph, and word cloud were designed to extract eye movement data and text themes for
analysis of reading behavior characteristics and document structure. A visual aid prototype system for reading assistance was developed to
record the eye movement data of expert users (such as teachers), and the visualization can be shared to novice users (such as students).
The user study results showed that the average scores of objective and subjective questions in the experimental group were increased by
31.8% and 55.0%, respectively, and the total reading and answering time was reduced by 9.7%. It can be seen that this system can
effectively help readers improve reading efficiency as well as quickly grasp the focus of the article and better understand the content of
the article, so that it has certain effectiveness and feasibility.
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Fig.1 Reading experiment and eye tracker
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4 [z P

FUF X« A 5 s B 3 5 AT A0k A0 R TR SR B OR % 5 7 100 Bl 52 AT R A, i T 1 7 D i 2 11 mT 4L
i B, B2 AT P 5 TR A K ST R R
41 RAERG

RGHALDIRER AT AL 73 B RCR AT A2r 9 5 AR ACI BEE AL . DX BB L [ PR b 1 i A 3 P AL
AN 2 b Z 48 ST AR ] 4 B, R T 25 AN kA7 H Ak i 1.

oo 5 e €%
con v, 1 i i bssd s v syt of e sirars o e a0 PO o
g oL G 3
AT 12 Ve 1 A ekl 3 Aigh seknsd % sctuvaiton proyram =
—— iy n

> ¥ am
7 Ee—— [ i et =

s

!

= ~ . T

i N it m N

(i ) < S )

T . N e
g et T3

B v . oo i o iin e

Fig.4 Main user interface of the prototype system
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5 Fig.9 ‘An example of keyword cloud module

\.L_"\ B9 Seiali = B HUR

© PEBEEGKEFIFSIR  htps www. jos. org. cn



42 Journal of Software ##F%24% Vol.30, Supplement (12), December 2019

42 APWSHERSW
421 SEISBETF

ASCTIIBIE T 42 A (34 & B 8 & Aotk), R TE 23 5 ~27 & 2 (8] “FI4FE IS 26 & 1 id K
AT DU 255 3 B4y BOM T, B AR AR I 9 SC R S K ST BT R P R 0 TE IR BURARL IR, B 3y
9T AL AR IE 2 ST 56 B kAT TS 56, 18] FH P R AR 52 36 3R 4 RO FH 7 v R4 AR F B SR il P T i —

AL (51t 20min) (8 1R e AR P P ) 5 222 6 R ) 55 e 70 7 T 2 TRD FR) 222 53 P AT DRAIE S 58 45 SR 14
A AE R SRS A M ) R 40 A (A BR T 2 44 T AE) KX B P RE AL 0 RS B 2L RS HE 2L R A e )
J DU £ 5 A 531

TE SR 56, S 6 2 Rs HE 2L P P e 155 ) 18 55 i 32 S ) 356 1A v SO ) s SR AL P P ) B B 3B A T
AR B T R 23 A i By, EL A SR 3 43 S 36 28 P R BAFE 3038 T S P MR sl K 26 At 0 mT LA AL B, ) e 58
AR B4 T 204 P P AL SEAT D 2 15 52 BIX LE LRI (0 52 i AL R P B4R 87 08 T8 TR I A B mp R AT SE 36 AR A
FEVFAE T LA B4 18] 10 S sEs AT IEALHT 7 ) SE 30 5

(a) SEEAHM /P (b) AL
Fig.10 Experimental scene
K10 sEieds st

e 1552 S 36 468 AR, SR P 28 A 1 7 3kt P AT Bl 5 T AR AT B PP U A 2 O R S R A 7 O T - AR
J2 [ 25 5 A ) 55 B 1) R0 (P TOUI4 30 30, /6 V8 S 1 R L AR B E 18 ), B0 — R 1y PR 2 L R
F P TR R S S — B gl AR5 BT RONZ G HEAT VA i A A R A X IR ST A A A TR HE G 1 PR AR,
IHLA 5 A EIHEAT VRO (1 9 RN B 5 RN IUT).
422 RN

(1) AT % 58 AT 1] 43 B

S 28 0 %5 I 2H B9 ) 124 55 - 38 52 J T 1) 43 591 9 552. 25 (ARt 2= 101.0s) I 567.5s(F k22 172.3s). B4 T #r
36 45 W t=-0.342,p>0.05, 0 . & M 25 57 JR IR E -, 06 W 2EL ) P 060 S8 3304 14 5 F 1) BR ), 7o 2 P P DA IE 8 il i
TH RS HEAT B, BT DA SRR 20 T PRI DA 7R 43 0] % T AR AR B BT A 2R B T AN B R T X R A

ST 56 2H R GT FE ZHL 1 2 R (W R R 2 LR G I e ) ST 45 5E R 8] 43 T3l D 409.65(hR it ZE 64.25) Rl 453.85(FR
% 69.3s). B0 T K 44 S t=—2.089,p<0.05, 1775 i & 14 22 7 B 5236 26 A BH 2 B LG ) B AH A P () 2
N 6] 58 4, LW SEBR L P EEAT I T AR RGN B S 2 /RN R T &

(2) & BB 1B

S0 ZH RG] R ZH 1) 2 IR R E YA A 5N 2.9 43 (BRfEZE 0.9 43)F1 2.2 4y (bR 2 1.2 47). e Xt T A3 43
Mréh iR t=2.185,p<0.05, 7 1L & & PE 22 7 BV S 00 240 A 7 00 0 W0 A A5 43 O S B2 o - 0 L2 BB AR % 2 W A A5
a3, ST R Sof B A (1) 2 RT3 A0 B 43 )R 3.1 4 (W E 22 0.8 Z3)Fil 2.0 73 (R #E 2 0.9 43). FH T~ 3 W i 15 43

© HFBIERAIEIFIDN  hipsswww. jos. org. en



FERTAD S8R A IR 3) 4L3E Ao IURAZ G 09 T AL IR i 40 B) 43

ANEAFIEZ Ak L 2 - AR B U 136,458 U=70.000,2=-3.61,p<0.05,17 7F & 2% P 2= 5= B 52 36 40
R WA 53 B B B i TR R AL T SR IS A IS R R B N S AR RR AR R T B R
(3) MIEAT N HT
Sy HT RIS R T 2 B AT AL R R, LA R P AR AT R R RA ZE R B 11 R T SERATE
FAP IR %o FEZH R P ) B4 DX TR 5 SR s 3 1) A X TR (BR T A i A A S & B — TR 1),

(a) SEXRH A X (b) XTERALF 4 IX (c) EXH P HXHE
Fig.11 Heatmap for novice readers and expert readers
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Fig.13 Example of comparison with the single user’s heatmap from the control group
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Fig.16 Visual attention switching among different visualizations of experimental group users
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