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Eye-Tracking Analysis in Interactive Information Retrieval

WU Dan & LIU Chunxiang

ABSTRACT

Eye-tracking was first used in the study of reading behavior, and with the development of this technology, it
has been widely used in psychology, medicine, advertising, human-computer interaction and other fields.
At present, the application of eye-tracking technology in the field of information retrieval is also a frontier
topic. Interactive Information Retrieval (1IR) has a strong interdisciplinary nature, involving psychology,
sociology, computer science and other fields. It is beneficial to use eye-tracking technology to better
understand the motivation and mechanism of information seeking behavior. Although some studies have
sorted out the application of eye tracking technology in the field of Library and Information Science, they
have not yet elaborated the application of eye tracking technology in IIR and these studies only pointed out a
general overview of eye tracking measurement indicators and the combination of eye tracking and other
methods. The purpose of this paper is to expound the application of eye tracking technology in IIR as

comprehensively as possible, and put forward the prospect of the research trends of eye tracking technology
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in TIR.

The literatures used in this paper mainly come from databases such as WoS, ACM, Springer, Elsevier,
Emerald, IEEE and CNKI. All of the selected literatures are closely related to IIR, the main method of
which is eye-tracking. The retrieval methods of English documents are ( “interactive information retrieval” or
“information retrieval” or “information search behavior” or “information seeking behavior” or “web
search™) # (“eye-tracking”), and Chinese documents are (“ZZH (5 KR OR“fFEKRITH” OR “fF
R H”ORE B FAT A OR M I RTN) .

Through reviewing the related researches, four findings can be concluded: 1) Eye-tracking devices used
in the research of IIR can be divided into three types: remote eye-tracker, head-mounted eye-tracker and
open resources; 2) Eye-tracking analysis indicators commonly used in IIR research can be divided into two
categories: functional identification indicators (i.e. indicators inferring that stimulate materials can be
noticed, found and recognized by the subjects) and emotional identification indicators(i.e. indicators that
reflect the emotional and cognitive state of the subjects to stimulate); 3) Eye-tracking is often used in
combination with other methods, including three patterns: Eye-mouse collaboration model, Eye-NP
collaboration model and Eye-cognition collaboration model; 4) Four research topics about eye-tracking in
IIR are identified: the factors that influence the information search behavior, the browsing behavior on
SERP, implicit relevance feedback on SERP and the prediction and recommendation on SERP.

Based on the findings above, an eye-tracking-based interactive information retrieval model is constructed.
Meanwhile, three limitations of the current work are pointed out, including: there is a lack of in-depth
study on the factors affecting IIR, such as individual characteristics, memory load and cognitive style and
so on; most studies focus on the application of eye-tracking technology in desktop, lacking of the
application in mobile; most eye-tracking studies are performed in the controlled laboratory, and there is a
lack of IIR research performed in real environment. In view of the current limitations, we propose four
research trends of eye-tracking research in IIR, including: cognitive difference research in IIR, mobile
search behavior based on eye-tracking, IIR research in natural environment, and the combination of eye-
tracking and other research methods, especially neuropsychological methods. 1 fig. 4 tabs. 74 refs.
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TEfE B85 F B FRR F R 5 RERE
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BEIAE 7 A T AR I 5 i DA 9 g
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(1 S B DR 7 2R 52 AT 45 1 g 0
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WL MR 0 5 Al R 2 LS T LA A A B R
SRR A AR A M, S R P A 0 B RS ]
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SN SERP 7 [ 80 5 I B 52 45 41 0
TEAL AR 45 Tl o S e e I, B B e TAE
IWCNE R RE SHITELWATS, PR
Brennan %1% (Y Z5 S HI AR TAEICMZ6E F1 4
RAEAEAES T A6 0 B () 520 (H R 8 AR
CH SR TAEICAZ 4 Z 0] 1Y 22 5N W) &, 1561
B T TARICIZAL i A7 FoAb I 3R 25 w18 R AT
F TR S R I AR IA R RE T A
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BEIEARELIE R B3 (Google) 5 ILE LR
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S URLAF NI LA S AN i 1o o8 FH o v A 18 2
S8 (HRW#H X SERP JU &R MINKIFELES,
AR R A5 R S W D i A7 7 R A IR
M, LT T B2 A e 19 2% R O A A R A 4
AN TN A A 55— A~ 45 2R HORT AR R
A, SO R R AR AR B R VIR SN
UEME S E SN & AT VE Y 2 - YN (]
TEfs BAE ARG 5 B W AT R LA
PEFIWT  SERP JT 3R 190052 0 0 45 I ThT 19 22 5%,
WA R WA AR KA S 2 R ARG
S ME R RERERES T AR,
PERRAREAE X (5 248 R AT S (9 5 1 B 58 A X 5
Z, Al-Samarraie ™ SFHER T A 1 K A A
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Five” ) XITELAY RAT A M 5E 0, K BT E R
TR | fiE L R/ S5 IR 20 75+ B f% S5 10 A i
M —ATEAR B R A PEAR R AE , 36 T I K
B, 1 SCHE H ) P R Sl 455 T R il ik A AP A%, A
MEN TR RERGERET & D TEAL A fE B R
B, TP i i = RS B —A> D5,
Pt 5 85 AR R A A AR A5G 2, X0 58
SERBRIT S EE R

3.2 ESSAHE BALR AT A

75 ( Context) JEFZ M MASE BAERIT N
HEER ARSI 8 AT FEE
HATE B RAT N IR 5E EEE T TIHRERAL
%535 (Task Context) X E AT HIFEM

EEMRITHRS R P W RS — M
IR =R E RN E AR S ( Navigational
Task ) , BI48 28 R 5 (1 000 02 55 — 20 15 BT 55
(Informational Task ) , Bl 5 3% 5 AN 1% #AG A G5
B8 =25 N 28 55 AT 55 ( Transactional Task ), EJf
FLARPATRA TR, i - > o ST
55 FUE AT 55 J2 IF 50 vh e i T8 PR R AE: 45 2
R, 1€ SERP WP, A 45 SR W 5T B A1 8 s 0T
HIEHE 2 — AT SRR 2l W s
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i PR R AT O o R v A R B A S L
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W YEAT R 22 S0P b R B, AR R BOAE 45 26280, )
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1155 8 44 BEXHE AU R AT M I 247 w2
SEI, AN A8 B S0 10 35 B (BRI Bk IR ) i
) [FEFRIE X (AERRXMEE) FE
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TP FE 55 268 F 148 RAT MR AE, IF 38
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@G FBEEF Rt kA SR AL
WRELE,
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My, AR A P A A RE RS 3R IO 22 i) R 2l i 41,
111 24 s 1 D) 3 75 B /0 A IR Bh P T BT T
B IORLAE SO U R P /9 30 AT R, 3 5
Wi SERP A AR S Wy LK 7 B4 R B e A7
N o BREEITE ER B 1 20 R IR G B 1] B
BoZ B RER, F R 5 R SR A
— A2 SERP 5L I #E AT 55 R A B A AT
FEAE e MR BR 3 T7 300 BT, 25400 W8 1) Ay R G
] 5 A 1) T A (] AR G I (o A 2 P 4k
WS TEAN{E B R BE e B R — MR R AR &
MR B ), 68 3 A7 A S5 41 0 U, 32 T
BEATAR B PSR e R G B i) 4T A
KAEFVWTIN | FE1E 25 5) 2. W% 5 Bl 1) 7 8 4> SCA
BT SR SGAE T P S o i 98 D 2
BB S B TA] 5 A i 1) 1) — Bt . Ak, i T
HA R 1) S AR B SUCRTR 4R 7% B0/

4% F AR SE N 25 5 1 W B R DG 44, 9 HL
TIE AT R 56 e ) 9 AR e PE Y B A 20
BN UG A 818 - BT s 5T 3R W B (6 4K
SR £ — B0ME 35 0 T bR B A R AR A R
W), BALGE PRIA A B B €0 R — SR B4 T B 4 R 5k
RETEH,

T TCE 194 5 B A F, SERP (19 1R 3¢
fiFt AN [6], Marcos %‘?[15] WF 98 T 8. — ( Plain)
SERP 5 £ & (Rich) SERP IRz 2% F, #—
SERP H A0 A M R 45—t SCA K i
TCE M, T4 5 1 SERP AMUALIE R U418 R 45
REWUEER TESEZMIER NI RY
FoTas R F I, TR B F & 1 (plain 52 rich)
ANEEXT top-rank {37 B [ AR 8 7= A g {HJE T
EHEF AR IE R bottom-rank HR 5f (1) 5
HZE M LA B — SERP, 5 1Y SERP J0E
SRR E R, I H R AR R, o
Ab, Z RS BRI A 5 % B E A SERP JT
£, AR RE IR M IUE B G, H
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PLBETE A LA O S o 9, O ELATR 5 B
FEPE O HLIEI R B 2B S R BOR - A
SN P T TR B P B E AR X 5 48 R AL
R,

B T OUHITTER [ R AR 2 0] IR 307 A 5
A, P 18 28 R 1 2 of R 3 7 2R R R
PR RN, J P ST R DU LR 2
AR W S b, R B OGH A B LA
PR A A 18 R 45 2R 1 RE 8 A Dl ) L s 5 A
JAF b P 0 2 ST 240 B 1 A A LA A
JETAIE 2w B, TP K S 2 M e i
e R B AL AR A S R T, B
KA pra RS R B, (H AR AE AR SRR IR
B TR RS Erb P DR T 1 SR A
BRI

4.2 JETHIRZNT SERP BaPEASE R 5t (IRF)

AR 2l J2& B P A 5 S 45 (Tmplicit Relevance
Feedback, IRF) Y R ML, M REERM
AHICME R Bk 2 B R AR YE SERP AR 2h L5247 S 4
TEFAT I . 55 FE 1S ( Examination Hypothe-
sis) AN 24 LAY R S5 RS | P LA Kk
FRA N ARG R A S P R, Bl
WEARSEAT A AT A I SR S R T
AR S5 4T R AT LA Bt b S B FH P e R 4
FRITER 0340 KGR S00T i 2o A B 55, ARl
AR 253 18 3 A R R 86 AR R A, A A8 AT R T L 4
QoW R 28 B W S 4T O ( Skimming B #F
Scanning) 1 [ 5247 4 ( Reading) SEBECRBE AT
SRR PR A I R SR B AT O R R 18
AT A B A R AR X WA Y G
13 WA MR Ff A 5 T A7 2 B 8 22 S, A L B
WAT R, BIEAT R IR S LS AR T 2
AT T B A T L Sk

H AT, 22 800 5% 0 1 A0 0 R A e A
AR R EE A S B BRI . A OC R
iR E B NP, 2R — R Oy R
(fixation-click ) " BE3X AL FER D S i 48
REERB T S RO 2 | A R A A
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SRR TP R AT S AR T e R AR
T g ) I e — s i (skimming-reading-
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S MR SRR A A48 2R 295 R 0 W 1) S AR A = AN
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AHDCHEFT , (H 25 B BoAH 5 2E 340 W R F 09 05 5
Al Skimming-reading [ B, FH F+ 75 B 58 5]
WHZ AR R A5 I 5 A G, SR PR R E 2 5 i
e , DR I 3 B B T AR B A 17 B — M LA 2B,
ARG WA 23 AR T B SCAS 9 28 1y 31
filt AT B W B RCR ] P AR SRR
BRER =AY B 0y =2, b i B A e 5 AL A
TR A e R G S8 RDE A AT A A O
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LTSN AN AR B, 4 2R 4G R 1 HE R
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PR DR AR G B R A A T T
N ETIER SN
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B — IR R, R SR AR G R B AT
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YIARSC, IR BT B 58 332 2 38 o s o) T AL 1
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FH P R, 78 0 V8 B ) B AR 0E 2 32 #)
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S58 BUbR iy R R kA R A O R 5 Y
Titko

4.3 JETFHZhY SERP Bl 54

MRBHVEN Bt A OGS i R BB A 2
— B IR SN ALY SRAFAE, 7T LA e
ST X5 SERP f A, 4z e 7 £ SERP
A GER X 3, S Bl PR T TR 20 AR A DA R T
T TG 2R 2 M DA HT 48 R 45 SR HE P A
XA 225 RAH JCME DL KBRS M i W 5, S AR
e MRBHBEME S B9 218 1T SERP Tl 5445
WHEH, Hean A sk = S8 RIS,

A sh b A ZHETE (Query Auto Completion) ,
B BPESAS S (just-in-time ) 20 * %55 J1 42 1)
(Zero-Effort Queries) /24838 T 45 I £ 1) 2, 45
AR PAER TGS, v P 8 sh R HERT A 5
A, P AR g DL D 10 8 0 R B
MR R . ITAER V5 227 %k T IR Bl B ik S it
R R TF-Be A Shaz i A i) AR T 2 A )5 TE i
SCRFR A28 W AE A i) 1A, o P ity
A, A Chen Y 25V FIHT LDA Jrid $21H
TR T S IR 2 A R AR TR U7
Hardoon 2557 5% ] SVM $ AR JEF R BIR B
O A A7 i T &%, AR 2T 4
AR P AR gt AT e A il a7 . A, R 2
WFSE R FHIR 3l 07 k3 i A5 B sh ik i U
RGNS HAT A, W QAC Y I 1] 7 L QAC
HEF BT £ 09 5% M QAC 25 i) =X By ML 6 T &
PIE S

FHFHE SERP 1 IR 2y 13 4L 457 fiE 1R AL 7
TRFRAE  ZEAR KRR B W] DL S e i R P X 4 R
25 SRAE OGP 1 0 U A B R P 0 %8R, R P A 4
RER EIEL R ECE R 2 L R R
W R 45 R (4R O 1 WT R At ey, D P i 4
RBUBSGER , I, F 2B 5 T IR S ARAE , il
B — 251 FH T8 SERP T i U K M ARAE(E,
FERI— 2 AR T B, T 7 A R 0 5 e
FREER T ) ] P HE 75 85 AH DG IR 48 R 45
HH AN Vrochidis 5 5 F B 3 RRAE, i U

PURFIE iz FH SVM J5 3 U4k T — A il il 3 36
i, TIN5 FH P T D) 0 AR, T A A 4
SEARBIAE ) 2 Y P A P R A5 S Xu A5
ST IS MR SRk, 42 T — 4> 37 A9 k4
TUASVEARHERE SR B, mT LA T 0l ] P 75 SERP
P A 1) 5 2, DT A P A A A
170 WeAh, IR Bk 9l T4 77 R SR AL T 52
/41 Beckers R IR s EE RS S8
VIR ), FF & T 1IIR-PRP &4t (Interactive
Information Probability
Principle ) , 4 8 R 45 RS £ A9 805, ni L1k
LHAGEKMERG, Zhao % FI FH/INILIR
B, R L PERT AR Hidden Markov 5 54 3k
ot At P A AR sl A = DT R A HERE R
4. Giordano! ™ P& T —FhHET ESh N A M4k
HERG, LRG| IR S RAE AR 192%

AL THER R GEROVERE , A L B2

Retrieval Ranking

5 =&

5.1 FETIRSN A H A B R B

HEF Raptis 552 52 H 9 A0 XU B X 8
KR BhZ [ E WAL (eye-tracking multifactorial
model for implicit elicitation of cognitive styles) , 4%
RS R 2E HL A B A 2R IR SIS R, AR S
Rt T B T IR 2l 38 B Y 22 B B R
B X —BRLR ST Raptis B G BLALFN 58 3,
BRI OB RIYE— 8 BAL T 5 B RAT
JIEIENRN R BR T Raptis 42 & B9 25,
I T AE B R QB RPE A4 R 3038 B
TR H. AR A F R, 40 i) Y47 Sk AR
PR SC S RAT A 55 s R 94 1 R 2 75 1 14
FLARR B, EAh , Raptis #5528 59 i = 140
AR AT S PG RN 2, i A SR
USSR U SN v ST E RN )| s
o ARICHR AR 45 = R FR 73« IR Bl A8 4|
HR Bl B3 07 35 9 00 A 5, LR R 2 7 52 . 5
R R R P BINH ER (WA 1),
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Eye—tracking
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a6 I AT

B1 ETRIEFNZEXNFEERRER

AR Bl 7% 5 43y D e 1 1R 501 28 728 o A R
BIRAZ H D RE UM 2K 78 o 48 A = OB R
(BPARSEXT 4 ) fE % il oo 2 0 2 4R B L) R
FEFUN D) RE (Y 48 AR 28 b, 40 e AR T A
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P14 2 F B0 3 % % G2 47 SR S DA LIRS
A7 | 5 T X NS G O R 1 AR
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Mouse #5232 2 [ I T SERP A OC M S 15 AFF 52
b R HTIR S8l 5 BUbs B AR E0E , °T LASE 473
WE5E SERP 0 YE 47 2 15 s i A7 O Z 6] B 56 &
Eye-NP AT DU Z A A BRAE R AR 3h i
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AN, DA KA ARRAE (e d2) X5 B8
BRIFTNAIF M, Eye-Cognition 15 23 1 %€ 11 43
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B sl ) 52 B A5 B R A IR S s g2 41 1 1%
AR3ZHF,
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