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Abstract: We consider the problem of ranking rich verticals, which we call “cards,” for a given mobile search
query. Prior art in web search suggests that it is possible to effectively rank URLs based on click data for the
purpose of automatically assigning relevance grades to the URLs. While the click-based approach is applica-
ble to our card ranking problem, it is known that good abandonment (i.e., the user successfully obtains the
information needed without clicking on the search engine result page) happens more often in mobile search
than in desktop search. Hence, to infer an appropriate card ranking for a given query, it is desirable to
leverage not only click data but also user actions on abandoned sessions. In this paper, we propose a method
for card ranking that utilises abandoned sessions in addition to clicked sessions. Using a real mobile query
log of a Korean search engine (NAVER), we constructed a data set containing 2,472 pairwise card type pref-
erences covering 992 distinct queries, by hiring three independent assessors. By using abandoned sessions,
our proposed method outperformed a click-only baseline by 5.0 points in preference accuracy. Moreover,
among the simple features that we used for selecting the most informative card from an abandoned session,
we found that completeness (i.e., how much of the card was shown on the mobile phone screen) is more
useful than time (i.e., for how long the card was shown to the user during the session).
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Fig. 7 Examples from the 30 card types used in our experi-

ments.
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Fig. 8 Clickthrough rates for the 30 card types used in our

experiments.
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tents of the displayed cards are not related to the query
shown at the top.

®1 ERT—5 TNVONR
Table 1 Statistics of the gold preference labels.

N1-N2-NN K Ef# K
=N
L-L-L 993 (40.17%) L 1,742
L-L-R 506 (20.47%) (70.47%)
L-R-L 105 (4.25%)
R-L-L 138 (5.58%)
R-R-R 347 (14.04%) R 730
R-R-L 177 (7.16%) (29.53%)
R-L-R 92 (3.72%)
L-R-R 114 (4.61%)
it 2,472 (100%) | total 2,472
(100%)

J—rvay bERY., 73 (“FiEAE) %KL
FOREN, QHHORL L — FOPEAICERENTWS,
KEFFEOHIIE, 405 — FETIE %L, H— FOME
DEOT) 77 Ly A%HETHIETHLD, KR
L7-&91z, 7)) LIZNEMICERBER W — %
ERICHERTERLTWAS, T/, FENFELETHoTH,
EBEOFRIERDNETRL DN — DD L7720, FRER
PHEEDLEEIIIAZO—VICE ) FNLFBETE S
£IHlZL w5,
HEENOIRIIHAETEN - FFa X Y MZE D5
iz, TOWMT, YURENS [MET—Fl LT, £
LEDOEL LD N — PO RFERR L L T#Eb 2 %1
TELTLRES W, 7 ERds Lz, 7, HIERETT T
ECRELoOm®E (K9 ZMEHLTYE— FTHEMEESL
f1o7-.
R1IC3HADHER L BHET NVOfEE2RT. 1
FIHIZOWTZAY, N1, N2 3 &H 5 b BEFE; A 7 1
TThHHHEE 24 %KL, NN ZHEFES AT 17T
HOHESE 1 X2 RY. T2, 22X LL-RIE, N1
FEDH—F, N2DBEDH—F, NN LD K — Nz B
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=2 HEHHO—HE. 3 BOYAE Fleiss' k %,
2 % DYA1E Cohen’s k i L 72
Table 2 Inter-assessor agreements. Fleiss’ k is used for three

assessors; Cohen’s k is used for two assessors.

K 95% CI
3HEH 0.562 | [0.539, 0.584]
N1 & N2 | 0.570 | [0.551, 0.588]
N1 & NN | 0.199 | [0.178, 0.219]
N2 & NN | 0.245 | [0.224, 0.265]

F— SRR OWETRAZZ L ZRT. 3HIHD “IFfif
=R EERD LB SHTREAZ. 25 HOHEE
DOKRTIE, NNDBAAT A TDO2HDOHEEREL AL D
CEERLTBY, 2o Ehs, NN OHENEIMSIE
TELWIRESEDSH D EVWR D, |2 IHEHB O3
f£ % Fleiss’ k & Cohen’s k[17] 12 & VR, Fleiss’ k T 3
LOHEZMO—FE %M, Cohen’s k T 24T DHE
HHEO—FEEEL, OBSWEBEXMOEET 5.
FRokoz, 2474 T7OHEEE AT 4 T TR
HEBED T NNV DO—FENRNZ ERgno72720, A4
T4 7 2%OHEFBERORE N 2 OIEFT— 5 2
L7z, 2HELTREBIPTHEATEY, 24714724
DV ERERS—H L 2T — Y ORZHH L2728, LT
77 Ly AT 2,023 & 7o 7.

4.3 FHMERE
BETHEOFMIBE L LT, To X ICIFFER L kR
EFKTA.

n

TVT7 7L A= S 7U77b?%%§:£7

N IHELZIERT) 77 L v ADHK.

N (KN): FiEo9 b, EFEMEo727 v F 712 &
DHEETET) 77 Ly ARE. IRREFETE -
A= PMIFRENTHI—=FEILDOAIZOWTT) 77
LY AERET L0, BT 7 7Ly AVRETE
LA =R X TICEENLVGEVH L. £
72, VT 7 LY AT T T A-order =M L 72AER,
20D — KOMEMAF LICHZ>TLEI LA DD 5.
PLECEY, —fRICN EN LY SLhb,

n (KN)HEET) 77 LCADIL, EfETY 77 L
YALE T Db OO,

4.4 T BFE

EBTHBETAFHREIDTOLEBYTHSL. B, C
(Click) &7V vy 2r7+tvyar, A (Abandonment) (k
Ly aryemL, score 13 IEHRE G272 — %
FEZTFT D cardscore 12X ) #INT 5 Z & %, random I
L EREG 22— N2 a2 —R—MIFERLIEZI—F
DHPE T T LIEIRT BT L 2RT.
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BETHEOTY) 77 L v AREEDFEZDWT Tukey HSD ME 21T - 725558 (WEH 3 4).
a=0.00 CTHER pEx KFTRT

Table 5 Tukey HSD test results for the differences in preference precision (with three

assessors) for all methods. p-values smaller than o = 0.05 are shown in bold.

Tk i 1:-32% = [ A L X p 18
C+A(score) A(random) 0.2067 [0.1601, 0.2534] 0.0000
Al(score) A(random) 0.1907  [0.1428,0.2386]  0.0000
C(score)+A (score) A(random) 0.1813 [0.1357,0.2269] 0.0000
C A(random) 0.1566  [0.1056,0.2076]  0.0000
C+A(random) A(random) 0.1180 [0.0713,0.1646] 0.0000
C+A(score) C+A(random) 0.0888 [0.0438,0.1337] 0.0000
A(score) C+A(random) 0.0728 [0.0265,0.1191] 0.0001
C(score)+A(score) C+A(random) 0.0633 [0.0195,0.1072] 0.0006
C+A (score) C 0.0501  [0.0006,0.0996]  0.0454
C C+A(random) 0.0387  [~0.0108,0.0882]  0.2256
A(score) C 0.0341  [~0.0166,0.0848]  0.3911
C+A(score) C(score)+A (score) 0.0254 [-0.0185,0.0693]  0.5643
C(score)+A(score) C 0.0247 [—0.0238,0.0732]  0.6956
C+A(score) A(score) 0.0160 [—0.0303,0.0623]  0.9231
A(score) C(score)+A(score) 0.0094 [—0.0358,0.0546]  0.9914
C+A(score) [RETE] 7V v sty arliig £ 3 HFEOT) 77 Ly AMELIERE CHES 3 %)

vy arEREHL, BEELy v a rTE LGRS
Z72H — FIZIRETHED cardscore (2 & 1) 3#EIRT 5.

C+A(random) 7Yy 7ty iariiidgEtryar
EMHL, MEEty v a3y TELEREGR T2 —F
$7 V7 LIGEIRT S,

C Z7VvrtyrarOihzHHTA.

A(score) WMFELY I aryOREMHEHL, HFELY ¥ 3
YTELEWME G 272 h — FIZIRETHD cardscore

DEIRT 5.
A(random) WWEEty T a  OREMHL, EELy v 3
TEHCEME G 2727 — FldT v L8 IRT 5.

C(score)+A(score) 7V v 7ty iareiiEty
varEMEAL, WIRORFIZBWTY, £ IEH
52720 — FIZREFIED cardscore 12 & 0 #IRT
L. Thbh, 72Uy sty ra AlBng, 7w
7 &N — RTld7% <, cardscore DI b &\ —
FESCE#REG R 72— FEL, ¥y g v HT—
Ty LT ksfnasnzsr— NExBEL—
35,

4.5 EBREREER

R3I LRI, BFEDOT) 77 L v AEELIEHE
Y. £ 3ITHER 3 HOHEHRL S ERT— 5 21Eo

1A, R4EIAT AT 20D HEREENS BT — 4
ol oRRTH L, T, 'S5 IZ, HER 3K
LDIERT— 5 2 il L72E0, %$§®7U77v/
AFEE D #1122V Tukey HSD ME*C %47 o 74 % 7R
T, L, SFEICEhitESI N T 77 Ly 20
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Table 3 Preference precision and accuracy for each method

(with three assessors).

Fik i3 1R n N’ N
C+A(score) 0.6932 0.5138 1270 1832 2472
C+A(random) 0.6045 0.4482 1108 1833 2472
C 0.6431  0.3354 829 1289 2472
A(score) 0.6772  0.4490 1110 1639 2472
A(random) 0.4865 0.3135 775 1593 2472
C(score)+A(score)| 0.6678 0.5489 1357 2032 2472

R4 KFIEOT) 77 Ly ARELEMRE (HEED 2 %)

Table 4 Preference precision and accuracy for each method

(with two assessors).

Tk WE EME N N
C+A(score) 0.7175 0.5348 1082 1508 2023
C+A (random) 0.6287  0.4696 950 1511 2023
C 0.6820 0.3584 725 1063 2023
A(score) 0.6884  0.4652 941 1367 2023
A(random) 0.4789 0.3134 634 1324 2023
C(score)+A(score) | 0.6842 0.5645 1142 1669 2023
DFEWVIZDOWTEEZITH D, FLLTTY) 77 LU A
WEICAEHT 5.

F9, £3 XD COREILX0.6431, A(score) DFFIEIZ
0.6772 THY, £5 LY INSDOMITKEINAEZIE A
W, 2D EDNL, RE LT cardscore(c) 12HD E
vty TarhronF) T Ly AHEEICEY, 7)) vy
vy arhronT) T 7Ly AREERER L BOO 2 Wi

6 3O FEDOYATABIEKIIBNT, £V AT ARNOEICET S
WY 7% p it 52 24 ERKED 1 5TH S [17].
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EDPEENTVD Z EDRGND.

KIZ, 3 LFAITBWT, C+A(score) 13 C X ) AHEE
BEl, WETELTV 77 LY ABN LSk
TWwh, E62, R3ICBILMBEOHEEDAEIIE 5 2°
AT EIITHEIICEETH D (p=0.0454). Lo T,
TV T 7 VY AT T 7 RAER L TH — FEIERAHT 5 B,
sy vy vailmAaTiEey varefns
EEEREVR S, —F, £512LE, C+A(score) &
A(score) DIFEDZAITHETTICHETIEZ V. DLEe2RA
$5 L, C+A(score) DFEWVHEEICKE CHBL TV A D
AEEy v a vy ToT) 77 LY AHEDIT) THLH L
EZHND.

3 L3 4128 T C+A(score) & C(score)+A (score)
LY ORESE . ZoZEE, 7))y sy arTid
R L7z cardscore(c) ZFIHT 2 LD b, FEBIZZ ) v
L7zl —=RIZEDET) 77 LY AERL7ZIE) DL w
CEERRET L, 72720, K5 LAUTWE OEIIHE
ICEETIERVDOT (p=0.5643), SEOKERETS 72755
I ERE AT 2 EIFTER .

3 LK 4128\ T C+A(score) 13 C+A(random) &
DASED E L, F£5 L0 p~0.0000 CHEEENH L. T
72, [AARIC A(score) 13 A(random) & ) FEEEATE {, £ 5
£ p~0.0000 THEEDEHDL., O NS, HEEL Y
Y arviiBAL—FIIL {EME S A2 — FORESE
2, RE L cardscore(c) E VD Z EITHR LV 5.

F3LE4ERIEMLTALE, A(random) & VT,
ERMICE A CBITLT) 77 Ly AREEB X OERED
DB EDRGnE, Okl F2OHELMN—
HEOHREREGT S L, SMERL-FEITEERE A A
T A 7 ORI IR EWFER IR o Tnb b s,

4.6 1—HICZDERESA A — FOEEICHWE
ERHEONRICET IER

AiEl Tl cardscore (2D EL—FIZEL L DIFEH T 5 2
A= FEBEEL, TV T 7Ly ARHET AREFED
Bk L7z, REICTE, cardscore LT A 55 &E T
& 4 time, dominance, completeness (3.1 EiziR) O%Y
BIZOWTELET L. T 612, cardscore T T % K
EDIHL 12 LE 228w wEE, BLY, 32
FTRTEHAWEESE GEE D cardscore) DF i A(score)
DTN T 7Ly AKEEERRY. HES 3 /L LM —
YRR LG ETHL. 5B, £Dt, d, cldFhzEh
time, dominance, completeness #7RLTHBY, 72& 21F
td 1 time & dominance W72 Z L 2R, /o, TD
FERATHIE T 5 Tukey HSD #MUEDFERZ R 7 IR . 0
1HNIZBWT, 728 21F “ct” 1 completeness D A& % Flv»
725E L time DA T VI AEDEELERT 5.

# 6 £, completeness DA% o 72355 —FAGE DS
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2018)

& 6 cardscore T 25 BEZZ 7296 D A(score) D
TN 77 Ly AKEE (HEE 3 4)
Table 6 Preference precision (with three assessors) of A(score)

for different combinations of the features used for

cardscore.

T4 time dominance completeness | 7 7 7L YA
HikE

t fii - - 0.6236

d - fii - 0.6486

c - - i 0.6928

td i H 1EH - 0.6571

dc - ) 81 H 0.6687

te A - i 0.6777

tde M i i 0.6772

R T A(score) D cardscore \[ZHHT 2 FBEmEEZHED T
77 LY AREED#EIZOWT Tukey HSD HE % 47 - 7245+
CHIZE#H 3 4). AEAKE o =0.05 THESR plix KT TRT

Table 7 Tukey HSD test results for the differences in prefer-

ence precision (with three assessors) for A(score) with
different combinations of cardscore features. p-values

smaller than a = 0.05 are shown in bold.

SRS FEE D 7% (7 IR A5 X 1] p fil
c t 0.0692 [0.0202,0.1183] 0.0006
tc t 0.0541 [0.0051,0.1031] 0.0195
tde t 0.0537 [0.0047,0.1026] 0.0211
dc t 0.0451 [—0.0038,0.0941]  0.0940
c d 0.0442 [—0.0044,0.0929]  0.1034
c td 0.0358 [-0.0130,0.0845]  0.3157
td t 0.0335 [-0.0155,0.0825]  0.4054
tc d 0.0291 [-0.0196,0.0777]  0.5733
tdc d 0.0286 [-0.0200,0.0772]  0.5905
d t 0.0250 [—0.0239,0.0740]  0.7409
c dc 0.0241 [—0.0245,0.0728]  0.7674
tc td 0.0206 [—0.0281,0.0693]  0.8754
tde  td 0.0202 [—0.0285,0.0688]  0.8859
dc d 0.0201 [—0.0285,0.0687]  0.8867
c tdc 0.0156 [-0.0331,0.0643]  0.9654
c tc 0.0152 [-0.0336,0.0639]  0.9700
dc td 0.0116 [—0.0370,0.0603]  0.9924
tc dc 0.0090 [—0.0397,0.0576]  0.9982
tde dc 0.0085 [-0.0401,0.0572]  0.9986
td d 0.0085 [-0.0402,0.0571]  0.9987
tc  tdc 0.0004 [—0.0482,0.0491] 1.0000

<, time DA EH o 72 AR, £7 XD
ISR (“ct?) IITHFHAEXAEDSDH S (p = 0.0006).
Thabb, = KPP0 TOM- ZHEMOEFI LD b,
H— FERD D B ENL S WOERS AR RE S N7 H0
FrlRELy v a v icBIFA 7Y 77 Ly AHEED 2D
WA THDHE VA, 51T, time & completeness %
o755 (to) & T XTOFHEEZ H V54 (tde) 1,
EH I time DA RS 72HA (1) L) DRENEL, F
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HENH DL (FNFp=0.0195 p=0.0211). TDOI &
b, completeness DHAHAEEZRLTWA. F/z, R T7THIR
T & 912, completeness DA % ffi- 7234 (c) LI_RET
B (tde) ORICIIEEAED WV EhS, FEHMEILT
LOMHINZAEZEZ D726 LT Wil D 5.

5.

faam & SRORE

AFETIE, G26NTZENA VT ) 20L& 05w

H— FOIERAHTEHBE LT, EEy Y ar2bdb 7
V77 Ly ABBRONLIREEICERL, KEry a3 >
Ta—HFICLVELEHREG R 72— FeERL, 7 1)
bty g viELy Y vOWAELLTY T LY A%

BT, FUYTF VL AT T T ERERLT.

T)T 7L YA

WL Bl To 728 25, DTOMASESNT:.
e /7N kv ayiIBWT I Yy ZIZEDETY

77 Ly ARREET A LR, BEEEy Y a v
BT —FOFEHLh— FeiEEd s LItk
0, 7V 77V A EBEICHEET S 2 EAHRET
H5.

TN TV AT T T EHWTA = Fe A4 %
Bz, 77Uy rkyya MRy vark
WL Z EIZHERITH 5.

MELY T a  IZBIT 51 —-F I hE G527
71— N & ERAMIC, 8% L7 time, dominance, com-
pleteness (240 < cardscore & x5 Z L I3A%)T
H5.

BEEL Y ¥ a3 v TELIERE 52720 — FEEABIL,
= RS T OB - 2B OAED (time) X0 b,
B — FERD ) B ENL B VOERGAMTERE S 7z
7 (completeness) DS DVHFR TN &b,

At OIEE SRR L AENL, BEERy v a YRS

M E AL T 5 72D ICERWICHEROB WY ) 2 #EA
DT, EBOENA N T F— 5006 0FEKY 7

i

T AHEBRIIELT LA R o T AWn

L72h5-> T,

A SO NT-RROTFEH EOZEIZ OV THRGES 2 L E DS
HbhH. T2, SOOENAIV 7 )0 ZIERE TOTD
MFERER L, RFZEICBIT B8 7275 7 — FONERAT T %
ML RZ, FERICBW CERLEM T2 2 &
ZIRET L 72w,

HHEE

AR LEEZ ZERZ LS o 2AHTHE D%

BT EMERROETZ M EIEHR LHIT LS.
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