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Applying Multi-armed Bandits for Incentive Design in Crowdsourcing
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We have examined the possibility of modeling the incentive design in crowdsourcing as the Multi-armed bandits
(MAB) model. So far, researchers studied the effect of a variety of incentives including financial and social ones.
The effectiveness of these incentives, however, may differ from worker to worker or task to task, and thus finding

an optimal incentive out of the whole incentive space is difficult.

To overcome this difficulty, we consider a

data-driven approach is promising instead of trying to find a universally effective incentive. More specifically, we
consider applying MAB algorithms to the incentive design is effective. The MAB model is a theoretical model of
exploration-exploitation tradeoffs in learning. To examine this possibility, we evaluated the effect of nine incentives
on Mechanical Turk by using word puzzle tasks. Based on the obtained data, we further evaluated the performance
of four MAB algorithms by simulation. The results show that applying the MAB algorithms are effective to obtain

the appropriate incentive design.
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759 R = FIIARE LI MR A T 5 T e
LA THY, EE, NLHREEMOBANGE UTHEZED
TW5. #HaE (77— wa@&)ﬁﬁﬁ%fim<Af%D
F72, TRESBHADIRETH 5720, HREYOFEIZEL T,
PEREEIZERT 2IESDENEL BN D 5. ckof, &
HAPEREREREYZEL > THE V—HE2X0kS5I
BT B E VWS EHTDA vy T THREADEEL B,

IRV = v TIIBEL vy T4 TDEZFELT
&, RA7OHAENEHZEEZBPFAL 720, WA MEELNE I HE)
TRV TERERABREDOIFEL, WIKRMEBIE SRS
B, SERRVEIE A 2B & W o 22BN T  OBIED R X
N T3 [Rogstadius 11, Shaw 11]. UH L, BEFEAZEDZ <
WWRHEX A7 IZET 2EZ R ofiwmez BT Wb, 1ot
VT4 T OMBPRERAZIZEEDLDTHBDHh, —&iH
RO DDAEHWT A L3 L. 72, 25T RY —
VTR IND R AV IS TH D720, K1Y
T4 TOMBEMBEINARTEL ZEHH L.

ZDOMEERIT 2720, KL T, XRATEITHKRL A
VR VT4 TERRLENS, WYRA ey T TREEES
WS T Tu—FE2EZL. TN, A vy T o TIIT S
R R A B I 2HE DB EERD. TTY
Ky =y v 7Tk, BuND X A2 %47 % Human Intelligence
Task (HIT) L0ER. DR AZRT ) F—Y 3 v RAV T,
BEOHIT BEE T, —DODRAZIPHINTNWS, Lo
T, L7 o —F 2L ERAETHD. ZDX5%R
RTIE, KEZ YT vy T 0 TR, ELK

— R HEDLTEHOM SN BETH S, Z OO
LN T4y PEFILVOEHAPEETH 5.

SN T4y PETIV, UMTFO LS 2ME%230RT 5%
TIVTH D, BEDOT —LDZFNFTIZH U TRHEBDIERS 1
WBIRDENTEYD, TLAYHRDHDT —L%EEIEFGIHER
Mizgonsd. 72720, TLA V& T — L OHERS TG % Hal
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RIS INTIEWARY. ZORHROIILT, ZHiNYT 1y M
L, 7T—LOBREENE X SNz 12, FEORNE K
KT 2L T—LE2ERTZMETHE. /2, ZOMHE
EIRL I2ODLWNY T4y TV TY XLIZBLT, Bek
RENIRLINT WS [Kuleshov 14].

ARTIE, 259 RKY =Y B b1 vy 71 THRE
ANDLWNY T 4y NETIVOEATA RN 2 MG 5. BARH
1Z1%, Amazon Mechanical Turk THix 1 v v 54 73
FHOFTTT = NNV R AT BKIEL, T OFERETITZ RN
y?4/%7»jUXA®%%%vslv—yay%%mfﬂ
flis 5. FonfEEix, ZhNNY T4y NEFILVOEANE
ij’CZJ@é_ EZERLTWVWS.

2. BEEMIR

2.1 AvEYTF 41 TOHEEM

WA Z GO TR Ve T4 THEEREIZED LS 7%
MR ZBMIONVWT, TNETE <0)$I§'%75 ﬁ)é. Mason
5%, NAVZ AT E2AWT, ©ENERIMOZ 51U XN 5
RAVBENEILE X BHERTNDFEREIT, SEAITRIM
EFHZ e TUHBREXZHOD, FEIEILTLEREL
RN Z & &R U7z [Mason 10]. Rogstadius 5%, #x EIF &
AT EFAWT, ZA7OHENEHEEBFAL TY —HONREIE
A2 EDDE ISR vy T4 TR 525, WNEELG/NE
W ONEMEIEATI) A THEERENE LT B 2R
L T35 [Rogstadius 11]. Shaw 5, 2 web ¥ 1 FDN
BN RA T ZFAWT, @EENRE DR EDEELEE
T UMD ey T« TWEENBEILE R 582N, £
OHT2DODEHMA vy T4 TIHELHBZ L ERL
T\W5 [Shaw 11].

ZDEHIZ, MEMEOMTHLT LEESWALKELSG
S5NTWBEIEFEZIRWV. bbAAT VYT TEE-TH
T —HANDERDAE IR A IEET E2H D HY, TOF
By EZZHILEARETH ED, —HT, WUNeERIZEET
ERERH BT T, — DDA AR A7 I1Z#A
THZLENHIZT 5.



2.2 U959 RY—SVTICBIFBEBMAYT 4y D
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Tran-Thanh &%, @ELEMEEZFFO>7 -z LTX
A &Y Y T3 expert crowdsourcing (ZH\WT, T—7H—
NIZEY T B & A 7%, MRIEE DO FBEIZHIRYH 5 &\
S BFEMZRHIRIDIET, WKEE ORE % Bofifkd 5 X A 7 EHY
T7 )3V XL bounded epsilon-first 7))L 3TV AL ZEEEL,
ZTOEMMERLTWS [Tran-Thanh 12]. 15 OHIETIZ,
% D7 —72737 — LTRSS BDITH U, AL TIRERE
VR VT ATNT = LIHIST A RUSEVWLE D L. F, S
OWIERTIX, WEEP T —HIZE O Y TERATEERL L
EIRELTWED, RFETIET —HIZR A7 ORIRMENDH B
EARELUTWABIITEWYED 5.

3. MERE
3.1 YRV

AT, <1 7B RXA7 EMENS, —DDEFHITHL
THBDT —AMRSMU, HER/NIR /32 M LT
ADXZA 7 2R d 5. fle LT, WEDOT /77— 3
VRN, XEOREREVBEITFSND.

3.2 IKEEHE

HRAEF AN D S R E ThEAZ TH DD, AL TIE—EIZ
BEP ST O HIT & ENE XA 2 KT 2 &5 wiGs
ERETS. F7, KHEEPNX R R2KEL, 7—HIzLB1E
EORBEFHML, FOREEISU TRICKET 2 X A7 DA
VRV TF 4 TERHETIZLEREL TS,

3.3 U—A

AR TIE, 17 —HAEHO HIT 20T 252 2 2550
WD, U—hDEEBEREREE ATTHILIETERVER
ET B, DFV, BBV T4 TRENE Vo E T
L4, FNET—HOEMIzELTTHY, T —HEL AT
WNTLEDTIERN. 2, 77V RY =Y TlE, HEH
IS SICHRIN A SZ IS 5 & § 2 RIER T —h DIFEHN
HonTWad., RitgElE, DX 5807 —h%RELRMEEIC(
M2 & 5 BN T 200 E T 5D TIRR. Bk afFiE
EBE2ELT7—HAEMMIHFLT, IVIEENEZESOE 1 VY
T4 TDERFEERONRL LTS,

34 AvEYF4T

759 RV =V ATBIT BT - OFEEIEICE LTI,
Hossain 52334H% 5 -2 T\ % [Hossain 12]. ZH 56BN,
FREAT I IZB U TR R HEBRRFE L2 & T% < O
HY, TRTEHETHLILIFHL. 72, RIZEENT >
YT TICELTIE, WlEER S EERE AR, TS %
RN FZET UL, TSI vy T 7O S, 7272
L, KFEOHMIIEL DA vy T 1 72D DDOMIETIZ
mL, BAYORE RN EXEE A vy T4 THREORKRT
Hb. £oT, BENRLTEA VYT 1 T%55FER>
THEZXTH, BmOZ U2 BERDRVWEERS.

T/, RWIETIEA Ve r T+ TOIERBIEREZZRL R\,
ERERI R & 1%, Hlx1E, R0 HIT TIIIESERE IS U TR
L, RO HIT CEEEEIGUTHEET 20, JHEH - 1
HONEF 22T 5DT, 202 HIT »oBohdKEYD
MEBRRSLZ L EET. BBOMAFERTIE, 17 —AIZi&
1HIT UL2E DM THRWE LT WE o, HFHRZ2EEE
BT BRBEFRNWD, ZHINYT 4y b TNVT) ALDOHEHE
2% ETH, HEHRZZWEREL CTHEREZEDS.

3.5 ®ERNIL

AWETIE, 1 vy Fa 7220y beyiisir s
T—=h, BRUZA VYT A TR2EZI R AT ST —
NOEEFEES Y VPO ORE, KIEEEZ LAY EeER
T, 1>y T4 THREHNIEWANY T 1w MEEAT 5.

HHEE X N H0 HIT 80X A2 2KHEHT 5. HKiEE %
HITIZ5X 522N TE51 vy T4 70 K M (K < N)
HBHLL, in(l<E<K)TET. nEZEHAL<n<N)OD
HIT t, 52212y T 14 7% I(t,) € {i1,i2,...,ix} T
£, A VYT 1T 0, A2 60 HIT iI2x3 2 E%8E
qr VY g, DEK oF DEMDHEIHS LD LRET . K
WHEIERAD tym=1,2, . . NIZBWCTA VYT 17 I(tn)
ERENU, FERE g, 285, B8, T—AOREHIEE—
THY, FEMEDENIAI VT4 TITE>TOAEL S
LIRET .

DL E, IKEFOHIE 7« (i1, (2, ..., k) — ix €
{il,iz,...,iK} X, BEOHROFERPoRkDONBEK/A v
VT4 TOMHENE jr, k= 1,2,..., K A& LT, &K
@O HIT THEZBA vy T 4 T 0, 2RTHEBTH 5.
T, f ld, ITNETCORRIZEIHEMTH Y, HOMEE
S ORE py ZIFEZ B0 Ly, ESE O I,
SN G, ERKIET A TH .
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4. ZWNAVT a4y MT7ILTY XA

SN T 4w R TIVTY XL L2 LT efirst ¥ e-greedy,
Softmax, Upper Confidence Bounds (UCB) 7 & AR 72
HDE L THISNT WS [Kuleshov 14].

e-first (T RFRATEED 5 HRPLEZRERIZY T, HBPLETIERD
BRHMEOR VT — L 25 EfRIF 2 HHMR T VT XL TH 5.
e WHERIZY TBRMTEED, 23T 28 &2 KT
NTIA—=RTHD.

e-greedy HHHMAR TN TV XL T, TN XIZAL FHb
T3, e BEAMSZRTNIA—RTHY, WHFHIHERD
T—L%EMHERL —e+¢/K T E, TNPHNDT —Lb% ¢/K
DEHERTHIK. 22T, K7 —LDBKTH5.

Softmax it % DFI1F DO EEIZ G U THERKIZT — L%
I 2 THREIERZ1TS. &7 — L OFHiifELIF < PERT
BM, —HT, {7 —LORTEEEZEET, RN
ENRLNROTWVWET =Ll —EDEETHRERE 52 5.

UCB &, &7 —LIZ2WTENEITH->TWE 0 %2EEL,
FHHOMRN T — 22 LR Z < ORI R %2 52X 5703
ALTH5.

UTOFMERTIZINS 4 DD 7 NVTY XL OMEES
N5, BREE, ZHAYT 4y 703V X LOHA RN %
FARDZEDVHWTH Y, FLTVT) XL EEBETEIEHOD
TRABVWEIZERSI V.

Mechanical Turk £8&

AV T 1 THEIANDEWIN YT 1 - O REN: % 31
flis3izi, &1y F1 78T 597 —hDOIEELE T —
APBETHS. I T, Amazon Mechanical Turk T
BRE4F o 77,

5.1 ZEBRYRY

AIFETIE, TR A2 & LT — KAV ERAWS, T —
AF 12 x 12 DX RAZErNZXFEOHD S, 10 HOHEEE
B Lokoonsd, =770, RMEHAE U CRREE

5.



Q3. Type all words you've found in the puzzle with LARGE CASE.
Clues:

* the outer or farthest point of something

« something that is an exact copy of something else

« a door, gate, etc., by which you can enter a building or place

« having nothing inside

* a state of mind or attitude

 the instructions that control what a computer can do

« someone who collects and writes news stories and articles for newspapers, magazines, radio, i
« the language that people speak in France, Belgium, parts of Canada and other countries

« having lived or existed for many years

« a piece of writing involving original study of a subject, esp. for a college or university degree
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WREEO 2 FEEZ AR L. EREEARTIE, HEe LT
15 [HDBFENLE-Z SN, ZTDOND 10 BEEZITPEBIC < AT
BENBILERLUT, 10 HOBEDEZE %KD B, Gk
LEHATIE, YAZEEND 10 HOHGES ~ % HiHT 5 5k
(clue) *! 25 2, ZTOHdH» 5o HFEERMRML T, v ADHHR
SELHETZeAkOL6NS (K1) . —MREIE, EREE
FHAMEEE T, TMRREARPGHEL S 5.

—D0 HIT &, #EREEAX2E (QL,Q2 &Ey), ik
EEAXN2E (Q3,Q4 LIER) D4 E»r oINS,
EI3$0.08 DEELHT, R RT 9FEHOA V2 v T4 T
26 U4 100HIT, &3k 900HIT ZMKIEL 7. 728, 2O
T —AWEEOHIT 2 FETT 2 L &2WHi<kd, 1 A\OT—H
MWEFTES HIT & 1 DITHIR U 2. N7 — RS0z
B4 23iH%E 52, ZOTIZER (Note) & LT “After this
HIT has been completed, your answers to these questions
will be reviewed for accuracy.” &\Wo72&1 V¥ VT 1 T
X htng B X % PR L7z,

52 AvtvT4THhR

Shaw 51 3 ¥ 4 O v VYT TE2FARTWVS
[Shaw 11]. ARFEETIE, RO XX I EFEDOH IR Y, KFE
BROMNTERDPEL W 5 DA T 17 (Normative
priming questions, Reward Agreement, Punishment Agree-
ment, Promise of future work, Betting on result) %R\ 7z
IfEDA ey T 1 TEAVE. &8, Shaw SAHWZA v
VT4 THBICREAIKIETEXENEENT WL
b, RERRXRAZIZED O WHEBIEL 7=,
5.2.1 #HEWAE¥T4T

RS vy T4 T, MDT —HDFIER XA 2155
ZrDEEN BEEZEHIELILOTHS.
JEfIfH i+ (Tournament Scoring) [HZEHEEICE L CTio
T—Hh BRI ND L EERD. 2L, 0T —H L DE
BT & o THIMEEI BT 2 Z L idwv. 2k, oitam
VeV TF A TEZBVTHRAKTH .
BEtRDO BT 17 (Cheap Talk — Surveilance) [RIZHEE
KOWCTHEEEZZITLILEER5.
REOEFH (T F (Cheap Talk — Normative) IEHEIZ[H%
THILOEEMZMIMNT 5.
B# (Humanization) 7 —7i2xtd 2@ %xR7.

x1 FHFEZFIH T 2581k, Cambridge Dictionaries Online
(http://dictionary.cambridge.org) (2 & %

%8 (Trust) WX A2 OMROFRIZ L > TEM LK
WI L EIRA D LRI, 0 ORI S REDEII T #
LEFELTWBEERS.
5.2.2 &BHRAVEVT4T

SERIA T TE, BEOWMICMATR—F 2%
o, HEVE, FHEHZTLZHDOTHS.
BEICIS C728HM (Reward Accuracy) A< &bH—>
DOFEIZN L TEAGDLEEZITY, ZOMBIZEMRL TWhiuE
R—FA%XH 5 LIEAS.
FEEICI C7=&1Rl (Punishment Accuracy) #A7&<&d
—DOMEIZH L TERAADEEZITY, TOMBEIZEMRLTW
BT T E IS T LIRRB.
N1 XEHAl (Bayesian Truth Serum (BTS)) [M#IZ
WY BT — A DEEE FRT D LKL, TNDEEEDR
RIGEWGEE AR —F AZMOARENED D LIRX 5.
523 NATYyRAVEYT47

NATVY KAy T4 71, a1 ey 778 d
B vy T4 TEMAGDELEDTH 2.
ET (Solidarity) F—AWHHDA LV NIZR>TWE I L,
F—LDPBTER—F A2 ZITINE Z L 2{ER 5.

Mean quality of each incentive
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5.3 ZHERER

22, GAREA Ve Yy T4 T T DFEEERAE %R T
MEHHASSEIIEE S E A RT. 22 ORE LI, RRINHE
BN ZANIZEENDHERTEH S ETHE I, ERK
EWIFERWV. 7z, BIREE AR (Q1&Q2) DGR & Edik
mEAN (Q3&Q4) DIERE DI TRT. BIREIZE HANTIE,
Ao rTF4 72MOT 09 ULOHEEBTHY, 12k Y
T4 TRICEERARR S anh, dEEAXTIE, 9H
DAy THTHREICENRSNS. THEIZE U -5
Al 2B W THEMEL, —A, IRt ZAAK, [BERORH
] TBWTREMEL 2o Tz,

6.

Mechanical Turk EERDOFERZ T2, ZHiNV T4y b7
NI ALOEHATREMEE2MEET2HMT, YIalb—va
VETo. £T, KAV T 4 TIRTEREDON R,
Mechanical Turk SEERDAEH % eI BT ER DA & U TRIT
5. DEI, 1 HIT 2KET 28, 9fHDO1 2> T4 7i12xt
THMERMIE > THREZREL, TNEYHA 2T«
TEHAVWEGEBONIMBEEER L. ZOHE/EE 1,000 [E

YIalb—rvav



Total reward of each algorithm

uce 525.5

Softmax(t=0.04) 659.1
Epsilon Greedy(e=0.12) 631.3

Epsilon First(e=0.04)
single(Tournament Scoring) R 4q0.8
single(Cheap Talk - Survaillance) [T T 308.6
Single(Cheap Talk - Normative) [ 3857
single(Solidarity) [ az0.4
gle( on) T 4304

Single(Trust) [ k504.6

660.7

Algorithm

single(Reward Accuracy) |2 k4901

Single(Punishment Accuracy) |

single(Bayesian Truth Serum) [ 352.4
Random [} bass.7

Oracle
0 100

'571.3

‘504.9
800 900

200 300 400 500

Total Reward

600 700

3 ¥ Ialb—yavitkd 7T X LGk R

MEDIRT Z 2T, 1,000 {E D HIT % M58 U 72356 ORHE %
Ko, igE U7z, SFELIIENIHBEORMAMTH 5.
M 312, 4. BTRUZADDEZBNY T4y b7V TY XL
OBFFE R Y. BlIAARECHIET 5. 48, Single() &
KL ULEB DX, FHERNOA vy T4 T2EBRUEITE TV
IV ZALTHY, Random 17 VX LIZ DA vy T 1
TEERNTBZT7NVIT) ALTHDB. £7z, Oracle EEKI L
L0, HICREDOERET S, 20, 1HITIZHLTES
N3 9HORBEDETHRADS DEERUFET 2 55%2ET.
Oracle XL HKN TR RT 2 DT, EHIIN#ETH 5.
FRAR S L, efirst & Softmax TlE, FHRTHIFENRL T

b, mED DEEIZL U] 2 BMTHW 54 L A%ED
MREEBTWS. £77, egreedy INSHITEWEREE ST

W3, —%, UCB OM#ElIFE > TW\W5b. Kuleshov &%, %
NYF 4y TN TYXALIZE LT, egreedy ® Softmax 72
CoHflin a—Y AT 4 7 A HWEEERD, £ 054
THEMRT VIV AL LD BEBWERZHETZI2E2RLTWS
[Kuleshov 14]. 7— RRZAVRAZIZHT I vy T4 7
FEHZELTH, AKOMEAPRONE L FE X 5.

7. &

Shaw 5k X1 ZHAAK WMEEMEDOM EIZENTH S
WS HERE STz [Shaw 11]*2. ZAUIH L, Fx DFEER

TIREZBERVPB/ON. ThbD, &mw6®m%ﬁﬁ%

PROSNT W IR XHAAF] 25275510 RE) K
HELS Y, —4, w%#&wtéMthr%ELmut%
Al 252756 0nbREPEL o7z, ZhlE, ZAI®
2m1¢ﬁﬁt2MG¢ﬁﬁkDotﬂX7%ﬁﬁ%Kiof
WA EIZE A ey T TRRL LR A RL T
5. DFb, Z5URY =V IIBWTEEMIIZEN T v
T4 THFEL RN IR, ZHAY T v b 7LD
VALERBEHT BiENHZ L ER5.

i, YIalb—varvofER, BEOEHANYT4Y FOT
VTN ALEEATEHILT, B—oa VeV T 1 TORTEE
DHLDEMHT 2856 L ASFOMREEZ MR-, HAMHE (Oracle)
EHARTH QONFEEDMRAGZZERLTETHY, 12V T«

an‘l”\o)%’Hﬁ/\/T’f/ MOBEHITEFITHELELEZS.

%2 Shaw 5 THEIZE U728 (Punishment Agreement)]
HITH 72 LIBRTVBH, AFBRTEIHMIZED TRz d,

ZHUZDWTIXERE BT

XTC, INFTRE—XAZIZHRERELTEH, Me-
chanical Turk Z R4, KIESNDE X A7 342 THD. *
NOEDRAIZEXZIZHUT, YuhrbZEB 2ihd 20138RHN
BOEDICRR S, HlxIE, HEUXAZIZELTIE, ZhET
OFFEREZYYE L LTEZNIE, T3 ) ZLHFELN
WU, v@EVHERESND LHIfFTES. L, 10k
VT4 TOBUR TR A B O AW T2 Z LITBS TR
W, EROERTIE, BREEAREHBEELAREZ—DDX
A7 UTH-720, BMiZFLBETT vy T+ THIOREZE
MRS T Wz, KEEDVER R AT 2 FFO5E0 X X 7
MEZEED K B RAMDBFHI S B OMETH 5.

8. HHYIC

AT, 259 RV =S It 3s1 vy Ta TH
ORI L, ZHANY T 1y MEE LTOETIVIEER
U7z, £72, =KXV EXA271Z%F % Mechanical Turk
FEEBRN S, 9HOA vy T4 T T AEEMET — X 2
BL, TNELIILEY I 2L —Ya ik D BEOSEN Y
FTAv TN TY ALEZFMUE. 12T 4 TOMBIZHE
U Tk, BEFMge B a5 21G7-. 2k, HEMNIZER)
AV TATRNEIEL RNV L2 RLTEY, XRAZED
AT TRAVBBELERD. £z, ZHAYT 14w b
TNV ZLWE—1 T4 TORTHREOEDZFHT
HIGECAEDOHREE RO L 2R L. Tho kb, 1V
VT 4 TEIANDEBANA YT 4y PEHAOAERMZ R L.

A

ARZEIR, HAZMRE R e B AR 5E
SR 24 AEJE~28 AEE) OB &%) 2.
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