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Figure 1 Task Recommendation Model Based on Participants’ Competency and Acceptance Degree
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Ak o BB X (8] {6, L 500 L 01 5 3R & AE 55 1 A
B EFMERN—SCEE R, R RBd(r,,) = 0, 5 H
BAEFERER EHIFH R BB X TFAEHE
EFEFEERE EWERTFHE AT EENGHE, A
MEBEERRMB N EFERER FRRHA, W H
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GG RAMAESERER LR,

[l 28, %F F A R AE 55 1E 45 K p, I B9 B b 9F # {8
BP At 9 26, R4 (13) A1 (14) Xt AT DL A5 35X 4k
RMBAHEAR REHXEROHB LR
HATER &, 8 B BT A AL 55 72 48 BEp, b VF i B A6 FL 2K
Eiiksi BT

4 Lim(p,) M Lim(p,) 53 51 2 75 BT A 4E % 1 % 24
FEEWFMEMER ERAEKTR, &

Lim(p,) = Y, Lim(r,,)
Hl (15)
Lim(p,) = Zf Lim(r,,)

HY 43 B BT A 4E 5 7E 4 FEp, b F O B 89 B B
RN(p,) FIHL 1 5 RBnd(p,)

RN(p,) =| Lim(p,) ,Lim(p,) (16)

RBnd(p,) = Lim(p,) - Lim(p,) (17)

RN(p,) I K/INRBLT 25 % SHE &4 fEp, b
TR EZ K[, RBnd(p,) R T 2 5% 1 % K [d]
By K AN o 24— U A 95 1, 6 4 e p, MO VA (i, 0 F
S5EWEZKE N, BAH Ln(p,)<r,, < Lm(p,)
mt, 2 5 % AT AR 7E 4k BEp, FEER TS .

Wik SMESEENFESHEZRE, &
WREitr, SM(p,) Z EMEED(r,, M(p,)] F%,
M(p,) Jy Fi 45 FE 4 BEp, b VRO (60 7 4 %0, B
#

Lim(p,) + Lim(p,)
2

AR AHNTYT B 00 4 0L B B, A
lr,—M(p,)I
%Lim(p,) < 1;, < Lim(p,)
2lr,—M(p,)|
%r,,> Lim(p,) 8r,,< Lim(p,)
(19)
(19) R#FRYr, TS E5EHEZ KN, A
1053 M(p,) 22 61 ) 35 (8 90 75 P % 22 60 ) BE B K/ 24
AT S5 H MR X E N, B, > Lim(p,) &,
< Lim(p,) , W26 T % 2 {1 ) 2 B b 3% 0 48 771 3% $OK

R E BB KD,
FEMHER L HERIEES S EY ELEEp, b

Xt AE %1, B B 32 BEADY (p,) ™, B
ADY (p,) =
| [2(Lim(p,) - Lim(p,)) + 11 = D[r;,,M(p,)]}’
(20)
MFBESS5EBEZES, P BEEp,, &

BB, BN AR A AR NE, S,
EREBENEEE, HAg=12,,00<a<1,

M(p,) = (18)

Dlr,,,M(p,)] =

2

Y o, = Lo B RE " XE S50, 00 85 BEAD

Q
AD;’ = ; [e,-AD; (p,)] (21)

2.5 EBEE

MFEHES, GAEBMEESSEXNZESFH
BAEEMEZE, TURESN S5 EEEFIER
RSB IF o 2 TRy Ay’ X AE 5o, i i AE BE 0 4% % B
Mg aEMmE,. B

TR;' = wgp - QD" + @,y ~AD (22)

H, wep J BEAE FEX 2 55 & 5 6 V0 (5 89 % ma /2
B,op VEZENSS5EHE5TFNHENREERE,
HOS 0wy <100, S optop=1. Y04, =104
=0, R EMESSEEEFEETHMREF ML
BAPREEZSENEFHORALENEZE, X HBE
KA RESERE T ; Hop=0,0p=1,BLH
BEHENEFHWEZEFEAIRESEEREFH
ﬂﬁ—lﬂﬁ;gﬂ){mqg <],0<mw<],ﬂ_wou+mw= 1,5
NEEFHEPSEFIESSEREENEZE.,
REGNIBES S EEZESFMETR KA
UM EES LN S E5ENRCTF. hEEFHEE
BRBEMS5ERIUKE.

3MAXH

UREMATZHMERE TS —REEN
(www. epwk. com) | f) £F 55 4 0] , i B 4 BF 5% 48 15 1
EEHEXRBRBAN SR EEAEME., EXGFE
EAMESUSAERES KL EHNERMESFH
SREME WS BINESECLETNESH
BMABK AETFSEEMENTR, A0 57K 5%
WMESEYE TIHEBMMESEE3 MR —L 05
%, BT MERHWESH BEK—-ENEFE,
W3, TELE R, A4 i 3 ME S R A
HEREERBETFELHESFHFAAHN, LEF
TEH T HAMERNS S EETESHHEE &K
WEHRRMPYWEE, RAEHERERAH G .

(1)4E 55 A0 ML HE 3158

Sy, RAEFAINREEHVILEERIT" ,, &
AEF“RFHEFHEEVIRHT" o BRREE“ BB
FEER VI . B, 4 &6 4k = &
VIR A EELEEAN S LRIHESE TR —
LA S, 10 A, o AW B AR % 2 R A A L RE,
HAENRESESES %R LHIFNEhE3
H,EEFEMPAITEELERBRN, ERLE,
HEENS E3RE . TEEMESEEINLE,
18K py P2 ps Flpyo K EAL T, 58— R A S SF 5 ik
RAETRTEE LR SR EERKE, Bk
L#3,

WAE & MMEFEX o4 EREPRE S, 53
1B 45 74 4 B B TEA 1, W4,

WRERANBE AR~ G)RHEBHE
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IR | A& 5000~10 000 3 000~5 000 100~1000 190 1) F A
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Figure 3 Example of Task Partition on epwk. com
RINWDHEENINMERRRANNUNELE
Table 3 Evaluation Grades and Their Scores for Each Dimension
VR SR A E
PR HEE
5 4 3 2 1
B4/ T0 2 600 ~3 000 2 200 ~2 600 1 800 ~2 200 1 400 ~1 800 1 000 ~1 400
FAEE EHER g2 —fig RES EHAER
TAERE RK X — i /P AR
WEERE RXK x — i 55 RES
R4 BITERESHELNTNE Q) sEEREETH
Table 4 Evaluation Value of Each MAES 1, 1, it S 5 E P IS B AE W SFL,
Task on Each Dimension MWESSE, CHW, = (00, 0] 3 F B
o a0 . . WAES 5K , MO AT AL T 7E 45 T %5 o 0.
: R —-GRERETFE LA SEELEF P RA
L 3 3 4 4 WiEsE, PR ABMEES SERIGHNSS
i 5 4 5 i EHEFSFEANBHENEIr BESSENENR
? ) HGHS HTERTPHS2SEENSET T
s 1 2 3 3 %, . MBE5FESMBETHES L, NEFHEBRES
g ; i 4 i B FEMN AR, AHRREZEXSS

Ft, 50 RS A EPESE AR A
BEE,REH )R GB TS B HEME,
=5,

ESSMEFSHMAESFZ M HEME R LR,
Wfia iS5 EEHMESFRAMEHE. FEIR
E5525FS50ESAUERS, WS 5&E %
RIEFTHRABMCETRERTG MRESS5F
w' 5 5 0% 6,5 5o e, 2 18] 094 0L BE I H7E 4E
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Table 5 Similarities among Tasks
P P2 P Pa
1E% HEABLAE
PR E BEE REE PwmE RER RN MWE DEE BRLE MmE REE
(£,,t4) 25 0. 333 1 64 2 1 81 4 1 81 4 1. 060 803.773
(t3.8) 25 0.333 1 64 2 1 64 6 1 81 4 1. 060 863.773
(t5,t,) 81 9 2 25 0.250 1 64 2 1 64 2 1 1720.250
RO BEETHEERPRIUNEMHE
Table 6 Scores of Participants’ Performance on Tasks
wl w! w3 w4 w5 wfr w? ws w‘i 0 11 w12 wl] wl«i 15
t 4 1 3 3 1 1 2 4 5 1 4 3 5 2 2
t; 1 1 5 2 1 1 2 5 1 5 1 4 1 4 1
ty 1 1 4 1 2 1 2 4 1 1 1 4 4 3 2

FLtPMER(RABHENS, RN FTEF
B3 ), B 5E w’ AT 55 ¢, e, R 2R LAY 2 Ak (B 4 B R 4 A
3, BB LA BIASHEESEFPRINE
fL18 . W36,

BiEFEe, RAOXNHEEAIES2 5 ERESF
WHEAEE RAE#THA—CLBUETHE, &2
5 F M5, 3 —4k )5 0 B4R BE 4 51 4 0.051.,0. 030,
0.112, 0.051, 0.045, 0.030, 0.060, 0.127, 0.058,
0.060, 0.051, 0.089, 0.103, 0.082, 0.052,

B)SEEHEEZEHR

UE5Ew B, KS 58 E % 4% Ep p,»s
Fp, B P (B R4 X THEREp, , | (10) K~ (12) K
HERBRIAEB L TFIEMURSY

Lim(3) = 3,Lim(3) = 2

FESLEAR B, A (13) XA (14) Xt BRI B K3
ML SR B 2 B R

RN(3) =| Lim(3) ,Lim(3)1=12,3]

RBnd(3) = Lim(3) - Lim(3) = 1

FIE, LRI AERE, FEMRUEHM
B AT, 3k

Lim(1) = 2.5,Lim(1) = 1

RN(1) =| Lim(1) ,Lim(1)1=]1,2.5]

RBnd(1) = Lim(1) - Lim(1) = 1.5

(15X~ (1) R BERAFTFEEFELEEp, I
oM R N VRSV & i O i B U R A bR O B )

Lim(p,) = 2.833,Lim(p,) = 1.667

RN(p,) =|1.667,2.8337 ,RBnd(p,) = 1.166

M(p,) = 2.250

[7 38, 7T L1583 BT & {F % £ 4 E p, p, Flp, EHY
S o ik VY AR O R U N S s 8l

Lim(p,) = 2.889,Lim(p,) = 2.445

RN(p,) =|2.445,2.8897,RBnd(p,) = 0. 444

M(p,) = 2.667;

Lim(p,) = 4.500,Lim(p,) = 3. 500

RN(p;) =1 3.500,4.5007,RBnd(p,) = 1,M(p,) = 4;

Lim(p,) = 3.889,Lim(p,) = 3. 445

RN(p,) =|3.445 3.8897,RBnd(p,) = 0.444

M(p,) = 3.667

g (19) XM Q20) RIHHBEBANSE5E L E
Py P2y Flp, 3TAEF e, 093 % B 4 5l 4.335.0.308,
9.000,2.418, R4 MM FEWEEE -, HAH
0.250, #4E (21) R+ HBH G WL F, MEZEH
405, 5 BAMASEEEREEFPRABE,
MERMSAENIFM2HES , XEEFHSH5EE
2R BT AT 55 B BN AR P OR TR R, XA
£ MEZ 2 BRI

(4) {5 X T

W ERGI,TLUBRBESNS5EMES L1
FEAT R F 2 R, R AL A (22) Rt BB MEE
ZHEMES WG E WM E EEFEZT . WS
SEBEEMEZEMNEARN, B ogp flo,, BA
FE B, K15 3 33 2 5 & A R 8 4 2% 10 55 7 - 16 4 3
G ,é\ﬂ-‘@n =1, = Oiwon =0,w4 = 1;*5“91) =0.5, /+#r
EIFFRIHES R YW, M UFESE5EEE
EMEFEENER UEESEEEZTENES
EEMEN,LERNEESSEREEMEZE
X AE S HE R B S wa H — F 5 wa R B AR [R] 3 T L .
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Table 7 Comprehensive Evaluation Scores in Respect to Participants and Their Orders

GAHME
B5% BEE BEE L, -1  0p=0 wp=0.5 HEFF
w,;p =0 wp =1 w,; = 0.5

w' 0. 051 0. 750 0. 051 0.750 0. 401 (10,9.,8)
w? 0. 030 0 0. 030 0 0.015 (15,15,15)
w’ 0.112 4.015 0.112 4,015 2. 064 (2,2,2)
w' 0. 051 0. 750 0. 051 0.750 0. 401 (12,99
w’ 0. 045 0 0. 045 0 0.023 (13,13,13)
w® 0. 030 0 0. 030 0 0.015 (14,14,14)
w' 0. 060 0 0. 060 0 0.030 (6,12,11)
w® 0. 127 4.015 0. 127 4,015 2.071 (1,1,1)
w’ 0. 058 0. 750 0. 058 0.750 0. 404 (8,6,6)
w'" 0. 060 0. 500 0. 060 0. 500 0. 280 (7,10,10)
w" 0. 051 0. 750 0. 051 0. 750 0. 401 (11,8,9)
w"” 0. 089 1. 375 0. 089 1. 375 0.732 (4,4.4)
w® 0. 103 2.188 0. 103 2.188 1. 146 (3,3,3)
w' 0. 082 1. 375 0. 082 1.375 0.729 (5,5,5)
w' 0.052 0 0.052 0 0.026 (9,11,12)

HURASS5EAEIMEI T RS PO E XA
HERR , LR T,
RERTFESEFELARBTRL T HEEFH
HEAMMHEF,E—EREET LAY, OFE 5 #
ER MERBSSERERNEZE, R %8
E.HBEBwmSEEEESEZTFRNERF W25
Fu' W'l %0258 5MESBE, HAEX
S AT 55 P RIUB G, B X — TUH Bl 3T 4 &5 B B AR
WE, NS5 W M %X WS AR BT
Tt 6 it s g 26k A SRS i L X — 1% 0 % F R
AR BRI S B E A B XK
FMSEEMPRAMEHNEERRBHNER, 2582
SHiEFEE AFEAME, BEHEHREFERY
BEBHG ANSS5FEIZRSS5ES HET —
EHEEENER, KARME A BAESNKE
FELOREBAR Y ENTHELRRA.G 25
EZH5NESBZHRARE, AN ESFHTHE
REPEZMXERL, HEFETHERLEES
SHEBSEZHXEMARERK, NTIES5H

MBFEFEZEBRK, US55 W flw %@ &
HEBEEMEZEME R R2MEM M, m2
HEXBEN, EMNZ—SEFRMEEEN, n&5%
S50 E . S5FNERA EHSERNMELE
B2 5 F BT BB, BT AT 55 B B 3% B T AR
B, E 5% W W w? Me,

WA, ARG FHES L EEZHEINEESS
H M ATESEAEESSERTEMNERE
H5NEESS5EREEFHBERTAIOLESSHENY
1E5 SRR, E =T 5T et L8228 5 B
B EZHEMAENSREES S E. R, #E—
RS ESFHEEFXMAEEFRATHESF T
R, 25 R L ERR,

HRSHH, MM FREFRFA, EHEEZ T K
BEHEESSEELE LRSS P H 8T
FWeEtE. M, EFEEEREESZAEIESS
EMIR GBI MERE T EMOEM AR, BER
EHERENS5EHEESERFEFTHRIES W
EEHECETRAREZFENEE NERSF
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REFAEEBFATHATHESERMR
Table 8 Task Completion Effect under Different
‘Ways of Performing Tasks

THER RZF 25F P

EFRUETR mx) swm  me w
[EBLEE YT 13 1 1 1
%85 5 H
ERERE 2 ! ! o3
S5 H
W B 7 5 7 3

SRR ARFTABIH P RERES . It
ShoEFHERE — E R R L ARG RIEE 5 1 IR
B MES5E AR 8% T 57N W i (£ %
JiRkb gEE RETHINTFRER, I KE
77 7T BRI A (6], G0 3% 8 Bl A 55 kK T A
MRS TAESE K

EFEEP EGEXES5HERERENER
EAFMMIOZSEE P, o w W’ w” W' w' fl
w' BRALF RN R, FRE R QH WIFH, B
APRHRAINSEERTHFTE, o Mo EZ
EHFERRELTE, o KEE, H® B ERHO%,
HRBEERTO% . ERHIES S5 EREEFRN
R10ZZ5EF P, 0’ w0’ w" w0 fw" 2 E 5 IR
THE W M EREFERREFE, ' W fu®
ARIE S, HER B R ATO% , T RAB LR AS0% . B
RHEFRMARZTTROSE5E RO HBRETAEE
HANENE KRS 5F R TR ATEERK,HM
MELTHELIGEROE - ERELRRT XIES
SEBEEMEZENESFHELSNEESSER
{0 BE B A 55 4 25 A BE , A8 B T B2 HE K Y R B A 4R
e R

4 &5ig

X UAREARA TS5 E AGREEF G
AMNEESEEREENESHELTANAL,
A BT R S 5 AL BE A3 32 B A MR, OF 4R ik
RS A R, R IR SR8 E IR 5 M
ENZ5ERANSESERERONE T %k, 84
TEEEBRSS5EREMNEFZRURMNEMEZ
EEEREEEERHNLEERANEE, RIESS
FUESSHES , ARY BB &, REWE
ZEHEEZEN T EMNTR, ikt b, G5a8%
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P56 FF , R ¥ A 95 HE3A 4 Rl Ik AT 0 D B8 32 9 2 Y
SHEHERBKEMSE,

MAGRRA MM TS E5EBER T, ET
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ERERANESFIIRTEESEEF O E. F
A TRIE-EHNS5EHE, bl 5 ®
MAMEEMESESE RETFTRRENER. 5
MEEEFESE5ELREBRENES KL XM
W, AT 55 #0807 a7 — € 72 B b AR IR T AT 57
A BRI WA B U R I HE ok B B AR 0 A (]
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ERE L, HARRANAH TEENT BA
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T Jo, A 01 B [6) 45 24 3R ) 4E 55 48 IR 1 4 B ] R B S —
EREM. WA HAEXASESENELES BB
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£ H7E AR5 AT i3 72 b 2 B 4, X A8 0L 89 37 4E
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Bk, M F25&EME  FEEABTE LEERE
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EAfES REMES5F8ESMMAK, EFEZET
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BEAEM . B, Xt — e BR B B A ) 82 R B AR 55,
ETHEANEFHOT TR EFH LR
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A Model for Task Recommendation in Crowdsourcing
Based on Participants’ Competency and Acceptance Degree

ZHANG Xuefeng, CAO Yaqin, DING Yi
College of Management Engineering, Anhui Polytechnic University, Wuhu 241000, China

Abstract: In crowdsourcing systems, task recommendation is an important way to perform tasks. It has positive impacts on the
quality of task completion and participants’ and requesters’ satisfaction degree. However, current studies have mainly concentrat-
ed on whether participants complete the tasks needs to be recommended or not, but neglected whether they accept the recommen-
ded tasks.

To overcome the weakness mentioned above, this paper constructs a model for task recommendation in crowdsourcing consid-
ering participants’ competency and acceptance degree for a new task. In the model, we firstly proposed an idea to identify the al-
ternative participants for the task needs to be recommended. By using the heuristic similarity measure approach, the similarity
between the new task and its similar tasks are computed. Meanwhile, this paper describes and measures quantitatively partici-
pants”behaviors and performance on the tasks that they have contributed to. Then, the similarity between the recommended task
and its similar tasks and participants’ performance on these similar tasks are aggregated to determine their competency. Addition-
ally, on the basis of tasks characteristics that a participant have involved in, this paper proposes an approach to determine his ac-
ceptance degree for the recommended task using the expanded rough number method. Finally, to demonstrate the implementation

process and performance of the proposed approach, an illustrative example is conducted on epwk. com, a widely used Chinese on-
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line crowdsourcing market.

The experimental results show that the proposed model and approach in this paper can fill the gap brought by the self-selec-
tion principle, which is a common way of performing tasks posted in crowdsourcing. It is also helpful to shorten the average time
of completing the tasks, and to avoid selecting the proper tasks from a large number of alternative tasks for participants. Moreo-
ver, the model contributes to assure the number of participants who would participate in the recommended task and provide a few
alternative solutions with high quality for requesters. In addition, comparing with task recommendation considering participants’
competency solely, the proposed model and approach would be better in terms of participants’ response rate. Furthermore, it pro-
motes the success rate of task recommendation and decreases the probability of repeated recommendation that would lead to cost
much more money and time.

The study enriches approaches of determining participants’ competency and acceptance degree for a task needs to be recom-
mended, and expands research outcomes in the domain of task recommendation in crowdsourcing. Additionally, the research re-
sults in this paper establish the foundation for further solving the optimization problem of multi-task assignment. On the other
hand, our study has implications to both participants and requesters. Hence, participants contribute to much more tasks and have
high performance, then the possibility that they receive the proper recommeded tasks would be larger. For requesters, they would
adopt the principle of task recommendation rather than self-selection principle to perform their posted tasks, especially for the
tasks with great importance and requirement.

Keywords ; crowdsourcing ; task recommendation ; participants ; competency ; acceptance degree
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