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Dynamic Crowdsourcing Task Assignment
Using Deep Knowledge Tracing
Ryotaro Yamamoto
Abstract
Crowdsourcing is used to create language resources for low-resource languages,
and tasks for creating language resources are assigned to an unspecified number
of workers. Quality control is an important issue in such crowdsourcing. Since the
abilities of workers are not known in advance, an evaluation task set that
combines multiple language resources into one is assigned to multiple workers,
and a majority vote is taken on the evaluation task set. This method improves the
accuracy of evaluation. However, when an incorrect language resource is created
due to a mismatch between workers and translation creation tasks, the creation
and evaluation tasks are often redone.
Therefore, in order to assign tasks that can be created to each workers, this
study proposes a task assignment method that takes into account the task
difficulty level of each worker and aims to minimize the work time. Specifically,
the Deep Knowledge Tracing model is trained with each worker's work history
and work result data to estimate the success or failure of the worker's task. Each
time a worker works on a new task, the task success probability is updated and
taken into account in assigning the next task to work on. This method is used to
create a bilingual dictionary of Indonesian and Minangkabau to improve the
accuracy of the bilingual dictionary and reduce the work time.
The following two issues needed to be addressed in order to realize this method.
Predicting the success or failure of a worker's task
In order to assign a bilingual task in consideration of the difficulty level of
each worker's task, it is necessary to estimate the probability of correct
answers for each worker's bilingual task based on his/her work history.
However, because workers have not necessarily created the same translation
in the past, it is necessary to categorize the translation creation tasks by
source language.

Dynamic Task Assignment

In order to improve the correct response rate of the workers, it is necessary
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to dynamically reflect the results of their work in the next task assignment
using the success/failure prediction of the next task based on the results of
their work while crowdsourcing.

For the first task, we used a deep learning model, the Deep Knowledge Tracing
(DKT) model, to process time-series data on the respondent, source language type,
and bilingualism, and to predict the success or failure of future bilingualism tasks.
For source word classification, we used Word2Vec to obtain a distributed
representation of Indonesian words, found the optimal number of classes, and
clustered them using the k-means method. This allowed us to cluster words that
are often used together, adjectives with paired meanings, conjunctions and
prepositions with similar meanings, etc. Based on the results of this clustering,
we found that the clustering of words that are often used in the original language
is more likely to be clustered. Based on the clustering results, the source words
were assigned an identifier of the problem type and used as input data for DKT.

For the second task, the results of the task work were input to the DKT model
each time, the probability of correct answers for the next task was predicted, and
task assignment was performed sequentially by the Hungarian method based on
the new probability of correct answers. The effectiveness of the proposed method
was verified through comparison and evaluation. It contrasted two approaches.
One predicts the success or failure of all tasks and assigns them all at once. The
other dynamically assigns the next task based on the outcomes of each preceding
task. The contributions of this study are as follows:

Predicting the success or failure of a worker's task
Using the work history of the task of creating a bilingual dictionary of
Indonesian and Minangkabau, the model's Accuracy ranged from about 0.6
to 0.7.

Dynamic Task Assignment
Using the workers' probabilities of correct answers obtained from the DKT,
the sequential task assignment using the Hungarian method resulted in an
average correct response rate of 71. 0710125% for each worker by assigning
140 tasks to 20 workers. The correct response rate was about 20% higher

than that of random assignment.
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BT,
Fodi &b —2iF o BNBND.

(4) 0 DEREETAT EH % T 3 —F 25 DIZM B 2 fi/ N D AR & 72 13 RE
MEBI<. ZORE, BIWIEHORED 2 A MTHIOY A AhE LD K
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UL, KT, 2O TRITNE,  RO(5) DU T,
(5) BRFIDN TV WEZDI/MEZ, BASIILTORNWERN S5 L.
ZLT, BBRELSTWDHERIZ, MBI TWRWEREOE/IMEL

i
ER
6)(@), G)DPFIEZ, o ZH =T LM A MTYIEFE Lzl EoR
BT D ETHT S.

AT, BAINSEMERLS, BRRIICa AR o THLBAVOMAEDESR
TS, NV T ARZRT 2 5B THRTH 5 [8].

(3)FIDBE 0% (4) JMBZSI<, BT
(1) AR MMTFIDER (2) ToORE HR— FHLULWOEH/N—
7 5 3 8 4 2 0 5 t t t t t
10 7 4 3 7 4 1 0 3 2 1 2 1
7 3 1 7 6 2 0 6 ra 6 t ra 6
9 8 4 1 8 7 3 0 4 5 3 3 4

YA ZPRADAR T FBFREKRTOSNDE 0ZLTHN—F2DICIE BOFIHPNLTUEVETD
HVERK SERDIEH HE EEHIORIMEES] L, BA
ERIBRIIRIMEERT
S FHE ROEHBAR <ITH)H A X4
FEERTORNOE THDHI-0FTD 0% h/N—F B2 IFAERDER
HrhE
BFEIIBROBI ATV AN
BZROR/IME ROXREA=1TF]H 4 4D

- =T

BDIFHEY, RTOELZEDENULDLDERIENTES
Zoi%a, [(11),23),632),640]0&6 3R FOBEVEAEDEEES

X 2: NHY T AEDOERD FNE

5.3 BIGA2XVEIAT

RGBT D, B ATELTELE, 77U K= 07 EE¥ER
BRIZBWT, 1EEE0mh%z, 1FENERIZONBMTHZ LN TEX LD,
ZTDORNEZR LIRNE AT BAEEFIZELYTH I neATHS. (EEHEOWR
EDONT =<V APOBBHEORIO L~ V2 THIL, (EEFHEIZESTOHX A
7 DEEGEZBINIFHI T2 2 & T, gy AL TEIT . BRI,
{E¥4EZ DKT 7 V2 HWT, FERBEZGITT 52 & TEXEDO X X7
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T DA TREITS . WIS, ZHOORETRIORESREE LI ANTY T 9k
A SEDLHO A MTBIEER LEIE TEFEITT5H. OB, ~UHY
TR, @O aR NEE/METHTO0T VT Y AATHDLHT2D, Tl
RIIFFHARSE DL Z L TEWER(ASKE, ®maXFTHLbD0)REIEND L
INCERTDHMNENDH D, NIV T ARk TEHEONE, (EEELZ A
DEGHEILEY CTERSY A7 OEMLCTELTHES . ZOEEEHEVIEST Z LT,
TEEFEORGFE LD ERECITY 2N TE, EUTORBENEND EEZ
T3 (X 3).

j-:i-:

22252080 || || e drzanm | 5272780 ] fese (e ) ‘
class 0 class 0
® @ Q® - ® -
® \’- class0 ® .’,,/' - class0
| = [
(Y T X !
e . \ ° .
.C'aﬂ/” - classl class /- classli
e? | ‘» d =
o _ o _
I
T r, "
@ @ \- _‘ ® @ | - classm
: . : \ . ==
: e . Y/ :
HETET /
class m . class .

@
. :_——/'- E classm . . - E class0 |
@0 ! ®e

3: WY Z A7 FIE T
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FO6E i

6.1 FHiiT—%

KIS BT D FIELTHET 572012, HHLET—F%&y MIOWTHHN
95, Ahl, AnWler—4%%y NIZ T K= 7 TERESNTZA v X

TREE I T U N YEERIOXMRT — X OFHl A T2 o T AFEERECH L. —
NY72 0K 5617 1EDA » KRR TFELE 2 F U DN TEEOXERAAT 5 Hli# 12
WC, XFRELTELWD, Correct, Wrong TEZXDHH AV %TTO“CD\%.
ART—=21Z1%, ZAZINEEFIZ 0 PO FEF VK-> 7- Unnamed |, XFFR~
TDA Y RRUTEETHD Isourceword], XRXT DI F U A NTUFETHD

[targetword), {FEEDHRAT 25l L72# R TH D levaluation), {FF
FOL4HEITH D Tworker), XFFREHNZ 2 7 1281 21FEFHE ~DOEFMETH 5

Nevel], % AV Z47-o7-Wfl]TH 2 levaluated] THEK SN TWD. (K 1)
Z LT, Level DENE L EVWVMEREE 2 N\OT —X 2 RITER SNz, KZ A
JDOXRNT ELTELWHD LN EIND DT ZK LT —2 2y FD
CTOoRERT 5.

IN6DFT —% % DKT TR AT 2121%, E¥# ID) TR ID) [1EZERER
DAY DRERINT —Z 3BT e . D7 — 1 v 2T E¥E#E ID) TR
FEID] MEERERORE] OF —Z BN WEDIERT20ERH LS. £, 1E
5 ID OFERIE, 1EEED 20 ANMFET D728 1~20 DT Z ZNENDOIEE
FICEPYTEEE ID 2R L. Wi, RIEIDIFFE 4 =D 4. 1 T L
X971, T—%+% > D sourceword DA > K37 FEOHEE 1002 HiE &~
AL L72#212, HIKTH 7 7 A XY A X3 5L EIZ72 5 X 92 k-means #£%
MNWT I T2 ) T aAToTc. TORE, 1 HO7 7 ATHpETLZ LR
T&EIleY, ENENOY T ARG 5 HEEIZ 0~10 OBYEAE ID & L
THIV IR -T2,

RIS, (FERROMRGITEMR, RNEMO2/ETHY, Level HAEWMEES
2 NZFITIER S T, EffEEHER SN DXIERAST OF — & (EffT — 5 L ES)
EREHRL, 1EERBEREOT—XIZBUWT Correct & aFfli L 7=/ 5RAT A IEMET —
2T 5, b LLIE,  Wrong &l L7 G~ T N IEfET — Z /(L L 72
WA, TOEEMBBITEML WD E LT, 1EERROREGDT —XIXIEMRE
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D1ETH. —HT, {EEBEOT—ZIZ8\\ T Wrong & il L 72 xiR~< 7
INIEfRT — ZIAFET 5, & L<IE, Correct & il L7237 — & 2N IEMET
—HIZFELBRWGES, TOEEBRREIAEMTHL L LT, EEBEROKS
DT —ZIIRIEMRD 0 & L71=(4 4).

VE2EIERE D worker ZF3# 1D, sorceword ZREID (CE&#i %z, #HL<
TEER R ORE DM EIBN LT — % % DKT O TR AV 72(1X 5).

AWFFETIE, BRI s617HD X 27 Do, KEEDFikZE VT 140 {8
DHA7 ZRIRL, 20 NOEREEITEL TS Z L THHEIZHN TV S, BAR
HINZIE, 140 HD X 27 @+ DRI, Z A7 ZRBEID IZHESWT, EH
L7z Z 27 $(140) %2 [/ ID OEE () THIY, 12, 7 LW I EEN S S
L, ZOREREICESE, ZMEID O 2flOX R T &2 T X NIRRT 5.
L22L, ZTCORMEIDIC 12D Z 27 BNEENTWD DI TIHZRWeD, [
JEID WD X A7 803 12 LA FDOBE(EE 2 @ classs,  class10)Z DR g4y & i
BEID DX AT NET U F BRI L, 140 DX A7 IZRE ID O4yH L 2R
RS EHICLTWAS. FEoOHOFMEFETHES, RETHZITD
DKT £7 V1%, &EH Iz 140 X 27 LANDERE(— AN47-V 1500 ) DT —
2 Tl L TEL.

- Tttt s | ERT-SLHELLNS
= A
SRS R =

1 0

ET— 212, Y AT —appler’ B Y, Y A Z—grapeht i WA

sourceword targetword evaluation

@) AT apple 1

&) AT grape 0

@, @QnaR7IFHIC, ERERY [FEEROKET] DMEIFL

4: VERRERORA DIERITIE & B
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1ERIEESG)

st --ﬂ_

CORRECT  Fitri Amanah 2020-12-10 08:37:38

5832 bangga gadang hati CORRECT Irwanto usman 5 2020-12-19 19:44:38

EEEE BER(E
ICEBE#Z, BRYIE
[CAENRB.
fegz#ID FERREORE
5 6 0

8 7 0

[ 5: Jt7—# % DKT T 72O DER

6.2 FHEiAE

ARFGETIX, Z A7 OHEGEAEEE LT-87e 2 2 7 B CTREORHME %
572912,  Deep Knowledge Tracing(DKT) &~ 4 YU 7 k& W,
HATENLCTEATHTZ. ZOFETIE, KX AT ORETHRIHEETE DT 5 —
Y AEHFHMEL, R A7 OEETEERENRT S, ZOFEEZHNT, A
YIRRVTEEE I T UAAUEORRGHN S A DT =2 T I alb—v g
2175, BARMIZIE, ¥R 20 NICEEF 140 DX RV %, AWFEIRET
BEThD, RMETHMERN B Z A7 ERLET L, RETHZRANTICT o
L7 B AT B TORBEHUEZIT S, 2T, & THY TKb o 2R T,
FTAERFEOEERZR TS, ZOFETIE,  FH0C DKT €7 /WIS
(A7), FOEERZBUT, ZOFEOHENEEREET 2GEHEGE D). (£
D%, 1500 EOF— % THIFE L 7=1% D DKT EF V%, @i Z 2 7 ER4 T F
WEE, EIR 2 2 7B CTREO ok VT RIS 21T 5 GEAT 7 2).

6.2.1 BHNGEERVBILTFE

B X A7 ERYCTRETIE, — A% 7l X A7 (&K T 140 fHO X
AV, BZAVEE¥ETAHEIC, DKT #HWT, FEBRENOIRE AT ~
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DG TFHZ, BEID 2412 0~1. 0 DR TARa 7Y 7L LTHAITS.
ZORaAT VT ERANT, N HIVTAETEDORaT Y T EAERKEEL
A 2 A MZL, RAKFREGRKZA NOEMTETLHZ LIk, #X
DA TEDLNCHATER TN TELL9ICTDH. HRZ A7 EETFE
BERITL, 140 HOX AT % 7 HO/NT N—T1255E L, 6 BORkE THl%
TV, 20 NOTEEFICH A7 BN CH, —DHDX AT X, —>HODFHE
FETE, FHENCHEZ DT —Z BN 20T o MBS TS, o H O
J7ETIL, DKT %, FHRI®RHE L7- 140 Z A7 LSO, HEEHE— NN4720
%) 1500 HFOVERBIET N L —=0 T %475 1250,  BEGHEEREZ AW TRET
%.

6.2.2 FHHLEIRAVEUATTFE

@ FEHORIAED TR MTF @

5 1 6 8 5 4 1
5 1 6 8 5 4 1 3 7 7 2 2 8 5
3 7 7 2 2 8 5 4 1 3 9 5 3 6
4 1 3 9 5 3 6 5 1 6 8 5 4 1
7:3 .7 3 7 7 2 2 8 5
® 0&NT4 5 4 1 3 9 5 3 6
5 1 6 8 5 4 1 .
7:6 37
3 7 7 2 2 8 5
4 1 3 9 5 3 6 o L .
TIHAEW=0, THAEZMRIET £
5 1 6 8 5 4 1 SIZRA LT AEMT 2
3 7 7 2 2 8 5
SN A O T O O I FHBIEY H1DRY LT,
0o 0 0 0 0 0 0 0DHDITEBMT B
— TEHDY A ZXH S
T:7 F:7

6: 1T & HNDY A XD 2 T5

7 2 2 7 B CTRIETHE, RIS DKT £7 V254 TIHEMAT % 140
AT LSO, BAEEE— NMT-0 5 1500 HHOEEBIREZ M LEORER T
DN EHERDO 2 AT, 140 HDOZ 27 % 20 NIZEIS TS, BT, »
YAV T EERCD. A ML, AEREBEN SRS AT ~DIESHER %, [
BEID ZLlZo~1. 0D TAaT Vv 7 LRGPl e iS5 2 & T,
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BRFEDOELYTEITH. WH, N BT oEOa R ML, 17E50
YA ZNE T TRWEFEZ RN, 2017, 140 VIO Z D3 A M A7 Tk
NCTTN T AEERWIZERS TR TERWY. 2D, ZOaRXA N TEITE
HZR UY A XHZDBERHD. SERIOLE, 1THFIL 0 Dnizoieo
T—HERILLDE 6, {TEHETEIITEMT D EITEFIN 140 DA K
TN FERT D, AENIFIOE I TOESITHEOVEINA R THDHT-01T-> T
WS, B YN WA, ROV OBLE 0 TRT 4 7T 50ERS
% (4 6).

6.3 #HR

#£6 L0, 140X AT % 20 N\OVEEHZIZ, X AT DG ELZEELT-
7 X A7 EPY TERAIT T2 4SRN, VB T71. o71, %ER-ol=. i
ETNOEZERIEAT D &, EERIIMFEZICL>TRELERL>TND. &K
i 28. 571%, AT 100%E 72> T 5.

K7 XV, 140HDOZ AT % 20 NOIFFEEIZ, T X LRZATESTE
1ToT-IE4FERN, I Tr0. 714% & 7o 7=, &KX 14. 286%, HxElt 85,
714% & V) D FERIZ T2 o 7.

TODFERNS, [\ EROK/AMEIL -14. 285%, fKNMEIL 57. 143%, T
fElX 20. 714%I72 o7, ZAUT LY, ERETHIZRAWZE3Z 27 EYTo
Fs,  IEHEERPENEWVND T ERDbhoT.

4 6: FEITIE 1 B4 A 2 BN TSR

2% 1D 1 2 3 4 5
FUFER(%) | 85, 714  71. 428 57, 142 85, 714 100
2% 1D 6 7 8 9 10
IEURER(%) | 57. 142 42. 857 100 28. 571  57. 142
2% 1D 11 12 13 14 15
TFUHESR(%) | 57. 142 85, 714 85, 714 100 85, 714
2% 1D 16 17 18 19 20
FURER(%) | 71. 428 42, 857 57, 142 71, 428 85 714
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K7 WML 2 T8 L2 A7 EIE TIE YR

E%# ID 1 2 3 4 5
TFLHER(%) | 57.142 71.428 28.571 71.428 71.428
E%# ID 6 7 8 9 10
TEHFESR(%) | 42.857 57.142 42.857 14.286 42.857
E%# ID 11 12 13 14 15
TFAHER(%) | 42.857 57.142 85.714 57.142 57.142
YE%# ID 16 17 18 19 20
FEREHE(%) | 28571 42.857 28.571 42.857 71.428

6.4 B

DKT ORETHENS TV T AEEHAND Z LT, XATOHSEREE
L7ZBIR 2 A7 EPYTEAITH TN TE . RS THZ AW -8 2 2 7 E|
UTE, FUHLRERATETOUEEHENG, A TR S 723 E L
{TETWDHEEZTWA., oL, KoK, ZA7%E4CTE27H
FTCLITH 2N TEY, AEIOFINATEETH D LITE 2. R
Fik1 T, TFRENCHWEBERN DT 5720, FUFLRENELHD
FYTERoTLESATZ LR, MEZEZ 20T D, 7200/ N—7125F
L7228, /N7 V—7NORMRE ID OFFEOEE N B LZE 4, 5 Tho72720,
WE AT R DTODNATTY T AAED TR L7025 A TR S AP T
BHHEID, 6 BORETRIEETIEIZ S AENT LEST. 20D, #H
BVCETDHIZODNTN—T %, TRZERZ AT THEZD X5 705%FHI 5 &
INRET DR EOTRBYLETHL EE 2. (¥ 7)
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IEIBED XXV EHT 2EIED X R 7 EIET

pair_id ProblemID pair_id ProblemID
0 20 1
1 ] 21 1
2 ] 22 1
: g HEFH E——
5 6 25 7
6 6 26 7
7 6 27 7
8 6 28 7
9 6 29 8
10 4 30 8
11 4 31 8
12 4 32 8
13 4 FIREIDA,61F, KA 3 8
S 00 DF A FEDNA 34 7
15 I (A 35 2
16 I L 36 2
17 I Z Dk, EbN3 37 2
18 ] 38 2
19 ] 39 2

70 INT =T LEPY TR D Z R
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FrE BHYIC

7T RY =V TICEBNT, RNRESHOEEE I A7 28548 T, {F
EXHD LI, FEEEOEEBERITROPEENDEENEICHD. £
D=, BOERZ SV, WHTEWHIZLICEY, (EEMEROMNEEE
Y52 ENHEERREE 2> TN D.

ARG TIE, ZOLI Y mElEx, RETHERWEI X 2 7 E|
WMCREIZLY, BADOEWEEE TN TRWEAESS, (EEFORENCIED
DENHLERETTYH, (FEEROEMEZN ESSEEDRLHOLZ L%
Hig L7z, BRI, 1FEEOFEEERE%, Deep Knowledge Tracing(DKT)
ETNVERNT, RE A7 OEETREITY, EORETRRERICESE, K
[ZEID B THH AT g Lic. EORETRIZRNT, AU T AETR
BRI DEYBTEZZ AT Tiiole. FLEZOFEZHNTYI2b—Tay
HIT-o 7.

AIFGEDOERRIZLL T D 2 M THS.

VE¥(E DX X7 ORETHI
AV RRUTEEE I T U IR TFBEORFREEEIER X A 7 OVEEEREZ v
C, DKT T FHlZ 325 2 L3 TE /2. 7 /LD Accuracy |35 0. 6~
0. 7OMTH-oTz. £7z, FHIOE, BRVRZZX7EID L TITIY Z=X
BN EL o> TV Z EICK VEEMRAITEL o T 2 &N
o7z,

B 2 R 7 B4 T

DKT 7> 545 bV EHEH OIEMRERZ M, N T Y 7 AL THERIZH

AT EYL TR LGS, 140 X A7 E¥EH 20 NIZEISCTHZ LT, &%

TE3EH OIEARITEL T 71, 0710125% & 72 o7, ZHUE, T X LTH

WMTHED HE 20%EHWFERTHD.

Fo, AR TIEIRMBROMEGFAET L. Mo 7ev AL T, FEi
OHINBAECTZHER D 7. BERMIZIE, FHMECFIH S -2 27 Ok%k
2y, BEEEOFKE, 140 EICRELTLE-7Z2ET, —ANU7=D 7L
DEETERoTLELTZ. ZO/RSE, HEHFVLTOENALMETES X, &
WBENTAEEBREDN 6 BIDIZIRONZ. AH%OFETIE, FEEMOHKICL D
B AT EPGTEERA DI W) BIBEERE L, X0 REVWEERREE AW
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FMZ1TH 2 & T, DKT E7 /& HWIZ@f7e 2 2 7 ERY CTORRERS K
THRLERNHD. & H—oOREE LTIE, ABENIREREHE X A 7 1225\ TH
A7 EYCTEEM LA,  XFUER Y A7 1220 THIE UX A7 ESTEIT A
LD, AT TRFOREZRERT 20N H 5.
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KRWFFEZATOICHIZY, B TiE, TWE2HY £ LA B FEdR
(CHRHH LHTET. Fo, HENHOBIERTR > TV D EEHEENTIEE D
BRI D & N LR
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