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Fig. 1 The internal logic of needs-affordances{features perspective
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Fig. 2 The influence mechanism of gamified indirect competition ( leaderboard) in online learning under the NAF perspective
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Fig. 3 The influence mechanism of gamified direct competition ( PK) in online learning under the NAF perspective
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Fig. 4 Screenshots of gamified competition in WF
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Table 1 Definition of variables in the models
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WA 1 58 P A — Al 9 e A T 4 5
Fr( HEATEY) BT A5 3, AR SCRE T P FE AT — A
AIAR SRR 2EA TR TR T naX( 2) Frs
PS( RankTreatment;,) =v,Login;, | +
v,Learning, ,_, +y Pk, +y,Test,, | +
vsInfoCheck, ,_, + ysFriend,, | +
v, Tenure, ,_, (2)
N T AR R A B 4 ( PK) XI5~
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Table 2 The propensity score of predictors for the usage of gamified

Learning, = B,PkTreatment, + 3, Event, +
By PkTreatmen t, x Event, +

B, Login, , + Bs RankCheck,, +

indirect competition ( leaderboard)

A2 RankTreatment
BeTest;, + B;InfoCheck; , + Login, oo
BsFriend, , +B,Tenture, , +a; +&, (0,000 720)
(3) Learning,_, 0.003 127***
{5 FH P e BT — ] A AR S B 4 Sk A7 3B (0.000 212)
FUTESS A XA B 4555 4 ( PK) B4 1] 15 Pk, 0.043 97
41, =(4) rs (0.004 05)
PS( PkTreatment;,) = vy ,Login,,_, + Testiy 0. 140™
v,Learning, ,_, + y;RankCheck;, | + (0-0199)
InfoCheck,_, -0.021 5%
viTest; ., + ysInfoCheck,, | + (0,007 55)
veFriend,, | + vy, Tenure,,_, (4) Friend,. 0. 103+
(0.0229)
4 WRERGTH o o
(0.006 01)
41 ERAEEESH oo el
4 RO 2) HRT R P S 08 P T —— o

PRSI ), 45 B3 2 B, A 2 T, —
L bREEAERE S R AL

PR AT T A i X0 P A 5 P b 1001 120,05 p<0.1
1 B,

FIIIE 4553 1 3B 5 R AR SO IR — X — T
JH[E]( one to one, no replacement) J7 ¥k 3EAT VT L 15
VE®, DCTCHT J5 P 2H R AR A2 BT A5 S 1 Y B A n
23 PR, i T B UL U £ UG e i i A 3 2 AN
FEHHAEA X LUAE O, 1 AN S Bs. 456
F 35BS R, S AT VLI, AR AR
ARSI AR 1 O gk w ek, Horp
BRSRYBORNT 1) 1 S e b B C &0 B

25t B IERATEmERARLE )
/féﬁﬁ Dt@a}a E/‘J#ZIK ’ *ETEE‘:@( 1) /ﬁ'q)rl"fﬁ}ﬂ?)ﬁ Fig. 5 The comparison for two groups between before-matching and
S N S g . NN after-matching ( leaderboard
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Table 3 The comparison of variables for two groups between before-matching and after-matching ( leaderboard)
ARG VERCIRZS Mean %bias % reduct |bias| e V(T) /V( C)
Treated Control t p> el

Login,_, JE i R 8.749 4 2.3528 44.2 62.95 0. 000 4.58"
VERC S 8.749 4 8.516 1 1.6 96. 4 0. 81 0.417 1.07"
Learning,_, JE i R 28. 803 7.617 2 44.5 63.01 0. 000 4.51°
VLR S 28. 803 29.48 -1.4 96. 8 -0. 64 0.524 0.70"
Pk,_, N} 0.558 04 0. 085 59 21.3 37.03 0. 000 7.89"
VL 0.558 04 0.461 99 4.3 79.7 2.08 0.038 1.04
Test,_, VERC A 0.110 36 0.021 02 18.9 29.05 0. 000 5.62"
VLS 0.110 36 0.104 77 1.2 93.7 0.57 0.571 0.93"
InfoCheck, , TE FE iy 0.177 93 0. 047 39 11.5 14.15 0. 000 3.01°
VR )5 0.177 93 0.141 72 3.2 72.3 1.91 0. 056 2.02"
Friend,_, VE T AT 0.079 13 0.007 88 14.5 30.6 0. 000 13.34"
CRe S 0.079 13 0.051 89 5.6 61.8 2.88 0. 004 1.63"
Tenure,_, VE T iy 2.576 8 5.101 7 -96.7 -76.13 0. 000 0.56"
= 2.576 8 2.549 5 1 98.9 0.79 0. 430 1.03

R4 ERFERAERETS(HTE) 3BT AN

Table 4 The influence of gamified indirect competition ( leaderboard)

, .
usage on users’ behavior

- (1) Learning (2) Learning
-2 .
(RMALERIAER) | (EMALERIAZ )
RankTreatment -0.676 -1.133
(1.061) (0.964)
Event, —14. 090 *** —8.734%
(0.962) (0.910)
RankTreatment x Event, 38. 098 *** 19. 53 ***
(1.531) (1.581)
Login, 1.376 ***
(0. 096 6)
Pk, 1. 481 ***
(0.237)
Test, 2.360**
(0.987)
InfoCheck, -0. 908 ***
(0.314)
Friend, 0. 484
(0. 607)
Constant 29. 480 *** 16. 94 7%
(0.814) (0.988)
Observations 32 148 32 148
R? 0. 037 0.205
L ARUMERTERS S T R
2. WEMARE: Y p<0.01,™ p<0.05," p<0.1.

F 4 B 1) JEBA I s i A2 R I
FETTEESE, Z1(2) AT HoAt 42 il A2
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il RV AR ] 422 5 4 ((HEAT %) #BAE 5 3 42 1k
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RankTreatment, x Event, ) 2804 19. 53, LHj&
W, R R4 55 4 ( HEATBY) RE2h A R 2 1Y)
FH P ( BIRG— J8 A R HEAT 8%, S5 — 4

SEHETEE I ) Ak T Y A 235 19. 53 A~ H
A IET 2, -, 3 5 B Tz Y A R
Al 67.8% .

FH B SRR B Ry DR AR S, 45 ) A8 i[ﬁ%%ﬁ
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Table 5 The propensity score of predictors for the usage of gamified

direct competition ( PK)

A4 PkTreatment
Login, 0.004 55***
(0.000 596)
Learning,_, 0.003 74 ***
(0.000 192)
RankCheck,_, 0.031 §*~
(0.007 42)
Test,_, 0. 158 ***
(0.018 2)
InfoCheck,_, 0.003 05
(0.003 64)
Friend, _, 0.066 9 ***
(0.017 2)
Tenure, —0. 404 ***
(0.007 87)
Constant -3, 1127
(0. 026 0)
Observations 430 525

L ARUHEZE AR R
2. WEMRRE: Y p<0.01,7 p<0.05," p<O0.1.

)PR8T o) 45 93— X6 — JC ik [T C ], D PR iy
Je PR ARTE R AR B | HEEAn ] 6 Ak 6 Jir
R ARPEIE 6 53 6, 2t B H AT VT BC, A
ATE AT WSS TR H AR i AT E AR W R
FErpoB SR A A B S i br L IUE E 220
B2 AHICEC S BAEAS AR AL ( 3) A1t

it I XA B4 55 4 ( PK) XETEZR7 > P AT
(RRZ I, 25 5 a3 7 PR,

T LB 1) SR At g ) AR B i
FhTTEE R, B ( 2) A T JH b 42 1 2 B s ) i
TS AT LUK B, TCie 2 A5 A i A2 i
i ) Al B 5 4 ( PK) AT B 2 35 42 2E T X
FELR2E I N A, 3X 3R B0 P i i i ok
RE /o SN N V7 S o) IANE o1 ) S L
PkTreatment; x Event, [f) 280N 27. 42 , 3k 215,
o 1T AR AL B 5 4 ( PK) 25 AR PHZH A9 FH P ( BIVRT
— JE A il ik A B SE 4 ( PK) L T S — 8]
T Ak T 245 27, 42 A FLE Y E 1
M), 3 o 2 T L P Y T 1R T O = (66. 23
AN) g 41.4% .

DL PR SR BV S R AR i, R
ARt SERSE A T —E BRAh, AT P A i
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Event, [ Z%$0 K 6.21( p <0.001) , B e 4k
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Fig. 6 The comparison for two groups between before-matching

and after-matching ( PK)
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Table 6 The comparison of variables for two groups between before-matching and after-matching ( PK)
AR UNITETNZN Mean % bias % reduct |bias| et V(T /V(C)
Treated Control t p>Itl
Login,_, D i iy 9.489 8 3.0825 43.8 40. 820 0. 000 2.61"
VLR S 9.489 8 10. 092 -4.1 90. 6 -1.260 0. 208 0.37"
Learning,_, JC e 36. 081 8.8249 49.3 57.030 0. 000 4.70"
= 36. 081 34.381 3.1 93.8 1.210 0.227 1. 050
RankCheck,_, VEBC AT 0.375 88 0. 070 56 16.9 29. 460 0. 000 13.06"
VLR 0.375 88 0.301 67 4.1 75.7 1.750 0.079 2.14"
Test,_, JE i R 0. 150 43 0.025 8 21.4 28. 490 0. 000 6.73"
VLRSS 0.150 43 0. 128 65 3.7 82.5 1. 460 0. 146 1.14"
InfoCheck,_, U] 0.392 22 0.077 7 8.3 13.310 0. 000 10.79"
NS 0.392 22 0.416 82 -0.6 92.2 -0.210 0. 833 0.64"
Friend,_, VE e i 0.093 97 0.012 85 14.5 19. 220 0. 000 6.65"
NS 0.093 97 0.071 18 4.1 71.9 1. 560 0.118 1.08"
Tenure,_, JC FE iy 2.493 6 5.096 7 -101. 4 -61.870 0. 000 0.51°
VERC S 2.493 6 2.466 8 1.0 99.0 0. 640 0. 525 1.020
x7 ERABERLCEEZES(PK) NAFITANZN
Table 7 The influence of gamified direct competition ( PK) usage 5 2:5 ;Eiﬁ

on users’ behavior

RSB TEIRITAR LR~ 2] BRI Tl XA 5 4+ 1Y

— (1) Learning (2) Learning
CRIAZERIAER) | (EMAERAL L)
PkTreatment 1. 700 2.194"
(1. 409) (1.282)
Event, —15.94 % -10.37**

(1.236) (1.221)

PkTreatment x Event, 46. 09 *** 27. 427
(2.168) (2.780)

Login, 1. 315+
(0.240)

RankCheck, 3.937 %
(1.372)
Test, 1.819
(1.283)

InfoCheck, -0.327
(0.299)

Friend, -1.837
(1.742)

Tenure, 34,38 %% 19. 96 ***
(0.983) (1. 940)
Observations 19 836 19 836
R? 0. 049 0.219

L B ERAERE S P B

2. BEMARE: T p<0.01,7 p<o0.

05," p<0.1.
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Effects of gamified competitions on online learner behavior

CHEN Guo~qing, LI Ji-<hen, DENG-Hong-shu~yu, GUO Xun-hua

School of Economics and Management, Research Center for Contemporary Management, Tsinghua University,

Beijing 100084 , China

Abstract: Gamification has been widely adopted in various online learning contexts to better engage and moti-
vate users. However, the extant literature still lacks consistent empirical evidence on the effectiveness of on—
line gamified learning. Based on needs-affordancesHeatures( NAF) perspective, we draw on self-determination
theory and psychological ownership theory to analyze how gamified competition, including indirect competition
('such as a leaderboard) and direct competition ( such as one-on-ene player-killing, or PK in short) in online
learning apps provide motivational affordances to users. We collect data from a popular online language learn—
ing app and construct a large scale panel dataset. By the econometric analysis of using propensity score matc—
hing and difference in difference method, we find that our hypotheses are supported. We are among the first to
explore the effect of using gamification modules in the voluntary online learning contexts. This study enriches
the relevant literature and sheds light on practice.

Key words: online learning; gamified competition; motivational affordance; leaderboard; PK



