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Abstract: With the popularity of mobile Internet and smart mobile devices in recent years, the app market mode has become one of the
main modes of software release. In this mode, app developers have to update their apps rapidly to keep competitive. In comparison with
traditional software, the connection between end users and developers of mobile apps is closer with quicker release of software and
feedback of users. Understanding and improving user acceptance of mobile apps inevitably becomes one of the main goals for developers
to improve their apps. Meanwhile, there is a wealth of data covering different stages of the software cycle of mobile apps in the
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app-market-centered ecosystem. From the view of software analytics, with techniques such as machine learning and data mining, valuable
information could be extracted from data including operation logs, user behavior sequence, etc. to help developers make decisions. This
article first demonstrates the necessity and feasibility of building a comprehensive model of user acceptance indicators for mobile apps
from a data-driven perspective, and provides basic indicators from three dimensions of user evaluation, operation, and usage. Furthermore,
with large-scale datasets, specific indicators are given in three user acceptance prediction tasks, and features from different stages of the
software cycle of mobile apps are extracted. With collaborative filtering, regression models, and probability models, the predictability of
user acceptance indicators is verified, and the insight of the prediction results in the mobile app development process is provided.

Key words: user acceptance; app market; mobile app; software analytics; data driven
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Fig.1 Main user data types in app market
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—ANFE Y 7 AR AT O I = TR P A TR B AT FE JT R B B AT R A R T R
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R T ARIAS R AL B 75 S Al FH I 1) o iR R B, DARE R BY T oy 7 B A P s Bsf K 1R A9 4 kg AN R BB B
T ) JE R AR AR, TR I B 3 (time share)”, 2 SCHIF.
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Fig.2 Number of device models covering X% time share of game apps
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Table 1 Prediction results of main device models for different app categories
F 1 AIRIZEH N LB P 25 R

7 A5 ML dr B h 430 RS E IS TR UE R CTP3830)
ikl k2 519k 3 ikl ik 2 9k 3 ikl k2 9k 3
% 5 4 5 82.52 69.01 74.29 0.49 0.29 0.40
LI 8 5 6.5 96.7 77.84 90.85 0.72 0.39 0.54
&) 7 5 5 91.68 76.44 85.64 0.62 0.33 0.47
BiR7iN 6 5 5 85.92 73.31 81.71 0.53 0.33 0.44
T 5 4 5 76.81 62.87 73.24 0.47 0.27 0.41
A 7 5 5 91.61 71.84 83.65 0.61 0.33 0.45
i %% 7 5 6 90.58 77.11 84.43 0.63 0.38 0.49
B 7 4 5 90.31 73.13 79.14 0.58 0.32 0.43
TH 7 5 6 92.09 78.4 87.23 0.55 0.35 0.48
WA 8 5 7 97.35 76.36 92.09 0.75 0.39 0.62
R 45 4 4 61.05 57.62 60.75 0.40 0.27 0.36
AT 8 5 6 94.77 80.59 88.34 0.69 0.41 0.50
A 7 5 6 93.30 80.18 87.90 0.61 0.40 0.48
HE 7 5 6 93.20 73.43 85.70 0.65 0.38 0.52
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oA A BT 10 MIMLZY S0k 3 I B G SE B SR A RT3 o o AL AT 10 ROMLIR, DL R o A
AN TR 5 K (5% W) [ 3 45 358 24 LA E 10 b 28 347 75000

© TEBREEEEIEDT  htp/ www. jos. org. cn



MEHE S AAEIR S 6945 S0 AL R A P AR R AR L TN 3373

i 3 MRS AT AN, S 3 BRI T 5k 2. A0S T LA i i BRI £ 8 2530, a4
AR AT ST 3 IR ol AR R UE S 8 ) A v T A 20K — 5 BRGR W) BAE d vh AOL RS B0 [, 5k
3 iy KL IR k44 B DA i K R VA () 3 2 DR AE - G T 3 o5 A7 2R 1K 2 SRR UEAS [, D B F3E0 H 4
JUREAAIN 1 25 18 B A R U A 3R

A5 1 NS 2 AT BCR AT PO T LUR I AE A NI S0 B 5000 1P i i, IR a2 %
SRR RZ AL T 2.5 50K 3 LURCAT AN A 1RSI AL SR AR SR S A A 7 55 AR BRI R B 1Y
WL i vh B (b AL 50 55 55005 3 A IR, 294 5 Al AH B3 1A I 7 o A AP B RS HE AR AR o T B3k 3R R W] 555
1 iy LAY 5 O T A A ) O A ot S N SN AR A

PSR 1 AEAN R N SR 3R B T 0, S00 1 A5 DK 20 I 2R 28 v ] R ASHES e £ T 28R A8
Ui RSN T S 1 RE NS YA TN AT 10 b 2 ZEHLR R (K) 8 b, I K 72 i A< I8 1] 97.359%, 1 S A HE L 0.75,3)
BT P AR R ME SR G T 14 BN IS KD 10 Bl S 1 nr DA I I o AR SR 909%. AW T 2 5%2
JEE PR £y AR L ot 2 A0 PR I (RO LR (P ) B 0 28 DR B0 1 REMB AT 8 Bk 28 531 v 1 D 1) O ¢
5 UL B 7 B RN T 55, 500 1 A 200 SN Y o 10 FOU A0 R 22, X WA 2 2K ) PN 78, AN i) 2 AN
(LU 2R PR 2 A0 P IS A A1 PR AHABLAE B AR, AN 2 B . 1) SR I P ) el 2 A1 A L 3R 4T T30

FEASA v, DLAE S A8 IR AR DA P 2 52 B A 3t e AR P AN (] B2 26 284 5 L 1) Y 46 52 B8 93 A1 1
B, LA [7 3o i £ KELAECTITIN i 2 P 6 P P R A 90 A1 15 D0, AT A 280t R0 R 1 RS A AT 30X — Ty
125, FT LA By O A 385 A 40 5 (K BE 50T S M 3% 46 LR AT T A Rk, WA i D A 0 50 I 25, DA 50 Ak ke 7 i S
2 1P IR G P ), 4 T PR P AR 5
3.2 FPHETM

321 I EHE

DA 38 oh 32 B2 S 4R 1R P RSS2 A S P ) 6 1) o 2y TR %o o P A 38 Sk i B L T ik
FH T BESR IR F P RSS2 S 1 JF R So i w0 2R 3 b 38 A R 38R e b AR T 4 2 i O N R A AR R T R
BT RAT N 25 A REFREUH R A s BRI T A TR N T R R e T I A () AR R 5 1) R
AIERTE IR BT —ThRe . DUy SUse & 4 — Mol IR A 2 BL AVB K Jy =X &
FA P B0 SRt 15 100, U0 [ B 52 300, A A [ W A 1) 82 D 8 3ok 43 Y 0 52 P52 i o [ 50 B 1 738 A Sk e e R K e

o R TR 3 AT e e, HUOR B A R ) A A9, DR b 2 1 P A A I SE AN B Th e 1A R A TR L 3L
Aty 51 3% 5 A R, AT 0 3ok FH P o AS () AR 1) Jse 45 75 200 6t Th 6 A1 JR) 7 ZE AT 3 6 X — b R v i A 75 A
V14 BRT 3% 1) PR AR SR AE AR R B AR T 1 R N IR IR B 5 2256 TR I 5/ RS [ SE IR AR5 ZE R sk v v ik
TR WSS 2 5T R,
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TERF BT o O P BB DL N B AE O R B AR AR T R R I DR 2 AR 52 %, T I A k)
B ELAG AH 22 10 M B35 A 813 T 8 B (0 A S L, B A ) 258 R P o (R i 44 4 0 A b 6 32 FE Fia bs 2 — . 5 G TR B A
DA B0 1 h PR 4 A 70 )= IRk — 5 T B P A 1 380 5 T A S0 28, DR 5 ) N D803 0 B P 1) A T 2
PEAN N ik 5y — J7 1055 T PF A0 Hcd 1R 480 A SR D R 43 I I 8 RN S0 i D0, DAL ke, [ I 328 Y 47 VP 384 4
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AE R ISR R AE R P2 R bR I 23RS T 9 824 AN H 1 5e#E A UE B H T TN AR 2R 1 Il kA
AR B H i AERE AL 3 A4 Bl — A5 9 000 AN H I 2R 48, — AN 5 500 AN H 1 R AR R — N4
B 324 AN H I IELE.
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iR P AH G, I T 3 3850 0 ek 4 ) B, 7 R ) A TR 5 e e RS AR O 1) T A R e, R A A N R T B AR 2 T
SRR HEAT AR SG A 43 B, 3 LAt b SR A AT 1 98, fe )5 159 21 79 ANREAE A T ) S T

J TR BRI R0 H B, BT AR A E A A ) AT R R DR I IR B (R ML e 2 S BV AU 4G Lasso
(] U1 o U ] 0 0L AR P A2 SR T 7 P 160 PR o 432 52 B G e Laasso (1] 1 B2 i [ ) 43 A e £ 2 A ] )
TR AR () P 453 2K i 5, (R4S A AS (] 90 0 D A 70 25 381 %) A et 3R 00 0 R AR AR5 AIE 1) TE B2t AR I 25
TIFEH Lasso [m] VA% 0 2 SRR AR B AT 3B 5, 1T 04 [ DR B R AN & TR1 L — 3 A i 1 A8 i RS 3 T AN R AH 7
Tl ] A TR 7 A R B 1 B A 5 R AR — B, DR A5 5 14 A Bk TR g — 2D M, o T A SRR IE T RE s S5
FURR BE AR Z IIAEAE AR ZR ML 56 R I LA R AR IR 2 Ah 5 N Bt KL A8 R S0 1440 7 i e A 28 TR [0 ) 1) 8 [
- 700 1) T AR . L34 7 1 25 (mean square error, I FR MSE) Al H 4 /R 45 25 ¢ 2 % (Kendall’s taut®), & #%
fE)AE A BT PEAN Fi b

5 Ay B2, SR FH BB ML I S0 A g 3 2 B0 461 ot —F 00 46 R 19 A I8 P T D S 55 0 L s 8% 4 0, 9F:
THELA N [ MSE; [R]FE 3, 9 v DL a7 B I 1 2826 Dy 0.5 B 128 AN [) 116 55 0 S s i 328 08 208 SR e 7 1) — b (B = 2
AT MSE)E A L 3 28 78 HE 44 2O 16 Le s 77 1 e SR 46 0 09 N b AT BE HLHE Y, v 55 o8 )5 5 S om0
R LA S 56 25 L aT Lk 2.

Table 2 Prediction results of user acceptance
R2 MR LT SR

e I # f (download percentile) i1 8 2% (U-1 ratio) U7 (like ratio)
TR AR

fH MSE ol MSE o{H MSE

Lasso [1] )5 0.236 0.080 0.280 0.028 0.150 0.054

W [l 0.220 0.084 0.314 0.027 0.135 0.061

Fiti WL AR AR 0.316 0.070 0.331 0.025 0.252 0.047

FELR ST —-0.011 0.091 -0.016 0.075 0.010 0.075

SIS 45 R MSE IR ofE ey, 2R W S ORI R UL Lasso [HIYL i [vi] 1 60 it AL AR bR 025 F A 20
RORBIW] B AL T HE G S0, IR AR 1 6 T8 AR5 AR S R P 32 52 S RO A A F) A 28 b R 0 L
HRUT VP AR, BB LRSI IR OR3P T A ol e A1 [ A A R

A3 2o PRI 2R 3 ST B e i R ) 4 52 RE AR B 2 [) R DRI, 7T LA o YR ) BN R AL 0T 5 A 8 s 1 5
Wi A B0 A AL 55 Fi b 2 )RR S B AT 35 7E A R 5 I 2R BE L AR AR =, ) LU 3 rf$importance 5 4
73 B REMRFAE AT %INCMSE B {EL, 2 W] 24 1% 5 Ak A A FBTHEFI N MSE 527 (722 4K, %IneMSE B, 35 W AR [ A2
OGS AR g B T 6T B AL AR MR A H (K R A I B Lasso BRI AT LLE 2D R
FORH S5 1) G 3K — 59, 3 AN 32 SR bRkt 1 645 SDK ficA . ] Android API 9%, 25K
BCRR AR . AR AR A R L L $3R SO FZ A 44 AR AR 38 3 1E— 20 20 g TURF AIE 5 FARSR AR 2 ) AR A SR L,
ALK T e M ehcath 1 P £ S 230481, 2 T T 3 i A 2 B I BRSO T L Hlad v 28 1) A B
5P 3R 2 I AE IEAR ORI R W T A wT LA AT S 22 (1 B o 500 = 6 (10 1 5 S R Jee 7 I D 1) B R
P34 AT Android API I . H bR SDK IR A #8551 77 1252 2 2 T A7-AE TEAR 5%, JT A 5 7T LA2% FE B 22 3
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Fig.3 An example of turning points in rating trends
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0 T AT 7 R B A AT AT R — BT ) X[ 7R 12 DX TR P A R Y RRCAS [ S8 T T e 5 R o) (1
P 53X B X [R) R Ok st ¥is X [1] (time-lag - slot), 17 DX 1] A 149 BE B Dby 28 3 56 5 52 38 B, v S0 R A 47 Uiy
S5 PRS- 40 i B it 2 22 LURE F P 43 i A ) A2 4k

S T YR I RN, S TR AR i Gk AN TR B ) i, IR AT S A B DL 2 R Lok AR
R SR AR AH 56 2 % (Pearson product-moment correlation coefficient, % PPCC)SI &5 7 7 [7] I i X 1) F hie A<
BT V4 2 T (KR R P AREAS I P B A I DX 1) AR 0 50 9 S A ) B 22 1| (% PPCC fE.24 p<<0.01
IR, A O BT 1) & 55 U 43 1) B TRV 7 S AH DG ek v SR04 A B A A () I s DX ) T b 3850 O 1) 1R 1 0 L,
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T D e 6 A T I s e AR T A A B R R T S [, DR S P A £ 5 H A T g
S W ST (167200 S 3 Ik Ak B S ST R R S0 A (what’s new), FH T IDF A5 258 812 ik 2% 3] 1) &, W) LA 8 R 45 YR O 30 H
7 B4 3 Avi 175 100 T 2 HE 44 48 T A [ 288 1 ) o i Adk R0 HE 44 1268 44 oh ST T 3 25 6 VAR 45 1 25 8 81 ROAS B T 4
RV S FH T 32 06092 B FH PR VAl T 3 DRT 35 68 T8 37 280 SR 10 532 T AS 225 220400, T 71 3 PP Ao 0 T 6 — R 2 3k i A
375 B BRI DA AT 3R AT (04 T 3 1 42 ok S T 3 BRT 3%

BEARE FH I B W4 B Google Play, 5% 5k B 33 25010 17 820 /N H, 7 & 2016 4 11 H 25 [1~2017
£33 1 10 H 3R BRI HAT B 3= 5 BORRAS 5 37 1 S0 R AT S 2045 S 0 7 P 2 7 i A 7 Y BB e 2 540 A e
SEIEREII N H A KA P HEA T 540 MR AN HCIEER - VEar . SR IR LR A B SRR AR
15 R AR AR IR B R AR T — IR A B o 2% it 4 v L A0 £ 41 028 X HT.

AR FH P23t A g P 3252 B RO P i, AR A TRD B« A L AR S T3 4% DA P 24w PP 4 i %o B
A i T PR BE T AR A AR 4y Oy 3 4y

o EHSLELRRAEAR B R AN A I QIR B 2 B R AE AR N R RO, ik B 2 12Uk 3 DL

(multinomial naive Bayes, %k 4 MNB)ERI DL E 675 — W 3 KA IR E A7 508 HE 44t
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RAS I 21 1RV 43 1 4 1 BRI AL AR M RTI PP 0 34 LL C SRR SCAS v Gy 2 i) 119 R B )
R ] R 7R

E;=MultinomialNB(r; t;,s;,C;)(iel).

o LR TR PR B A AR AR A B IE AR R T 0 4T A X BGIE (5-fold cross validation) POl &
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T o, 20 T A% Bl ST B A i S YIS [ B B 0 B R 8 e N T R AN R B 3 A S 2 ] R, 1
VT BE6E ELAA i AU e SR B 53 1 P B 52 BE R AR DA P R D8 . ML 20 L MR A S5 VA S L P R
2 P TR A AP KA F) 50 S K0 8 0o S 3 B0 1 I SR b 19 T TR, ) A 1 FiE bR T R R 1 A T AR
HI 8%, 1 T 1 T 3 o A7 AR K T 7 B 2R B8 22 T R 3 78 AR R 1K) ) 70 20 [ I 2 s T R A 1) i 4R 7
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