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A Study on Building an Integrated Model of App Performance Analysis and
App Review Sentiment Analysis
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Abstract

The purpose of this study is to construct a predictable estimation model that reflects the relationship
between the variables of mobile app performance and to verify how app reviews affect app
performance. In study 1 and 2, the relationship between app performance indicators was derived using
correlation analysis and random forest regression estimation of machine learning, and app performance
estimation modeling was performed. In study 3, sentiment scores for app reviews were by using
sentiment analysis of text mining, and it was found that app review sentiment scores have an effect
one lag ahead of the number of daily installations of apps when using multivariate time series analysis.
By analyzing the dissatisfaction and needs raised by app performance indicators and reviews of apps,
companies can improve their apps in a timely manner and derive the timing and direction of marketing
promotions.
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Positive emotion, Negative emotion(anxiety, anager, sadness), Social
processes(family, friends, female references, male references),
Cognitive  processes(insight, ~causation, discrepancy, tentative,
certainty, differentiation), Perceptual processes(see, hear, feel),
Biological processes(body, health, sexual, jngestion), Drives
(affiliation, achievement, power, reward, risk), Time orientation(past
focus, present focus, future focus), Relativity(motion, space, time),
Personal Concerns( work, leisure, home, money, religion, death,
informal language, swear words, netspeak, non-fluency, fillers)
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A 24T 4 e 2Fo|th HHA|IARY
o] & AR} Aol §ig7t JFE F=A
£ Aok 99l 234A3E fldl 1A EHAE
(Granger test)E AM&Sto] UM} ATHSE &
QIghth, mpREto & FAYRS BAS BolA A7t &
Fol ©E SH4 §heS 43T HEA 3 AEY
(VAR)S] 43 STATA B4 Z2IHES AT

i

B o
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Iv. g5 21}

19T 1 9 MRS 7t 4T

A

o] LFEE 0] A&0]9] 20184 6¥ 7IE 5389
N FZFEe o] A& WS o E EASIGI ¥
i B (average score)> 58 TH9 gAE(likert)
AL g ZA=%er o 10719 "4t g AR
7t AEoo|A FAHH R BIIRE S| HollA
q AR 10709 HeoF ohE BAAS 7T | &A1&
(own rate), B7E/JAREAE(rate MAU), 47124
A8 A& (rate DAU), AR &(rate install), I2=
(DAU/MAU)= WiE-E&= BAE o] dAollA A H
A RRHSE FEI Hes ATEA 1904 A7E
2H]219] et g H(average score)olil, F WA
YT IAREAHDAL), BH/gAEA S (rate DAU),
VAR AHMAU), EF A8 A& (rate MAD),
AP IS average activities), TZH=(DAU/MAU)
F4 71T BERHSEA 75 o7

VS|

HI

s

sols ATEAY At ATEA 1014 A7|% L]
Ao] Wk Uehd HEEAT OE ALusslel @
A AT A Lol T s 7
AL QHLHASAHDAVS BHEIAIBAHMAD)
7kl AEAZL 0m AHYHAEAHDAUE Ae]
BE W40t B2 AERAY 9ee Bolth BB
AEAHMADYE LI AHDAU)S 24 B(own

rate)dt AEEAZE =9k AT AAR Fnew
installs)= 71€9] AA|2t 0t H(HY 4HLAE B
Fon YHSAAGAHMAU), LHHIAREAHDAU)
ol AFH#e ATIAZ HQth LNEPAEA
(MAU)2 L7E/GAREAHDAU), AR new
installs), 2] &(rate install)°] € W9} 249] At
AL vlnd =row AR HERS 9Juith=
T2 (DAU/MAU)= G7HE/d A8 A (rate DAU)ZH
L2 FH9 ATEEAE YER

=
= 2 dHstge o e o A ARt 3
THHEe & ASseA, 4 b 3 24 ARs
i &< o Bargdel 38 AYHTR A
2 AT ARl ol AATRE 9 A
AR & she] M-S SRuez AAsta YA |

PR ARgSt] drEo] g2 Hd2 ofd

A
o} ARFos dYoA T S840 AVlE H
AR ARE P BRHSE M50t BEgS Al
LEokgiet
3] 9gt +4L2 AFEZHAE(Random forest)
3|9 4L 0]83lo] RMSE®} Variance score® &
Z519irh RMSE= W4=9] 54 Thelo] JFE ot ¥

H 4 W MX W 7F M2H Pearson Correlations
average | install new rate average
score user MAY D installs ownirats rateTMAUrateTDAY install activities DAU/MAU
average . . o . 0 0
score 1 -.044 -.025 .000 -026 | -.044 082 132 -.025 036 114
Install user| -.044" 1 838" 597" 425" 1.000° | -051" | -079" | 4227 002 -122"
MAU -.025 838" 1 881" 495" 838" 071" 010 489" 022 -.032"
DAU .000 597" 881" 1 377" 597" 091" 079" 371" 042" 056"
new installs| -.026 425" 495" 377" 1 425" 092" -.023 993" 038" -105"
own rate | -.044" | 1.000" | .838" 597" 425" 1 -051" | -.079" | 422" 002 -122"
rate MAU 082" -.051" 071" 0917 092" -.051" 1 695” 094" 148" 290"
rate DAU 1327 -.079" .010 079" -.023 -.079" 695 1 -.024 193" 630"
rate install | -.025 4227 489" 3717 993" 4227 094" -.024 1 038" -.109"
:(;’tle\:i?ees 036" 002 022 042" | 038" 002 48" | 93" | 038" 1 163"
DAU/MAU | .114" -122" | -.032 056" | -105" | -1227 | 290" 630" | -.109" 163" 1

* 0.065=F(FE)IM |2, ** 0.01+F(LE)IM [



66 SRIEXSIS|I=EX| 22 Vol. 22 No. 1

TR 7|8 H|wsh]E o#9Y variance score
£ AREst] AEE HESISH WA B o=
= (average score), BaH S average activities),
F ARG AHDAU), LFE/gARE A& (rate DAU),
FAHEAHMAL), Y /g AREAE(rate MAU),
X &(rate install), T =(DAU/MAUV)E EZxHS
ARgsto] QEHAR] AEHEAR o] 7hsehA] HE St
=g
Y8 M (average score)dt Ho-AdY3l4(average
activities)= variance score”} 0.005%} 0.017=% uff
S A EEF o] ERHEeE HEA] G2 A0F e
Yt} £9] HdHH(average score)> ThE HTE
Fl= Hl= 523 W4 ARG ER] ke Aoz 1
gttt A7HEHAAREARE(rate  DAU)S| variance
scoreZ} 74%01™ WA AZFEJAREAHDAU), €zt
SYAHEAHMAD), E7FE/ AN A& (rate MAU), 2L
A= (DAU/MAU), AA|E(rate install)®] variance
scorex 90% OJAICZ EAEQILE Wy F9TE= =
HHPE UG A& (rate MAU), BHAARE:
AE(rate DAU), A E(rate install), ITZT
(DAU/MAU)S] 95 E4513t. I8/ -84
(rate MAU)Q} L7AJARE A (rate DAU)= Zbz}
7 A 45 8% WE ZREola 9o, A7HE
A& (rate DAU)E F745t= A% BHAAR
(activities)”} YFE JFS v|Hti= Ho]l
ghote}. Mytd o g M2 ARgA(install users)7t 5
A BdY A FaWeE SN Qe Mg it
A 7190 g P& theEE Hol Aol A
12 BERAsE AR, 234808 A" 9E A5
BN As 78 B AES T S UsS B

olEth

il

o
2

o

]

N

¢

me

PS

I

30 U

o2 mo I
o ) o o

&
i

H b5 SHEA: ¥ Z9 45 ot

SH Hey RMSE Variance Score
average score 0.643 0.005
average activities 16.045 0.017
DAU 271200 0.942
rate DAU 0.094 0.735
MAU 448552.710 0.930
rate MAU 0.152 0.916
DAU/MAU 0.095 0.956
rate install 0.000 0.971

3. A7 3 ff XS LY FHSE SEicH CHH

g AAE 2M

AT 32 A 3 7HA] BS Aot AR A
< AlPstaict. o A SolA A fRe ol 1
skt ZHY @iy Shol| 1~3H|o] o] AR A
A HH7T FHEHE AL AASIAT o] AFoAE
tol® TV WS AFsiick #APE9 =&
LIWC2015 ZHAHE AM8otglon, & 4w
Y AHo] JFE & 5 Yoty WSt HEE AF
ot AHgE WHeEs 382 9uiske  Posemo,

affiliation, achieve, power, reward?} £3& 2Ju]

o of\ rfo

o= negemo, anx, anger, sad, swear, netspeak,
assent ¥lZo|H, FYHS0] O F o] ApofA A&
A48t sum_positive?t F84 9n]9] W] o2
THE0]A sum_negatives 5712 AJAIst] ARESHA
o}, o] A= tHHE AIAG £4Z ARgSte] ¥ Tt
A8 IS B0ttt HETt Bo|ng thsF
AAE 45 ARSI T AAE Tt 7138 F=A17F
EAeHA] = Aol sfdE o] VARE ARE-Sto] E4
S}t

U 27t A Aol FFE & Rolehe AL 7
2Ho= s Yoy AT o, & i

—

[t rlo

Q]
Eal

il

T AR FEE W AY stRt ot BES 78t
& Aolghz Atael] 7kttt BR7T oe 5 e ¥

gho] golof stme FIgke] oA @ A<} o
HE /Mo B2E gaasete] BAL 98 ¥
Hol Agsict. 71880 99 7Lt 43 4ol
#olgo] AT 4 AT, A 37t A4
7o) Hol= e R stgiolt 28R 39
I Zlolu] 5ol Yol7kA] ehe Zlo] 718l
717k e e S8R Hol A7t dolrb A 2
) 2 @R Folm UF 7|7 Hobd 4L o

SR 4 A A7} ol wolis AR 1
52 ot AL WAVt AT U 3 AR AUt
shedE EAlE ws mEe) olahd o 19
ol 59 olUfe] ERE Y A9 B Hole £
2 SelA AUHA B SR BA S Pol B
Agstcr. @ 42 F B oA AV Ag
AR e Q 2EololA] SRS 9T AL el 4%

o

&

=3

mO

—
mO

Bl 4o &2 &
&L 6 e
E"
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H 6. Feature importance by Random Forest
Random Forest R2 Important Important Important Important Important

labeling feature 1 feature 2 feature 3 feature 4 feature 5

rate MAU 94% rate_DAU DM install User MAU DAU

rate DAU 74% rate MAU DM activities install User DAU

rate Install 97% new installs - - - -

DAU/MAU 96% rate_DAU MAU DAU rate MAU install user
= 7PRed, ARt #APE 7P 9] Qe HAOWHIE 10], Jarque-Bera testol] 9t /3
A A AL TeRT = o HAo} BAT Wpol WIS Rohe 02 UehdtHE 111 WE oA
o}, webA] o] Atofld= A A ElR] o4 Aot BRP(VEC)S] AL Aol wl$ S8t 7Hyo] =
QY L A A vlwstd BASRG R WA L AR AN ARVARS B9 HEE B0t
o HAF]x(instal)e} T ¥4 5 achieve?te] T A Zoteete dPRE ou] Qle 23 &0l 7Hsst
AE olf9 49A9 £ BHS Aty 22 1 ol B7] oo W] BAZE u7t Sl AR

Ho R dY MR35t thE A Bt BAE T
steich 19HAIE ¥ 749] HH AAE BFsHH AIC,
HPIC, SBIC| 9Jal4] ZAZ3Itt. installs@t achiever
1 AR 24 AIRQ1E HoEoHE 7). 294 B4
ot 1412k A achieve W7} installsol] SA42
2 3ot ¥ F31 1ARFA installst achieveO]
FAZCE FAT FFE FA oS BEASITHRE
8.

3gAlE JHEA AT, B AL A

weshAr.

E 9. Granger causality Wald tests

Equation Excluded chi 2 df prob ) chi?
installs achieve 11.151 1 0.001
installs ALL 11.151 1 0.001
achieve installs 1.1672 1 0.280
achieve ALL 1.1672 1 0.280

H 10. Autocorrelation test(Lagrange-multiplier test

la chi 2 df rob ) chi 2
St} achieve TAH47T Q20| installs?t AX&2 1g 21673 7 2 0_7>050
7&%0] Q%_Qu:][& 9], 11_7]/\(;—37‘,_]-01 gi,é 7}4\_0_& @%o] HO: no autocorrelation at lag order
H 7. Selection—order criteria
Lag LL LR df P FPE AIC HQIC SBIC
0 -8099.41 28 e+ 11 32.0214 32.0279 32.0381
1 -8079.21 40.412* 4 0.000 26 e+ 11* 31.9573* 31.9770* 32.0075*
2 -8077.14 4.1304 4 0.389 26 e+ 11 31.9650 31.9977 32.0485
3 -8076.14 2.0124 4 0.733 26 e+ 11 31.9768 32.0227 32.0938
4 -8074.76 2.7520 4 0.600 27 e+ 11 31.9872 32.0462 32.1375
5 -8072.39 2.7435 4 0.602 27 e+ 11 31.9976 32.0697 32.1813
6 -8072.34 2.1024 4 0.717 27 e+ 11 32.0092 32.0092 32.2264
7 -8071.80 1.0812 4 0.897 28 e+ 11 32.0229 32.1212 32.2735
8 -8070.56 2.4715 4 0.650 28 e+ 11 32.0338 32.1452 32.3178
H 8. Short-term relationship between installs and achieve
Coef. Std. Err. z Py Iz1 [ 95% Conf. Intervall]
installs
installs L1. 0.6240 0.0410 1.52 0.128 -0.0179 0.1427
achieve L1. 112.3647 33.6484 3.34 0.001 46.4148 178.3145
_cons 11764.21 1072.008 10.97 0.000 9663.1170 13865.31
achieve
installs L1. -0.0005 0.0004 -1.08 0.280 -0.0014 0.0000
achieve L1. 0.2471 0.0401 6.16 0.000 0.1684 0.3257
_cons 10.0147 1.2789 7.83 0.000 7.5080 12.5214
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B 11. Jarque—Bera test B 12, Y'Y O MxjH4ot Zi H40| CHEZ AAIE B4 Zat
Equation chi 2 df prob ) chi 2 ST AR A2
installs 736 * 05 2 0.00000 o Al i install install
achieve 3933.014 2 0.00000 g achieve reward
ALL 7.4 e +0.5 4 0.00000 AR AR ® AR ™
Granger test ] O
A BARTEA 0 2A o)A B ujel 2 e o °

o] ZHdA4 achiever installsoll &F F 1 AX7HA|

Sk A0 UETHIE 1). oY &4 ZEA A
wabs] f AARE F LY install A9 AIAL &
2o} tE - BAE FHH R A5
AL uist= ZAFE49 posemo, affiliation,
achieve, power, reward?} £4& 9Ju|sk= negemo,
anx, anger, sad, swear, netspeak, assent, 5%
$9] gog AZ E&3t sum_positivel} FFHSC
o 2 THE0A sum_negativeZ} 2419 tiido] H3l
ot ou] = BAE EES 8-S HeEE At
W olgiet Lot ol AL AEe WSSk BA=
Ao HE AR F(VEC)S| Blste] #ER}7]
ARG (VAR)Z} 3ol dAsHA] 22 H< 1ot
o] 124 QA (Granger test)S 3513l A7|A¢
F=o] A F2 FLE 9v] Sl= Z2HE FHslsl
t}t. Installd 1AIRF A achieve?dA-4, install® 1
AR reward 24387t installol] 9FE FE= AL
2 UERETHE 12].

achieve= win, success, better® F-AFRE 2Ju]<]
o] Zghof| 9JgllA], reward: take, prize, benefit
TY o] 23l YA AR A=A ol
©@ol9] £3o] Wol UEE 1AIR} Fofl g HAof T
Y JFE F= 2= 4T £ Stk

varbasic, achieve, installs

4000
3000
2000

1000

0 2 4 3 8
step

\ 95% ClI

Graphs by irfname, impulse variable, and response variable

o] AT U ol§UH Wset A R AHEHS
5o =HE WSS Agl] A W 7 BA 2 g
%ol A Bt
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ol
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o
rlo
[0}
o
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2 TA 9 A4k B AT AR A A
AR L] Ak WS +HcE] o) WHEA] xsfof
Sz Bigolh. A HY st} A5, E85] APA#
st} 5ol AAlske AHlad] g AREL AA|
uAY ZRrdo] Yasta AR ¢17] tso] LT
Ag AR EHN 43T 917] B9 7lolE #els
A3gt. o] A8 B9l AAE T A® 2AY W
TE2 9414 #eE] EEE A KPl(key performance
index)E 0|3t}

d AA9] JdH JEE AREote] ThEolxl A4 ¥
T A& 2E2 old H4led Zdat Wt BeEo]
ofF AAF Wkoh=t] FHH 7|52 Aok 1749
F8hE ofulok= AHER AR 4= = TAE(DAU/MAU)
AE 52 Fo=2 Fa% BYAEEA 715 Aotk

g AAE AR B4ES BolA E2E AR
9] APA 1 742 9 EAETE= dE E40] 9
0] e ZoE Ao B Hof g B9 =

Aol F243 Bl e 14 BARA YR B
284 ARABAA QAL ol 7Nro 3 up
AY AZe 8% 5 WA deh
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2. O|2X LHRHEX AIME

o] A7 Y AdIt Y ZHE ARESHY] TlolE
FARE AA, BAI7HA] dloleliA Arte] 4
7 Z2AAE ZYstgit. dlofe AYofsr]o AAA
tlolEl9] gefol] st thst HHES AASt €|
2E g 9] v glolEQl 25 tlolHE s
o] Fei= Y7 dlolE sloto] 7129 dlojE et B3t
of EAoh= BHES AAot &8 7FsS Ao
At

gloJEl4o] QlojA Fdd Azet AALG A7E
B0 A8t on wiley 7T ohHE A
Ad FHE(VAR)S AHESIo] 15 ¥4 749] AJaF A
3 ARE Yol b ISt o] Ayt HHEA
o= Pt Ao} AAE ARE THHOE AES
A HAlEY 71 AAE 71HS BEote] ARSRE
o=Zx EAIE st oA FEHRA FHEY AL
fo] dasty "HAS AAsAT

WHES TS ARG =70 QlojAE SPSS, R,
STATA, E}OVM AME S AEAQ] A sidel A
&ots E5S A 10”’?*1 dlolH &4 w89 A4
A& 71%% & EE St

T2 IS 7= %% 202 5h= shAY Bt of
Yt 238y 8dg3xts dides 247t fx|et
o2 K2 H3det dlolHRA w89] F8740] Fx
=1 Slet o] At thel] 2 7HA] SHolA wE A
ZEY9] 4T &8 SHAA 9uE 7RIt A=
tlo]E 9] et =490 oA HE dlojef et vy
Fdlolel] =, u|AFdolelo HFst A3 tlolH
ot |y glols 539 IS ARt B4, FTH
tlolE 9] AT 71ASRE0 &8 I AR o]
AFoAE AE o83 8L oA, A mHA
E 3954 PHES AHgotglon, old HJ‘?;I%
|5 242 folHEA BEos wEtog 7|
g & Qlok Al AAE 2o R AMSH ThHFF A
AE FHE(VARZ AAE = 240 gt 7124
QA AHY 9] wsete g &% 4= Qirt. mpx|uto
2 SPSS, R, STATAC tigt & A8 3t mho]al-g

83t dloje] 257 WHEL HlolEEAo "ast
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Qo] gerzo] thet AHES HoAL o] st
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