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Abstract

With the intensifying competition in the mobile application market, how developers can enhance
product quality through strategic product portfolio management has become a critical issue. Draw-
ing on data from the Apple App Store spanning August 2019 to August 2021, this study constructs
a sample of 2,456 mobile applications to empirically investigate the impact of product portfolio
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characteristics on product quality. Quantitative analysis was performed using large language mod-
els and empirical research methods, incorporating propensity score matching to mitigate endoge-
neity caused by potential omitted variables. The findings indicate that the scale and complementa-
rity of a developer’s product portfolio have a significant positive impact on product quality, while
diversity in the portfolio exhibits a negative effect. Furthermore, as portfolio complementarity in-
creases, the positive influence of scale on product quality is amplified, while the negative impact of
diversity gradually weakens. These insights offer valuable strategic guidance for small and medium-
sized developers in managing their product portfolios.
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Figure 1. Research design diagram
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B AR R b8 SRR R i SR b 4R 2 R [15]. AL, ASCHINT few-shot 721, DUEHRAEIX
AR B R 4 ] R
HAMEZS R AR E N, PairwiseComplementy ATF A T i 75 t H M Z B KA i . P28 K
HAMERR Sy, SRR T RBIIRE . WL, WA RERRHED AN B 455 VP0G, BURRIE AN
THREER:
Complementarity,, = _t iZPairwiseCompIementarityjk 2

n; X(”i -1) {55

KeyFeatures;, , MarketPositioning, ,
ContentType,, , TechnicalCharacteristics,

®)

PairwiseComplementarity , = max[

WAk, TR AL EAMER P A AR S 2R, ARSI N T A AR
AppNum. 7= 2HA Z 1 Diversity 57 i 204 B AME Complementarity f928 BT, DA FEIX LeAR 5 2 [H]
(19728 HAF F s .

43. =HITE

N R] e FEARIE TR AR B SR A TR 22, ASCHE MR AR 43 VU RC 5 B ABE FE H 5l N T — &
FPEhIAR R, LLRGZE R B 5 RS 50 N TR DL TR R S SRR .

TEFFRFIZTH, R EIF R BRI T RESC I 0 N 8US VR AT A, ARSIl T R R AT
FE VS S RatingNume thAh, % T FH A B B 22 A I 9 T R 24 7= it SRS T S B0 — 7= AR AIE, AR
SOk TR T T R AT S KN AppSize,  BLURBRILE RN K 5 T e e 1. FIRF, A
SO T TR R B COR A S B R E] InitialReleaseMon,  PAZI L EE N 1737 0 R AL A 5 A 50 AR BN ;
HEI NS HE L 2B 7 T8 1sWatchNum,  DUSCBF % 7 78 B 8 453G i S B R RE 11 5 T 22 57

MR SR 2T, A SCEEH] T R KA S T YA R PriceAvg. 4 %R B A 5 LR
AppFreePct L& T3] 4 3 H $0& PurchasesAvg. _FiRAF &4 BT Z A [F U 2 A 20 P 09 98 5 10F
G, TR D BR R s 5 AR I 1 S i S U 3%

UbAh, AT R T IR R A 2 B R RIS TE R, 5l N R AE & YearDummy
5 H AL MonDummy,  DAFE G737 B AR AR a3 =T RS . B RAMAN ikl E, A
3C 7SR R AT R = A A R AR 7 SR RS, R LR SRS R A AR S T SR

5. SCUESTHT
5.1. kMgt
HARAR B e LS HUE AT i 1 o

Table 1. Variable definition and descriptive statistics
1. TEEXS#HRGT

Variables Definition Mean SD Max Min
DeveloperNamei AR
RatingTime: PES- I [A]

TFR B i AEBEA VLS 2 1 2L R

(RATEE LARIAA 1 K2 H0) 0252  0.434 1 0

Diversei
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Ratingit FEE 1 AE t A 2 AR RO A B17E5) 3.916 1.179 5 1
AppNumit At AR i B R AR B 5L 1.561 1.366 10 1
Diversityi FERT i 18 t 2R AR IR 2 FF 1% (465) 0.102 0.291 1.609 0

Complementarityit FFRTE i 76 t H B A B A H AME 0.173 0.345 1 0
PrototypeSimilarityit FEAE 1 7E t 7 B A B AT ARBLEE 0.727 0.059 0.829  0.483
RatingNumit BE ¢ AIFRR i O B VES B4 11963.775 53972.835 1679519 1
AppSizeit Bt AP | CRATRH R/ S 367.341 1482.190 19436.310 1.180
PirceAvgit BE ¢ AIFRN | O N s 2.085 16.030 643 0
AppFreePcti MAEt BRI CRARA PR G 0.900 0.280 1 0
PurchasesAvgit BEt HIPER | ©RA R NI R 3.171 3.765 13 0
IswatchNumit BE t AR | B R SRR apple watch & it 0.020 0.150 2 0
InitialReleaseMonic  #i% t HIF R i BEE RATE — AN BT ARTE 10.328 6.276 24 0
YearDummy; — Y R A, 3R t TR - - - -
MonDummyt — Y[R A, ARt ITEE A - - - -
A AR OC REUE FE NS 2 PR
Table 2. Correlation coefficient matrix
2 2. HHXRBUER
Variables @ @) ©)) @ (5) ® (7 ©® 9 @0 @

(1) Rating 1 - - - - - - - - - -
(2) AppNum 0.004*** 1 - - - - - - - - -
(3) Diversity ~ —0.041*** (0.519*** 1 - - - - - - - -

(4) *kk *kk *kk - - - - - - -
Complementarity %028 0.317*** 0.438 1

(5) In(RatingNum)  0.082%%*  0.204%*% (,189%**  021%** 1 - - - - -

6)In(Size)  0.046*** 0.383%** 0.115%** 0.196%** 0.327*** 1 - - - - -

. 0.013
(7) PriceAvg 0.029***  0.056*** 0.061*** 0.076*** —0.108*** ~, .. 1 - - - -

(8) AppFreePct  —0.017*%* —0.206%%* —0.205%** —0,173%** 016gex 0062 ~0372

(9) PurchasesAvg  0.113%%* —0,068%** —0,102%** —0,03g*** 019g+x+ 00 ~0.076 0184, - -

—0.056 0.099 -0.1 -0.037

(10) IsWatchNum  0.031***  —0.001  0.041%** 0,097%%* —Q.05x** 000 0099 ~0.1 =007 )
(11) _ Kk | KKk | *kk KKk *kk —0.021 -0.014 0.041 Kk
itialolensaMon ~0-137 —0.049%%% —0.071*% 0,066 0.183 0.021 =0.014 0.041 ", 504 .01+ 1

FE: *p < 0.1; **p < 0.05; ***p < 0.01.

AR S AT IR PRSI, 7 ZE K 35/ T 10, @i R A
5.2. 4S9 TR
T N SEB A (HEAT P AL A BT R T, Diverse = 1) 5B AL (R HEAT P2 A& T K 7, Diverse =
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0)Z AV 22 5 » A SCR T PSM B[] 144573 DT BC SR 4K 21 B A ARUURFAE FROAE AR ZHL, AT 92> 85 28 B O 5 )

Table 3. Propensity score matching results
3. mME S EERER

Variables Balance for All Data Balance for Matched Data Percent Balance Improvement

Std. Mean Diff. Var. Ratio Std. Mean Diff.  Var. Ratio  Std. Mean Diff.  Var. Ratio

In(RatingNum) 0.5657 1.1869 0.1498 1.1480 735 19.5
In(AppSize) 0.6630 1.8988 0.3367 1.8086 49.2 7.6
PriceAvg 0.1295 8.7397 0.0707 3.7304 45.4 39.3
AppFreePct —0.4689 2.3987 —0.2491 1.0981 46.9 89.3
PurchasesAvg —0.1966 0.6440 0.0507 0.7177 74.2 24.6
IsWatchNum 0.1072 3.1883 0.0312 1.5328 70.9 63.2
InitialReleaseMon —0.1845 0.9373 —0.0522 1.0535 71.7 195
YearDummy YES YES YES YES YES YES
MonDummy YES YES YES YES YES YES

AR Z AR A PLTH S VLS e, R FH e 403 VT A 5923 (nearest neighbor matching) %2 1:1 152
I02H 50 HRAHAE AR, &St 21,822 MEARULEC N - fEVLACL 2 J5 , T /& Std. Mean Diff. (brifE L34 2),
W& Var, Ratio (J7 Z), FECTULECHT, #A % BENSRFA. @M rES 2 UTEe, SEIeH S50 R R
HRFFEE R A B R M 2 7 B D>, #— P m T ARG S0 45 R E i

5.3. LSDV 43#fr

N T AR S, ARSCRA LSDV R HERIRY, i i 51 NI TA)RE 5 A I 2 R DL 2 g 9 2B I A
AR IR, FARBIRE RINE 4 s

Table 4. Regression model results

4. EVAEBIPEER

Variables Model 1 Model 2 Model 3 Model 4
Independent Variables
AppNum 0.014*** —-0.002 0.034*** 0.006

PP (0.005) (0.010) (0.005) (0.010)
Diversit —0.354*** —0.366*** —0.681*** —0.718***

y (0.023) (0.023) (0.040) (0.042)
Complementarit 0.059** -0.165 —0.057*** —0.459***

P y (0.018) (0.118) (0.021) (0.121)

Interactions

* *kk

AppNum * Complementarity - ?6102613) - O((z)l()SGS)
Ek 3 *kk

Diversity * Complementarity - - 0(830965) 0(870166)

Control Variables

In(RatingNum) 0.066*** 0.066*** 0.067*** 0.067***

g (0.003) (0.003) (0.003) (0.003)
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In(AppSize) ~0.044%** —0.046%** ~0.040%** —0.043%*+
PP (0.007) (0.007) (0.007) (0.007)
BriceAy 0.002%** 0.003*** 0.002%** 0.002%**
9 (0.001) (0.001) (0.001) (0.001)
AobEresPet ~0.202%** —0.196%** —0.233%** —0.225%**
PP (0.023) (0.024) (0.024) (0.024)
PurchasesAv 0.027%** 0.027%** 0.026%** 0.027%**
g (0.002) (0.002) (0.002) (0.002)
SWatchNum 0.247%%* 0.247%%* 0.224%%* 0.224%*
(0.037) (0.037) (0.037) (0.037)
InitialReleaseMon 0.013% 0.013%* 0.006* 0.007*
(0.004) (0.004) (0.004) (0.004)
YearDummy Yes Yes Yes Yes
MonDummy Yes Yes Yes Yes

7E: *p <0.1; **p < 0.05; ***p < 0.01.

AppNum “Z & 1) RECHIE B4R B3, BN T /NIRRT &, 35K E ORI N A AmRAE
IR BE N A e B 77 AR, X — R ISR Hla, 7 AT R R I8 R BES 7 SR U5 BR A 1
I S R T R BN B e M2, 42w it R BRI T A D B, AT 184 588 ot P T A R 2
MISES T30 AU, Diversity &M REEE N, KR/ NEIF R E = i 2 G 2R P R
A HEMEE, SRR Hib, BRGNS & 2 FEE AT DUB A AN [FE 2 3 BRI TR R, Hid mi =it 2
FEPE AT RE 22 K — LS A R0, 3 B0 R BEUR B 20 BRI T i AT AR AR SRAm g m, AR A = it 10 ot =
ATidnse4 77, 1 Complementarity 57 ) RER N IE, R /INEITF R B 32 B i EAME BT DA R &
PR ERI, SCRHRIX Hic.

FE R AR Modell ()45 SRyEAG A, In(RatingNum) Fi (1 R BUE 35 N IE, IX R - 3 = &5 i E e
S BEAT VTS o X AT RE S 1 P AE VPN LA I B S & . DR P AR IS AR A AT o X T IR R
BT S, mEPEA AT T TN AT B, 1A Bh TG BE 2 P AR T i 40 8. 285 In(AppSize)
BT RECR E N, R P EEBET N T8 S RBUNA R, XA RE2 BAR T i N KRS
ME, AP ZRN TR, AT W, PR — S A7 75 SRR 1 S FH o] BE 2 4 FH P 7200
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Figure 2. Product portfolio complementarity and its moderating effect on scale
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Figure 3. Product portfolio complementarity and its moderating effect on diversity
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