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Aim of the paper

Exploit the asymmetry between two platforms (app stores) adopting
different business models: Google and Apple.

Study the indirect effects of app quality on hardware devices (tablets)
demand.

Investigate the impacts of platform and policy interventions on the
outcomes in the tablet PC market.
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Facts

Android and iOS account for most (>85%) of the global tablet
market.

iOS is a closed platform; Android is an open platform.
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App store quality control
1 Apple runs quality checks on the apps.

− Furthermore, in 2016, Apple updated its app-store review guidelines to
reduce the number of abandoned apps and spam apps.

2 Since 2017, Google periodically removes low-quality, malware, and
abandoned apps.

− In 2017, Google used machine learning algorithms to remove 700,000
bad apps (copycats, inappropriate content, and malware) and 100,000
developers from Google Play (and similarly the following year).

Question
What is the impact of this quality control policy on the complementary
demand for hardware devices (tablet PCs)?
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App store Interoperability/compatibility
1 Many apps are not available on both stores (platforms): Apollo for

Reddit is unique to iOS, Weather Timeline is exclusive to Android
(Business Insider).

2 Local apps: Only users in a restricted area or country have access to
local apps (only UK users have access to BBC news app, etc.).

3 Same app in different stores has different perceived quality: Angry
Birds Friends has an overall rating of 4.5 in Apple App Store but only
4.1 in Google Play Store.

Question
What if apps were available in both stores and restricted to have the same
quality (interoperability/compatibility)?
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Research questions
What is the impact of app quality on the complementary demand for
tablet PCs?

What is the impact of raising the average app quality on prices,
market share, profits and consumer surplus on the two (asymmetric)
platforms?

What is the impact of imposing interoperability on prices, market
share, profits and consumer surplus on the two (asymmetric)
platforms?
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Related Literature

Quality of complementary products on demand:
1 Classic indirect network (variety) effect: Church and Gandal (1993).
2 Indirect network (quality) effect: Corts and Lederman (2009), Kim et al. (2014).

Platform quality control:
1 Apple quality check v. Google periodical removal of low-quality, malware,

abandoned apps: Wang et al. (2018).
2 The effects of quality control policies on seller/developer’s competition: Teh

(2021).

Platform interoperability/compatibility:
1 Interoperability and compatibility as tools to enhance network effects (and user

welfare): Katz and Shapiro (1985), Farrell and Saloner (1985), Economides (1989).
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Contribution to the literature

We exploit asymmetry between two competing platforms: Google
(open platform) and Apple (closed platform), and:

- Set up a simple intuitive model.

- Estimate a structural demand model for tablets to quantify the indirect
effects driven by application quality.

- Test for a possibly asymmetric impact of rising application quality on
important outcomes of tablet demand in the two platforms.

- Test for a possibly asymmetric impact of imposing
interoperability/compatibility (all applications with the same quality
available on both stores) on important outcomes of tablet demands in
the two platforms.
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Key findings
App quality has a positive impact on the demand for tablets.

Exclusion of the 10% lowest quality (of top 1,000) apps in one
platform leads to:

Ï Larger gains of demand from the outside market than from the other
platform.

Ï Larger effect on market share and profits of tablets on the closed
platform (Apple), and no differential effect on prices.

Ï Consumer welfare increases (partial effect).

Imposing interoperability (all apps have the same quality and are
available in both stores) leads to:

Ï Lower Apple tablet prices; no variation on Android tablet prices.

Ï Market share and profits rising for Android tablet producers.

Ï Consumer welfare increases (partial effect).
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Simple theory: a two-stage game

Stage one: Inter-platform tablet competition à la Hotelling:
Ï The utility of a consumer at location x when buying a tablet associated

with platform g=1(iOS), g=2(Android):

ug =ϕzhgzsg −αphg −k(x − lg ). (1)

Stage two: Intra-platform tablet competition for n Android (g = 2)
tablet producers:

Ï Symmetric equilibrium:
F Demand for an Android tablet producer j, qh2j =

qh2
n ;

F Equilibrium price: ph2j = ph2.
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Predictions from the theoretical model
Prediction 1: Effect of app quality
The impact of app quality on tablet demands and profits tends to be larger
on the closed platform (Apple).

Prediction 2: Effect on demand of imposing
compatibility/interoperability
Compatibility/interoperability leads to an increase in the demand for
tablets in the platform with lower average quality, and a decrease in the
demand for tablets in the platform with higher average quality.

Prediction 3: Effect on tablet prices of imposing
compatibility/interoperability
Compatibility/interoperability leads to an increase/decrease in closed
platform’s tablet prices when the average quality of closed-platform apps is
lower/higher than the open platform apps. The tablet prices of the open
platform are unchanged.
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Data

1 Tablet data (zhg , phg ):
- Product-level information on tablet characteristics of 465 models

produced by 33 vendors (3,753 observations).
- Five European countries: France, Germany, Italy, Spain and the UK

from Q3-2013 to Q1-2014.
- An observation is a tablet model with WiFi connectivity (either none, or

3G or 4G) and screen size (example, Huawei MediaPad WiFi 8GB - 7”).
- Unbalanced panel.

2 App data (zs):
- Six monthly panels of the top 1,000 most downloaded apps in Google

Play, and top 1,000 in App Store.
- Same five European countries as above, observed from M9-2013 to

M2-2014.
Ï Unbalanced panel with sizeable number of local apps in each country.

3 Income data: country-level household surveys from Eurostat.
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Summary statistics of key variables

Table 1 Pooled data (three quarters and five countries)

Variables N Mean Std.dev Min Max

market share (s) 3753 2.3E-04 5.26E-04 2.53E-08 0.01
price (p) 3753 261.1 170.12 37.74 1050
screen size 3753 8.65 1.37 7 13.3
storage 3753 20.95 20.02 0.51 250
log (screen resolution) 3753 13.83 0.66 12.86 15.226
connectivity 3753 1.344 0.475 1 2
app rating (zs ) 30 4.13 0.068 4.03 4.28
income (in 100K Euro) 500 27200 17670 5150 99500
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App quality proxied by app rating

Ratings (and reviews) influence how the app ranks in search results,
and can affect whether someone downloads the app.

Users can rate an app on a scale of 1 to 5.

Ratings have been used as a proxy for quality in the previous
literature: Binken and Stremersch (2009) and Kim et al. (2014).
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Average app rating by country and app store
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Econometrics: A nested structure tablet market

The nested structure of the choice:

Tablet

Android (g = 2)

etc.ArchosAmazonSamsung

iOS (g = 1)

iPads

Outside option (g = 0)

The utility of consumer i when buying tablet h in OS g in country c
(omitted) and quarter t (omitted) is specified by random coefficients
nested logit model as in Grigolon and Verboven (2014):

uih = zhβ−αiph +ϕzsg +ζig + (1−ρ)εih (2)

We jointly estimate the demand and pricing equations.
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Table 2 demand-supply RCNL (with optimal instruments) estimation results

Demand Supply

Parameter SE Parameter SE

Constant -13.899** 0.032 0.581** 0.058
Storage 0.006** 0.001 0.004 0.002
Screen resolution 0.546** 0.047 0.237** 0.018
Screen size 0.102** 0.016 0.113** 0.024
Connection 0.288** 0.037 0.265** 0.052
Price (−α) -0.009** 0.000
Price (σ) 0.006** 0.001
Price (π) 0.013** 0.001
App quality (ϕ) 0.700 * 0.306
Nesting parameter (ρ) 0.754** 0.016

Model Statistics
R2D 0.715
R2S 0.662
J-stat 11.826
Average price-cost margin 0.252
N mc<0 8
N 3753
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Figure 1 Frequency distribution of price sensitivity
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Table: Counterfactual 1: Removal of the 10% lowest rating apps in each store

France Germany Italy Spain UK

Average own-effect

Apple Price changes (%) 0.097**(R) -0.110** (R) 0.003 (F) -0.323(F) 0.066(F)
(0.001) (0.023) (0.002) (0.233) (0.077)

Market share changes (%) 12.190**(R) 7.495**(R) 7.475**(R) 8.737**(R) 6.650**(R)
(0.083) (0.148) (0.064) (0.541) (0.327)

Profit changes (%) 12.539**(R) 7.225**(R) 7.483**(R) 7.941**(R) 6.808**(R)
(0.074) (0.128) (0.065) (0.041) (0.378)

Android Price changes (%) -6.8E-04** -0.023** -0.009** -3E-04 -0.016**
(2.5E-04) (0.002) (0.001) (0.005) (0.005)

Market share changes (%) 3.542** 3.462** 2.909** 2.010** 3.801**
(0.008) (0.015) (0.009) (0.019) (0.031)

Profit changes (%) 3.534** 3.363** 2.863** 1.992** 3.650**
(0.008) (0.016) (0.012) (0.009) ( 0.042)

Average cross-effect
Apple Price changes (%) -0.022**(R) -0.241** (R) -0.061**(R) -0.332(F) -0.048(F)

(4.8E-04) (0.026) (0.018) (0.210) (0.037)
Market share changes (%) -0.323**(R) 0.059(R) -0.157**(R) -0.157**(R) -0.551 *(R)

(0.019) (0.163) (0.009) (0.016) (0.245)
Profit changes (%) -0.397**(R) -0.462** (R) -0.325**(R) 0.104(R) -0.674**(R)

(0.020) (0.093) (0.020) (0.353) (0.016)
Android Price changes (%) -0.015** -0.126** -0.031** -0.018 -0.060**

(7.4E-04) (0.015) (0.003) (0.018) (0.014)
Market share changes (%) -0.383** -0.533** -0.242** -0.280** -0.676**

(0.015) (0.063) (0.018) (0.061) (0.083)
Profit changes (%) -0.466** -1.016** -0.386** -0.380** -0.901**

(0.018) (0.054) (0.022) (0.027) (0.048)

Consumer welfare effect (%)
Apple 3.098 3.223 2.000 2.132 2.329
Android 2.673 1.840 2.094 1.441 0.925
Notes: Significance: *p < .05, **p < .01. Bootstrap standard errors are in parenthesis. We perform the K-Smirnov
test, where the null hypothesis is that the changes for iOS and Android tablets are equally distributed. R=Reject at
5%; F=Fail to reject at 5%. The average own-effect is the (average) effect on the outcome variables of removing
lowest quality applications in that store. Average cross-effect is the (average) effect on the outcome variables of
removing lowest quality applications in the other store.
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Table: Counterfactual 2: All apps available in both stores

France Germany Italy Spain UK

Apple Price changes (%) -0.008** -0.072** -0.090** -0.552* -0.085**

Market share changes (%) -0.613** -1.199 -4.273** -5.068** -3.863**

Profit changes (%) -0.635** -1.352** -4.492** -6.237** -4.053**

Android Price changes (%) 6E-04** 0.013** 0.004** -0.006 0.020**

Market share changes (%) 0.582** 1.353** 4.306** 6.576** 4.162**

Profit changes (%) 0.585** 1.399** 4.320** 6.551** 4.232**

Consumer welfare effect (%)

0.283 0.147 1.922 2.830 -0.235
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Conclusions

Application quality is relevant for the tablet PC market.

Exclusion of the bottom 10% of quality applications in the app store
leads to a larger increase of market share and profits in Apple than in
Google.

The consequence of imposing compatibility/interoperability is that
Google would gain more market share and profits, and Apple would
lower the price but still lose a similar amount of market share and
profits.

Both counterfactuals have a positive effect on consumer welfare
(though this effect is partial).
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