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E-Commerce
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Price comparison sites

Definition
@ Website to compare prices for the same product at different shops.
@ Examples are shopper.com, market.yandex.ru or www.geizhals.at.

@ Consumers can compare prices and easily find the cheapest offer.

How can shops continue to make a profit on such a site?
@ Can shops exploit behavioral patterns reap small profits?

o Chapters 4 and 5 focus on geizhals.at and two specific patterns.

Market Structure and Market Performance over a product'’s life
Specific behavioural feature - 9ending prices.
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Price search engine www.geizhals.at
Background about the site underlying the data

@ market leader in Austrian online price-comparison

» online since late 1990s
» commercial site since 2000
> expansion to Germany, Poland and UK

data are available since 2006

daily prices for about 100,000 products and roughly 700 firms

demand measured as clicks on e-tailers’ homepage or
last-click-through
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www.Geizhals.at Search Result 1
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mit
Sim-Lock oder Vertrag
ohn

Bindung

mit
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Zubehor fr Mobiltelefone

Festnetz
Fax & DFU
Live-Suche

Fragen? Besuchen Sie
doch unsere
Forum-Rubrk:
Telekommunikation
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Nokia E61

B Ubersicht & preise [ i ] [-Bevertunqen] [+ tnfo beim Herstalier|

(E-JGPRS, HSCSD » WAP/MMS « Push-to-talk » OS: Symbian Series 60 (3rd Edition)  Quadband « Farbdisplay.

(16,7 M. Farben, 320x240 Pixel) « Vibracall« plyshone Kingeltone « Video-/Mp3-player « Java Software +
ERTY-Tastat arotschnittstelle « Bluetoo * WLAN » ~75MB Speicher » mini-SD

St (Hot-Snuap) - Standovsart i vs 5-11 Tage (GSH - Gesprachoret bis 1 4-71 (G8M) + Grobe

17460 7xtinmin = Volumen: 108crm? « Gewicht 1440

Siehe auch: Nokia E61 mit Branding

22 von 25 Sesuchern empfetien dieses Produkt (92.00%).
Note: # & (3.84) (Details | Produkt bewerten’
Testberichte:
 Review auf mobile-reviews.de

Fmobileburr

Besucher, die diesen Artikel angesehen haben, haben auch die folgenden Artikel angesehen:

anzeigen

Angebote mit den folgenden Bezugsarten anzeigen: Gewiinschte Verfiigbarkeit:
© alle Angebote. © beliebige Verfigbarkeit
O nur Abholung in der Nahe von: A- (Postleitzahl, optional) Olagernd beim Handler

O @ mnklusive Versand per| Nachnahme|v| nach| Osterreich

Angebote fiterm ] [ Auswahi merken

Verfiigbarkeit

(Die Abbildungen massen nicht den
tatsachlichen Produlkten entsprechen)

O kurzfristig lieferbar (bis 4 Werktage)

Preis Handler- A
Anbieter = Artikelbezeichnung des Handlers
Bewertung|
311, versandfertig in3 | Nokia € 61 Blackberry Silber - Mobiltelefon ohne Vertrag |
< Nesaizio2 (23.11.2007, 10:11)
Hinweis: Firmensitz | 214 | Vorkasse € 9,30
in Deutschland | Bewerungen | Nachnahme € 15,90
Kreditiarte € 9,30

Infes AGB Meinuncen
335, | it-desiqnworl yersandoerei i 1-2 | Nokia 0040445

(haym.infotec) @ | Werkag: Nokia - E61 UNITS-Mobiltelefon grau (E61) (0040446)

(Art# 7A31508)
Infos AGE Melnungen| NOt=: 120 | Vorkasse €

Nochnanme €858 | (23.11.2007, 10:13)
Express ab € 13,80
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www.Geizhals.at Search Result 2

Preis MHéndler. | Verfigbarkeit .
g

Infos AGE Meinungen

Kredikarte € 3,50

335

348,24

of

it-desianworks
(haym.infotec)

nfos AGE Meinuncen

| versandbereitin 1-2

=0 g
Bavertungen

Werkiagen
Vorkasse € 5,88

(A-5550 Radstadt)

Note: 138

Bawertungen

Lagernd im
Audenlager, 1-2
Weridage

Ao ersandbereit

¢
Bestelbestatigung)

Nokia 0040445
Nokia - E61 UNTS-Mobiltelefon grau (E61) (0040¢45)
(Art= 7A31909)

(23.11.2007, 10:13)
0

Nokia 0500061
Nokia 61 grey/silve

(E-)GPRS, HSLSD + WAP/MMS « Push-to-talk + OS: Symbian Series 60 (3rd Ediior) » “qu
Mio. Farbén, 320x240 Pixel) » Vibracall » polyphone Kiingeltone « Video-/Mp3-Player

(23.11.2007, 10:15)

363 Tcau 2-aWeridoge Nokia €61
ietzt
tnfos AGE Meinuncen | bewertent [ (23112007, 10:1)
orkasse €5,
Nochnafime € 5,
Deutschland
| Vorkasse
ssess Stshop Versandbereitn | Nokia Noki €51 ore sindung
~ 4 Werktagen | Nokia £51 grey/sive
st ace amnces | 5o | (BIGPRSIHEESS () wap s Quadband RS-HHCSlot video/Mp3 144
ot0:170 | stand;
rRtE 2007, 14556 | (23.11.2007, 101)
2z o
Sevarungen
Osterrich
Vorke: 0
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Austria’s largest
price-comparison site.

Users search for
specific items.

Lowest price listed on
top.

Shipping cost posted
right beside.

More characteristics
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availability, ...).
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Paper 1: 99 Cent: Price Points in E-Commerce

@ Why Do Firms Use 99 Cent Prices? Is there a level effect?

Odd prices: 99 Cents and variations
Even prices: zero-ending

@ We test demand effects and price stickiness for price points online.

Prediction 1: demand reacts only to Euro differences.
Prediction 2: .99 prices more sticky.

Dataset:

@ new price quotes in one week in June 2007 (inflow sample)
@ 810,000 prices, 30,000 products, 700 firms

@ use only products with price larger than €25.
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Distribution of last Euro digits of 00c-endings.

@ 9.00 is twice as
frequent as other
even Euro-prices

@ Among clicked and

widely sold products,

9.00 constitutes
about 33% of even
prices.

@ Same pattern for

special endings (00c,

50c, 90c & 99c)
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Conclusions

Conclusions |: Focal Prices are more sticky.
e Duration Analysis for survival of focal (9-ending) prices.

» firms maintain 99 cent prices longer (also longer than 00 prices)
» O-endings are not so easily undercut if they are price-leaders

M. Kummer Applications Using Online Data April 29, 2024 27 /1 ZEW



Conclusions

Conclusions |: Focal Prices are more sticky.
e Duration Analysis for survival of focal (9-ending) prices.

» firms maintain 99 cent prices longer (also longer than 00 prices)
» O-endings are not so easily undercut if they are price-leaders

Conclusions II: Focal Prices do not have lower demand (not shown)

@ consumers do disregard cents after the euro
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Paper 2:

Market Structure and Market Performance in E-Commerce
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Market Structure and Market Performance in E-Commerce

@ Question: How do more sellers affect Markup & Price Dispersion?

> Study the relationship of market structure and market performance in e-commerce.
> Does the relation between # of firms and markup change over the product lifecycle?

@ Worry: Correlation of Number of Firms and Markups mismeasured.
> endogeneity?
> products with higher markups attract more sellers!

@ Solution: Exploit Listing Patterns across Lifecycles.

> shops that are always first to list a product should be early on any new product.

@ Contribution: Instrumental Variable and Application.

> Valid proxy for markups, because we can measure wholesale prices
> Propose novel instrument for number of firms in online markets
> Analysis of Market Structure and Performance over the Products’ Lifespan
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Dataset and organisation of data

2 Data Sources

@ Augmented geizhals-database with Information on wholesale-prices
from a major producer of digital cameras, scanners etc.

Organization:
@ 70 products
@ Unit of observations is market by day: 15893 observations.
@ Computed minimum and median markup and price dispersion
@ re-aligning all beginning dates

=> Study product life cycle, observe all products from birth to death
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geizhals.at: 2 Papers

00000@0000

Instrumentation Strategy

e £
o g
= ©
o —
CameraA @ -#f----- frosreesmranssnsnanas --®
Camera B‘“\.*- ----'l --------------------------- ®
L T
Camera C .*__\_‘ N '.‘-I * B =3"dayof CamerasA,BandC
8
Camera D ..{) _____ _I ____________ 9 A-10" day of CamerasE, G, and H
CameraE @ ----- o
Camera F Q-I ————— "—‘-)— --------------------- ©
4
CameraG @ 4----~ Ao
CameraH @ ----- *"“ """"""""" e

3" day of Camera D 10" day of CameraF

use firm'’s listing behavior in earlier lifecycles

for a fixed number of products, compute average number of listing firms

use only the same specific lifecycle day of the earlier products

@ very strong instrument (predictor is highly significant, F-Test-Statistic well above 10)
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Conclusions

@ Market Structure and Performance of E-commerce

» Number of sellers has a negative effect on the median price.
» Results confirmed for markup of the price-leader (minimum markup):

* decreases by 4.5% if number of sellers increases (one std. deviation)
> Results for price dispersion do not allow for strong conclusions
* weak evidence in favor of search theoretic models.

@ Further results: Product Life Cycle Effects

> Relationship remains largely stable over the lifecycle.
» Competition-effects differ for same-brand and competitor's products.
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-
Key Challenges

@ Dump is huge (Runtimes)
@ Data Cleaning in the Beginning
e SQL
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WIKIPEDIA

M. Kummer Applications Using Online Data April 29, 2024 34 /1 ZEW




Spillovers in Content Networks -

— Focus on the hyperlinked citation network between Wikipedia's articles

@ Question: How do citations influence user search and contributions?
How much attention spills from one article to the next?

Does attention drive contributions? Which articles will evolve?

Relates to production in other “citation networks” (Open Source, science)
Also relates to questions of advertisement.

vy VY VY

@ Worry: Correlations of Network and Outcome not causal.
> endogeneity?
> unobserved factors drive both?

@ Solution: Exogenous local Shocks to single Nodes.

> activity increase on neighbors, due to link from treated page
> pseudo-experimental design

@ Contribution: Formal Framework and Application.

> extension of Bramoullé et al. (2009) to include exogeneous shocks.
> analysis of 23 disasters and 34 “Today's featured articles” on Wikipedia
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Wikipedia
Background and Data

@ World's largest platform
WIKIPEDIA for encyclop. knowledge.

Espaiiol ]
La enciciopedia liore

English
The Free Encyclopedia
4509000+ arickes

>200 languages, >54

109900+ rives. with >100,000 Articles.
BaE ‘ Deutsch .
JU-ERES '/// xS Die freie Enzykiopadie 1,716,000 in German
908 000+ 2% «/*‘ 1716 000+ Artiel
Pycoxni 3 N Francais 1000s of volunteers
GEUGUOHEH JHULKIIONIEOUH Q Lencyslopédie livre
111000 eneren S 1502000 artios bli d
italiano O Portugués @ public metatext-dump
e o augmented with clicks
Polski 33 (Dec. 2007 - Dec 2010.)
Wolna encykiopedia BafE#H2E . .
1084000+ naset o o o and articles-links.
Doutsch . @ 29 d_ays of_data for 57
special articles and
Find Wikipedia in a language: neigh bors.

TTTTTI LTI T TN T TIMIIIR) 2 000 oo (WTTY T MR LML TN IAT LMW

Deutsch « English « Espafiol « Frangais « Italiano « Nederlands » Polski « Pycckuii « Svenska
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Main Idea: Illustrated by the case of Smolensk...

Wikipedia article traffic statistics

Smolensk has been viewed 47305 times in 201004.

latest 30 60 90 days
24000

20000
16000
12000
8000
I’ 4000

- I | WA B
2010-04-01 2010-04-04 2010-04-08 2010-04-12 2010-04-16 2010-04-20 2010-04-24 2010-04-28 2010-05-02

Date
toagle labels
German - 201004 - smolensk

On April 10th, 2010 the plane of the Polish government crashed
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Example: 1 click from Smolensk (Smolensk Castle)

Wikipedia article traffic statistics

Smolensker Kreml has been viewed 533 times in 201004
latest 30 60 80 days

240

200
- 160

120

|I 40
m_ _mam Il.l-l- [ - - m N

2010-04-01 2010-04-04 2010-04-08 2010-04-12 2010-04-16 2010-04-20 2010-04-24 2010-04-28 2010-05-02
Date
toggle labels
German - 201004 ~ Smolensker_Kreml

On April 10th, 2010 the plane of the Polish government crashed
The Castle of Smolensk was not directly affected
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General Idea: Network a Pond with two Groups

Network L = s Network C

© Claussen, Engelstiitter and Ward
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A Stone in a Pond: Treat only one

2 clicks away 2 clicks away
neighbor

treated

Network L * s Network C
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-
Two Types of Shocks

Lese

Vilkommen bel Wikipedia

Sl Vi 2001 vt 1579282 Akl

o nd Kt D Rligon & Sport 9 Techk 8 Wiserschat

il do Tages in don Nachrichion
- Vogslgie cororste - Us Hoerah
ae .
2

o, v s

@ Large Media Event: Sichuan Earthquake
» Date: 12.5.2008

@ Today's “featured article” (“Seite des Tages"): Banjo-Kazooie
» featured on the 10.06.2010
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Application

Clicks from advertised articles to neighbors

4,200 more clicks on featured page. 40 more clicks on neighbors.
o
g |
=
. |
28] % |
k] 3
g EY
§ 7 % 4
o 8H
20 1o [ 10 20 20 10 [ 10 20
time-variable (0 = first obs after shock) time-variable (0 = first obs after shock)
e flag_treated= 1 + placebo_state=0 s flag_treated= 1 + placebo_state=0
————— flag_treated= 1 + placebo_state=1 ————- flag_treated= 1 + placebo_state=1
flag_treated= 0 + placebo_state=0 flag_treated= 0 + placebo_state=0
flag_treated= 0 + placebo_state=1 flag_treated= 0 + placebo_state=1
@ 36 “Seite des Tages" - experiments (and 36 controls)
@ Number of neighbor pages: approx. 6600
@ 4000 clicks on LO — 4000 clicks and 5 edits on the neighbors (not shown)
M. Kummer ZEW
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-
Key Challenges

@ Dump is huge (Runtimes)
@ Data Cleaning in the Beginning
e SQL
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Wikipedia matters!

M. Kummer Applications Using Online Data April 29, 2024 44 /1 ZEW




Does Wikipedia Content matter?

Main ldeas

@ Question: Does information in Wikipedia affect tourists’ choices?
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Does Wikipedia Content matter?

Main ldeas

@ Question: Does information in Wikipedia affect tourists’ choices?

@ Method: Experiment on Wikipedia with pages about Spanish cities!
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Does Wikipedia Content matter?

Main ldeas

@ Question: Does information in Wikipedia affect tourists’ choices?

@ Method: Experiment on Wikipedia with pages about Spanish cities!
» Add about 2 paragraphs of text and a photo
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Does Wikipedia Content matter?

Main ldeas

@ Question: Does information in Wikipedia affect tourists’ choices?
@ Method: Experiment on Wikipedia with pages about Spanish cities!

» Add about 2 paragraphs of text and a photo
» Track how many tourists decide to visit.
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Does Wikipedia Content matter?

Main ldeas

@ Question: Does information in Wikipedia affect tourists’ choices?

@ Method: Experiment on Wikipedia with pages about Spanish cities!

» Add about 2 paragraphs of text and a photo
» Track how many tourists decide to visit.

@ Result: our treatment increases hotel stays by 9%
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Does Wikipedia Content matter?

Main ldeas

@ Question: Does information in Wikipedia affect tourists’ choices?
@ Method: Experiment on Wikipedia with pages about Spanish cities!

» Add about 2 paragraphs of text and a photo
» Track how many tourists decide to visit.

@ Result: our treatment increases hotel stays by 9%

> Result is driven by shorter Wikipedia pages (pages where our treatment
was relatively larger)
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Data sources
@ Wikipedia dataset

> Characteristics of Wikipedia articles of Spanish cities

> In different language Wikipedias (in languages of tourist origin)

» For each article, the length of text & number of photos (over time),
survival of text and photos

@ Tourism data from the Spanish National Institute of Statistics

> Overnight hotel stays in Spanish cities

» By the country of tourist origin

» Focus on 4 countries of origin:
Germany, France, Italy, the Netherlands

» Years 2010-2015

o Wikipedia page views

» Number of visits to Wikipedia articles by language
@ Google Trends

» Search volume for the Spanish cities by country
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Experimental design: sample

Starting point: sample of 135 Spanish cities
» For which we had data on hotel stays

Restricted attention to cities that satisfied 2 criteria:
@ Wikipedia page relatively short

* In all 4 languages (Dutch, French, German, Italian), Wikipedia page no
longer than 24,000 characters

© No missing data on hotel stays

* In case of tourists from all 4 countries, data on hotel stays exists in all
months from May until October in 2013

60 cities satisfied these 2 criteria

240 Spanish city — language (country) pairs
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Example: Treated city pages in 2 random languages

WIKIPEDIA

Murcia

Treatment:
Translate 2 paragraphs from the Spanish version,
and add them to treated language (and a photo).
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Survival of the text & photos we added to Wikipedia

(a) Both before & after (b) Our treatment

@ Dutch Wikipedia: all our additions were 100% deleted in 24h
@ We exclude all Dutch articles from all our analysis
> Results very similar if we consider Dutch articles as non-treated
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-
Survival of the text & photos we added to Wikipedia

France Germany Italy  Total

% text survived: 24h 100.0 94.7 100.0 98.2
% text survived: next month 98.7 90.2 99.9  96.3
% text survived: next year 95.1 86.7 97.5 93.1
% photos survived: 24h 100.0 96.2 100.0 98.8
% photos survived: next month  100.0 923 96.4 96.4
% photos survived: next year 100.0 88.5 92.9 94.0
Number of observations 30 30 30 90

@ In German, French, & Italian our additions survived well

» By the beginning of next month: on average 96%
» By the beginning of next year: on average 93%
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Comparison of treatment and control groups

Table: Dependent variable: treatment status

Coef.  p-value
Log(Sum of tourists in 2013)  -0.002  0.958

Log(Number of tourists) -0.012  0.527
Tourist data missing 0.045 0.556
Log(Initial text length) -0.000  0.994
height

@ Each row presents estimates from a separate regression
@ Rows 1 and 4: observation is a city-language pair

@ Rows 2 and 3: observation is a city-language-month triplet, sample covers time
period until treatment
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Effect of the treatment on hotel stays

Table: Dependent variable: Logarithm (number of hotel nights)

(1) (2)

Treatment 0.089** 0.002
(0.045) (0.038)
Treatment: Small page 0.332%**
(0.100)
City-Language FE Yes Yes
Adj. R-squared 0.245 0.248
Observations 5688 5688
height

Observation: month-city-language (tourist country of origin pair)
Sample: 2010-2015, May—October, tourists from lItaly, France, Germany to the 60 cities in Spain
Treatment: equals 1 for months after treatment for treated city-language pairs, and 0 otherwise

Small page: Initial page size is below the 25th percentile

Controls: indicator for period after treatment interacted with language FE, indicator for period after treatment
interacted with city FE, logarithm of number of tourists from Spain interacted with language

@ Standard errors clustered by city-language pair (180 clusters) ° °
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Robustness

Sample: Included Dutch (assume Dutch pages not treated)
Sample: Included all 12 months
Sample: Included time periods with missing hotel data

Control variable: Include logarithm of UK tourists

Dependent variable: share of tourists from country x
> instead of logarithm of the number of tourists from country x

@ Conclusion: Wikipedia matters!
> Implication: Wikipedia production & biases matter
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-
Key Challenges

Experiment was extremely costly (Money and Time)
Dutch Community undid our Treatment.
Had to wait for Spanish Data.

Could not go back to improve our Design.
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Appendix

Additional Materials
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GOOGLE PLAY STORE
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Research Questions

Question 1: Does market concentration (MC) affect innovation?

Question 2: Does collection of user data mediate this
concentration-innovation relationship?

1. Does MC affect data collection of firms / privacy of users?

2. Does data collection affect innovation performance?
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DATA
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Data from Google Play Store

REVIEWS
*kk kA
2 543429 0ta

SethN % % %
%

WHAT'S NEW

«s [
* 4 53627
*3 16756
w2 [sors
o Jpser

- Support the Russian language

- Adds more VPN Proxy servers

ADDITIONAL INFORMATION

B Updated
August 20,2017
Requires Android
403andup

Report
Flag as inappropriate

Installs

‘ Grant Holloway % # %

Current Version

10,000,000-50,000000 191

Content Rating
Usk: All ages
Learn more

Offered By
Turbo VPN

Permissions A
View details

Developer
Visit website

C

Similar

See more.

Free VPN - Bet

Bettermet LLC

Tk AAY

SuperVPN Free
Supe

Tk k Rk

VPN Proxy Ma

VPN Master

Tk kA

@ We observe everything Play Store users can see about an app.
e Specifically here: (A) Privacy, (B) Updates, & (C) an app's

Competitors.
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Data A: Measuring Data Collection and Privacy

Turbo VPN — Unlimited Free VPN

Turbo VPN

Version 1.9.1 can access

[ Device ID & call information =
« read phone status and identity
B Photos/Media/Files

« read the contents of your USB storage
« modify or delete the contents of your USB storage

B Contacts
o find accounts on the device

Updates to Turbo VPN — Unlimited Free VPN may

au add additional within each group. Close

@ On privacy: All permissions that apps request.

@ may allow the app to track or identify the user, their contacts, etc...
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Data B: Additional Information on Innovation and Privacy

““-ﬂﬂﬂﬂﬂn

10+ 4.68 T 4.03+ 87 XS csomB  Everyone  FREE

Million M\U\Oﬂ 540,865 ot

sl Recentinstals | Rating Ranking  Ubraries | veson  Lstupdaed  ApAge | Appsize  ComemRaung Price
Google Play Rating history and histogram Changelog

Aug17,2017 [T Version 1.9.1
$-0—0—e 07000000000 0-00~¢ —TO——qe—ooece YL IVAN UPDATE | Version 1.9.0
! JUESIPAN uPDATE | Version 1.8.9
3 Jui2s,2017  [EYEE Version 1.8.8
ia 207 [EEE Version 1.8.6
JILPPRTUPAN UPDATE | Version 1.8.2

5

2|

Oct1,2016 Jan 1,2017 Apr1,2017 Jul1, 2017 May 31,2017 QU LINES 10,000,000+ installs
View more
Ad network libraries Social libraries Development tools
AdMob Facebook W Android Support library

ER—

@ We additionally observe the last 50 updates and logging information...
@ ...and the third-party libraries that the app shares its data with.
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Data C: Defining the Markets and Concentration |

via categories

Categories v Home  TopCharts  New Releases

Android Wear Games Family

Art & Design Action Ages 5 & Under
Auto & Vehicles Adventure Ages 68
Beauty Arcade Ages 9 &Up
Books & Reference Board Action & Adventure
Business Card Brain Games
Comics Casino Creativity
Communication Casual Education
Dating Educational Music & Video
Education Music Pretend Play
Entertainment Puzzle

Events Racing

Finance Role Playing

Food & Drink Simulation

Health & Fitness Sports

House & Home Strategy

@ The roughest definition of a market would be the Play Store's
categories.

@ But with 40 categories that is too rough. Instead...
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Data C: Defining the Markets and Concentration |l

via an app’s “similar apps”

SBL002O

Similar Apps

Free VPN - Better
Betternet LLC

I

Opera Free VPN
OSL Networks

wxxn

©

VPN Robot - Free
VPN Robot

wxknd

VPN

SuperVPN Fres v
SuperSoftech

rww

Hotspot Shield 8
AnchorFree GmbH

Axany

HTTP Injector (5
e

arnd
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@ ...we define a market using all “similar apps” as competitors.

@ This gives us a ‘naive’ app-specific market definition (CS1 & Panell),

or...
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Data C: Defining the Markets and Concentration Ill

via the network of “similar apps”

@ ...we find network clusters on the network formed by “similar apps”.

@ Each of our clusters is a market of its own (CS2 & Panel2).
Note: An app is a node, and a “similar app”-link is an edge here.
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Data: Overview

Panel of nearly 2 million apps in Google's Play Store; quarterly for 2015-2017
A: Data Collection

@ Measured via privacy-sensitive permissions ( Dpatacolfection and
#DataCollection)

B: Innovation

@ Major update (MajorUpdate;11): has a large change in either (a) app
description, (b) version number or (c) number of unproblematic permissions

C: Market Concentration
@ Competitors identified by (1) "'similar apps" (2) and app clusters in network

@ Market share based on number of new ratings (%)

@ Market concentration measured by HHI

+: Not to mention

@ Rich information on an app’s characteristics as covariates
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DESCRIPTIVE RESULTS
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User Data

Collection and Sharing

5005

Fraction of Apps.
Fraction of Apps.

0 12 34 56
Number of Privacy-Sensitive Permissions Number of Intrusive Libraries

12 34

@ Half of the apps do not request any privacy-sensitive permission.
@ Close to 75 % of the apps share data with a third-party library.
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Competition
Strength of Leader and Top 4 in Markets with over 10 Apps

Fraction of Clusters (N > 10)
Fraction of Clusters (N > 10)
o
8

6 E K
Market Share of Leader Market Share of Largest 4

@ Majority of Markets has Leaders with a market share over 15%
e Majority of Markets has Top 4 with market share above 50%
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Market Share and Data Collection

Descriptive Evidence 2
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@ On average: apps with a higher market share request more data.

Note: Contrasting market share intervals and the number of privacy-sensitive
permissions.
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Summary of our Findings

Results suggest:

Substantial share of apps are in highly concentrated markets and data
collection/sharing is a common phenomenon.
Market concentration/share is positively related to data
collection /sharing.
Relationship stronger in
@ important markets and
@ markets with many players.
Leaders collect more data but they don't drive the relationship of
interest.

However, effect sizes are very small, once we control for market
characteristics etc.
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-
Key Challenges

@ One Datawave takes over a week to collect
e Data Cleaning, Data Unification (Website Changes)

@ “Holes when an app is missing one quarter”
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