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Abstract

In the first chapter I study the effect of Twitter on political participation. I address this
question by studying how the spread of this social network affected voting behavior and
donations to politicians during the last three US presidential elections. First, I develop
a novel measure of Twitter penetration by using location data collected from users. To
address endogeneity in the diffusion of Twitter across regions, I exploit variation in the
popularity of sport teams that signed new players with Twitter accounts, making therefore
the social network more interesting for their fans. Instrumental variables estimates do not
show significant effects of Twitter on average participation. On the other hand, I find a
differential effect across parties, with the Democratic Party being penalized. 1 provide two
pieces of evidence on mechanisms. First, I show that Twitter reduces voters” information
about politics and increases political polarization. Second, I show that on Twitter, peaks in
interest happen towards politics only during presidential debates, when both the quantity of
partisan tweets and the average sentiment favor the Republican Party.

The second chapter is coauthored with Eleonora Patacchini and Paolo Pin. Using an app
for smartphones we run an experiment among high school students to study the pattern of
aggregation of sparsely distributed information when competing agents are arranged in small
networks and can share only non-verifiable pieces of information. Our first finding is that
the level of cooperation is high, especially among students that belong to the same class.
Nevertheless the level of centralization of the network significantly affects the final results,
with the most central node benefiting in terms of payoffs. By adding a second node with
a high centrality we see that the results change significantly, with more signals traveling
through the links. We then turn to a parsimonious level-k approach to characterize players
according to their behavior in the game. When estimating the model we see that data are
consistent with a vast majority of players acting cooperatively, with the difference across
networks driven mainly by a small share of strategic players.

Finally, the third chapter studies manipulation of reviews on Amazon.com. I identify
the presence of fake reviews by combining two elements. First, I look at characteristics of
the platform and in particular the way average ratings are rounded to the closest half star,
thereby creating discontinuities in the effects that new positive reviews can have. Second, I
exploit differences across business models by comparing traditional publishing companies with
writers who self-publish their books. This allows me to frame the question as a difference-
in-differences analysis. I find evidence that manipulation is at work.
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Chapter 1

Do Social Media matter? The impact

of Twitter on Political Participation

1.1 Introduction

During the last decade, Internet has changed the way we communicate and interact. Together
with the strong increase in Internet penetration, the use of the Web has moved to a new
model. Users are now the main source of content and no longer play a passive role. This
introduces the possibility for the platforms that are driving this change to affect not only the
way we collect information, but also the way we influence each other. Twitter! in particular
has gained a relevant spot in the public debate so that it is now common to read in the news
the last tweets by Donald Trump or users’ reactions to them. Additionally, this platform
has gained attention as one of the factors behind Barack Obama’s success in 20082 or the

protest that took place during the Arab Spring®. While the role played by Twitter in shaping

ITwitter is one of the most popular microblogging platforms. It allows users to publish short public
messages, called “tweets”, that anyone can read, comment and share with others.

2Larcinese and Miner (2017) study how internet affected 2008 Presidential Elections give a description of
how Obama campaign made a massive use of social media.

3 Acemoglu et al (2018) find that peaks in activity on Twitter could be used to predict protests in Tahrir
Square.
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2 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

political outcomes has been extensively debated, little if any rigorous evidence exists to isolate

its causal effect.

This paper provides causal evidence on the effect of Twitter on political participation in
the US, during the last three presidential elections. I study the impact of Twitter on electoral
turnout, donations received by the Democratic and Republican parties, and vote shares of
the two parties. I also try to shed light on the mechanisms underlying my results by applying

machine learning tools to characterize Twitter users and analyze the content of their tweets.

Ex ante it is difficult to predict the impact that Twitter had on politics, as several con-
trasting forces may be at play. First, this platform affects the amount of information available
to users, though the direction is unclear. For example, Twitter could enlarge the set of en-
tertainment opportunities already available and thus crowd out more informative media as
online newspapers, in a way that is similar to what has been suggested for traditional media®.
At the same time, through the network of contacts, users could discover pieces of information
that they would have ignored otherwise, possibly becoming more knowledgeable about pol-
itics®. A second dimension that that represents a strong novelty with respect to traditional
media is the social interaction between users. Social media and Twitter in particular are
characterized by their ability to foster interaction, making individuals part of a public de-
bate that would have been hardly accessible otherwise. This could make users more engaged
politically, in particular in areas and in moments characterized by a stronger political debate.
Yet, there is a concern that this interaction takes place predominantly among like-minded
users, potentially leading to ideological segregation and therefore viewpoints that are harder
to change®. Another concern is related with the presence of partisan propaganda. Social

media could allow politically active participants, either independent or directly connected to

4Gentzkow (2006) studies the effect of TV on political attitudes and suggests that the diffusion of TV
may have crowded out other media like newspapers.

5See for example Fletcher and Nielsen (2017).

SSunstein (2017) gives an extensive description of the risks connected to the creations of “echo chambers”
online.
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1.1. INTRODUCTION 3

political organizations, to exert influence on their contacts”.

To conduct my analysis I need to overcome a key limitation: Twitter does not provide
any information on the number of accounts created by region. I thus develop a novel measure
of Twitter penetration across Designated Market Areas (DMA) by matching accounts with
counties, using location data provided by the users. In this way I obtain a panel measure of

the number of accounts created in each DMA from 2007 to 2016.

I then propose a novel identification strategy to study the causal effect of the presence
of this social network on voting behavior. Endogeneity may arise both due to the presence
of unobservable variables correlated with Twitter penetration and with local electoral condi-
tions, and due to reverse causality. For example, changes in the political debate at the local
level could drive users towards Twitter, to the extent that the platform allows them to ex-
press their opinion or gather information, while affecting patterns in participation. Similarly,

candidates could ask their supporters to join the platform in order to help in the campaign.

My proposed instrumental variables strategy hinges on the influence that celebrities exert
on their fans. Twitter offers content that is created by its users: the more interesting these
users are, the more interesting the content. The fact that celebrities are on Twitter also
makes their fans more willing to join the platform, in order to receive messages posted by these
celebrities®. In particular, I focus on players hired during the National Basketball Association
(NBA) drafts between 2006 and 2016. Every year, the NBA draft is the event that closes
the season. During the draft, teams pick new players that are willing to start playing in the

league as professionals. This population of players has two important characteristics. First,

"See Tucker et al (2018) for an overview of the main hypotheses that have been suggested in the literature.

8There is another way, more mechanical, in which celebrities could affect Twitter’s popularity. When
searching for a name of a person that happens to be on Twitter, among the first Google search results,
there’s usually the link to the Twitter profile. Therefore, people that could be looking for a particular name
on Google or Bing, would become aware of the existence of Twitter. About this, the support page of Twitter
says: 7 Your Twitter profile shows up in Google searches because Twitter has a high Google search rank. Keep
i mind that the words you write in your Twitter profile or public Tweets may be indexed by Google and
other search engines, and cause your profile or Tweets to come up in a search for those terms.” Source:
https://support.twitter.com/articles/15349.
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4 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

the best players that participate to the draft receive a strong shock to their popularity, being
the draft a very important event for the NBA league®. Second, the process that regulates the
picks is based on teams records during the season and on a lottery, such that each player gets
a destination that is quasi-random after controlling for these factors. This, combined with
data on the location of each team’s fan base allows me to compare the diffusion of Twitter

between areas that were differently affected by the NBA draft.

My IV estimates show that the impact of increasing the number of Twitter accounts on
average political participation is weak: neither electoral turnout nor total amount of campaign
are affected. However, when one distinguishes between parties, interesting differences emerge.
The impact of Twitter is negative for the Democratic Party and positive for the Republican
Party. In particular, we see a reduction in the number of votes for the Democratic Party and

an increase in the amount of donations received by the Republican Party.

The above estimates should be interpreted as the Local Average Treatment Effect (LATE)
for the sub-population of people who open an account because of their interest in basketball.
To learn more about the mechanism at work it is therefore necessary to study compliers. To
this end, I downloaded profile pictures for a random subsample of users that I had previously
matched to a location. Using image recognition algorithms I attached demographic charac-
teristics - specifically age, gender and race - to these pictures. Results from approximately 1
million profile pictures show that in the population of compliers, users that are male and older
than 40 tend to be overrepresented. There is no clear difference for what concerns race. Since
these demographics correlate with preferences for the Republican Party!?, it is necessary to

be careful in extrapolating the aforementioned estimates to the whole population.

Finally, I investigate whether this pattern of results can be explained as the consequence

9The NBA draft is regularly watched by millions of viewers, see for example
https://www.forbes.com/sites/maurybrown/2014 /06 /27 /espn-sees-highest-rated-ever-tv-ratings-for-2014-
nba-draft/

10See for example data from Pew Research Center: http://www.people-press.org/2018/03/20/1-in-party-
affiliation-among-demographic-groups/
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1.1. INTRODUCTION 5

of a partisan debate that does not contain relevant information. To do so, I employ two
additional datasets. The first is the Cooperative Congressional Election Study (CCES), a
survey containing questions that allow to measure respondents’ level of information about

politics and political polarization.

In particular, I follow Snyder and Stromberg (2010) and use knowledge of the name of
Senators and members of the House of Representatives as a proxy for political information.
I find a negative effect on information, suggesting that Twitter has acted mostly as an
additional source of entertainment. This fact is confirmed if we look at the tweets written on
the platform. Using patterns in co-occurrence of hashtags in the tweets I assign categories to
a sample of approximately 7 million tweets written after 2015. Only a minority of users write
tweets about politics regularly, with the others sharing mostly comments about entertainment

or sports. Politics becomes popular only at the time of the presidential debates.

To code the political content of tweets I look at hashtags that can be identified as partisan
as suggested by Bovet et al (2018) and I see that Republican-leaning tweets are more popular
and attract a more positive sentiment on average. I then define two measures of political
polarization using the CCES data and I find that Twitter increased political polarization.
Overall my results therefore suggest that Twitter did not affect political attitudes by improv-
ing information available to users, but rather by facilitating the spread of a partisan debate

favoring the Republican Party.

This paper contributes to the political economy literature that studies the link between
media and political outcomes. Stromberg (2004), Gentzkow (2006), and Gentzkow, Shapiro,
and Sinkinson (2011) estimate the effect that Radio, TV, and Newspapers had on attitudes
towards politics. Closer to the question addressed in this paper, the works by Campante, Du-
rante, and Sobbrio (2013), Falck, Gold, and Heblich (2014), Gavazza, Nardotto, and Valletti
(2016), and Larcinese and Miner (2017) study the effect of broadband on voting behavior,

respectively in Italy, Germany, England, ans US. In all cases but for the US, the authors
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6 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

find a negative effect of Internet availability on electoral turnout and no immediate impact
on voting behavior. These papers suggest as main mechanism the quality of information
offered by the media. By providing new and relevant information, newspapers and radio
had a positive impact on participation. On the other hand, at least at first, both TV and
Internet where used as a source of entertainment, reducing consumption of traditional media.
With respect to this literature, my paper contributes by focusing on social media, that can
be seen as characterizing the second step in the evolution of how Internet is commonly used,
with more relevance given to user-generated content. Furthermore, my results point towards
the possibility that social media did not influence political attitudes mainly by distracting
voters, but rather by exposing them to a partisan debate that tends to favor one party. This
connects my work to the literature studying how new media are creating “echo chambers”
where participants are only exposed to homogeneous opinions, increasing extremism and

polarization (Gentzkow, 2016; Sunstein, 2017).

Another literature has studied the role played by social networks in facilitating collective
action, in particular protests participation and boycotts (e.g., Acemoglu, Hassan, and Tahoun
(2017) for Egypt; Enikolopov, Makarin, and Petrova (2018) for Russia; and Hendel, Lach, and
Spiegel (2016) for Israel). My research question differs in that I look at an outcome -voting-
that is part of ordinary life in democracies and that for which coordination or collective action

issues play a smaller role.

The closest related work is probably that of Petrova, Sen, and Yildirim (2017), who show
that Twitter affected political competition by increasing campaign contributions for politi-
cians active on the platform. They focus on short run outcomes, using the exact timing
politicians created new accounts on Twitter. In addition to considering different outcomes
(that include donations but also voters turnout and vote shares of the different parties), I
exploit a different source of variation. My IV strategy is indeed based on accounts of basket-

ball players. This has implications for the characteristics of compliers, but also advantages
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1.1. INTRODUCTION 7

in terms of plausible exogeneity with respect to political incentives.

Outside the field of Economics, the impact of Twitter and other social media on partici-
pation has attracted a lot of interest by researchers. Even though this literature suffers from
a lack of identification, it highlights the possible first order mechanisms at work!'. A first
strand of papers use data from surveys to study how the use of social networking websites like
Facebook or Twitter correlates with acts of participation as voting. In general the correlation

12 Another strand of literature relies on data from the platforms. Barberd and

is positive
Rivero (2015) use tweets to study ideological position of users that wrote about politics and
find that individuals with extreme positions are overrepresented. Barbera (2015) measures
ideological position of millions of individuals and finds that users are usually embedded in
ideologically diverse networks, suggesting that social media may mitigate political polariza-
tion. Compared to this literature, I contribute by studying the causal effect on political

outcomes. My results can therefore shed light on the relative importance of the forces at

play, in a relevant context as the presidential elections.

1.1.1 Background - Twitter

Twitter is a microblogging platform that allows users to publish short messages, tweets (max
140 characters), that are received by their followers. Tweets can then be shared with others
or commented, possibly creating complex discussions involving a high number of participants.
The website was launched in July 2006 and quickly became a mass phenomenon. In 2015
Twitter still ranked in the top 10 most popular websites!®, with approximately 66 million
active users in the US and 320 worldwide. A survey made by PewResearch in 2014 shows that

21% of respondents were using Twitter. With respect to Facebook, the first social network in

1A notable exception is the work by Bond et al (2012) who run an experiment on Facebook. They show
the presence of peer effects in voting behavior among users using a particular message that appeared in the
main page of the website.

12For a meta-analysis of this literature see Boulianne (2015).

13Source: http://www.alexa.com/topsites
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8 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

term of users, there are some relevant differences. In particular, from the beginning Twitter
has appeared to be focused on the public sphere while the other was marketed as a tool to stay
in touch with friends. This difference is evident under two aspects. First, Twitter accounts
are public, while on Facebook there is a higher attention to privacy. Second, links on Twitter
are unidirectional (“followers”), while on Facebook they are reciprocal (“friendship”). These
differences are also reflected in the way users exploit the network. In particular 41% of users
on Twitter say that reading comments by politicians, celebrities or athletes is a reason they
use the website!*, share that is significantly higher than for Facebook. These facts motivate
the identification strategy that I am using, as the presence of celebrities should affect users’

interest in the platform and therefore Twitter penetration.

1.2 Data

Before describing the data, it is necessary to specify that the analysis was carried at the
Designated Market Area (DMA) level. DMAs are groups of counties defined by Nielsen on
the basis of television market in such a way that all counties that belong to the same DMA
have a similar TV offering!®. These regions are not the same as metropolitan areas, even
though in some cases the differences are small. In total there are 210 DMA regions. The
reason why I use this level of aggregation is that Google Trends data, which are used to
measure popularity, are available at DMA level but not at the county level. Electoral data,
demographic controls and the measure of Twitter penetration were collected at the county
level and then aggregated at DMA level. The sample of counties that I use is such that each
county belongs entirely to one DMA.

The sample includes observations for DMAs that had data in all periods, 2008, 2012 and

MFor  11%, a major reason, 30% a minor reason. Source, Pew  Research:
http://www.pewinternet.org/2011/11/15/why-americans-use-social-media/

15From Nielsen website: ”A DMA region is a group of counties that form an exclusive geographic area in
which the home market television stations hold a dominance of total hours viewed.”
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1.2. DATA 9

2016. In total the sample contains 207 DMA regions®S.

Outcome variables and controls are standard to this literature and are described in subsec-
tion 1.2.1. Outcomes based on survey data are presented in subsection 1.2.2. Subsection 1.2.3
briefly illustrates the measure of Twitter penetration that I will then use as main explanatory

variable. Finally, subsection 1.2.4 describes the data behind the instrument.

1.2.1 Political and Census Data

I collected data at the county level on turnout and voting behavior for Presidential Election
in 2008, 2012, and 2016. The source is Dave Leip Atlas'”. Data include information on the
number of valid votes and votes received by the candidates. Table 1.1 includes summary
statistics for the outcome variables that I consider, once the data were aggregated at the
DMA level.

Controls were downloaded from Census and include age distribution across cohorts, in-
come, race, gender and educational attainment. Table 1.2 includes summary statistics for

the variables that are included in the analysis.

Campaign contribution data were downloaded from Center for Responsive Politics!®
(CRP). This data is originally available from the Federal Election Commission (FEC) and
is enriched by CRP with additional information regarding the recipient. I use data on con-
tributions to candidates and ignore contributions to PACs or other organizations. For each
donation, the database contains information regarding the amount, the date, as well as name
and location of the donor. Regarding the recipient, we know the name and the party the
candidate belongs to. FEC reports donations from individuals that have donated at least

200% in an election cycle. I follow Petrova et al (2017) in reporting results for donations

6 DMA regions that belong to Alaska were not considered.
1"Link: https://uselectionatlas.org/
Bhttps:/ /www.opensecrets.org

Tesi di dottorato "Essays in Political Economy and Social Networks'

di ROTESI TIZIANO

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2019

Lates etutelatadalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



10 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

below 1000$, as small contributions could better represent supporters behavior. Table 1.1
contains summary statistics for these variables. It is possible to notice that the total amount
of donations below 1000$ was approximately equal to 472 million dollars in 2008 and reached
754 million dollars in 2016.

Table 1.1: Outcome Variables - Summary Statistics

2008 2012 2016
Mean SD Mean SD Mean SD

Turnout 58.5 7.5 55.3 8.2 54.2 8

% Dem 47 10.3 446 11.1 39.8 121
% Rep 51.3 10.4 53.4  11.2 55 12.2
Votes Dem 334.8 573.9 317.8 547.8 301.6 537.3
Votes Rep 288.4 353.4 293.4 350.8 295.0 340.2
Donations < 1k 2,283 5,560 2,470 5,348 3,645 8,350

Donations Dem < 1k 1,533 4,400 1,384 3,752 2,473 6,826
Donations Rep < 1k 749.4 1,266 1,086 1,754 1,172 1,788

N. Obs. 207 207 207

Note: Turnout is given by the ratio between the number of votes and the
voting age population. % Dem represents the share of votes received by
the Democratic Party, while % Rep represents the share of votes received
by the Republican Party. Votes Dem gives the number of votes received
by the Democratic Party, expressed in thousands of votes. Votes Rep
gives the number of votes received by the Republican Party, expressed
in thousands of votes. Donations < 1k is the sum of all individual do-
nations below 1000$ to politicians affiliated to the Democratic Party or
to the Republican Party. Donations Dem < 1k and Donations Rep <
1k refer to donations received by members of the Democratic Party and
the Republican Party, respectively. Variables that refer to donations are
expressed in thousands of dollars.
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1.2. DATA 11
1.2.2 Voters’ information and polarization

To measure voters’ ideology and information, I downloaded data from the Cooperative Con-
gressional Election Study (CCES)'Y. CCES is a survey administered by YouGov that contains
answers from 50,000+ responders every election year. In particular, I make use of responses
from the Common Content part, waves 2008, 2012, and 2016. This part contains answers
regarding demographic characteristics, partisan identity and attitudes towards candidates.

I use this survey to build a measure of voters’ information and two measures of polariza-
tion. To measure information, I use three questions in which respondents are asked whether
they approve the way senators and house representatives are doing their job. In particular, I
count the number of times (from 0 to 3) each respondent answers ” Never Heard / Not Sure” to
these three questions. I calculate two measures of polarization. “Partisan sorting” is related
to the extent that self-reported partisan identity and self-reported ideology match. “Partisan
polarization” captures a similar idea, as it is higher the stronger the ideological difference
between republican and democrat respondents. Further details regarding the question used

and the definitions of the two measures of polarization are presented in the Appendix 1.A.

1.2.3 Twitter Users

Twitter does not provide aggregated data on the number of active users and their geographic
distribution. In order to build a measure of Twitter penetration across regions I relied on
Twitter Search API?° and downloaded information on accounts. Over the span of a few
months I have made requests for approximately 310 million accounts.

Figure 1.5 shows the screenshot of an account page. On the left, below the profile picture,
it is possible to read username, description, location and the date the account was created.

In the center of the page we can see the number of tweets (messages written by the user), the

Yhttps://cces.gov.harvard.edu/
20 API stands for Application Programming Interface. In this context it can be considered as a set of tools
that Twitter makes available to interact with their database.
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12 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

Table 1.2: Control Variables - Summary Statistics by DMA region

2008 2012 2016
Mean SD Mean SD Mean SD

Population 1453 2261 1490 2,280 1535 2.362
Male (share) 49.32  0.769 49.41 0.801 49.49 0.846
Age - under 18 (share) 2416  2.571 23.60 2.467 22.92  2.462
Age - over 65 (share) 13.63 2.368 14.16  2.442 15.55  2.624
Race - White (share) 80.56 12.42 80.44 12.49 79.92 12.56
Race - Black (share) 10.51 11.50 10.70  11.57 10.81 11.53

Bachelor’s degree or higher 23.10 5.785 23.98 6.023 25.55  6.265
Income lower 10k (share) 15.09 4.104 16.23  3.893 16.45 3.930
Income higher 200k (share) 2.527 1.452 2.932 1.653 3.626 2.033

Average Income 60.31 10.20 63.35 10.22 67.44 11.34
Internet Penetration 3.2 0.6 3.8 0.4 4.2 0.5
N. DMA. 207 207 207

Note: Controls are provided at the DMA level. Internet Penetration refers to
Residential Fixed High-Speed Connections per 1000 Households. Data were
downloaded from Federal Communication Commission. Data are provided
by county in a scale from 0 to 5 and were aggregated using population as
weight. Population is expressed in thousands of inhabitants. Average Income
is expressed in thousands of dollars.

number of other accounts that the user is following?' (Following), the number of accounts
that are following this user (Followers) and the number of messages that the user liked. In
this case, we see that the username is President Trump, the location is Washington, D.C.
and the account was created in January 2017. In total this user wrote 3,812 tweets and
is receiving direct updates from 39 other accounts. There are 23.9 million users that are

receiving every message written by President Trump.

210n Twitter links are unidirectional. We say that user A is following user B when A is receiving all
messages written by B. User B, instead, will not receive any update about A, unless he follows A back.
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1.2. DATA 13

Figure 1.1: Distribution of accounts per 1000 inhab. by DMA in 2016

Accounts in 2016
Accounts per 1000 inhab.

— > 44.45
— 3846 - 44.45
— 28.8 - 33.29
o 24,93 - 28.8
21.57 - 24.93

18.66 - 21.57
& y 16.15 - 18.66
r t 13.98 - 16.15

12.09 -13.98
10.47 -12.09

ﬁ 9.06 - 10.47
7.84-9.06
é 5.87-6.78
s 3.8 - 4,30

It is important to underline that, while the creation date is always provided by Twitter and
cannot be modified by the user, the location field contains information that is self reported. In
order to obtain a reliable measure of the location and reduce issues while matching localities
I only kept locations that were written as GPS coordinates or in the format < City, State>,
that is the format suggested by Twitter on the basis of the IP address. Only a small fraction
of users (less than 1%) uses GPS coordinates to specify the location. In Appendix 1.B T
provide more details regarding this process. The number of accounts that were matched at

the county level were in total 6.8 million.

I then aggregated accounts at the DMA level. Figure 1.6 shows the kernel density of the
number of accounts per 1000 inhabitants for the 207 DMA regions that are included in the
sample. Twitter popularity grew faster starting from early 2009. This fact is confirmed by
Figure 1.7, that shows the number of tweets over time (data from Twitter). Finally, Figure
1.1 shows the distribution of accounts in 2016. Figures 1.8 and 1.9 describe the distribution

of accounts in 2008 and 2012 respectively.

To obtain more information regarding the population of users, I then downloaded the

profile picture for a random subsample of 2 million accounts. Using machine learning al-
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14 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

gorithms, images were first selected in order to identify those which contained at least one
face. Faces were then analyzed using facial recognition tools. This way I could obtain basic
demographics for approximately 980,000 accounts. Table 1.3 contains summary statistics for
the estimated share of male users, average age and share of black and white users. Figure
1.10 shows the estimated age distribution across the three years.

Finally, I downloaded tweets for a subsample of approximately 200k users taken from the
set of users I could match to a location. Using the Twitter API it is possible to download at
most the last 3,200 tweets for each account, so that is is often not possible to retrieve tweets
that are relatively old, especially for the most active users. I collected in total close to 155
million tweets, 24% of which are retweets. The use of hashtags is important, with 20% of

tweets making use of at least one hashtag.

Table 1.3: Profile Pictures Demographics - Summary Statistics

2008 2012 2016
Mean SD Mean SD Mean SD

Male 27.5 8.8 46.3 3.1 45.9 2.8
Age 42.3 2.2 37.1 1.6 36.4 1.5
Black 12.2 5.2 219 10.1 21.9 9.7
White 73.5 7.2 63.8 9.5 63.3 9.2
N. Images 334.5 527.6 3,751 4,453 4,677 5,537
N. DMA 207 207 207

Note: Statistics are provided at the DMA level.

1.2.4 NBA players and teams’ popularity

As it will become clear in Section 1.3, the instrument relies on tracking players from the

National Basketball Association (NBA) league at the beginning of their career, the NBA
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1.3. EMPIRICAL SPECIFICATION 15

draft. I collected a dataset of names of players from the NBA that were active in the period
2007-2016. I then identified those who had a Twitter account and the day they joined.

To measure how popular teams were over time and across regions I used Google Trends.
As explained by Davidowitz and Varian (2015): Google Trends reports an index of search
activity. The index measures the fraction of queries that include the term in question in the
chosen geography at a particular time relative to the total number of queries at that time.
The scores reported by Google Trends are normalized so that the maximum is always 100.
Data were downloaded at the DMA level, by using teams’ names as keywords. In order
to exclude the possibility that these scores were directly affected by Twitter, I downloaded
them for the period 2004-200822. Figures 1.11 and 1.12 show two examples of such scores for
Boston Celtics and Minnesota Timberwolves. We can notice that the highest scores are in
the regions where the two teams are playing. At the same time, the scores do not decrease

monotonically with distance, as the level of interest for the NBA is not uniformly distributed.

1.3 Empirical Specification

In order to investigate the effect that a stronger presence of Twitter had on participation, we
need to relate the variation in Twitter penetration to changes in any of the outcome variables

considered. The basic framework for our analysis is given by the following fixed effect model:
Yar = Bo + SrTwitterq + X, s + 0y 4 0a + €ar

where ¢ indexes years of election (2008, 2012, and 2016) and d indexes DMA regions. Outcome

variables are presented in Table 1.1. The variable Twittery measures the number of accounts

22Google Trends data are not based on the full sample of past searches, but are instead based on a sample of
Google search data (https://support.google.com/trends/answer/43655337hl=en). This subsample is changed
every 24 hours. In order to reduce noise I downloaded data from four different days, excluded areas with
very low scores and took the average.
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16 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

per 1000 inhabitants at time t in DMA region d. 1 control for the set of census variables
described above. Finally, I include year fixed effects and DMA fixed effects.

A critical challenge in estimating the previous model is to address endogeneity concerns
related to the presence of omitted variables and reverse causality. Changes in the political
debate at the local level could for example drive users towards Twitter, to the extent that the
platform allows them to express their opinion or gather information, while affecting patterns
in participation. Similarly, strong candidates could ask their supporters to join the platform
in order to help in the campaign.

To address this issue I implement an instrumental variable approach to exploit the fact
that celebrities influenced Twitter’s success by making the platform more interesting with
their presence. In particular, the instrument is based on variation that comes from the NBA

drafts.

1.3.1 The NBA Draft

Every year, after the end of the season, the NBA league organizes the Draft. During this
event the teams pick players to add to their rosters, choosing from a population of players
who wish to join the league. Therefore, the NBA Draft determines the allocation of new
talents across teams. Given the characteristics of this sport, it is often the case that some of
these new players can have a strong impact in the teams’ performance, becoming idols for
their newly acquired fan base. This makes the Draft a very popular event. For example, in
2015 ESPN counted 3.7 million viewers for the TV broadcast.

The process is organized as follows. Players that wish to participate to the Draft need
to declare their eligibility no later than 60 days before the event. Players become eligible
to participate one year after high school graduation if they are at least 19 years old. Ap-
proximately one month before the Draft, in May, the Draft Lottery takes place. This lottery

determines the order that teams will follow when choosing the new players. The first three
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1.3. EMPIRICAL SPECIFICATION 17

picks are allocated at random using a scheme that assigns higher chances to the teams that
had a worse performance during the regular season (see Table 1.4). The other picks are
assigned following again the reverse order of the regular season record. This system tries to
balance between two forces. On the one hand, by assigning priority to teams with a weaker
record, it brings balance in the league, as the best new players will go to these teams. On
the other hand, the lottery is meant to reduce the incentive that teams have to worsen their

record by losing matches in order to hire better players during the Draft?.

Table 1.4: Draft Lottery - Number of Tickets

Ranking in the Number of Ranking in the Number of

Regular Season  Tickets Regular Season  Tickets

30 250 29 199
28 156 27 119
26 88 25 63
24 43 23 28
22 17 21 11
20 8 19 7

18 6 17 5

Note: Number of tickets received for the Draft Lottery, based
of the regular season record. The 30 teams that belong to the
NBA league are ranked based on their performance during
the regular season. In total, 14 teams participate to the Draft
Lottery. Source: NBA.com http://www.nba.com/news/all-
time-draft-lottery-probabilities/

The instrument I use exploits this mechanism. For every Draft between 2008 and 2016,
I focus on the first 10 picks and check whether each player had a Twitter account at the

time of the Draft. Moreover, I use the number of lottery tickets to control for the teams’

23Motivated by concerns that some teams had lost matches on purpose in order to obtain a higher number
of lottery tickets, in 2017 the NBA league approved a new set of rules that regulate the Draft Lottery. These
include in particular a new distribution of probabilities. A description of these rules can be found here:
http://www.nba.com/article/2017/09/28 /nba-board-governors-approves-changes-draft-lottery-system .
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18 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

records during the season. This allows me to take into consideration teams’ choices that were

possibly trying to obtain better chances of winning the lottery.

1.3.2 IV model

Equations 1.1 and 1.2 describe the IV model that I use to study how Twitter influenced
political outcomes. Equation 1.2 gives the first stage regression I run. I instrument the
number of accounts every 1000 inhabitants in a given DMA region d at time ¢ using a
variable that measures the degree of exposure to the Draft (Equation 1.3). With the same
logic, I then control for the number of tickets each team had received for the Draft Lottery

(Equation 1.4). The specification I consider is the following one:

Y = Bo + BiTwitter g + Bolog(Ticketsy) + X}y P + 0 + 0 + €ar (1.1)

Twittery = ag + arlog(Drafty) + aslog(Ticketsg) + Xaz + 0 + 04 + vag (1.2)
Where:

Drafty = Z Incoming_ Twitter. - Popularity.q (1.3)

Lotteryq = Z Tickets. - Popularity.q (1.4)

Where ¢ indexes teams, t € {2008,2012,2016} indexes election years and d indexes DMA
regions.

Twittery indicates the the number of accounts per 1000 inhabitants in region d at time
t. Incoming Twitter,; measures the number of players that joined team ¢ until time ¢
during the NBA drafts and that had a Twitter account when the transfer was announced. I
consider only players that were drafted as top 10 picks. Popularity.q refers to the measure

of popularity of team c in region d, calculated using Google Trends for the period 2004-2008.
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1.3. EMPIRICAL SPECIFICATION 19

Finally, Tickets. is the number of lottery tickets received by team ¢ from 2008 until time t¢.

In words, the instrument captures the shock that is generated when a pick is realized.
The player will receive a new wave of interest coming in particular from the fans of the team
he will be playing for in the next season. In case the player has a Twitter account we expect
part of this wave of interest to be transformed in new accounts on the social network, as
some supporters will be interested in following the new member of their team?*. Also, this
effect would be magnified by network externalities, propagating among these fans’ friends
and relatives?.

The identifying assumption is that, conditional on observables, the popularity in region d
of the team that has received a new player with a Twitter account is orthogonal to unobserved
determinants of voting behavior in region d. Moreover, in order for the exclusion restriction
to be valid we need to assume that drafted players, by moving to a new team, do not have
a direct effect on political attitudes, for example by making their fans more aware about
politics.

Table 1.11 contains results from the first stage regression described above. The F-stat of
excluded instrument refers to the Kleinbergen-Paap F-statistic and is equal to 20.56 when I
include controls while it is 31.99 without controls. The instrument appears therefore to be
relevant. By looking at the first stage regression we can notice that the sign is as expected,
with Drafts having a positive effect on Twitter penetration. Back of the envelope calcula-
tions can be made to obtain a better intuition regarding the magnitude of the effect. The
regression coefficient implies that a 1% increase in the Draft variable determines a 3.4/100

increase in the number of Twitter accounts over 1000 inhabitants. If we consider then total

24 An alternative explanation why the presence of drafted players should increase interest towards Twitter
relies on the way Google search algorithm works. When searching for the name of players, in case they have
a Twitter account, this account is shown on top of the results page. Fans who are searching for information
on the newly acquired talents would therefore become aware of the presence of the social network.

25Tn this sense the instrument described here relies on a similar mechanism as the one exploited in
Enikolopov et al (2018) for the Russian social network VK. In Enikolopov et al (2018) the success of VK
is instrumented using the location of VK’s first members, at the time the social network was not allowing
everyone to register.
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20 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

population, we get that this corresponds to 10,400 accounts. If we also consider that the
number of drafted players with a Twitter account that appeared among the top 10 picks
is 66, we see that an average player, representing 1.5% of the total, contributed to 15,600

accounts over the 6.8 million that make the total.

1.4 Results

I analyze the effects of Twitter penetration on political outcomes using the instrumental
variable strategy described above in equations 1.1 and 1.2. Since the instrument is defined
at the DMA level, I aggregate outcome and control variables at this level. All regressions
include DMA and Year fixed effects. Results are presented in Table 1.5. The upper part of
the table shows the coefficients of Twitter penetration. The lower part instead reports results

for the first-stage. In all regressions, Twitter penetration is standardized.

Tables 1.14 to 1.21 report results for the instrumental variables regressions summarized
in Table 1.5, and offer more details concerning the other control variables. Tables 1.12 and

1.13 show OLS estimates for electoral outcomes and donations to politicians, respectively.

Two main facts emerge from the IV regression tables. Outcomes as voter turnout and
the overall amount of donations are not significantly affected by the presence of Twitter.
Nevertheless, I find effects that tend to favor the Republican Party, once the instrument is
considered. I find that a 1 standard deviation increase in Twitter penetration reduced by
70,000 the number of votes received by the Democratic Party, while instead it increases by
382,400$ the amount of (small) donations received by the Republican Party. These effects
are also sizable, as they matter respectively for 0.13 and 0.42 standard deviations of the two

outcome variables.
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1.4. RESULTS 21

Table 1.5: Instrumental variables estimates of Twitter on political outcomes

Independent Variable: Twitter

(1) 2) (3) (4)
Turnout -0.709 -1.352 -1.734 -1.690
(1.077)  (1.282)  (1.504)  (1.492)
% Dem -2.157 -4.240%* -3.866* -3.875*
(1.931)  (2497)  (2.184)  (2.153)
% Rep 1.271 3.154 3.033 3.114
(1.794)  (2.273)  (2.049)  (2.024)
Votes Dem -66.31FFF 74 11 JT1.33%FFF 70,067 *
(18.21)  (20.60)  (22.85)  (22.52)
Votes Rep 21.83 18.61 12.39 11.92
(17.98)  (20.61)  (20.59)  (20.32)
Donations < 1k -126.1 126.3 -340.3 -305.9
(1,669) (1,961) (2,161) (2,130)
Donations Dem < 1k -599.6 -276.1 -723.3 -688.4
(578.6) (653.9) (714.9) (704.6)
Donations Rep < 1k 473.5%%*  402.4%**  383.0** 382.4%*
(132.6)  (142.6)  (170.3)  (166.9)
First Stage
Draft 5.302%F* 3 744%K* F 341RHRK 3.397FF*
(0.893) (0.726) (0.742) (0.749)
F-value (instr) 31.99 26.63 20.30 20.56
Population, Male Yes Yes Yes
Other Demographics Yes Yes
Internet Yes
Number of DMA 207 207 207 207
Observations 621 621 621 621

Note: Effects on voting outcomes are calculated per 1,000 inhabi-
tants. Effects on donations are expressed in thousands of dollars. The
explanatory variable is Twitter penetration, that is defined as the
number of accounts per 1,000 inhabitants and then standardized. All
regressions include DMA and election year fixed effects. Controls are
discussed in Section 1.2. The F-value refers to the Kleibergen-Paap
F-statistic. Robust standard errors in parentheses, *** p<0.01, **
p<0.05, * p<0.1

Tesi di dottorato "Essays in Political Economy and Social Networks'

di ROTESI TIZIANO

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2019

Lates etutelatadalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



22 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

1.4.1 Compliers

The estimates presented in Table 1.5, given the typology of analysis, should be interpreted
as local effects. It is therefore necessary to study the characteristics of the population of
those who are induced to open a Twitter account by the presence of NBA players. To study
compliers I use the profile pictures data described above. In particular, I am interested
in studying how the population of Twitter accounts is affected in terms of demographic
characteristics by the instrument.

To do this, I consider the same regression model as Equation 1.2:
Yau = ag + alog(Drafty) + aslog(Ticketsg) + Xo,as + 0 + 0q + vag

The difference is that instead of the number of accounts per 1000 inhabitants, as Yy, I consider
the share of male users on the platform, the share of white users, the share of black users and
the average age. Regressions are weighted by the number of images matched to demographics
characteristics for each DMA region.

Table 1.6 contains results for these regressions. Table 1.22 presents further details regard-
ing control variables. From these regressions it is possible to notice that compliers tend to
be male and tend to be older than the average user. As Table 1.7 shows, these demographics
correlate with stronger support for the Republican Party. Therefore we must be cautious in

interpreting the effects described above as average treatment effects for the entire population.

1.5 Online Discussion, Information and Polarization

The results presented in the previous section can only be partially explained by the charac-
teristics of the population of compliers. In particular, it is necessary to better understand

why the effect on participation tends to be negative and why it seems relatively stronger for

Tesi di dottorato "Essays in Political Economy and Social Networks'

di ROTESI TIZIANO

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2019

Lates etutelatadalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.
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Table 1.6: Compliers’ characteristics: gender, race and age

Independent Variable: Draft
(1) (2) (3) (4)

Share of Male users 5.674* 5.967* 5.378%  5.407*
(3.065)  (3.055) (3.062) (3.065)

Share of Black users -5.885  -T7.974** 4830 -4.803
(3.961)  (3.678) (3.618) (3.669)
Share of White users 1.741 4.284 0.855 0.829
(3.368)  (3.000) (3.117) (3.141)

Average Age 2.682%FF*  2.343%**  1.345%  1.343*
(0.774)  (0.768)  (0.700) (0.700)

Population, Male Yes Yes Yes
Other Demographics Yes Yes
Internet Yes
Number of DMA 207 207 207 207
Observations 621 621 621 621

Note: Outcome variables are constructed using profile pic-
tures from a sample of 980,000 Twitter accounts and are
described in Section 1.2. All regressions include DMA and
election year fixed effects. Controls are discussed in Section
1.2. Robust standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.11
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Table 1.7: Partisan Identity by gender and age.

2008 2012 2016
Dem Rep Ind Dem Rep Ind Dem Rep Ind

Male 439 40.3 128 46.1 375 148 429 384 15.9
Female 50.9 31.8 109 53.2 334 115 484 34 139

Age 1824 55 24.7 124 55.2  29.6 13.5 48.2 29.1 16.8
Age 25-39 49.5 30.7 134 55.2 286 14.1 50.4 29.8 14.9
Age 40-64 456 38.9 11.8 48.2 36.6 13.6 43.8 385 15.6
Age 65+ 42.1 471 8.9 42,7 45.6 9.9 419 445 12.3
Source: CCES survey. This table summarizes answers to the question

" Generally speaking, do you think yourself as a ... ?7. Answers are
weighted according to survey weights.

campaign donation, with respect to voting.

To shed light on these questions I study the effect of Twitter on information and political
polarization. In this section I report results from two additional analyses. First, using data
from the CCES survey, I run an IV model that exploits the same identification strategy
described previously. I find that Twitter had a negative effect on voters’ knowledge about

local politicians and that it has determined an increase in political polarization.

I then studied a dataset of tweets written during the last presidential campaign. De-
scriptive evidence shows that most people use Twitter to discuss about entertainment topics
and pay attention to the elections for short lived periods, especially around the presidential
debates. Moreover, an important fraction of the debate about politics contains clearly parti-
san views. The Republican Party had also a stronger presence on Twitter, both in terms of
number of T'weets and in terms of sentiment. This difference was finally driven by the use of

retweets, highlighting the importance of mechanisms that characterize social media.
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1.5.1 Voters are less informed and more polarized

To study whether Twitter has influenced information and political polarization, I use data
from the Cooperative Congressional Election Study (CCES). This allows me to build a mea-
sure of information regarding local politics and two measures of political polarization. As
outcomes I use variables described in Section 1.2.2. The variable No Infomation counts the
number of time each respondent has not been able to express an opinion regarding a state
Senator or the incumbent House Representative. For each respondent, the variable takes
values from 0 to 3, where 3 can be interpreted as a lower level of information. Variables
Partisan Sorting and Partisan Polarization are instead constructed comparing respondents’
ideology and partisan identity. High values in these two variables indicate a higher degree of
homogeneity between ideology and partisan identity, with republican voters being more con-
servative and democratic voters being more liberal. I study the effect of Twitter penetration

on these outcomes with an IV model that resembles the one used above:

Yiary = Bo + PiTwitter g + Polog(Ticketsq) + Xy 05 + 6 + da + € (1.5)

Twittery = ag + aylog(Drafty) + aslog(Ticketsy) + Xas + 0 + 0g + vas (1.6)

Where ¢ indexes the respondent, ¢ indexes time and d indexes DMA regions. As controls |
include the same set of controls that were used previously and add dummies for income level
(three categories), gender, educational attainment (two categories), race (four categories). I
also control for the age of the respondent (both linear and quadratic). Twittery is instru-
mented using the same strategy described above. Variables Drafty and Ticketsy are defined
as in Equations 1.3 and 1.4. Importantly, CCES data do not include information regarding
respondents’ use of social media. I therefore use the same measure of Twitter penetration I

was using before. This implies that all respondents from the same DMA region are assigned
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the same level of T'witter penetration. For this reason, standard errors are clustered at the
DMA-year level.

Results are presented in table 1.8. Column (1) considers regressions for the full sample
of respondents. Column (2) restricts the analysis to male respondents while column (3) use
only the subsample of people older than 40. This subsamples were chosen in order to match
the analysis on compliers described before. IV regressions show that Twitter seems to have
reduced information about politics, while at the same time increasing political polarization.
For political polarization, effects are starker when considering the subsample of relatively
older respondents, which is in line with what has been highlighted by Boxell et al (2018),

who show that older cohorts are the ones that have polarized the most during the last years.

1.5.2 On Twitter, peaks of attention and a partisan debate

To corroborate the previous findings I downloaded tweets from a sample of of approximately
200k users taken from the set of users I could match to a location. When downloading tweets,
it is important to underline that the main limitation is that Twitter allows to download
at most the last 3200 tweets, so that is is often not possible to retrieve tweets that are
relatively old, especially for the most active users. I therefore decided to focus only on the
last presidential elections and in particular on the year prior to the presidential elections.
The first step of this analysis has been the categorization of tweets into categories. To
do that I followed a method suggested in Conover et al (2011), that is based on hashtags.
Starting from a set of hashtags that define various categories, it is possible to retrieve a
wider set tweets that contain hashtags that co-occur relatively often with the starting ones.
In order to capture the most important hashtags in the period I cover, I first identified to 500
most popular hashtags in my sample. I then assigned a category to each of them, excluding

those which did not clearly belong to any category?. This way I obtained a corpus of 1.1

26Typically, these include common words or locations.
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Table 1.8: Instrumental variables estimates of the effect of Twitter on information and po-
litical polarization

Explanatory variable: Twitter
(1) (2) (3)
No Information 0.166* 0.076 0.119
(0.085)  (0.064) (0.084)

Partisan Ideology 0.072 0.028 0.158%*
(0.0774)  (0.091)  (0.062)

Partisan Sorting 0.024  0.056**  0.042%*
(0.0242)  (0.027)  (0.018)

Subsample All Male  Age 40+
F-Stat 19.02 18.10 20.34

Outcome variables are described in Section 1.2.2.
The explanatory variable is Twitter penetration,
that is defined as the number of accounts per 1,000
inhabitants and then standardized. All regressions
include DMA and election year fixed effects. Con-
trols are discussed in Section 1.2. The F-value
refers to the Kleibergen-Paap F-statistic. Stan-
dard errors are clustered at the DMA, year level
(two-way). *** p<0.01, ** p<0.05, * p<0.1
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Table 1.9: Topics on Twitter, statistics by week

Category Avg Min Max Retweets Avg Min Max

share share share (share) Sent. Sent. Sent.
Sport 33.0 19.2 519 41.4 0.18 0.15 0.26
Entertainment 25.1 12,5  35.7 24.5 0.18 0.1 0.24
Business 12.9 7.7 18.3 21.1 0.2 0.14 0.24
Politics 7.8 2.1 39.7 47.9 0.07 -0.1 0.21
Music 7.8 4.1 11.7 20.3 0.14 0.07 0.18
Science 2.2 1.1 3.1 33.2 0.23 0.1 0.34
Religion 2.5 1.4 4.7 29.6 0.19 0.14 0.27

millions tweets divided into 10 categories.

The first two facts that emerge from these data are presented in Table 1.9 and Figure 1.2.
It is possible to notice that the interest towards politics is relative low on average, especially
compared to categories such as Sports or Entertainment. In particular, only 7.8% of used
hashtags are on average related to Politics, during the year prior to the presidential elections.
On the other hand, Sports, Entertainment and Music attract almost 70% of the total flow
of hashtags, suggesting that most users use Twitter as a source of entertainment. This is
confirmed in Figure 1.13 that shows how most of the users write about politics very rarely.
Nevertheless, interest for politics peaks during the electoral debates, when it becomes the
category that receives the highest number of tweets. In Table 1.9 we see that at its peak,
politics matters for almost 40% of the number of categorized tweets during the week. Another
interesting element to notice is how important retweets are, especially for politics. Almost
48% of messages that include political hashtags are retweets, suggesting how important this
element is for the debate on the platform. Finally, when looking at the sentiment, it is
possible to see that politics is the category which has the lowest average sentiment. This is
due to a higher share of negative messages regarding this topic, cause by a higher level of

conflict, especially with respect to the other categories.
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Figure 1.2: Sports and Entertainment dominate the online discussion, Politics peaks just
before the elections.
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Table 1.10: Tweets written between July 1 and November 5, by partisan leaning

All No Retweets Only Retweets Only
Number Avg. Retweets Number Avg. Number Avg.
of tweets  Sent.  (share) of tweets  Sent.  of tweets  Sent.
All 16617 0.112 0.571 7056 0.084 9421 0.133
pro Clinton 4293 0.111 0.472 2261 0.109 2015 0.11
pro Trump 8935 0.164 0.663 2983 0.128 5899 0.182
anti Trump 1096 -0.039 0.339 708 -0.074 358 0.026
anti Clinton 2293 -0.016 0.51 1104 0.011 1149 -0.042

The majority of users use Twitter to discuss about sports or other entertainment topics.
It is only in a few moments during the electoral campaign that the majority of users become
exposed to a debate around the elections and write messages about that. Figures 1.14 and
1.15 show the most popular hashtags regarding politics, during the first phase of the electoral

campaign and during the peak weeks respectively.

I then focused on the hashtags that belong to the politics category at the time of the spike
in interest, to see whether there has been any difference between tweets written in support
of the Democratic Party and the Republican Party. To do this I followed the categorization
of hashtags suggested by Bovet et al (2018) for the 2016 electoral campaign. Tweets that

contain hashtags that have a clear partisan leaning are here considered.

Figure 1.3 focuses on users. It contains, information regarding the share of users who
tweeted about politics or not and, in case they did, whether they used hashtags with a
partisan connotation. It is possible to see how approximately 40% of accounts used hashtags
connected to politics during the last phase of the electoral campaign. Moreover, the majority
of those who tweeted about politics used hashtags with a partisan leaning. This suggests that

the wave of interest towards politics exposed a large fraction of users to a partisan debate.
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Figure 1.3: Users, attitudes towards politics during the last phase of the campaign

Never Politics: 21732

Politics: 14868

Not Partisan: 5951
B Partisan: 8917

Tot users: 36,600

Partisan

Never Politics Politics
" Not Partisan

Note: This figure represents the number of users that
wrote about politics or not, between July 1 and Novem-
ber 5 2016. In Red, the users who used at least once
hashtags with a partisan leaning.

Figure 1.4: Word cloud - hashtags leaning towards the Republican Party were more popular
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Note: This figure represents the most popular hashtags in the ” Poli-
tics” category, when only considering hashtags with a partisan lean-
ing. Size is proportional to the number of times each hashtag was
used. In red (blue), hashtags whose leaning was in favor of the
Republican (Democratic) Party.
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Figure 1.4 shows the most popular hashtags that belong to politics and have a clear
partisan connotation. From this figure it emerges how the support in favor of the Republi-
can Party was stronger. Also, hashtags with an aggressive connotation were relative more
common, suggesting a difference in the rhetoric used by the two blocs. Table 1.10 offers
more details. Partisan hashtags are here dividend into four different groups: hashtags that
support each of the two candidates and hashtags that attack each of the two candidates.
Table 1.10 compares these groups of hashtags along three dimensions. The number of tweets
that include any of those hashtags is shown together with the average sentiment and the
share of retweets. I also split between original tweets and retweets. From these data we can
notice that on Twitter, if wee consider the users in the sample I am using, there was a strong
imbalance in favor of Donald Trump. This is true if we look at the total number of tweets
written in support of the two candidates, but also if we consider the sentiment. Interestingly,
this difference is driven mostly by retweets. Retweets supporting Donald Trump were almost
three times as many as retweets supporting Hillary Clinton, and were characterized by a more
positive sentiment. A similar pattern is present in the group of hashtags that were explicitly
against the two candidates. The number of anti Clinton retweets is more than three times

higher the number of anti Trump hashtags, with a lower sentiment too.

1.6 Conclusions

To summarize, in the analysis presented above I studied the impact that Twitter had on
political participation during the 2008, 2012, and 2016 US presidential elections. I first cre-
ated a measure of Twitter penetration across regions and I proposed a novel identification
strategy to deal with endogeneity in the diffusion of the platform. I found that Twitter
penetration had weak effect on turnout and on the total amount of donations received by

candidates. When comparing the two parties I found that there was a negative effect against
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the Democratic Party, as they received a lower number of votes. On the contrary, candidates
for the Republican Party received a higher amount of donations. Combining image recogni-
tion algorithms with users’s profile pictures I then showed that the population of compliers
tend to be male and older that the average user, so that the local average treatment effects

pertain to a group that may not be representative for the whole population.

I then turned to outcomes related to information and political polarization and found
that Twitter had a negative effect on the amount of information regarding (local) politicians
and a positive effect on political polarization. Using tweets written during the presidential
campaign [ showed how the majority of users wrote mainly about sports and entertainment,
while turning to politics only at the peak of the electoral race. Tweets regarding politics were
often partisan, with the Republican Party receiving more attention. Also, the role played by

retweets was important, with a net advantage for Donald Trump’s supporters.

My study speaks to the debate on the effect of social media on political outcomes, not only
in the United States but also in European democracies. In particular, I find that Twitter had
a twofold effect. On the one hand, the majority of content is about entertainment, with only
a minority of users that are engaged in discussing about politics. On the other hand, peaks in
attention expose the average user to a partisan debate, which is not necessarily constructive,
given the high share of negative messages. This dynamics could in turn negatively affect
attitudes towards politics for the average user, thereby reducing information and turnout,
while motivate a minority of active users to increase their effort, bringing more polarization

and more donations.

The results that emerge from my analysis are only partially in line with the literature that
studied the impact of Internet or traditional media on politics. This difference is likely to be
determined by the different nature of these media. Social media are indeed not only a source
of entertainment and information. The content that is created and shared by users often

contains opinions, suggests interpretations and causes reactions by other users. Also, content
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that is more likely to be shared gets a disproportionate amount of coverage. This is likely
to favor a particular kind of rhetoric, that does not need long messages to be appreciated by
readers. A deeper understanding of the characteristics of the political debate on Twitter is

nevertheless still needed in order to confirm these hypotheses.
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Additional Tables

Table 1.11: First Stage Regression

1) ) 3) @
Twitter Twitter Twitter Twitter
Draft 5.392%#*k 3. 744%HK 3.3417%%* 3.397*
(0.893)  (0.726)  (0.742)  (0.749)
Lottery -1.696***  _1.526%FF  _1.292%FK ] 34]%H*
(0.382)  (0.324)  (0.346)  (0.344)
Population 0.0134%%%  0.00961*** (0.0104***
(0.00205)  (0.00210)  (0.00220)
Male -2.353%1FK 2 3TR** -2.184**
(0.762)  (0.985)  (0.958)
Age - under 18 (share) -0.477 -0.437
(0.500)  (0.498)
Age - over 65 (share) -1.202%%% ] 15T
(0.409)  (0.412)
Race - White (share) 0.170 0.186
(0.157)  (0.159)
Race - Black (share) 0.0973 0.120
(0.422)  (0.414)
Bachelor’s degree of higher 1.067***  1.003%**
(0.260)  (0.254)
Average Income -0.561°7HF*  _0.545%H*
(0.206)  (0.203)
Income higher 200k (share) 1.815%* L.775%**
(0.707)  (0.700)
Income lower 10k (share) -0.253 -0.253
(0.275)  (0.274)
Internet Penetration -0.960*
(0.574)
Observations 621 621 621 621
F-Stat 31.99 26.63 20.30 20.56

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table 1.12: OLS estimates of Twitter on electoral outcomes

0 ) ©) @ @)

Turnout % Dem % Rep  Votes Dem Votes Rep
Twitter -0.179 1.236%**  -0.899* -11.28 -5.975
(0.369)  (0.428)  (0.474)  (7.574)  (6.351)
Population 0.126 0.623***  -0.645** 14.24%* -6.786
(0.183)  (0.193)  (0.251)  (7.323)  (7.178)
Male -0.575  -2.368%FF  3.056%** 7.069 -13.52*
(0.603)  (0.650)  (0.688)  (7.916) (6.889)

Age - under 18 (share) 0.672%  -2.626™**  2.365*** 14.81%* 20.5 1%
(0.381)  (0.384)  (0.442)  (7.550)  (6.715)
Age - over 65 (share) 0.464  -1.880%**  1.597%** 6.648 4.474
(0.321)  (0.379)  (0.427)  (5.396) (3.907)

Race - White (share) 0.241%*F%  0.0852 -0.0751 4.1097%** 2.325%*
(0.0860)  (0.0798)  (0.0885)  (1.246)  (1.026)

Race - Black (share) 0.637*  -1.116%**  1.405%** 8.210 16.80%+*
(0.339)  (0.326)  (0.345)  (7.083)  (5.620)

Bachelor’s degree of higher — 0.510%*  -0.477** 0.461* -5.926* 10.47%%*
(0.247)  (0.231)  (0.236)  (3.225) (2.842)
Average Income -0.471  -3.906** 1.934 28.10 -30.81
(1.681)  (1.949)  (2.054)  (22.78)  (21.03)
Income higher 200k (share)  -0.590  1.966*** -1.968***  -28.03** -8.736
(0.551)  (0.623)  (0.654)  (11.03) (8.774)
Income lower 10k (share) -0.184 -0.267 0.124 -0.905 -4.971*
(0.171)  (0.231)  (0.246)  (2.652) (2.600)
Internet Penetration -0.136 0.631 -0.982%** -2.072 1.458

(0.369)  (0.423)  (0.440) (5.372) (4.395)

Observations 621 621 621 621 621
R-squared 0.962 0.978 0.972 0.998 0.995
DMA FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Dep. Var. mean 55.98 43.82 53.26 318 292.3
Dep. Var. sd 8.107 11.56 11.37 552.5 347.6

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table 1.13: OLS estimates of Twitter on donations

(1) (2) (3)
Donations Donations Donations
< 1k Dem < 1k  Rep < 1k

Twitter -H27.9%K 722 R 194 6HHK
(250.9)  (266.7)  (68.30)
Population 13.66*** 11.44%%* 2.220***
(3.443)  (3.728)  (0.535)
Male 686.6* 877.2%* -190.6**
(371.1)  (398.2)  (75.95)
Age - under 18 (share) -607.7%*  -612.6** 4.897
(254.7) (253.8) (48.95)
Age - over 65 (share) 189.5 2277 -38.21
(176.2)  (172.5)  (38.29)
Race - White (share) -154.5¥HK 153, 2% -1.284
(51.94)  (53.59)  (10.08)
Race - Black (share) -395.7* -443.8* 48.13
(232.6)  (227.1)  (47.20)
Bachelor’s degree of higher 2.025 -19.89 21.91
(123.0)  (123.3)  (26.36)
Average Income -45.16 -6.569 -38.59*

(110.7)  (116.0)  (20.47)
Income higher 200k (share) — 1,566%%*  1,419%** 146.5
(448.9)  (458.3)  (92.11)

Income lower 10k (share) 163.7 172.9 -9.246
(119.9)  (124.8)  (21.35)
Internet Penetration -257.7 -239.1 -18.56

(227.0) (235.6) (46.48)

Observations 621 621 621
R-squared 0.977 0.960 0.981
DMA FE Yes Yes Yes
Year FE Yes Yes Yes
Dep. Var. mean 7200 1797 1003
Dep. Var. sd 17101 5179 1628

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table 1.14: Turnout - IV Regressions

THE IMPACT OF TWITTER ON US POLITICS

) ) G) @
Turnout  Turnout  Turnout  Turnout
Twitter -0.709 -1.352 -1.734 -1.690
(1.077)  (1.282)  (1.504)  (1.492)
Lottery -0.0338 -0.169 -0.0904  -0.0992
(0.234)  (0.225)  (0.241)  (0.242)
Population 0.00123 0.00111 0.00293 0.00313
(0.00299)  (0.00292) (0.00243) (0.00251)
Male (share) -1.286* -1.228 -1.153
(0.717) (0.929) (0.907)
Age - under 18 (share) 0.619 0.634
(0.3901)  (0.393)
Age - over 65 (share) 0.202 0.252
(0.420)  (0.406)
Race - White (share) 0.268%#*  (.272%**
(0.0920)  (0.0925)
Race - Black (share) 0.650%* 0.657*
(0.351)  (0.350)
Bachelor’s degree of higher 0.743**  0.717**
(0.345)  (0.332)
Average Income -0.178 -0.170
(0.197)  (0.193)
Income higher 200k (share) -0.154 -0.177
(0.690)  (0.680)
Income lower 10k (share) -0.262 -0.261
(0.196) (0.194)
Internet Penetration -0.308
(0.415)
Observations 621 621 621 621
R-squared 0.547 0.542 0.557 0.559
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 55.98 55.98 55.98 55.98
Dep. Var. sd 8.107 8.107 8.107 8.107

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table 1.15: Democratic Party, vote share - IV Regressions

(1) ) @) 1)
Democratic Democratic Democratic Democratic
Party % Party % Party % Party %
Twitter -2.157 -4.240* -3.866* -3.875*
(1.931) (2.497) (2.184) (2.153)
Lottery 0.203 -0.236 -0.229 -0.228
(0.328) (0.286) (0.259) (0.261)
Population 0.0218%** 0.0214%** 0.0126%** 0.0126%**
(0.00439)  (0.00462)  (0.00319)  (0.00334)
Male (share) -4 169%** 42257k 4 247k
(1.262) (1.192) (1.161)
Age - under 18 (share) -2.732% K D 3Lk
(0.477) (0.475)
Age - over 65 (share) -2.596***  -2.606%*
(0.578) (0.569)
Race - White (share) 0.199 0.198
(0.127) (0.128)
Race - Black (share) -1.056** -1.057%*
(0.431) (0.431)
Bachelor’s degree of higher 0.230 0.235
(0.421) (0.408)
Average Income -0.803***  -0.805***
(0.293) (0.289)
Income higher 200k (share) 3.353HH* 3.35 7
(0.975) (0.967)
Income lower 10k (share) -0.511 -0.511
(0.334) (0.333)
Internet Penetration 0.0640
(0.571)
Observations 621 621 621 621
R-squared 0.647 0.589 0.702 0.701
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 43.82 43.82 43.82 43.82
Dep. Var. sd 11.56 11.56 11.56 11.56
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Robust standard errors in parentheses
X p<0.01, ** p<0.05, * p<0.1
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Table 1.16: Republican Party, vote share - IV Regressions

THE IMPACT OF TWITTER ON US POLITICS

1) ) ©) )
Republican Republican Republican Republican
Party % Party % Party % Party %
Twitter 1.271 3.154 3.033 3.114
(1.794) (2.273) (2.049) (2.024)
Lottery -0.397 -4.59e-05 -0.00884 -0.0249
(0.321) (0.278) (0.249) (0.252)
Population -0.0209***  -0.0205%**  -0.0119***  -0.0115%**
(0.00440)  (0.00452)  (0.00335)  (0.00343)
Male (share) 3.768%** 4.236%** 437470
(1.169) (1.139) (1.120)
Age - under 18 (share) 2.390%+% 2.418%*%
(0.485) (0.480)
Age - over 65 (share) 2.095%#* 2,187k
(0.575) (0.568)
Race - White (share) -0.186 -0.179
(0.116) (0.118)
Race - Black (share) 1.363%*** 1.375%**
(0.410) (0.415)
Bachelor’s degree of higher -0.0766 -0.124
(0.401) (0.392)
Average Income 0.504* 0.519*
(0.291) (0.288)
Income higher 200k (share) -3.004%FF - _3.045%H*
(0.961) (0.950)
Income lower 10k (share) 0.285 0.287
(0.322) (0.322)
Internet Penetration -0.563
(0.544)
Observations 621 621 621 621
R-squared 0.383 0.326 0.466 0.464
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 53.26 53.26 53.26 53.26
Dep. Var. sd 11.37 11.37 11.37 11.37

Robust standard errors in parentheses
X p<0.01, ** p<0.05, * p<0.1
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Table 1.17: Democratic Party, Number of votes - IV Regressions

) ) @) @)
Votes Dem  Votes Dem  Votes Dem Votes Dem
Twitter -66.31%*% 74 11 J71.33% % 70,067
(18.21) (20.60) (22.85) (22.52)
Lottery -4.691 -6.334* -4.554 -4.807
(3.619) (3.408) (3.043) (3.007)
Population 0.174%* 0.172%* 0.209%** 0.215%**
(0.0844) (0.0843) (0.0765) (0.0778)
Male (share) -15.62 -18.28 -16.11
(11.11) (13.72) (13.28)
Age - under 18 (share) 12.76 13.21*
(7.801) (7.857)
Age - over 65 (share) -2.951 -1.504
(7.019) (6.875)
Race - White (share) 5.139%*x 5.253%H*
(1.797) (1.805)
Race - Black (share) 8.865 9.060
(7.676) (7.629)
Bachelor’s degree of higher 2.749 1.997
(4.928) (4.680)
Average Income -2.193 -1.957
(3.411) (3.311)
Income higher 200k (share) -11.23 -11.88
(14.37) (14.07)
Income lower 10k (share) -4.045 -4.008
(3.712) (3.674)
Internet Penetration -8.881
(7.654)
Observations 621 621 621 621
R-squared 0.071 0.028 0.102 0.113
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 318 318 318 318
Dep. Var. sd 552.5 552.5 552.5 552.5
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Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table 1.18: Republican Party, Number of votes - IV Regressions

(1) ) ) (1)
Votes Rep Votes Rep Votes Rep Votes Rep
Twitter 21.83 18.61 12.39 11.92
(17.98)  (20.61)  (20.59)  (20.32)
Lottery -0.122 -0.800 -0.225 -0.130
(2.373)  (2.168)  (2.516)  (2.502)
Population -0.154* -0.155%* -0.0883 -0.0905
(0.0930)  (0.0924)  (0.0830)  (0.0837)
Male (share) -6.442 -6.849 -7.659
(9.324) (9.363) (9.301)
Age - under 18 (share) 20.91°#6% 20,75k
(6.689)  (6.685)
Age - over 65 (share) 7.645 7.104
(5.602)  (5.537)
Race - White (share) 1.905* 1.862*
(1.083)  (1.091)
Race - Black (share) 16.74%%%  16.66%**
(5.752)  (5.740)
Bachelor’s degree of higher 7.578%* 7.859*
(4.194)  (4.134)
Average Income -1.542 -1.631
(2.747)  (2.710)
Income higher 200k (share) -13.78 -13.54
(9.596)  (9.513)
Income lower 10k (share) -4.233 -4.247
(2.749)  (2.745)
Internet Penetration 3.323
(4.134)
Observations 621 621 621 621
R-squared 0.017 0.032 0.147 0.149
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 292.3 292.3 292.3 292.3
Dep. Var. sd 347.6 347.6 347.6 347.6

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table 1.19: Small Donation (less 1k $), total - IV Regressions

M ) @) @)
Donations Donations Donations Donations
< 1k < 1k < 1k < 1k
Twitter -126.1 126.3 -340.3 -305.9
(573.0) (646.5) (698.9) (687.5)
Lottery -14.58 38.57 -39.82 -46.67
(103.2)  (86.99)  (114.6)  (115.8)
Population 16.19%** 16.24%** 13.20%** 13.36%**
(3.782) (3.786) (3.338) (3.437)
Male 505.0 666.9 725.5%
(413.3) (425.5) (439.6)
Age - under 18 (share) -624.1**  -612.0**
(247.6)  (246.8)
Age - over 65 (share) 187.2 226.4
(235.8) (235.2)
Race - White (share) -166.6%**  -163.5%**
(57.83) (56.68)
Race - Black (share) -399.1°* -393.8*
(231.3)  (229.5)
Bachelor’s degree of higher -15.61 -35.96
(171.7) (171.6)
Average Income -33.55 -27.17
(132.8)  (132.6)
Income higher 200k (share) 1,527 1 510***
(476.1) (475.3)
Income lower 10k (share) 165.5 166.4
(123.4)  (122.9)
Internet Penetration -240.4
(223.2)
Observations 621 621 621 621
R-squared 0.512 0.509 0.597 0.598
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 2799 2799 2799 2799
Dep. Var. sd 6581 6581 6581 6581

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table 1.20: Small Donation (less 1k $), Democratic Party - IV Regressions

(1) (2) (3) (4)
Donations Donations Donations Donations
Dem < 1k Dem < 1k Dem < 1k Dem < 1k

Twitter -599.6 -276.1 -723.3 -688.4
(578.6) (653.9) (714.9) (704.6)
Lottery -51.48 16.65 -60.12 -67.08
(109.5)  (95.86)  (125.7)  (126.9)
Population 14.13%F%  14.20%%F  11.21%**%  11.37%%*
(3.041)  (3.943)  (3.559)  (3.668)
Male (share) 647.3 T78.7* 838.2*
(437.1)  (457.6)  (474.3)
Age - under 18 (share) -635.1%*  -622.9%*
(247.7)  (247.6)
Age - over 65 (share) 199.2 239.0
(235.6) (235.8)
Race - White (share) -162.17%%%  _158.9%H*
(58.90)  (57.66)
Race - Black (share) -444.2%%  _438.9**
(226.1)  (223.6)
Bachelor’s degree of higher -12.50 -33.18
(171.7)  (17L7)
Average Income -10.30 -3.820
(138.8)  (138.3)
Income higher 200k (share) 1,433%#% 1 415%%%
(488.2)  (487.4)
Income lower 10k (share) 164.1 165.1
(128.3)  (127.7)
Internet Penetration -244.2
(228.0)
Observations 621 621 621 621
R-squared 0.400 0.402 0.498 0.499
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 1797 1797 1797 1797
Dep. Var. sd 5179 5179 5179 5179

Robust standard errors in parentheses
X p<0.01, ** p<0.05, * p<0.1
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Table 1.21: Small Donation (less 1k $), Republican Party - IV Regressions

M ) @) @)
Donations Donations Donations Donations
Rep < 1k Rep < 1k Rep < 1k Rep < 1k
Twitter 473.5%FK 402,47 383.0%* 382.4%*
(132.6) (142.6) (170.3) (166.9)
Lottery 36.90 21.92 20.30 20.41
(28.67) (30.28) (26.37) (26.24)
Population 2.058%**  2.044%**  1.992%** 1 9RY***
(0.513) (0.514) (0.516) (0.530)
Male (share) -142.2 -111.7 -112.7
(88.06) (100.3) (99.47)
Age - under 18 (share) 11.03 10.83
(48.95) (49.18)
Age - over 65 (share) -12.00 -12.63
(47.74)  (46.48)
Race - White (share) -4.530 -4.579
(10.86)  (11.02)
Race - Black (share) 45.11 45.02
(47.84) (47.89)
Bachelor’s degree of higher -3.107 -2.781
(37.33) (36.00)
Average Income -23.25 -23.35
(26.38) (25.81)
Income higher 200k (share) 94.21 94.49
(113.0)  (111.5)
Income lower 10k (share) 1.386 1.370
(23.74) (23.67)
Internet Penetration 3.852
(54.08)
Observations 621 621 621 621
R-squared 0.559 0.576 0.584 0.584
Number of DMA 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
F-Stat 31.99 26.63 20.30 20.56
Dep. Var. mean 1003 1003 1003 1003
Dep. Var. sd 1628 1628 1628 1628

Robust standard errors in parentheses

49

6% 5 <0.01, ** p<0.05, * p<0.1

Tesi di dottorato "Essays in Political Economy and Social Networks'

di ROTESI TIZIANO

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2019

Lates etutelatadalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



50 CHAPTER 1. THE IMPACT OF TWITTER ON US POLITICS

Table 1.22: Images - Compliers

(1) (2) (3) (4)

VARIABLES Male Black White Age
Draft 5.407* -4.803 0.829 1.343%*
(3.065)  (3.669)  (3.141)  (0.700)
Lottery -0.156  -1.679***  1.764*F*  -0.0184
(0.391)  (0.633)  (0.562)  (0.132)
Population -0.241* -0.206 0.108 -0.0482
(0.131)  (0.240)  (0.222)  (0.0587)
Male 0.248 -3.022%%  3.597***  _(0.498
(0.969)  (1.468)  (1.366)  (0.336)
Age - under 18 (share) -0.529  -3.094%**  3.037***  0.196
(0.575)  (1.059)  (0.973)  (0.172)
Age - over 65 (share) -0.175  -2.638%FF  2.826%**  -0.0728
(0.465)  (0.606)  (0.579)  (0.150)
Race - White (share) -0.165  -0.872*** (0.500***  -0.0785
(0.260)  (0.235)  (0.189)  (0.0596)
Race - Black (share) 0.0208 0.687 -0.723  -0.307**

(0459)  (0.814)  (0.769)  (0.145)
Bachelor’s degree of higher ~ 0.588%* 0.193 0.00972  0.368***
(0.348)  (0.581)  (0.530)  (0.120)

Average Income -0.242 -6.581 4.475 -1.502*
(2.550)  (4.039)  (3.599)  (0.854)
Income higher 200k (share)  0.164 0.115 0.484  0.748%**
(0.817)  (1.373)  (1.249)  (0.269)
Income lower 10k (share) -0.0914  -1.283**  0.879* 0.0119
(0.357)  (0.513)  (0.462)  (0.124)
Internet Penetration -1.759%F _1.720%  1.625%*F  0.0963

(0.486)  (0.877)  (0.821)  (0.198)

Observations 621 621 621 621
R-squared 0.883 0.784 0.818 0.948
Number of id_dma 207 207 207 207
DMA FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Dep. Var. mean 50.41 20.25 64.53 38.44
Dep. Var. sd 6.280 8.739 9.083 2.899

Robust standard errors in parentheses
i p<0.01, ** p<0.05, * p<0.1
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Table 1.23: Tweets by partisan leaning

All No Retweets Only Retweets Only

Number Avg. Retweets Number Avg. Number Avg.

of tweets Sent.  (share) of tweets Sentiment of tweets Sentiment
All 33286  0.115 0.58 14082 0.096 19085 0.130
pro Clinton 8809 0.109 0.50 4376 0.128 4416 0.092
pro Trump 18324 0.159 0.64 6496 0.124 11789 0.178
anti Clinton 3456 -0.011 0.53 1592 0.006 1823 -0.024
anti Trump 2697 -0.007 0.39 1618 -0.021 1057 0.016
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Additional Figures

Figure 1.5: Screenshot of a profile on Twitter.
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Figure 1.6: Distribution of Twitter penetration
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Figure 1.7: Tweets per day - Source: Twitter
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Figure 1.8: Distribution of accounts per 1000 inhab. by DMA in 2008
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Figure 1.9: Distribution of accounts per 1000 inhab. by DMA in 2012
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Figure 1.10: Age distribution - profile pictures
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Figure 1.11: Distribution of Google Trends score by DMA - Boston Celtics
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Figure 1.12: Distribution of Google Trends score by DMA - Minnesota Timberwolves
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Figure 1.13: Most users never write about politics
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Figure 1.14: Word cloud - Most popular political hashtags during the first phase of 2016
electoral campaign
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Note: This figure represents the most popular hashtags in the ”Politics” cat-
egory. Size is proportional to the number of times each hashtag was used.
Colors refer to sentiment. Green words are associated with an average positive
sentiment, while red words with a negative one.
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Figure 1.15: Word cloud - Most popular political hashtags during the last phase of 2016
electoral campaign
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Note: This figure represents the most popular hashtags in the ”Politics” cat-
egory. Size is proportional to the number of times each hashtag was used.
Colors refer to sentiment. Green words are associated with an average positive
sentiment, while red words with a negative one.
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Appendix

1.A Information and Polarization Measures
The variable No Information used in the text is constructed using answers to questions:
e Do you approve of the way each is doing their job... [Incumbent Representative’s Name/
Considered 1 if Answer equal to “Never Heard / Not Sure”
e Do you approve of the way each is doing their job... [Incumbent Senator’s Name]

Asked for two Senators, considered 1 if Answer equal to “Never Heard / Not Sure”

To calculate polarization scores I use answers to the following questions:
e ideo5: In general, how would you describe your own political viewpoint?

The asnwers were rescaled in order to vary from -3 (Very Liberal) to +3 (Very Conser-

vative).
e pid7: Generally speaking, do you see yourself as a...?

The asnwers were rescaled in order to vary from -3 (Strong Democrat) to +3 (Strong

Republican).
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Following Boxell et al (2018), Mason (2015), and Abramowitz and Saunders (2008) I used

the following formulas.

Partisan Sorting:

1
2 _lo(Ipid7; — ideo5| + 1)(|pid7;| + 1)(Jideo5| +1) — 7| o=
1€S5t

where:

e S, denotes the set of all respondents who did not answer ”"Not Sure” neither to ideod

not to pid7.

o ¥(z) = max;ey, 5, (|pid7; — ideo5;| + 1) + mingey, s, (|pid7; — ideod;| + 1) — x

Partisan Ideology:
Z ideob; — Z ideob;
1€ER: 1€Dy

where:
o Ry :={i:pidl; > 1}

o D, :={i:pid7; < —1}
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1.B Locations

When downloading information on accounts’ locations, there are four cases that are typical.

The user can:
- Specify a location using GPS.
- Indicate a location that corresponds to a clearly identifiable place.
- Indicate a location that does not match with any place.
- Decide not to provide any information.

I collected a random sample of user ids and matched locations to Counties in the US. Table
1.B.1 summarizes the results of this operation when considering a subsample of approximately
33 million accounts. Over the 33 million accounts in the subsample, 69% of them did not
include any location. I could match in total 6 million accounts, of which 1.5 million at the
county level. The remaining 4.5 million are either foreign users or accounts that I could only
associate to a country or a state. Table 1.B.1 reports also the average number of tweets, the
average number of followers and the average number of likes for these subsamples. We can
notice that on average, the accounts that leave the location field empty appear to be less
active that the others. Moreover, if we select only accounts with at least 100 tweets, two out
of three of them are providing some location. Selection is therefore likely to operate towards

the most active accounts.
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Table 1.B.1: Collected accounts

Avg n. Avgn. Avgn.
Accounts % Tweets Followers Likes

Total 33,129,071 100 1,009 201 147
Empty location 22,956,140 69 392 65 63
Some location 10,172,931 31 2,400 506 338
Matched 6,056,009 18 1,693 516 266
Matched to county 1,523,558 4.6 1,737 658 364
Empty, 1004 tweets 2,182,070 4,084 622 640
Some, 100+ tweets 4,418,421 5,504 1,129 768

Tesi di dottorato "Essays in Political Economy and Social Networks'

di ROTESI TIZIANO

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2019

Lates etutelatadalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Chapter 2

Information Transmission in a Social

Network: A Field Experiment

with Eleonora Patacchini and Paolo Pin

2.1 Introduction

The way agents aggregate sparsely distributed information is a central topic in the economics
literature. Examples of applications range from the theory of organizations, studying how to
design the structure of communication inside a firm or a team in order to favor an efficient flow
of knowledge, to the study of financial institutions, where strategic retention of information
could prevent the correct functioning of the market. In many of these contexts there is an
element of competition such that those who manage to have a better access to information
get an advantage or, similarly, those who successfully hide pieces of knowledge to others are
more likely to obtain a higher payoff. This paper studies this topic by focusing on a setting in
which agents can exchange non verifiable pieces of information and are arranged in a network
that defines their communication opportunities. In particular we are interested in studying

how asymmetry among nodes alters the pattern of information diffusion. Is a less centralized
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network better at sustaining information exchange among agents?

To do this we use a field experiment with high school students in Italy. The experiment
consisted in a game played using a smartphone app over the span of a week. Students
were playing in groups of five members and were asked to guess five pieces of information
that had previously been distributed among the five participants, one piece of information
each. Communication was free in principle, but given the number of participants it was
hard to identify in the school who was in possess of the information needed. The networks
we used were then created by revealing players the identity of other members of the group.
In particular, we would tell name, surname and class of some other player in the group.
Peripheral players had little knowledge about the identity of the others, while central players
received more information. We used three different networks in order to have variation in the
structure of links among players. Crucially the scores were such that a bonus was given to
the player who could better aggregate the available information. This introduced an element
of competition as players, by truthfully sharing their information with others would reduce

their chances of winning the bonus.

We believe this setup is a good description of what happens in many real life situations.
Indeed, even inside an organization or a team, it is in principle possible to reach and exchange
information with all the other active nodes. What we use as links can be interpreted as routes
in which we expect communication to take place with higher probability. In the context of
organizations this could be seen as the structure imposed by the management, while in teams

it could be seen as frequent face-to-face interactions among team members.

The first finding is in line with the experimental literature on cheap talk games in which
players were usually observed to exchange more information than what one would predict
using theoretical models. We rarely observed the outcome that would constitute the only
Nash equilibrium in a standard game with non-verifiable information, meaning the case in

which people rely only on the hint they received and avoid exchanging pieces of information
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with the others. Instead the level of communication was high, especially among players that

belonged to the same class.

Moreover, we find relevant effects of the network structure on the diffusion of information
in the network. Central nodes managed to obtain on average higher payoffs, with a higher
number of colors guessed correctly and a lower number of mistakes. In particular the network
in which the asymmetry was stronger was associated with the lowest level of exchange of
signals, but at the same time with the highest share of points going to the central nodes

thanks to bonus points.

The presence of multiple nodes with a high centrality substantially reduced inequality in
the final outcome and allowed the central nodes themselves to get access to more informa-
tion. Interestingly, the strongest increase was observed for peripheral nodes who indirectly
benefited from the change. With a lower level of asymmetry it was harder for central nodes
to win alone, hiding information to the other nodes. For this reason bonus points were often

divided among a larger audience.

In order to study the mechanism behind this result we turn to a parsimonious level-k
model of strategic information transmission. We define a level-0 player as someone who is
honest towards the others, passing correct information and who also believes what the others
have told. Level-1 players would therefore react strategically by passing false information,
but still believing what the other person is saying. Finally, level-2 players would pass false
information and would not believe the others, a behavior that is in line with the cheap-talk
literature. The model was then simulated in order to estimate structural parameters. We
find that data are consistent with a high majority of players being cooperative and a small
fraction (only 7%) acting strategically, passing therefore false pieces of information to their
peers. 6These results highlight the role played by the network. Networks characterized by
the presence of a single node with a high level of centrality offer better opportunities for

strategic agents to manipulate information.
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2.1.1 Literature Review

Classic studies of experiments regarding communication in networks are Bavelas (1950) and
Leavitt (1951). More recently, the paper by Bonacich (1990) studies a context that is quite
similar to ours, described by the author as a communication dilemma in which players face a
tradeoff between sharing information with their links in order to accelerate the aggregation
of signals at the group level and retaining pieces of information in order to increase the
chances of winning a private reward. Hagenbach (2011) formalizes and generalizes the set-up
described in the experiment in Bonacich (1990) and studies the ability of the group to solve
communication dilemmas and how the speed at which aggregation takes place depends on
the network structure. Mauleon et al. (2017) study a similar setting in which actions are
taken sequentially, but the structure of the network is not exogenous. With respect to these
papers we allow subjects to exchange non-verifiable information and this simplifies the set of
possible strategies. At the same time we focus on different networks, as we are interested in
understanding how the presence of multiple central nodes changes the overall outcome.
More recently, attention has been devoted to the study of how the network structure
of communication allows players to coordinate on outcomes when multiple equilibria are
possible (Choi and Lee (2014)) or to sustain collaborative norms (Gallo and Yan (2015)).
Gallo and Yan (2015) in particular highlight how the introduction of asymmetric nodes in
the network reduces the probability that players will avoid playing the Nash equilibrium and
choose a collaborative norm, with higher average payoffs. This result is in line with what we
find, with less communication when the structure of links is more centralized on one node.
Also related to our results, Cassan (2007) study cooperation in networks by making agents
play prisoner’s dilemma games with their neighbors. The author finds that cooperation was
hard to maintain. Networks in which neighbors shared the same links were able to sustain
a slightly higher level of cooperation, suggesting that the network structure can play a role

even when best-reply considerations would imply the absence of cooperation.
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2.1. INTRODUCTION 67

Related to our setting, there is a broad literature originated from Burt (1992) that studies
the role played by structural holes in networks. This literature, using data from organiza-
tions, highlights how nodes who bridge structural holes can gain higher payoffs. In particular,
by connecting parts of the network that contain different pieces of information agents can
gain and advantage with respect to their peers. While the first contributions in this liter-
ature have considered static networks, more recently there has been attention to cases in
which the network is endogenous (Goyal and Vega-Redondo (2007), Kleinberg et al (2008))*.
With respect to this literature, while highlighting a similar mechanism, we are interested in
comparing outcomes at the network level. Our results show how the presence of agents who
bridge structural holes can have negative consequences for peripheral nodes as those who are

central can easily alter or block the passage of information.

A paper that shares a similar structure with ours is the work by Mobius et al. (2015)
that studies social learning using a field experiment involving college students. Authors, as
in our case, find evidence of substantial social learning. Mason and Watts (2012) instead
run web-based experiments to study how groups of agents who interact through a network
can solve a complex problem in the presence of a tradeoff between exploitation of solutions
already found by others and exploration of novel ones. As in our case, one of the main
findings is that individuals that are more central in the network obtain higher payoffs than

peripheral ones.

Among the theoretical contributions that study cheap-talk communication in networks
when players have conflicting interests, the papers by Hagenbach and Koessler (2010) and
Galeotti et al. (2013) focus on how the heterogeneity in preferences over outcomes affects
the shape of the network, intended as the collection of truthful information exchanges among

the members of the group. Forester (2018) extends Galeotti et al. (2013) to a dynamic

'Rand et al. (2011) describe an experiment that is connected to this. In particular, they consider how
the possibility of breaking links in the network can help sustaining cooperation among agents. We abstract
from this as in out case the network is fixed.
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68 CHAPTER 2. INFORMATION TRANSMISSION IN A SOCIAL NETWORK

setting. Finally, our work is related to the literature that studies pre-play communication
using level-k models of strategic reasoning. Ellingsen and Ostling (2010) find for example

that communication can facilitate coordination on Nash equilibrium outcomes.

2.2 Experimental Design and Data Description

The experiment was conducted in May 2017 with students from three high schools in Italy,
in total were involved 645 students. Participation was voluntary and we relied on the help
of teachers from each school to invite students to take part of the experiment. In order to
register to play the game each student had to answer questions from an online survey and
then download and install an app for her phone. The app contained the game and was made
available both for Android and iPhone?, so that we could allow the vast majority of interested
students to play. The app contained a mock round with the explanation of the rules of the
game and a set of questions made to make sure the participants had no doubt about the
functioning of the game. The game took place over the span of a week, with three rounds of
two days each. During each round every student was matched with four other colleagues to
form a group of five. For this reason, every round, a total of 129 groups was active. During
each round players could win from a minimum of 0 euro to a maximum of 15 euro. We then
extracted randomly one round to be the one valid for the payments. Rewards were given

using Amazon Gift Cards.

The game. The goal of the game was to guess the colors of the clothes of a character.
There were 5 pieces of clothing: hat, shirt, gloves, trousers and shoes. Different groups had
to guess colors for different characters, where each character was identified by a name. For

example Figure 2.1 refers to a group that had to guess the colors of Andrea’s clothes. Clothes,

2The app is called VestiTito and is still available for download on Play Store even though now the game
is not active.
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2.2. EXPERIMENTAL DESIGN AND DATA DESCRIPTION 69

as shown in Figure 2.1 (a), appeared grey at the start of the round. The player could then
change colors at any moment in time, with no cost, by choosing one out of nine possible
alternatives (Figure 2.1 (b)). The only combination that was relevant for the payment was
the last combination, the one that was left at the end of the round?. The player was allowed
to leave clothes as grey and this would be counted as the player not choosing any alternative.
The score was calculated according to the following rule: 10 points were assigned for each
color that was correctly guessed, while 5 points were removed for each color that was guessed
wrongly. Finally, 0 points were assigned for each piece of clothing left grey. On top of this,
players could earn a bonus in case they were the ones that had the highest score among the
members of the group of five. The bonus was 100 points, to be divided among the eligible
players®. Each point was worth 10 cents, so that each player could win from 0 to 15 euro.

At the beginning of each round the player was given three pieces of information. First, the
name of the character she had to guess. Second, the color of one of the clothes. Third, the
identity of other members of the group she was assigned to. Figure 2.2 provides an example.
Importantly, the hint regarding the color could be seen only once, hence the player had to
memorize it®. Also, there was no overlap between the hints given to the players, so that
information exchange was in principle possible and beneficial among any couple of players.
Since all clothes were equivalent in term of points, the hint regarding the color was not
introducing any asymmetry among the players. This was done only through the information
regarding the other members of the group.

Players could be arranged in three different networks as shown in Figure 2.3. In these

networks each node represents a players. A link connects two nodes if they were informed

3The round was set to end during the night, in order to reduce the probability that the students were
together at the time of the collection of answers.

4For example, if only one player had managed to correctly guess 5 colors, the final score would have been
50 (because of 5 colors) plus 100 (for being the only one to get the highest score). Similarly, in case only two
players got 40 points, with 40 being the highest score in the group, the bonus would have been 50 each, for
a total of 90 points.

5In the app we also made sure it was not possible to take screenshots, that would have been an easy and
fast way to memorize the hint and reproduce it when needed.
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70 CHAPTER 2. INFORMATION TRANSMISSION IN A SOCIAL NETWORK

Figure 2.1: Screenshots from the app.

(a) Screenshot 1. (b) Screenshot 2. (¢) Screenshot 3.
Scegli il colore dei vestiti di Scegliil colore per Scegli il colore dei vestiti di
Andrea lindumento Andrea

Questa & la fase del gioco numero 1 di 3

Questa & la fase del gioco numero 1di 3

Per scegliere un colore clicca su diesso, la
modifica verra salvata automaticamente!

L
L
L
]

Annulla

Note: The pages are in Italian as the game was done with students in
Italy.

Figure 2.2: Hint received at the beginning of a round, example

Andrea has a green hat.
Moreover you will be playing according to the following layout:

A: Mario Rossi 5B

0O
o * B: You
(D) s C.7
® e D:?
(&)

e E: Laura Bianchi 4C

Note: This figure represents and example of a hint received at the
beginning of a round. We see that the player is told that she need
to guess Andrea’s colors (this element is unique for a group of 5
players). Moreover she is told that her position in the network
is B, she therefore knows A’s identity (Mario Rossi 5B) and E’s
identity (Laura Bianchi 4C). Finally, by looking at the network, it
is possible to know that player E knows the identity of two other
players.
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2.2. EXPERIMENTAL DESIGN AND DATA DESCRIPTION 71

that they belonged to the same group. For example, Player A in Network 1 was only informed
about the identity of Player B, while Player B knew about E also. It is important to underline
that the app itself was not providing any chat to exchange messages with the other members
of the group. All the players had to do was to talk with their colleagues. In a context of
a high school, with hundreds of students, many of them not even aware of the existence
of the game, knowing who to talk to can be considered as a relevant piece of information
to hold. We therefore consider links are couples among which we expect communication to
happen with high probability. Finally, each turn players could be assigned to any of the three
networks and, given the network, to any of the five positions.

After receiving these pieces of information, players were given two days of time to choose a
combination of colors to submit. At the end of the round, players were asked to answer some
questions regarding the round they had just played. After that, the process was repeated,
with new groups being generated. It is important to underline that groups were done in order
to avoid two players to play together more than once. This feature of the randomization was

known by the players and would prevent favors exchanges from one round to the other.

Data. During the registration process we asked students to answer a set of questions concern-
ing personality. Moreover players could allow us to download their network of friendships on
Facebook, that would be used as a proxy of friendship among students. Surprisingly, for one
third of the students we could not collect this piece of information, either because the didn’t
allow us to have access to their account or because they had no account at the time of the
experiment®.

The app was designed to keep track of any change of color that was made by the players
and the timing. This way we are able to reconstruct the history of changes made by the

players. Moreover after the end of every round we asked a set of questions to the players.

5We use Facebook Graph API. If the person accepts and decides to log into Facebook when playing the
app, we receive the list of friends that have installed the app and logged into Facebook too.
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(a) Network 1

(b) Network 2

(¢) Network 3

Figure 2.3: Networks of contacts.
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First, we were providing them a list of names and they had to choose the one of a person
that was assigned to the group. This was done twice. Whenever possible we were using both
one person for which they had received the hint and one for which they had not. The first
was intended to be test to check whether the player had correctly understood the hint, while
the other was intended to check the ability of the player to learn the names of the other par-
ticipants, either by searching in the school or by asking other members of the group. Second,
one question was about the score, as we were asking whether they thought they had achieved
the highest score. Finally, in a second page, we were asking about the other members of the
group. Each player was given the name of every other member of the group. For each name
the player was asked to tell us whether they had exchanged information useful to the game

and who had taken the initiative to contact the other.

Sample. In total 645 students registered and downloaded the app, this allowed us to create
129 groups of 5 players per round, for a total of 387. When the game began though, part
of the registered players did not participate to the game. Additionally, we had to ignore 29
groups that included students from different schools. Table 2.1 reports the distribution of
the number of active players per group, where we define as "active” a player that logged
in during the round and checked the hint she was given. Importantly, when we generated
groups of 5 for the second round we started by matching players that had not been active in
the first round. This allowed us to obtain a higher share of groups with 5 active players in
rounds 2 and 3. In what follows we report results only for groups with 5 active players, as it

is unclear how to interpret incentives when one or more players are missing from the group.
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74 CHAPTER 2. INFORMATION TRANSMISSION IN A SOCIAL NETWORK

Table 2.1: Number of active players per group.

Five Four Three Two One Zero

All 132 91 36 33 28 38

Network 1 29 31 13 10 11 12
Network 2 41 30 12 10 9 14
Network 3 52 30 11 13 8 12

2.3 Results

In this section we describe results at the group level that are suggestive of those that appear

to be the mechanisms at work.

2.3.1 Information Exchange Across Classes and Within Classes

Players were arranged in groups so that links could be between students from the same class
or from different classes. This seems a relevant dimension to consider if we want to study
why players decided to share information. Table 2.1 highlights an interesting pattern in
this dimension. The first column contains the probability that we observe info exchange in
one link, meaning the probability that one node ended up guessing the right color for the
clothes of the other node and vice-versa’, the second column considers the probability of not
having any exchange, while the third column considers asymmetric exchanges, that are when
one player ends up knowing the other’s hint, but not vice-versa. Asymmetric exchanges are

particularly interesting because they would appear more frequently along links in which one

“For example, consider the link between node A and node B. Let us assume that A received a hint for
the shoes and B a hint for the hat. Then we say that there has been information exchange if at the end
of the round B chooses the right color for the shoes and A chooses the right color for the hat. This is a
simplification since there are other reasons why both players could end up choosing the right hints. First of
all they could be lucky and guess the right colors out of the nine alternatives. Second, other nodes could
have told them which is the right color, therefore without having direct exchange of information.
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Table 2.1: Info Exchange Within and Across classes

Info Exchange No Exchange  Asymmetric Ex.

Within 0.769 0.047 0.184

Across 0.358 0.431 0.211

Note: We use only the sample of groups in which all 5 play-
ers actively participated to the round by submitting a set of
choices, so that we have 132 obs in total.

player manages to take advantage of the other one.

First of all we need to highlight that the probability of information exchange is high,
especially if we consider as benchmark case what would happen in a standard model of
information transmission when information is non-verifiable and players compete to get a
higher score. This likelihood is particularly high for links within class and lower across
classes. This can be rationalized in several ways, two examples being altruistic preferences
or reputational concerns. Second, while Info Exchange and No Exchange show relevant
differences across and within classes, the likelihood of Asymmetric Exchange is similar. If
we think of the first two columns as being the result of an equilibrium behavior we see that

a relevant fraction of players did not manage to optimally respond to their peers.

2.3.2 Diffusion

The most relevant dimension in which one should compare different networks is maybe the
ability for the network to foster information aggregation. This could be measured in two
ways. First, we could consider the total number of correct guesses as presented in Table
2.2. Second, we could instead focus on the maximum number of correct guesses among
the members of the group as reported in Table 2.3. We believe that both outcomes are

potentially interesting, with their relevance depending on the particular application that one
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Table 2.2: Tot. number of colors guessed correctly in the group.

Network 1 Network 2 Network 3

(16.46)  (15.71) (18.46)
Network 1 - -0.754 2%
(1.29) (1.1)
Network 2 - - 2. 75%*
(1.17)

Note: Each cell reports the difference between the
total number of correct guesses obtained by play-
ers in a given group. We use only the sample of
groups in which all 5 players actively participated
to the round by submitting a set of choices, so that
we have 29 obs for network 1, 41 obs for network
2, and 52 obs for network 3. In parentheses are
reported standard errors for pairwise t-test.

*p <0.10, ** p < 0.05, *** p < 0.01.

has in mind. Table 2.2 reports the average total number of correct guesses by networks type.
First, we can notice once again that this number is higher than what we would expect in case
agents were to rely only on their initial hints. We also notice that Network 3 is characterized
by a higher degree of information sharing. Pairwise t-tests confirm that Network 3 does
better that Network 1 and Network 2, with Network 2 being characterized by the lowest
level of information sharing. The presence of a central node alone seems therefore to impact
negatively on the total number of hints collected at the group level. Interestingly, we see
that a high degree of asymmetry among nodes has negative effects also on the maximum
number of correct guesses that are made by members of the group. From Table 2.3 we see
indeed that this is the case, with Network 3 once again being characterized by higher values,

especially when compared to Network 2.

Table 2.4 compares the average number of correct guesses made by players in a certain
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Table 2.3: Max. number of colors guessed correctly in the group.

Network 1 Network 2 Network 3

(4.13) (3.85) (4.3)
Network 1 - -0.27 0.18
(.23) (.19)

Network 2 - - 0.45%*

(-2)

Note: Each cell reports the difference between the
average of the maximum number of correct guesses
obtained by players in a given group. We use only
the sample of groups in which all 5 players actively
participated to the round by submitting a set of
choices, so that we have 29 obs for network 1, 41
obs for network 2, and 52 obs for network 3. In
parentheses are reported standard errors for pair-
wise t-test.

*p <0.10, ** p < 0.05, *** p < 0.01.
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position across the three different networks. There are three elements that we would like to
stress. First, the see that in Network 3 the average for Position E is higher than in the other
two networks. Even if the difference is not statistically different from zero, this suggests that
having exclusive access to other nodes does not improve one’s ability to retrieve information.
Second, we see an effect even for Position A and Position D, that in some cases are easier
to compare across networks as the set of neighbors is the same. In particular, the average
score for Position A is significantly higher in Network 3 with respect to Network 1. For
Position D there is a significant increase moving from Network 2 to Network 3. There are
therefore second order effect, with nodes benefiting from the ability of their neighbors to
have better access to information. Finally, Position B receives a clear advantage in Network
3 with respect to the other two, this is due to the increase in centrality that this position

obtains.

Table 2.5 instead compares the number of correct guesses within the same network type,
across positions in the network. Given the three structures we used, some comparisons are
particularly interesting. First, we can notice that E does in general better than the other
positions, especially in Network 2. Being in a central position therefore seem to be an impor-
tant factor to obtain a high score. Second, in Network 3 differences across positions almost
disappear, with the only exception of A having a lower score than B and E. This highlights

how the presence of multiple central nodes allows for a better diffusion of information.

Table 2.6 instead reports for each node the probability of being in the winning group.
It is possible to notice how node E, that is always the most central, manages to win with
a higher probability than the other nodes, with this difference being stronger in network 2,

when the informational advantage is higher.
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Table 2.4: Test of pairwise equality of correct guesses.

Position A Network 1 Network 2 Network 3

(2.82) (3) (3.42)
Network 1 - 0.18 0.6*
(.36) (:33)
Network 2 - - 0.42
(.34)
Position B Network 1 Network 2 Network 3
(3.1) (2.68) (3.79)
Network 1 - -0.42 0.69%*
(.36) (:29)
Network 2 - - 1.1%%*
(:3)
Position C Network 1 Network 2 Network 3
(3.41) (3.37) (3.64)
Network 1 - -0.04 0.22
(.28) (.26)
Network 2 - - 0.27
(.27)
Position D Network 1 Network 2 Network 3
(3.59) (3.1) (3.77)
Network 1 - -0.49 0.18
(.29) (.28)
Network 2 - - 0.67**
(.28)
Position E  Network 1 Network 2 Network 3
(3.54) (3.56) (3.85)
Network 1 - 0.02 0.31
(:3) (:27)
Network 2 - - 0.29
(.25)

Note: Each cell reports the difference between the
avg. number of correct guesses obtained by players in
a given position. We use only the sample of groups in
which all 5 players actively participated to the round
by submitting a set of choices, so that we have 29
obs for network 1, 41 obs for network 2, and 52 obs
for network 3. In parentheses are reported standard
errors for pairwise t-test.

*p < 0.10, ¥ p < 0.05, *** p < 0.01.
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Table 2.5: Test of pairwise equality of correct guesses.

Network 1 A B C D E
(2.82)  (3.1) (3.41) (3.59) (3.54)
A - 0.28 0.59%*  0.77FFF  (.72%*
(.19) (:22) (.22) (.29)
B - - 0.31 0.49** 0.44%*
(:24) (.23) (.24)
C - - - 0.18 0.13
(.:21) (.26)
D - - - - -0.05
(.24)
Network 2 A B C D E
(3) (2.68)  (3.37) (3.09) (3.56)
A - -0.32%  0.37* 0.09 0.56+**
(.17) (.18) (.2) (.19)
B - - 0.68%**  (0.41*%  (.88%**
(.2) (.:24) (.21)
C - - - -0.27* 0.19
(16)  (13)
D - - - - 0.46**
(.19)
Network 3 A B C D E
(3.42)  (3.79)  (3.64) (3.77) (3.84)
A - 0.36** 0.21 0.35 0.42%
(.14) (.19) (.23) (.22)
B - - -0.15 -0.02 0.06
(17)  (19)  (18)
C - - - 0.13 0.21
(.19) (.15)
D - - - - 0.08
(.19)

Note: Each cell reports the difference between the avg.
number of correct guesses obtained by players in a given
network. We use only the sample of groups in which all 5
players actively participated to the round by submitting a
set of choices, so that we have 29 obs for network 1, 41 obs
for network 2, and 52 obs for network 3. In parentheses are
reported standard errors for pairwise t-test.

*p < 0.10, ¥ p < 0.05, *** p < 0.01.
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Table 2.6: Prob. winning by position in the network.

A B C D E

Network 1 0.31 0.41 0.69 0.67 0.62
Network 2 0.46 0.32 0.60 0.56 0.78
Network 3 0.52 0.62 0.52 0.62 0.71

Note: Each cell reports the probability of
winning by network and by position. We use
only the sample of groups in which all 5 play-
ers actively participated to the round by sub-
mitting a set of choices, so that we have 29
obs for network 1, 41 obs for network 2, and
52 obs for network 3.

2.4 A Simple Strategic Model

We begin by considering a simple strategic model in which agents need to exchange non-
verifiable pieces of information. Our experiment can be modeled as the following Guess

Colors Game.

There are 5 players placed on a network, that can be either one of those in Figure 2.3.
There is a set of colors that is Col = {1,2,...,9}, and we call Coly = Col U {(}}. There are
5 cells to guess, so that there is a true message to guess M. € Col®.

There is a message phase and a guessing phase.

In the message phase time is discrete. At time 0 each player receives as hint the projection
of my.e on one of the 5 cells, and each player receives a different projection. At time 1 one
link is picked at random (with uniform probabilities) and the two players can pass each others
any vector m € C’olg. The other 3 players are not aware of what link was picked, they only

know that a link was picked that did not involve them.

After time ¢, with probability 1 — ¢ the game stops and the guessing phase starts. With
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probability ¢, instead, the message phase goes on to time ¢t + 1. A new link is picked at

random with uniform probabilities (i.i.d. also across time), and the two involved players can

again pass each others messages. Say that ¢ and j are involved, we call mfilj the message

t+1

that ¢ sends to j, and m7; the message that j sends to .

In the guessing game, each player ¢ plays one vector m; € C’olg. Payoffs are given in the

following way:

: 5
e cach player receives a score s; = Y., _, oF, where

10 if mF=mk. .
of =14 0 it mF =10

-5 otherwise

o call S = argmaxjcqi,. 5{s;} the set of players who get maximal score — a player i for
which i € S, receives a premium v; = 100/|S|, a player j for which j € S, receives a

premium of 0
e the payoff of player ¢ is the sum of her score and her premium: m; = s; 4 v;.

Now that we have fully described the game, we can derive a simple result, that relies on

the implicit assumption that all players are selfish and rational.

Proposition: In every Nash equilibrium of the Guess Colors Game, in the guessing phase
each player plays only the hint that she received at time 0 of the message phase. So, the

payoff for each player is 30.

Proof: We start the proof by assuming that some players may use in the guessing phase

some of the information that they receive in the message phase. If that was true, when i is
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picked to pass her message to j, she should consider if she wants to pass the information that
she has, or some other pieces of information, or if she want to hide or falsify them. In general,
if £ > 1, 7 should also take into account that what she passes to 7 may be double—checked by

7 with other messages that she received.

Apart from all these conjectures, it is easy to see that a dominat strategy for ¢ is to always
say consistently the same falls information about her initial message. This strategy would
make it impossible for any other player to check inconsistencies. This is actually a strictly
dominant strategy if there is at least one other player that, with some positive probability,

may believe that the information provided by 7 is true.

It requires a step of iterated dominance of strategies to understand that, once all players
internalize that the initial pieces of information are falsified, they will not believe to any

message that they receive.

Finally, at this stage of iterated dominance, since telling the false about own initial hint
is only weakly dominat, we have also Nash equilibria in which some players may tell the
thruth. However, they will do so with a probability that makes it dominated for the other

players not to believe in their message. QED

The proof relies on the same reasoning that leads to babbling models. What it adds is
only a simple consideration about our particular setup: the fact that the message phase
has no pre—fixed finite time does not imply any form of Folk theorem, because there is no
payoff feedback between the time steps of this phase. Suppose in fact that some form of
collaboration was in place during the message phase between a coalition of players. The
only alarm that could make them decide to stop collaborating and start punishing would be
the detection of some inconsistency in the messages that they receive. However, since each
player understand this and can falsify consistently her own piece of information, no detection

is possible.
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Table 2.1: Groups, by number of winners and number of hints guessed correctly.

One win Two win Three win  Four win  Five win
One color 0 0 0 0 1< NASH
Two colors 0 5<—Coalition 1 1 0
Three colors 8¢ cheat” (L crror? g(«Coalition 0
Four colors 6echeat? Te‘-’ errors? :))%l error? 7%Coalition 3
Five colors 9<—cheat? 1 l'ﬁii errors? 1 1\7.2 errors? 1 l’ﬁl error? QOeCoalition

Note: Each cell reports the number of groups for which we observe a
number of winners as indicated in the column that managed to collect a
number of colors as indicated in the row. We use only the sample of groups
in which all 5 players actively participated to the round by submitting a
set of choices, so that we have 132 obs in total.

2.4.1 Winners

The first way to understand whether the model described above offers a compelling descrip-
tion of the dynamics that emerge from the experiment is to look at the distribution of the
number of winners and the number of correct colors guessed by the winners. Table 2.1 con-
tains the count for each combination. For example, the first entry in the first column tells

that it was never the case that one player won alone with one correct guess only.

A striking fact that emerges from this table is that the outcome that would be predicted
as the only Nash Equilibrium in a simple model of cheap talk is observed only once (upper
right corner, highlighted in red). Indeed, with non-verifiable communication we would expect
players to send misleading signals to the others, while not trusting what the others are saying.
This should determine outcomes in which five players end up winning with only one correct
guess (their original hint). As we see from the table, we observed five players winning with
one color only once. Instead, we see that the most common outcomes were three winners

guessing three colors and five winners guessing five colors, suggesting the presence of coalitions
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8. We see therefore that it was often the case that all players, or at least a

among players
group of them, managed to coordinate and truthfully share their hints. Interestingly we see
that in many other cases we observe the winners collecting more hints (observations below
the diagonal constitute 63% of all cases), with the extreme case of one individual gathering
five hints (this happened 9 times). This suggests that information exchanges were often

imperfect, with information flowing only one way. For this reason we move to a level-k model

that allows us to consider different players and therefore explain the pattern described above.

2.5 A Level-k Model of Information Diffusion

In order to understand which is the mechanism behind this results we now move to a level-k
model of strategic information diffusion in a network. Our purpose is twofold, first, we aim
at understanding whether data can be explained by a simple model like the one presented in
this section or instead we need to introduce more complex strategic reasoning by the players.
This is particularly important since the app did not allow us to have full control over all
variables of interest (for example we could not observe communication among players) and a
model can be used to make educated guesses on what happened in the background. Second,
estimates could be used to highlight which are the differences across networks that are more

relevant.

The Model. We consider a population composed of a finite set of students, that are ar-
ranged in networks of five nodes each. In each network the set of nodes is N={A,B,C,D,E}.
There are three possible combinations of links: L1={AB, BE, CD, CE, DE }, L2={AB, AE,
BE, CD, CE, DE }, L3={AB, BC, BE, CD, CE, DE }. These three networks are repre-

80f this coalitions we see that groups of three winners were often composed by nodes C, D, and E (75% of
the times). Groups of five winners were observed relatively more often in Network 3 (9 times over the total
of 20).
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sented in Figure 2.3. There is a finite set of time periods t=1,2, ..., T in which agents can

communicate and exchange information concerning the true state of the world.

Every period a link in the network is drawn at random as communication opportunity:
the nodes involved meet and communicate according to their strategy. Communication is
bilateral. In case the students belong to different classes they will meet with probability
z, otherwise they will meet with probability 1. FEach period the process continues with
probability 4. When communicating, the agents will ignore new information that concerns
signals they already have received and focus only on new information that the other party is

bringing.

Agents can follow three different strategies, according to their level. A level-0 agent
will behave cooperatively, passing always truthful information when communicating with an-
other player and believing to what the other player says. A level-1 player will best respond
by passing false information, but at the same time believing what the other player is saying.
Finally, a level-2 player will pass only false information and won’t update based on what the
counterpart says. Given the context of the game we have that level-2 is the highest level of

sophistication that one player can reach.

Estimation. This process can be easily simulated using as starting point the distribution
of students across classes and network types that we used in the experiment. Simulations
will depend on four parameters: z and 0 are described above, while p and ¢ will determine

the share of type-1 and type-2 players respectively.

The model is then estimated using the method of simulated moments. Simulated data
are used to generate moments that are compared with the moments we observe in the data.
Parameters are chosen in order to minimize the quadratic distance between simulated and
observed moments. We use as empirical moments the averages of correct guesses by network

and by position that were discussed above, together with the matrix presented in Table 2.1,
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Table 2.6, and Table 2.1.

Results. We estimate the model in three different versions and compare the results. In
particular we run the same estimation first allowing all three types of players to be active,
then we restrict to only type-O and type-1. Finally we compare with a simple model of

diffusion of information that emerges when only type-0 players are present.

Figure 3 to 6 report results from these simulations. In Figure 2.1 we see the distribution
of our estimate for z across the three versions of the model described above. Similarly, Figure
2.2 does the same for §. We can notice how the distributions overlap, so that the average
values are (z = 0.333,0 = 0.937) for the case of type-0 only, (z = 0.345,0 = 0.942) for the
case of type-0 and type-1, and (z = 0.318,0 = 0.947) for the case in which we allow up to
type-2 players. Figure 2.3 instead shows the comparison for the estimate of the probability
of a player being type-0. When we only allow type-0 and type-1 players our estimate for the
probability of a type-0 player is 0.942. When instead we allow for type-2 too, we estimate that
a player is type-0 with probability 0.934. According to our estimates, results are therefore
driven by a minority of strategic players who do not truthfully share information with their

peers.

In order to compare the fit we show in Figure 2.4 the quadratic distance between simulated
and empirical moments. It is possible to notice how this distance drops once we allow for
type-1 players, but does not change significantly when we include type-2 players as well.
Having players with a level higher than 0 indeed changes the simulated moment in a few
striking ways, making them closer to the empirical moment. In particular with only level-0
players it would be impossible to observe cases in which one player wins alone with 3 or more
hints. At the same time, groups of 5 players winning together should be observed more often.
Also, the predicted share of asymmetric information exchanges would be much lower than

the one observed one.
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2.6 Conclusion

In this paper we studied how the structure of the communication network influences aggre-
gation of information in a context in which agents compete and can only share non-verifiable
messages. In particular, we asked whether a less centralized network structure can be better
at fostering information diffusion.

To do this, we ran an experiment with high school students, using a smartphone app.
During the game, students were arranged in groups of 5 players and could share hints re-
garding a combination of colors that they were asked to guess. An element of competition
was in place, such that players were incentivized to try to be the best in their group because
this would allow them to obtain a bonus payment.

The results discussed above show that the network structure has relevant effects on the
overall pattern of aggregation of information. Players often managed to sustain symmetric
exchange of information, but the node that enjoyed the most central position obtained higher
payments on average. In particular, they could take advantage of their superior access to
information by keeping the other players isolated. Moreover, by reducing asymmetry among
nodes we could improve the performance of the group, both in terms of the average number
of corrected guesses and the maximum number of guesses.

A level-k model of strategic information transmission fit the data well and points towards
the fact that a small share of players managed to take advantage of the majority of collabo-
rative players, increasing their own chance of winning the bonus score. In a context in which
only a few players are not willing to cooperate and try to take advantage of the others, we
see that the network structure has a strong impact on the overall outcome, precisely because
a higher level of symmetry makes communication in the network more resilient to this type
of players.

These results are therefore informative on which network structure an organization should

prefer when there are concerns regarding the presence of strategic agents who may not fully
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cooperate with their peers. Future developments will go in two main directions. First, it
would be interesting to use laboratory experiments. This would allow to observe the informa-
tion exchanged by players, an element that would help in obtaining a better understanding
of the strategies followed by the players. Finally, this would allow to compare the anonymous
interaction in the lab with the face-to-face interaction that took place in the field experiment.
Another direction to follow is to enrich the model, introducing a stronger interdependence

between the position in the network and the strategy chosen during the game.
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Additional Figures and Tables
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Figure 2.2: Estimates for 9.
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Figure 2.4: Quadratic distance from empirical moments.
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Table 2.1: Prob. Info Exchange.

AB BE CD CE DE

All 0.63 045 0.61 0.72 0.67

Network 1 0.65 0.41 0.63 0.77 0.63
Network 2 0.51 0.38 0.65 0.73 0.67
Network 3 0.71 0.52 0.57 0.67 0.72

Note: Each cell reports the probabil-
ity of having an exchange of information
between couples of nodes. We use only
the sample of groups in which all 5 play-
ers actively participated to the round by
submitting a set of choices, so that we
have 29 obs for network 1, 41 obs for
network 2, and 52 obs for network 3.
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Chapter 3

Are Online Reviews Manipulated?
Evidence from Amazon.com

3.1 Introduction

With the extraordinary growth of e-commerce that took place starting from the early 2000s,
online reviews have acquired more and more importance as a source of information for con-
sumers. Websites that allow users to write reviews have become popular and it is easy now
to find reviews about any kind of product or service available on the market. The possibility
given to anyone to share opinions concerning a good has raised concerns regarding the pos-
sible influence that biased individuals could exert in order to distort the market. This topic
has attracted interest not only in the academic community. Industry leaders such as Ama-
zon.com have taken a number of actions to address the problem of fake reviews. For example,
suits were filed against owners of websites selling fake reviews' and new technologies have

2. Still, identifying the presence of fake reviews is a

been developed to deal with this issue
hard task as biased reviewers write their reviews in such a way to mimic unbiased ones. The
aim of this work is therefore to find conditions under which fake reviews are more likely to

be written and show the effects on information available to consumers. To do that we exploit

the fact that on Amazon.com average ratings are rounded to the closest half star when first

Thttp://www.forbes.com/sites/retailwire/2015/04 /13 /amazon-lawsuit-takes-on-fake-reviewers/
Zhttp:/ /www.theguardian.com/technology/2015/jun/22 /amazon-ai-fake-reviews-star-ratings-astroturfing
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showed to the consumers (see Figure 3.1 and Figure 3.2). As consumers are likely to pay
attention to this piece of information, sellers may want to manipulate the rating in order to
increase sales. In principle sellers would always benefit from an extra positive review. The
average rating would increase together with the number of consumers highlighting positive
features of the product. Some sellers (or other people interested in increasing the success of
the good) would therefore always consider fake reviews as part of their promotional activity.
Still, not all reviews have the same impact. Depending on the average rating prior to the
review and the number of reviews, there could be the possibility of increasing the number of
stars. Therefore the benefit is likely to depend on factors that vary over time. Our hypothesis
will be that instead, costs associated to the submission of promotional reviews are constant
over time and only depend on firm characteristics. We will see that this idea will be the basis

of our empirical strategy.

In order to link to the previous literature I start by considering a regression discontinuity
setting and see whether there is evidence for selection. In particular the treatment that will
be considered is the increase in half-star determined by the crossing of .25 and .75 thresholds.
For example, a book with average rating equal to 3.74 would get 3.5 stars while for another
book with average rating 3.75 the number of stars would equal to 4. The first hypothesis that
[ will try test is therefore the presence of selection, that is, the tendency of average ratings to
lie on the right of the cutoff level. I will also analyze characteristics of reviewers, comparing

the left and right side of the cutoff.

As a second step I move from data at the item level (books) to data at the review level.
This allows me to overcome some limitations of the previous approach. In particular I study
which are the factors that explain higher grades. In the presence of unbiased reviewers
we would expect the rating to only depend on factors such as quality, opinion of previous
reviewers and idiosyncratic noise. On the contrary, I find that the possibility of increasing

the number of stars explains some of the variation. In particular, I find that reviews which

Tesi di dottorato "Essays in Political Economy and Social Networks'

di ROTESI TIZIANO

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2019

Lates etutelatadalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.
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can have an impact on the number of stars tend to be associated with a higher grade. This
is compatible with the hypothesis described above of sellers actively involved in trying to
manipulate the average rating and therefore the number of stars associated to the item. This
allows me to deal with the problem typically associated to this kind of analysis, that is the
attempt of promotional reviewers to craft their reviews in such a way to appear unbiased. 1
will indeed avoid to focus on single characteristics of any particular review, but rather study
the impact that the single review can have on the information presented to buyers.

Finally, I set up a difference in differences analysis to take advantage of heterogeneity
among publishers. In particular, I distinguish between self-published books and books pub-
lished by large companies that rely on a traditional business model. These two groups of
publishers face different incentives. Big publishers rely on Amazon.com for a smaller fraction
of their business and face higher reputation costs from engaging in promotional reviews. On
the contrary, small independent publishers do not have well-known brands to defend, thus
promotional reviews tend to be relatively less risky for them. I therefore compare reviews
written for books sold by these two categories of publishers and compare ratings below and
above the threshold that assigns an extra half star. I find that reviews for self-published
books have higher ratings with respect to the other books, especially below the threshold.
This confirms that smaller businesses are more likely to rely on promotional reviews.

This work proceeds as follows. In Section 3.1.1 I briefly discuss the related literature.
Section 3.2 describes the data and presents summary statistics. In Section 3.3 the first part
of the analysis is done, with data on books. Section 3.4 includes results for single reviews.

Section 5 we conclude and discuss possible extensions.

3.1.1 Literature

The early literature on online reviews has focused on the effects that online reputation has

on sales. Resnick and Zeckhauser (2002) and Resnick et al. (2006) are among the first con-
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tributions to show that on Ebay.com sellers characterized by higher ratings sell more units
and are able to obtain higher prices. Babic et al (2015) contains a meta-analysis showing
how electronic word of mouth has a positive effect on sales. The contributions by Cheva-
lier and Mayzlin (2006), Luca (2011) and Anderson and Magruder (2012) are closer to my
work. Chevalier and Mayzlin (2006) use data on books sales rankings from Amazon.com and
BarnesandNobles.com and apply a difference-in-differences analysis to compare the evolution
of sales in the two websites when ratings are different. They find that positive reviews are
related to an increase in relative sales. Luca (2011) and Anderson and Magruder (2012) focus
instead on restaurants reviews on Yelp.com. This website displays average rating in a way
that is similar to what is done by Amazon.com: ratings are rounded to the closest half star
and the star rating is shown in the main search pages. This fact allows the authors of both
papers to use regression discontinuity design to measure the impact that an extra half-star
has on sales. In Luca (2011) the author measures sales using data from the Washington
State Department of Revenues, instead Anderson and Magruder (2012) rely on a database
of restaurant reservation availability. In both papers the authors find a sizable effect of star
rating on sales. In particular, Luca (2011) finds that a one-star increase in Yelp rating is
associated with a 5-9 percent increase in revenues, while Anderson and Magruder (2012)
suggest that an extra half-star leads on average to a gain of approximately 800$ per week in
pre-tax profits. These works therefore motivate my approach, as they show that there are

strong potential gains from a extra half-star rating in revenues®.

Positive reviews seems therefore to be associated with better sales. Hence, there are
incentives for the sellers to manipulate these ratings. For this reason, recent contributions
have moved in the direction of studying fake reviews. Mayzlin et al. (2014) study promotional

reviews for hotels. They compare two platforms that follow different criteria in determining

3While showing a strong effect on revenues, these papers bring evidence that there is no selection around
the cutoff in the type of restaurant. This is needed to justify the use of a regression discontinuity design. In
this paper instead I provide evidence that on Amazon.com manipulation is at work.
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3.1. INTRODUCTION 99

who is allowed to write reviews. On TripAdvisor.com anyone can submit a review, while on
Expedia.com only those who have actually used the website to pay for a stay are allowed to.
This generates a difference in the costs associated to the submission of a promotional review
between the two platforms. The authors exploit this fact in conjunction to the hypothesis
that independent hotel with single unit owners would benefit more from positive reviews than
chain hotels that rely on better known brands. In this context, a difference in differences
approach allow them to establish the presence of reviews manipulation done in particular by
independent owners. Fake reviews are used to increase their average rating or to damage
reputation of their closest competitors. Another relevant contribution in this literature is
Luca and Zervas (2015). In this paper the authors study incentives to commit review fraud
on Yelp.com. By looking at reviews that were filtered by Yelp.com (because considered fake)
they find that fake reviews are more likely to appear when the number of reviews is low or
after bad reviews. Moreover, big chains are less likely to manipulate reviews and increases
in competition lead to higher number of fake reviews. In my analysis I study a different
platform, Amazon.com, with a novel identification strategy that combines the difference-in-
differences approach used by Mayzlin et al. (2014) with the regression discontinuity design
employed by Luca (2011) and Anderson and Magruder (2012). My findings therefore extend
this literature to a new platform (Amazon.com) and show how sellers are exploiting features

of the design at their own advantage.

There are several reasons why one could expect fake reviews to have detrimental effects.
First, by providing misleading information about products, it would lead consumers to choices
that do not reflect their preferences (Mayzlin (2006), Dellarocas (2006)). This in turn, as
pointed out by Nasko and Tadelis (2015) would damage also the platform. Bad sellers have
indeed a negative externality as they reduce consumers’ trust on the platform. Moreover, with
a mechanism similar as the one highlighted in Salganik et al (2006) for music, fake reviews

could influence the market also by making consumers pay attention on fewer products (those
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which receive good fake reviews), creating therefore inequality among sellers that is not

justified by differences in quality.

3.2 Data

I use data on reviews from Amazon.com. The dataset I use has been collected by Julian
McAuley* and has been used by McAuley and coauthors for two publications: McAuley,
Targett, Shi and van den Hengel (2015) and McAuley, Pandey and Leskovec (2015).

The dataset contains information on 83.06 million reviews written on Amazon.com be-
tween May 1996 and July 2014°. For each review we know the item it refers to, who wrote
it, whether it was voted as helpful by other users, the text, the day it was written and finally
the rating. The dataset contains also products metadata. In this case I have information on
the title, price, related items (”also bought”, "also viewed”), the sales rank and the product
category.

For the analysis presented here I only used metadata to select a random sample of 476,342
books with more than 20 reviews. For each item I collected the reviews, ordered them in
time and calculated other variables such as the average before the review and the variance of
ratings. Variables that refer to single reviewers are built in a similar manner, but in this case
we take advantage of the availability of data and use the whole sample of reviews. This allows
me to map the complete activity of each reviewer over time. Table 3.1 includes summary
statistics for the three levels of observation: review, reviewer, product.

One feature of this dataset that it is important to underline is the fact that it has been
collected in 2014. This could offer an advantage with respect to data downloaded now because
Amazon.com seems to have changed strategy with respect to fake reviews. It was already

filtering promotional reviews, when detected, but from June 2015 the effort in this direction

4ink: http://jmcauley.ucsd.edu/data/amazon/3
5Amazon has not made significant changes to the platform in this period for what concerns reviews.
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Table 3.1: Books with more than 20 reviews - Summary Statistics

Mean SD  Min Max
N. of Reviews - Book 9.49 54 1 8280
Avg. Rating - Book 4.29 0.895 1 5
N. of Reviews - Reviewer 11.06 52.22 1 44557
Avg. Rating - Reviewer 4.27  0.85 1 5
Tot. N. Reviews 4,522,001
Tot. N. Reviewers 2,598,773
Tot. N. Books 476,342

Note: This table shows summary statistics for reviews written
about 476,342 books, randomly selected from the whole sample
of books with more than 20 reviews. Data on reviewers refer
to users who have written at least one review about one of the
books considered, but are then calculated using the whole sample
of reviews.

has increased (see the link mentioned in the introduction). In Section 5 we discuss how to
improve on these data, as some pieces of information presented in the website have not been

downloaded or tracked over time.

I then enriched these data with information concerning publishers. The first step has been
to use Amazon.com API to collect additional metadata on the books included in the analysis.
For the books included in the analysis, I therefore collected the names of the publishers and
ran an online search for each of them. I was therefore able to distinguish whether each
book was published by well-established companies (e.g. Hachette, MacMillan, Penguin) or
was instead self-published by the author. In total, I found 459 imprints that I could link
to publishing companies and approximately 19,200 other names that can be identified as

connected to self-published books.
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3.3 Book level analysis

As a first step I study selection in a context that is comparable with what has been done
in Luca (2011) and Anderson and Magruder(2012). I consider a regression discontinuity
design in which however the question is not the effect of stars on sales (as it was in the afore
mentioned papers) but whether individuals self-select into the treatment. With treatment in
this case I mean having an extra half star, while the exogenous rule that assigns the treatment
is the criterion used to round the ratings. The variable that determines the treatment is
therefore the average rating. The average rating depends on reviews written by consumers
and possibly on fake reviews. Unbiased reviews can be in principle considered to be a random
process that mainly depends on the underlying quality of the product. If this is the case,
unbiased reviews should generate a distribution of average ratings that is continuous around
the .25 and .75 cutoffs®. Similarly, if all sellers manipulate the average rating with the same
ability, the final distribution should still be continuous. Instead, if we observe discontinuities
around the cutoffs, this could be interpreted as evidence in favor of manipulation by a group
of sellers. We will be looking for two types of discontinuities. First we will apply McCrary
test to see whether the density of observations jumps so that fewer books lie on the left of the
threshold. Second, we will consider jumps in other variables, like characteristics of reviewers,

that could suggest the presence of manipulation.

3.3.1 McCrary Test for manipulation of average ratings

We want to test whether sellers are able to manipulate their average grade in order to gain
extra stars. If fake reviews are written when the rating is just below the threshold in order

to cross it, then we should observe more books with average rating just above the cutoff. To

5The .25 threshold would bring an extra half star so that the rounded score would be either half, one and
a half, tow and a half, three and a half or four and a half stars. Similarly, the .75 threshold would imply a
rounded score of one, two, three, four or five stars.
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Figure 3.1: Density of observations around cutoff levels
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understand whether this is the case it is useful to start from the observation of histograms.
Figure 3.3, Figure 3.4 display histograms for density of observations around the cutoffs. In
both cases the variable I am considering takes value in the interval (-0.25, 0.25) that is the
distance between the average rating from the closest cutoff. For example for two books with
average rating 3.15 and 4.65 the variable would take value -0.1 while for a book with average
rating 4.4 it would take value 0.15. The difference between the two figures is the fact that in
Figure 3.4 I focus on books that have more than 20 reviews. The two histograms share the
characteristics of being almost symmetric around 0. It is hard to identify jumps apart those
that are determined by the fact that these ratings are the average of integer numbers that go
from 1 to 5 (for example .25, .75, .33, .66). Figure 3.5 and Figure 3.1 present histograms for
the average rating around cutoffs 3.25, 3.75, 4.25 and 4.75. Again, it is hard to spot jumps

in densities.

In order to formally test the hypothesis described above I implement McCrary test as
described in McCrary (2008). Results are presented in Table 3.1 and Figures 3.1, 3.6 and 3.7.
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104 CHAPTER 3. ARE ONLINE REVIEWS MANIPULATED?

I find that peaks in densities at the cutoff level play a crucial role. For samples that include
books with fewer reviews the test rejects the null hypothesis of the absence of discontinuity
(columns 1 and 2). However this discontinuity could be determined by the density in .25 and
.75 that can be explained with the fact that ratings are the average of integer numbers. It is
indeed necessary to underline that for the subsample of books with more than 100 reviews

the test does not identify any jump in densities (column 3).

Table 3.1: McCrary test

(1) (2) (3)

More than More than More than

20 rev 20 rev 100 rev
Est. Discontinuity — 0.28%** 0.171%%* 0

(.035) (.028) (.08)
Bandwidth 0.1 0.15 0.114
Obs. 35,854 35,854 5,500

Note: This table shows MaCrary test results for disconti-
nuity around the thresholds .25 and .75. Columns (1) and
(2) refer to two different bandwidths. Column (3) refers to
books with more than 100 reviews.

3.3.2 Regression Discontinuity

The previous analysis suggests, in line with the literature, that manipulation is more likely
to occur when the number of reviews is lower. Here I implement a regression discontinuity
analysis on reviewers and review characteristics to better understand differences between the
two subsamples. I proceed as follows. For each book in the sample I take the average of
reviewers’ characteristics described in Table 3.2 and Table 3.3. For each book I calculate the

average length of reviews, the average number of reviews written by reviewers etc. I then
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Table 3.2: Reviews - variables - Summary Statistics

Variable Obs Mean SD  Min Max
Number of Reviews 4,522,001 157.9 511.5 0 8280
Review Length 4,522,001 641.9 890.9 0 32,729
Ratings before the review - Average 4,045,659  4.34  0.59 1 )
Ratings before the review - Variance 4,045,659 0.82  0.75 0 4
Last four ratings - Variance 3,340,851 0.8 0.88 0 3.84

Note: Number of Reviews describes the number of reviews before the review
considered; Review Length expresses the length of the review (number of charac-
ters); Ratings before the review - Average is the average rating before the review;
Ratings before the review - Variance is the variance of ratings before the review;
Last four ratings - Variance is the variance of the previous 4 ratings before the
review.

run the following regression:
Y; = a+ BI(R; > R) + vR; (3.1)

Where R; measures the distance from the cutoff and I(R; > ]:2) is a dummy variable that
takes values 1 when the rating is above the cutoff. Table 3.4 reports regression discontinuities
estimates for reviewers’ and reviews’ characteristics. Figure 3.8 report scatter plots around
the threshold. It is important to underline that although the coefficients are significantly
different from zero, they can not explain a significant fraction of the variance. Results show
that books that lie above the threshold have reviews written by users who are more active
(more reviews written, longer text) and assign a slightly lower rating to the other products

reviewed.
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Table 3.3: Reviewers - variables - Summary Statistics

Variable Obs Mean SD Min Max
Number of reviews, same ID 2,598,773  11.1 52.2 1 44557

Average Rating, same ID 2,598,773  4.27 0.85 1 5
Ratings Variance, same ID 2,598,773  0.69 0.95 0 4
Time first-last review 2,598,773 222 3.13 0 18.2

Note: Number of reviews, same ID describes the number of reviews
from the same reviewer; Average Rating, same ID expresses the av-
erage rating from the same reviewer; Ratings Variance, same ID is
the variance of ratings from the reviewer; Time first-last review is the
distance measured in years from the first to the last review.

3.4 Review Level Analysis

In order to gain better insights regarding the presence of review manipulation I now use data
on single reviews. For each book I have information concerning the whole history of grades
so that I can reconstruct the evolution in time of the statistics that are displayed to the
user. When submitting a review, an unbiased user should base her decision on the perceived
quality of the item. It is also possible that the decision of writing a review and the rating
depend on the statistics presented in the website. A higher average, a higher number of stars
or a higher number of previous reviews are, among others, elements that can potentially
influence one person’s opinion regarding a product. I therefore expect the grade to depend
on some unobservable quantities like the true quality of the book and on the statistics that
the user finds available on Amazon.com. Instead, consider the case of a seller interested in
manipulating the rating in order to sell more copies. When writing or buying fake reviews
the seller incurs a monetary cost but also risks to be identified by customers or by Amazon
as a dishonest seller. Let us assume that this cost does not vary over time. In particular,
similarly as in Mayzlin et al. (2014) different sellers can be characterized by different costs,

but these costs are constant. If we instead consider the benefits from writing promotional
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Table 3.4: Regression Discontinuity Estimates

Variable Coef. SD 7 P>z

Average Rating, same 1D -0.034 0.006 -5.25  0.000
Ratings Variance, same ID  -0.012 0.005 -2.43  0.015
Number of reviews, same ID  72.8 14.3  5.09  0.000
Time first-last review 0.29 0.03 848 0.000
Review Length 23.37  6.96 3.35 0.001

Note: This table reports regression discontinuity estimates
for five different outcomes around the .25 and .75 thresholds
described above. Number of reviews, same ID describes the
number of reviews from the same reviewer; Average Rating,
same ID expresses the average rating from the same reviewer;
Ratings Variance, same ID is the variance of ratings from the
reviewer; Time first-last review is the distance measured in
years from the first to the last review; Review Length expresses
the length of the review (number of characters).

reviews, it is clear that these benefits are a function of the history of grades that evolves over
time. Over time, new reviews change the average rating and, with that, increase or decrease
the influence that a new review can have on the statistics that buyers are likely to consider
when making their decisions. The clearest example is the case of stars. Depending on the
average at the moment of writing, a high grade can increase the number of stars that will be
assigned to the product. My empirical strategy goes in this direction. I want to see whether
the possibility of increasing the number of stars is a factor that helps explaining the rating
assigned in a review. First, for a seller it is easy to understand the extent that her review
can alter the rounded rating. Second, this information is in principle available also to any
unbiased reviewer, but in this case it is hard to imagine why they should find it relevant.
Therefore I test the hypothesis that the seller, while keeping track of the evolution of the
rating and the number of reviews, is ready to take advantage of those cases in which the

number of stars can be easily manipulated. It is clear that I am considering only one of the
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strategies that sellers may be implementing in order to modify buyers’ perception of their
products. Still, I take advantage of the fact that in this context the ability to manipulate
information varies over time and depends on factors that are not perfectly controlled by the
seller, like in particular the grades of unbiased users. I therefore propose a regression model
in which the overall grade is regressed on a set of observables at the time of the review and
on a set of reviewer characteristics. Among the observables, I am particularly interested
on a variable that measures the ability of the review to alter the number of stars that are

displayed in the product page. The estimating equation will be as follows:

Where r; is the rating attributed in review ¢ by reviewer r for the product j. The variable
Gain; describes the number of stars that can be gained in case the rating was equal to
5. This variable depends on the average at the time of the review and on the number of
reviews. The closer (to the left) the average is from the cutoff, the higher Gain; will be.
Similarly, a lower number of reviews will typically be associated with higher levels of Gain,.
B1; contains controls that pertain to the single review, like the average grade and number of
reviews before that review. B2; will include characteristics of the book as the total number of
reviews. Ideally I would include a measure of quality, but this is not observable. Finally, B3,
refers to controls about the reviewers’ characteristics like the total number of reviews written
over time, the average rating assigned and the variance. I am interested in the correlation
between the rating and the number of stars that can be gained. With this model we want to

capture the kind of opportunistic calculations that the seller may be doing.
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3.4.1 Results

Table 3.1 presents the results of the estimation of the equation described above. Columns (1)
and (2) refer to the same model, but consider different samples. In column (3) I included two
more variables. The first specification is done using the whole sample of reviews that were
preceded by at least another review (I cannot calculate the variable average before for the
first review). Controls include the observables that are likely to influence reviewers’ opinion
regarding the quality of the book. As described above, I am interested in the coefficient of
the variable called Gain;. When I include the whole sample, results show a non negligible and
statistically significant effect of the variable on the overall rating. In particular, 1 standard
deviation change in Gain; explains approximately 1.5% variation in the overall rating. This
effect is again positive, but smaller, when I only consider books with more that 50 reviews.
This result is in line with the findings by Mayzlin et al (2014): books with a higher number
of reviews are likely to be have been published by bigger firms that could be less prone to
manipulate reviews. In the third specification I include two more explanatory variables. I use
the average rating after all recorder reviews as a proxy for quality and we exploit the variable
Variance last 4 to look for evidence in favor or coordination among reviewers. The variable
Variance last 4 indeed measures the variance of rating of the four reviews that preceded the
one we consider. Importantly, this variable forces me to consider only reviews that are at
least fifth in the sequence of all reviews for a book. There are three interesting elements
to underline about Column(3). The coefficient for Gain; signals now the presence of weak
correlation. The coefficient for average before switches sign, likely as an effect of avg end.
Finally, the coefficient for Variance last 4 is negative. This last point suggests the possibility

that sellers tend to submit more reviews in a short time period.
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3.5 Publisher type and promotional reviews

This section builds upon the previous analysis adding one element. I combine the regression
discontinuity design described above with differences across publishers, to provide further
evidence that manipulation is at work.

The main idea is to introduce in the analysis the publisher type. This because publishers
of different sizes face different incentives. As mentioned in Section 3.2, there is a vast number
of publishers that sell their books on Amazon.com. A stark distinction can be made regarding
the size. On the one hand, we have big firms, which rely on a traditional business model.
For them Amazon.com is one of the many channels they use to distribute their books. They
also rely on advertising and they give high value to their reputation, as customers recognize
their brand. On the other hand, Amazon.com allows very small businesses to operate in
this industry too. People can easily self-publish their books and sell them on the platform.
Amazon.com would then matter for all their revenues from this activity. As these subjects
are not known to the public, reputation costs are low. Even in case users realized about
their misbehavior, they could easily create a new account in case they wanted to publish
a new book. A difference between these two groups emerges directly from the comparison
of reviews. Figure 3.1 shows the histogram of reviews received by self-published books and
compares it with the histogram related to big publishers. It emerges that self-published books
have better reviews, with a difference that is stronger for the first ones. This could be due to
promotional reviews but for the moment we cannot exclude other hypotheses, for example
the presence of niche readers that are particularly passionate and interested in self-published
books.

The discussion above suggest the use of a difference-in-differences set up. One dimension is
given by the average rating before the review. If the average rating is just below the threshold
for the extra half star, we have that the gain from an additional review is particularly high.

The second dimension is given by the type of publisher, as this correlates with differences in
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Figure 3.1: Self-published books receive better reviews at first

First 5 reviews Reviews 100-200

Density

D|:||:|D|:|_D|:||:||:|

0 1 2 3 4 5 0 1 2 3 4 5
overall overall

\ seffPubished [ Big| | selfPublished [ Big|

Note: This figure represents histograms for reviews received by self-published

books and book published by big companies. The histogram of the left refers

to the first 5 reviews received by books that belong to the two categories. The

histogram on the right refers to the reviews from the 100th to the 200th.
costs associated with the fake review.

Notice how this setup shares some similarities with the one used in Mayzlin et al (2014).
While studying hotels, they compared independent businesses with branded chain hotels, as
these two groups differ in the net gains from promotional reviews. By comparing indepen-
dent publishers with bigger companies I exploit a similar mechanism. I then combine this
consideration with the difference in potential gains that is given by the use of half stars’.

In the presence of promotional reviews we would therefore not only expect reviews to
be better just below the threshold. We would also expect this difference to be starker for
self-published books. This is therefore in line with a difference-in-differences approach. The
identifying assumption is that sincere reviewers do not change their behavior when reviewing

self-published books and other books if the average is below the threshold®. In other words

"Mayzlin et al (2014) compare instead reviews across two different platforms, Expedia and Tripadvisor.
They exploit the fact that costs of writing reviews differ across these two platforms.
8This is a way to reformulate the common trend assumption in this context.

Tesi di dottorato "Essays in Political Economy and Social Networks'

di ROTESI TIZIANO

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2019

Lates etutelatadalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.
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I need to assume that sincere reviewers do not directly try to increase the star rating when

they see a self-published book.

The previous discussion can be condensed in the following linear probability model.

Above the mean; = [31 + [ Close; + [53Self Published; + (4 Close; - Self Published; + X; 55 + €;

(3.3)
Where Above the mean is a dummy variable that takes value 1 if the review has a rating that
increases the average. Close is a dummy variable that takes value 1 if the average rating
before the review is just below the threshold for the half star and value 0 if it just above.
Self Published is a dummy variable that identifies self-published books. I include controls on

the number of reviews, the average rating before the review and other book characteristics.

Table 3.1 reports results for the main specification run with three different subsamples of
reviews. Table 3.2 considers the use of wider intervals around the threshold. In particular,
the difference-in-differences term of interest is 8. This coefficient is positive and significant,
in line with the previous hypothesis. I therefore find that reviews written for self-published
book when the average rating is just below the threshold have a high probability of being
above the average rating. This is result is robust if I consider different bandwidths and

different samples of reviews.

3.6 Conclusions

Overall, the picture that emerges from the analysis described above suggests that on Ama-
zon.com a fraction of sellers are using fake reviews as a way to manipulate information
available to buyers. In particular I showed that this activity may be aimed at increasing
the number of stars associated to the products they sell. To show this I used data on book

reviews. First, I aggregated reviews by book and ran tests aimed at identifying the presence
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Table 3.1: Difference in Differences Estimates

(1)

(2)

(3)

Above the mean Above the mean Above the mean

Close

Self Published

Close - Self Published

Average Rating before

0.149
(111.16)%**

-0.0911
(-65.21) %%

0.126
(56.21)%**

0.174
(-180.73)

0.167
(109.28)***

-0.0805
(-55.66)***

0.126
(50.92)%**

-0.195
(-187.64)***

0.210
(106.48)*+*

-0.0656
(-43.17) %%

0.128
(41.24)%5%

-0.246
(-207.43) %+

Number of reviews 0.00125 0.00249 0.00426
(107.72)%** (102.62)*** (64.18)%**
Observations 887338 740764 536731

t statistics in parentheses
(1) First 200 reviews

(2) First 100 reviews

(3) First 40 reviews

*p <0.10, ¥* p < 0.05, ¥** p < 0.01
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of selection around the threshold that assigns ax extra half star. These tests are McCrary
test on the density of observations around cutoff levels and regression discontinuity estimates
of jumps in average books characteristics around these thresholds. In both cases I found evi-
dence that point towards manipulation. I then moved to consider data on single reviews. In
this case I exploited variation in the ability to manipulate the number of stars and measured
the response of ratings. I found a positive correlation between the ability to manipulate the
number of stars and the assigned rating. I then provided additional evidence by considering a
difference-in-differences model in which I compared reviews written for self-published books
and reviews written for books published by bigger firms, as big publishers have a higher
cost from engaging in the use of promotional reviews coming from reputation costs. I found
that below the threshold, average rating are higher for self-published books, in line with the
hypothesis that these group of publishers is more likely to use fake reviews.

I therefore contribute to the literature that studies manipulation of information in online
platforms. I do this by considering the case of Amazon.com and employing a novel iden-
tification strategy that combines two strands of contributions. On the one hand, I exploit
characteristics of the platform, such as the use of half stars to round average ratings. On the
other hand I exploit differences across business models by comparing traditional publishing
companies with self-published books.

This project has implications for the design of review systems in online platforms. The use
of a system that is transparent as the one used by Amazon.com facilitates the action of agents
who are interested in manipulating their reputation online. By investing in more complex
reputation systems, online platforms would therefore reduce incentives for mishehavior.

The lack of data on sales prevented me from studying how consumers react to the presence
of manipulation. In particular, it is important to understand whether consumers are able to
detect behaviors put in place by firms that are trying to manipulate information available on

the platform. This would have important policy implications.
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Additional Figures and Tables

Figure 3.1: Screenshot from Amazon.com - Bestsellers
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Figure 3.2: Screenshot from Amazon.com - Review Page
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Figure 3.3: Density of observations around cutoff levels
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Figure 3.4: Density of observations around cutoff levels
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Figure 3.5: Density of observations around cutoff levels
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Figure 3.6: McCrary Test, first specification
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Figure 3.7: McCrary Test, second specification
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Figure 3.8: McCrary Test, third specification
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Figure 3.9: Scatter plot around cutoff values
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Table 3.1: Regression Discontinuity Estimates

(1)

(2)

(3)

Variable Whole Sample More than 50 rev  More than 50 rev
Gain 0.282%*#* 0.180*** 0.101%%*
(.008) (.009) (.007)
Number of Reviews 2.22e-06 3.15e-06 -1.57e-05%*
(5.74e-06) (6.12¢-06) (7.66-06)
Average Rating Before 0.286*** 0.474%%* -0.162%**
(.007) (.012) (.009)
Variance Rating Before -0.007*** 0.01%* 0.23%#*
(.002) (.005) (.003)
Number of Stars Before 0.08%*** 0.014* 0.047#*
(.007) (.008) (.005)
Number of Reviews Final 2.69e-05*** 1.17 e-05** 9.25¢-06
(5.31-06) (4.59-06) (7.22¢-06)
Number of Reviews, same ID  1.14e-06*** 4.52e-06*** 4.71e-06***
(1.28¢-07) (3.63¢-07) (2.21e-07)
Average Rating, same ID 0.949%#* 0.929%#* 0.836*+*
(.002) (.003) (.002)
Variance Rating, same 1D 0.0650%** 0.0664*** 0.05967%**
(.003) (.005) (.003)
Time first-last review -0.005*** -0.006*** -0.003%**
(.0002) (.0004) (.0002)
Average Rating Final 0.7517%#*
(0.007)
Variance last 4 -0.31°%**
(.0011)
Observations 4,045,659 2,138,477 3,340,851
R-squared 0.31 0.309 0.353
O Gain 0.213 0.094 0.114

Note: Number of Reviews describes the number of reviews from the same reviewer;
Average Rating, same ID expresses average rating from the same reviewer; Variance
Rating, same ID is the variance of ratings from the reviewer; Time first-last review
is the distance measured in years from the first to the last review.
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Table 3.2: Regression Discontinuity Estimates

(1)

(2)

(3)

Above the mean Above the mean Above the mean

Close 02 0.149
(111.16)***
Close 05 0.0973
(106.60)***
Close 10 0.0596
(92.52)***
Self Published -0.0911 -0.0870 -0.0641
(-65.21)*** (-75.15)%%* (-72.91)%**
Closed - Self Published 0.126 0.0978 0.0626
(56.21)*** (61.30)*** (54.37)***
Average Rating before -0.174 -0.0874 -0.0137
(-180.73)*** (-119.60)*** (-24.93)***
Number of reviews 0.00125 0.00102 0.000659
Kok ok koK Kok
(107.72) (131.58) (120.09)
Observations 87338 1712930 3342857

t statistics in parentheses

*p < 0.10, ** p < 0.05, *** p < 0.01
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