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Abstract

This paper applies a spatial model in a newspaper market where

traditional print newspapers and online newspapers coexist. When

readers are biased, and the newspaper firm slants news in a duopolis-

tic market, more competition, for instance, by the introduction of a

public-interest media firm will not decrease the media bias. However,

it can reduce the price of the print newspaper, but will increase the

subscription fee for an online newspaper. The slanting from the media

outlets, and the ”confirmatory bias” from the consumers’ side, along

with the user-generated content online, make this kind of government

regulation much less effective. The results of the model also show

that other regulatory policies, such as public pricing and tax, can de-

crease the level of media bias, especially the tax policy, which will also

increase the social welfare.

Keywords: Social Media, Media Bias, User-Generated Content, Media In-

dustry, Government Regulation.

JEL Codes: C1, D4, D8, L1
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1 Introduction

Media industry, especially the newspaper industry, plays a vital role in our daily1

life. The “fourth estate”, as a marketplace of ideas, helps facilitate the different2

points of views in the society to be heard by the citizens. Moreover, in terms3

of democratic society, a more diverse source of information is often recognized to4

help people to make better social and political decisions, and thus to push the5

democratic process forward(Anderson, Waldfogel, and Stromberg 2016).6

The new technology has changed the “gate-keeping” function of the media. The7

rise of social media extends the traditional media where information is transferred8

only in one way to a marketplace where the exchange of ideas can be more prompt9

and effective.10

However, more dissemination of fake information is also observed at the same11

time. According to Pew Research Center’s investigation in 2000, about 64% of12

Americans think that social media can be harmful by misinformation, made-up13

news, hate speeches, extremism. . . 1
14

We can also see the dark side of the social media by the increasing of dis-15

crimination and hating speeches, and the conspiracy theories online, which has16

catastrophic consequences: Facebook was used to provoke a surge in hate for a17

Muslim minority in Myanmar in 2018; last year in France, Samuel Paty, a middle-18

school teacher, was murdered by a teenager who even tweeted the victim’s head19

afterwards; Facebook and Twitter banned Donald Trump’s accounts after the riot20

on the U.S. Capitol of his supporters in 2021; the vast conspiracy theories about the21

vaccine during the COVID-19 crisis; the racist speech about the English football22

players during the UEFA Euro 2021 final ...223

1See Pew Research Center’s report by Brooke Auxier in 2020: https://pewrsr.ch/

3dsV7uR.
2https://www.economist.com/leaders/2020/10/22/how-to-deal-with-free-\
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The dissemination of fake information, or misinformation, or fake news, is24

called “media bias” in economics. Media bias occurs when media can filter and25

bias information by deciding how much and which information to transmit to their26

consumers.(Mullainathan and Shleifer 2002)27

Media bias can be classified into two categories according to the generated28

factors (Sutter 2000, Duggan and Martinelli 2011, Behringer and Filistrucchi 2015,29

Gentzkow, Shapiro, and Stone 2015, Lichter 2017):30

One is the supply-side bias, also called ”media slanting” (or ”spin”), which31

refers to the bias from the side of the media firm. For example, the political or32

ideological bias of the journalists can impact the “tones” of the news report or33

the endorsement during the elections (Baron 2006, Puglisi, Snyder, et al. 2008,34

Kaplan and Mazurek 2018); the ownership is also proved to have an influence on35

the “filtering” content of a newspaper (Besley and Prat 2006, Prat and Strömberg36

2013, Prat 2015, Prat 2018); others agents such as the politicians, the lobbing37

groups (Sobbrio 2011, Petrova 2012), or the advertisers (Gabszewicz, Laussel, and38

Sonnac 2002, Ellman and Germano 2009, Castañeda and C. Martinelli 2018) may39

also play a role in the selection of information favoring their own interests.40

The other one is the demand-side bias, which arise from the demand side of41

the media market. Consumers’ beliefs and psychology affect also their consuming42

behaviors and habits. Studies show that people prefer to information that confirms43

their prior beliefs and attitudes (“Confirmatory bias”, see Rabin and Schrag 1999,44

Mullainathan and Shleifer 2005, Xiang and Sarvary 2007, Burke 2008, Garz et al.45

2018). Besides, consumers tend to search for groups of people who share the same46

or similar opinions with them in the real life or on the internet (Sunstein 2006,47

Gentzkow and Shapiro 2010, Gentzkow and Shapiro 2011). The “filter bubbles”48

or “echo chamber” effects (Strömberg 2004, Chan and Suen 2008, Napoli 2018)49

speech-on-social-media.
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also enhance the confirmatory bias and thus ultimately promote the forming of50

extreme groups (Chan and Suen 2009, Luo 2017), especially on the social media.51

Apparently, media bias is one kind of market failures in the media market.52

What’s worse, the increasing social media platforms have obviously amplified the53

negative effects of media bias. Enormous studies have shown that the fake news on54

the social media has negative social and political effects in our daily life (Chiang55

and Knight 2011, Perego and Yuksel 2018, Allcott et al. 2020).56

Government regulation such as public pricing on the media industry is not57

new3, but most of the regulatory policies focus on the broadcasting in different58

countries.59

The existing regulatory actions of social media concentrate on two branches:60

One is economic regulation, such as the antitrust policies, the policies on merg-61

ers and competition. This branch of regulation is based on the theory that com-62

petition in the media market enables the diversity of information(Gentzkow and63

Shapiro 2006, Chan and Suen 2008, Anderson and McLaren 2012, Blasco and Sob-64

brio 2012, Gentzkow, Shapiro, and Sinkinson 2014). More sources of information65

are proved, theoretically and empirically, to be beneficial for a more independent66

of media firms, a lower risk of suppression of information or censorship, a higher67

possibility of better-informed citizens.68

This branch of regulation can be effective when the incumbent firm occupies a69

dominant position and there is only bias from the supply side. When the demand-70

side bias is taken into consideration, competition in the media market may lead71

to more biased news as the media firms are prone to cater to the consumers’72

extreme tastes of opinions (Gentzkow and Shapiro 2006, Gentzkow and Shapiro73

3See, for example, Feldstein and Auerbach 1985’s Handbook of public economics in

Volume 1 Chapter 3.
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2008), Becker et al. 2009, Germano and Meier 2013, Behringer and Filistrucchi74

2015).75

The other kind is the government regulation of media content. The self-76

regulation of social media firms, such as fact-checking and content moderating,77

are not sufficient when facing an enormous amount of information generated on-78

line every day. Therefore, the implement of legislation about content moderation79

online is reckoned necessary to restrict the dissemination of false information or80

dangerous speeches online such as racist, cyberbully, obscene, or terrorist content81

(Lo and Wei 2002, Stutzman and Hartzog 2012, Niklewicz 2017, Wardle and De-82

rakhshan 2017, Yablon 2020). Many new social media laws have been adopted or83

under consideration worldwide in recent years. For example, German’s Network84

Enforcement Act (or the “Facebook Law”) in 2017, Australia’s Criminal Code85

Amendment (Sharing of Abhorrent Violent Material) Act of 2019, the EU’s Digi-86

tal Services Act, the Information Technology (Intermediary Guidelines and Digital87

Media Ethics Code) Rules 2021 in India, the Online Safety Bill 2021 in UK. . . 4
88

Nevertheless, some argue that the regulation of online content violates the fun-89

damental rights of of freedom of speech (Sander 2019, Svantesson 2019, Barrett90

2020). It’s also difficult to well define the frontier between censorship and some91

regulatory measures of online content (Germano and Meier 2013, Zankova and92

Dimitrov 2020, Samples 2019). The classification of “dangerous information” on-93

line is also ambiguous and without universal clear-out standards (Duarte, Llanso,94

and Loup 2018). Besides, the online content regulation can also increase the bar-95

riers of entry for media firms and impede competition in a counterproductive way96

(Evans and Schmalensee 2017, Langvardt 2017).97

Therefore, this paper proposes three alternative economic regulatory policies98

of social media slant in the market of news. The model analyzes three kinds of99

4see Beppu and Sampaio at http://www.latinlawyer.comforasummaryofthelaw
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regulatory policies in a Duopolistic media market by competition (introducing a100

third public-interest firm), public pricing and tax. It shows that among the three101

regulatory policies, tax is the most effective one because it can both increase the102

social welfare and decrease the media slant level.103

The paper is organized as follows: Section 2 presents the basic set-up of a104

model with relevant definitions and hypotheses; Section 3 analyzes the impact of105

introducing a public-interest media outlet; Section 4 explores the social welfare106

analysis as well as the effects of other two regulatory policies, i.e. public pricing107

and tax; Section 5 concludes.108
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2 The Model109

2.1 The Newspaper Market110

The payoff function of a newspaper firm depends on its revenues and costs.111

The profits of a media outlet come from the subscription fees of its readers, the112

advertising revenues, or the political rents. Here to simplify, suppose that the113

newspaper firm is a profit-maximizer and its only source of revenue is the sub-114

scription fees from its readers. In terms of the costs, generally, we consider the115

returns to scale in the traditional print newspaper industry is increasing, that is, as116

the production costs (collecting data and writing the news reporting) are fixed, the117

variable cost equals the reprinting and delivering an additional copy (Reddaway118

1963, Rosse 1967).119

Consider a market with two private newspaper firms, each has a print version120

and a digital version (a web version or an application, for example). Suppose that121

the cost of the production (and operation) of a print version is higher than a digital122

one, i.e. c for the print version and δc for the digital version, with 0 ≤ δ ≤ 1 as123

a discount variable. Consequently, the subscription fees of a digital version of a124

newspaper are also lower than the print one.125

A mass of consumers can subscribe to either a print version or the digital126

version of a newspaper or both.5 The difference (besides the subscription price127

and the cost) between the two choices is that the consumers can interact with each128

other on the web or through the applications by their comments or the discussions129

with each other, i.e. the user-generated content (UGC hereafter). Therefore, the130

online users’ opinions are not only influenced by the newspapers’ news reporting131

but also by the UGC online.132

5That depends on whether the reader is single homing or multi-homing.
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2.2 Model Set-up133

The model’s set-up is borrowed from the model of Esther Gal-or et al.’s model in134

2013 (Yildirim, Gal-Or, and Geylani 2013) (hereinafter PET 2013) :135

The role of a private newspaper firm i is to collect some data d about the state136

of the world t, and then to redact a piece of news n based on the data that it137

collects. The variable t is supposed to be normally distributed with mean as 0 and138

deviation as vt, i.e. t ∼ N(0, vt), where 1/vt is the precision. The data received139

by a newspaper firm i is then di = t+ εi, where εi is a random variable of a noise140

term, with εi ∼ N(0, vε)). Therefore, the data di also follows normal distribution,141

i.e. di ∼ N(t, vd), with vd = vt + vε.142

The news reports n by a private newspaper firm i is a piece of processed143

information about the data received, that is, ni = di + si, where si is a slant of144

the newspaper i ’s news reports. To simplify, suppose there are just two private145

newspaper firms in the market, i.e. i= {1, 2}. To distinguish the digital version146

and the print versions of a newspaper, suppose that noi and npi are the digital147

and print news respectively, and soi and spi their slants online and offline. Hence,148

npi = di + spi , and noi = di + soi .149

The consumers, i.e. readers of the newspapers, are uniformly distributed be-150

tween [−bo, bo]. The total number of readers is normalized to unity. A reader151

of type b has prior beliefs about the state of the world, and these beliefs follow152

normal distribution N(b, vt), that is, readers may have biased beliefs about the153

expected value of t. For instance, b can be the political opinions of a reader, with154

b ∈ [−bo, 0) is the belief of a left-wing-party supporter, b ∈ (0, bo] the belief of a155

right-wing-party supporter, and b=0 a neutralist’s.156

As in PET 2013, we suppose that:157

8



For a rational and unbiased reader, his/her utility from reading a private news-158

paper i, i= {1, 2}, is:159

160

U r =

 u− χ(si)
2 − Pi for the print version of a newspaper;

u− χ(si
o)2 −Ki for the online version.6

(1)

For a biased reader, the bias comes from two sides:161

- One called “media slant”, comes from the media’s side;162

- The other is “confirmatory bias”, referring to the cognitive bias of readers163

who prefer the news that is more consistent with their prior beliefs. Suppose that164

both kinds of bias will decrease the readers’ utility.165

Therefore, the net utility function of a biased reader of belief b from reading a166

private newspaper i, i= {1, 2}, is:167

U bi =

 Upi = u− χ(si)
2 − ϕ(ni

p − b)2 − Pi for a print newspaper;

Uoi = u− χ(si
o)2 − ϕ(ni

o − b)2 −Ki for an online one.
(2)

Where u is the reservation price for the reader, χ > 0 represents the preference168

of readers for reduced slanting news reports, ϕ > 0 calibrates readers’ preference169

for hearing confirming news, Ki and Pi are the subscription fees for a digital and170

print version of a newspaper i.171

Bi is denoted as the reporting location of a newspaper i ’s print version,for172

example, for a political newspaper, it represents its political stance during the173

elections.174

And it satisfies the following conditions: si(di) = ϕ
(χ+ϕ)(Bi − di) and soi (di) =175

ϕ
(χ+ϕ)(Bo

i − di), with si(di) the slanting strategy of a print newspaper and soi (di)176

of a digital one, which implies that ni = γiBi + (1− γi)di, noi = γiB
o
i + (1− γi)di,177

and γ = ϕ
(χ+ϕ) .7178

7This transformation is to simplify mathematical analysis and decision problems.
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Assume also that newspaper 1 is located at the left of newspaper 2, i.e. B1 <179

B2.180

For the position of the digital version of a private newspaper i Bo
i = Bi+U [boi ],181

with U [boi ] the ”User-generated Content” by its online subscribers.182

More precisely, assume that:183

Bo
1 = B1 +

(−bo + b̂1)

2
and Bo

2 = B2 +
(bo + b̂2)

2
(3)

That means the online position of a newspaper(e.g ”the political opinions” of a184

digital newspaper) is a by-product, i.e. the average value, of the position of its185

print version (e.g ”the political opinions” of a print newspaper) and UGC (e.g186

”political opinions of its online subscribers.)8
187

Accordingly, we suppose that because of the UGC, online readers’ opinions are188

more extreme than the subscribers to the print ones.189

As E[di] = 0, var[di] = vd, by simple calculation, we have the expected prior190

utility of a reader of type b reading a newspaper i, i= {1, 2}:191

E[Ui] =


E[Upi ] = u− ϕ2

(χ+ϕ)(Bi − b)2 − χϕ
(χ+ϕ)(b2 + vd)− Pi

E[Uoi ] = u− ϕ2

(χ+ϕ)(Bo
i − b)2 − χϕ

(χ+ϕ)(b2 + vd)−Ki

9 (4)

Where E[Upi ] stands for the expected utility of a reader b from reading the192

print version of newspaper i and E[Uoi ] for the online one.193

8It equals the case when α = 1 in the paper of PET 2013. However, PET 2013 supposes

that 0 < α < 1, here suppose that online readers have higher power than the newspaper

itself in deciding the online variant of its position.
9This expected utility function is taken from the work of Mullainathan and Shleifer

(2005), LEMMA A1 in Appendix, P1043-1044. The market for news. American Economic

Review, 2005, vol. 95, no 4, p. 1031-1053.
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2.3 A Public-interest Newspaper Firm as an Instru-194

ment for Regulation195

Firstly, we will see the government regulation of the media market by intro-196

ducing a third public media outlet without slant. What distinguishes a public197

media outlet from a private one is that the former has no slant from the media198

side. To simplify, suppose that the public media outlet has no digital version. The199

intuition behind is also simple: the UGC will generate more bias as the online200

sources of news are only hard to be verified its truth.201

The idea of introducing a public firm as an instrument for government regula-202

tion is not new (see Cremer, Marchand, and Thisse 1989, Cremer, Marchand, and203

Thisse 1991), De Fraja and Delbono 1989, Grilo 1994, Guo and Lai 2015). This204

idea has been applied to many markets, but mostly to mixed oligopoly markets205

recently, such as the health and education market where both public and private206

services exist. This may also be the case of the media market as the ownership of207

the news media firms can be either public or private.208

LEMMA 1. Suppose that there exists a public newspaper company, who209

always reports the “truth” with clarity and objectivity without any slanting news210

reports.10 In the following part, the net utility function of a reader of belief b from211

reading a third public newspaper is noted as:212

E[U3] = u− E[ϕ(d− b)2]− P3 = u− ϕ(vd + b2)− P3 (5)

Proof. See appendices A.1.213

10This is a strong hypothesis as this kind of newspaper is not realistic at all in real life.

Not only because of the difficulty of being ”objective” and ”neutral” in reporting news,

but also due to the impact of the public ownership on the news, especially in the elections

in a democracy, or the existence of censorship in anarchy or a dictatorship.
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3 The Equilibrium Analysis of a Location-214

price Game215

3.1 Timing of the game:216

• Stage 1: The newspapers announce their positions of the print version and217

then their slanting strategy. The third public newspaper without slant is218

introduced;219

• Stage 2: The prices of the print and digital versions of three newspapers are220

then decided;221

• Stage 3: The consumers will make their subscription decisions, the news-222

papers publish their news, and online readers can interact online with each223

other via UGC (if they choose the digital versions).224

This location-price game will be solved by backward induction: firstly, we find the225

indifferent readers in stage 3, then we analyze the newspapers’ price strategies in226

stage 2, and at last, we can see the newspapers’ slanting strategies and reporting227

location choices.(See Figure 1)228

3.2 The Market Shares229

Denote their Market Shares as (MS)o1, (MS)p1, (MS)3, (MS)p2, (MS)o2 respectively.230

As shown in Figure 2, we have:231

• (MS)o1 = [−b0, b̂1], is the market share for the online version of newspaper232

1;233

• (MS)p1 = [b̂1, b̂
1
ind], is the market share for the print version of newspaper 1;234

12



• (MS)3 = [b̂1ind, b̂
2
ind], is the market share for the (print) newspaper 3;235

• (MS)p2 = [b̂2ind, b̂2], is the market share for the print version of newspaper 2;236

• (MS)o2 = [b̂2, b0], is the market share for the online version of newspaper 2.237

11
238

First, we need to identify readers that are indifferent between the digital version239

and the print versions of the two private newspapers, noted b̂i : By E[Uoi ] = E[Upi ],240

i= {1, 2}, we have:241

b̂∗i =
((Bo

i )
∗ +B∗i )

2
+

(ϕ+ χ)

2ϕ2

(P ∗i −K∗i )

(B∗i − (Bo
i )
∗)

(6)

Substituting the Bo
i in equation (3) and into equation (6), we can get:12

242 
b̂∗1 =

2B∗
1+b0−2

√
∆1

3 ,∆1 = (b0 −B∗1)2 − 3(P ∗1 −K∗1 ) (ϕ+χ)
ϕ2 ;

b̂∗2 =
2B∗

2−b0+2
√

∆2

3 ,∆2 = (b0 +B∗2)2 − 3(P ∗2 −K∗2 ) (ϕ+χ)
ϕ2 .

(7)

Then the entry of the third public firm will “steal” one part of the news market.243

Denote biind as readers who are indifferent between the print versions of the244

two private newspapers and the public newspaper.245

Using E[U3] = E[Upi ], we have:246

247 
(b̂1ind)

∗ =
((B∗

1 )2−vd)
2B∗

1
+

(P ∗
1−P ∗

3 )
2B∗

1

(ϕ+χ)
ϕ2 ;

(b̂2ind)
∗ =

((B∗
2 )2−vd)
2B∗

2
+

(P ∗
2−P ∗

3 )
2B∗

2

(ϕ+χ)
ϕ2 .

(8)

11As mentioned before, the online readers are supposed to be more extreme, that’s why

the online market shares approach more to the two ends of the distribution line.
12As Bo

i is also a function of b̂i.
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3.3 The Equilibrium Price Choices248

Given the locations of the indifferent readers in (7) and (8), newspapers make their249

price choices Pi and Ki to maximize their following profits functions:250


Π1 = (b̂1+b0)

2b0
(K1 − cδ) +

(b̂1ind−b̂1)
2b0

(P1 − c);

Π2 = (b0−b̂2)
2b0

(K2 − cδ) +
(b̂2−b̂2ind)

2b0
(P2 − c);

Π3 =
(b̂2ind−b̂

1
ind)

2b0
(P3 − c).

(9)

The equilibrium print prices of the three newspapers are given by optimizing251

the profit functions (9) concerning Pi, and using the relationship between ∂b̂i
∂Pi

and252

∂b̂i
∂Ki

derived from (6), and
∂b̂iind
∂Pi

derived from (8), we get:253 

P1
∗ = c− ϕ2

(ϕ+χ)

(
(B∗

1 )2

2 + b0B
∗
1 +

B∗
1B

∗
2

6 − vd
3 + 2b0

3
1

( 1
B∗
1
− 1

B∗
2

)

)
;

P2
∗ = c− ϕ2

(ϕ+χ)

(
(B∗

2 )2

2 − b0B∗2 +
B∗

1B
∗
2

6 − vd
3 + 2b0

3
1

( 1
B∗
1
− 1

B∗
2

)

)
;

P3
∗ = c− ϕ2

(ϕ+χ)

(
B∗

1B
∗
2

3 + vd
3 + 4b0

3
1

( 1
B∗
1
− 1

B∗
2

)

)
.

(10)

As for the equilibrium online prices, by optimizing again the profit functions254

(9) with respect to Ki and by using ∂b̂i
∂Ki

derived from (7), we have:255 
K1
∗ − P1

∗ = c(δ − 1)− ϕ2

(ϕ+χ)

(
(b̂∗1)2 − (b0)2

)
;

K2
∗ − P2

∗ = c(δ − 1)− ϕ2

(ϕ+χ)

(
(b̂∗2)2 − (b0)2

)
.

(11)
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3.4 The Equilibrium Reporting Positions and Slanting256

Strategies257

By plugging the equilibrium prices P ∗ and K∗ into the profit functions Πi and then258

by optimizing the new profit functions to the locations Bi, we get the following:259 
∂Π1
B∗

1
= 1

2b0

(
((K∗1 − cδ)− (P ∗1 − c)) ∂b̂1

∂B∗
1

+ (P ∗1 − c)(
∂b̂1ind
∂B∗

1
+

∂b̂1ind
∂P ∗

3

∂P ∗
3

∂B∗
1
)

)
;

∂Π2
B∗

2
= 1

2b0

(
(−(K∗2 − cδ) + (P ∗2 − c)) ∂b̂2

∂B∗
2

+ (P ∗2 − c)(
∂b̂2ind
∂B∗

2
+

∂b̂2ind
∂P ∗

3

∂P ∗
3

∂B∗
2
)

)
.

(12)

Taking B2 for example, finally, we get:260 (
(b̂∗2)2 − (b0)2

)
((b̂∗2)2 + b0)

(b0 + 3b̂∗2 − 2B∗2)
+

(
(B∗2)2

2
− b0B∗2 +

B∗1B
∗
2

6
− vd

3
+

2b0
3

1

( 1
B∗

1
− 1

B∗
2
)

)
(

1

4
+

vd
6(B∗2)2

− b0B
∗
1

3(B∗2 −B∗1)2
− 2b0(B∗1)2

3B∗2(B∗2 −B∗1)2
+

B∗1
6B∗2

)
= 0

(13)

To compare the equilibrium results with those in the model of PET 2013,261

we need to simplify the above formulas by only considering the symmetric solu-262

tions hereinafter,13 that is, suppose that (−B1)∗ = B2
∗ = B∗, (−Bo

1)∗ = (Bo
2)∗ =263

(Bo)∗, (−b̂1)∗ = (b̂2)∗ = b̂∗, (−b̂1ind)
∗

= (b̂2ind)
∗

= b̂∗ind, and suppose also that the264

costs of running a print and a digital newspaper equal to 0, which leads to the265

following results at equilibrium:266

1) The equilibrium positions of indifferent readers and the equilibrium prices267

13The asymmetric solutions are either too complicated or may not exist at all.
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are:268 

−(b̂1ind)
∗ = (b̂2ind)

∗ = b̂∗ind = (B∗+2b0−vd)
6 ;

−b̂∗1 = b̂∗2 = b̂∗ = 2B∗−b0+2
√

∆
3 ,∆ = (b0 +B∗)2 − 3

(
(b̂∗)2 − (b0)2

)
;

P ∗1 = P ∗2 = P ∗ = −ϕ2

3(ϕ+χ)

(
(B∗)2 − 4b0B

∗ − vd
)

;

P ∗3 = ϕ2

3(ϕ+χ)

(
(B∗)2 + 2b0B

∗ − vd
)

;

P ∗1 −K∗1 = P ∗2 −K∗2 = ϕ2

(ϕ+χ)

(
(b̂∗)2 − (b0)2

)
.

(14)

2) And the equilibrium reporting position B∗ satisfies:269

2((b̂∗)2 − (b0)2)((b̂∗)
2

+ b0)

(b0 + 3(b̂∗)2 − 2B∗)
+

1

36

(
(B∗)2 − 5b0B

∗ + 4(b0)2 + vd −
7b0vd
B∗

− 2(vd)
2

(B∗)2

)
= 0

(15)

LEMMA 2. To support the market segmentation in Figure 2 at the symmetric270

equilibrium, and to guarantee a non-negative price, the following conditions need271

to be satisfied:14
272

B∗ ∈ [−b0 +
√

(b0)2 + vd, 2b0 +
√

4(b0)2 + vd] and B∗ >
(b̂∗)2

2b0
(16)

Recall that the equilibrium prices without slant regulation in the model of PET273

2013 are:15
274 

PE1 = PE2 = 2ϕ2

(ϕ+χ)b0B
E ;

KE
1 − PE1 = KE

2 − PE2 = ϕ2

2(ϕ+χ)(b0 − b̂E)(b0 + 3b̂E − 2BE)

(17)

Proof. See appendices A.2.275

14These are necessary but not sufficient conditions.
15To better compare the two equilibrium results, we only consider the symmetric sce-

nario, with zero costs of production, and α = 1 based on the model of PET 2013.
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3.5 The Effects of Slant Regulation on Equilibrium276

Prices277

Now we can observe the following results:278

Proposition 1.279

i). PEi > P ∗i , i= {1, 2}, and PEi > P ∗3 . Regulation by introducing a third public280

newspaper firm without slant will reduce the equilibrium prices of the print281

versions of the two private newspapers.282

ii). P ∗3 < P ∗ when (B∗
2−vd−b0B∗) < 0. As for the price of the public no-slanting283

newspaper, it’s not necessarily lower than the two private ones.284

Proof. See appendices A.5.1.285

Apparently, the new entry of the public newspaper in the media market de-286

creases the price of the newspaper. As the three newspapers are all profit-maximizers,287

the effects of competition on equilibrium prices in a media market are similar to288

other markets.289

However, a public newspaper may be more expensive than a private one under290

some conditions. The institution behind this scenario is quite simple:291

i). The lack of (economic) profits from online versions to finance the public292

newspaper forces it to increase the price to make ends meets;293

ii). The high “quality” of the news of the public firm, i.e. news without slant-294

ing, increases its “product differentiation”, and therefore can release some295

pressure from the fierce price competition.296

Proposition 2.297
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i). K∗i > P ∗i , that is, after slant regulation, a digital version of a newspaper is298

more expensive than its print version.299

ii). K∗i > KE
i , i.e. the subscription fees for digital newspapers become higher300

under slant regulation.301

Proof. See appendices A.5.2.302

The slant regulation by introducing a public newspaper firm without bias has303

changed the composition of the price, especially that of a digital version. After the304

entry of a third newspaper firm, the digital subscription fee is much less affected305

by the position of the print version, as there is no more ”B∗” in the (Pi −Ki) of306

(14) compared with that in (17).307

This result corresponds to the assumption that the Internet (UGC) has higher308

power than the newspaper itself in deciding the online variant of its position at309

the beginning of this paper.16 Once the UGC has a higher discretion in deciding310

the position of a digital newspaper, it’s no longer a by-product of its print version,311

but more like a new differentiated product.312

It may be due to a “Daily-me” effect (See Sunstein 2001, Perego and Yuksel313

2018), where UGC helps every user online find information that is more consis-314

tent with his/her prior beliefs or even news reports that cater to his/her beliefs,315

especially for the extremists who can hardly get approved in their ”offline” life.316

Therefore, for this segmentation of consumers, they are willing to pay higher prices317

to digital newspapers.318

This also corresponds to the characteristics of UGC : for an online newspaper319

and its online readers, they try to get higher profits not only by competing on320

prices but also by drawing the “attention” of consumers (the ”competition for321

16See footnote 4 in section 3.
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attention” effet) (See Bordalo, Gennaioli, and Shleifer 2016, Chen and Suen 2018,322

Galperti and Trevino 2018, Chen and Suen 2019). For example, the more an article323

is transferred online and is clicked by online readers, the more it becomes popular324

and gets more readers, no matter how credible it is. 17
325

3.6 The Effects of Slant Regulation on Newspapers’326

Reporting Positions and Slanting Strategies327

In terms of the reporting positions and the slanting strategies at equilibrium. We328

can see that it’s hard to find a simple and direct solution. However, we can at329

least rule out some hypotheses and still draw some interesting conclusions.330

Rewrite the (15) as two parts:331

(A) =
2((b̂∗)2 − (b0)2)((b̂∗)

2
+ b0)

(b0 + 3(b̂∗)2 − 2B∗)

(B) =
1

36

(
(B∗)2 − 5b0B

∗ + 4(b0)2 + vd −
7b0vd
B∗

− 2(vd)
2

(B∗)2

) (18)

LEMMA 3.332

i) As for the former part (A):333  (A) > 0 when B∗ >
3((b̂∗2)2+b0)

2 ;

(A) ≤ 0 otherwise.

ii) Solutions for the second part of (B) = 0 are (see Figure 3):334 
B1 =

b0−
√

(b0)2−8vd
2 , B2 =

b0+
√

(b0)2−8vd
2 ,

B3 = 2b0 −
√

4(b0)2 + vd, B4 = 2b0 +
√

4(b0)2 + vd.

(19)

17Sometimes fake news can get much more attention than the true news, as the former

always has a more “eye-catching” title and more astonishing contents.
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iii) The conditions satisfying the symmetric assumptions, i.e. (−B1)∗ = B2
∗ =335

B∗, B1 < B2, vd = δd
2 > 0, are:336

(2b0 −
√

4(b0)2 + vd) < 0 < (−b0 +
√

(b0)2 + vd) < (2b0 +
√

4(b0)2 + vd) (20)

Proof. See appendices A.3.337

Combined with the conditions in LEMMA 2, we can draw the following con-338

clusions:339

Proposition 3.340

i) When (b∗2)2 ≥ 2
3b0 ≥

1
3 , there exists an equilibrium reporting position for the341

private newspapers denoted as B∗, taking the newspaper 2 for example, satisfying342

the conditions in equation (15) and the conditions in LEMMA 2.343

ii) And this equilibrium reporting position is more extreme than when there are344

only print newspapers in the news market in the model of MS 2005, i.e. B∗ > 3
2b0.345

Hence, it’s also more extreme than the equilibrium level without slant regulation346

(BE) in the model of PET 2013.347

Proof. See appendices A.6.348

Under slanting regulation, the equilibrium slanting level of the (private) news-349

papers may be higher than the one without slanting regulation. The two pri-350

vate newspapers may offer more extreme news when a public unbiased newspaper351

is introduced compared to the scenario when there is no slant regulation in the352

newspaper market (PET 2013) or the case when there are only print versions of353

newspapers in the news market (MS 2005).354

As we can see from Figure 3, the equilibrium slanting level increases with the355

value of Vd and bo, i.e. the variance of the date and the extremist opinions of356

its readers. The more variant data the newspapers collect, the more exogenous357
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readers are, the government regulation by introducing a public newspaper without358

bias has less effect on reducing the slanting level of the private newspapers.359

4 Implementation of other Regulatory Poli-360

cies361

We have shown that the government regulation of a Duopolistic newspaper mar-362

ket by introducing a third public newspaper without slant is not as effective as363

we thought. Now we turn to other alternative regulatory policies such as price364

regulation and tax policy, to examine their effects on reducing the media bias.365

We will return to the original model of PET 2013 in the following analyses (see366

Figure 4), but to simplify, we still assume that the costs are zero.367

4.1 Social Welfare368

LEMMA 4. Define the social welfare of the Duopolistic market in PET 2013 as369

the total surplus of the newspaper firms and their readers:370

SW =

∫ b̂1

−b0

U0
1

2b0
db+

∫ bind

b̂1

Up1
2b0

db+

∫ b̂2

bind

Up2
2b0

db+

∫ b0

b̂2

U0
2

2b0
db+ Π1 + Π2

= u− 1

2b0

ϕ2

(ϕ+ χ)


∫ b̂1
−b0 (Bo

1 − b)2db+
∫ bind

b̂1
(B1 − b)2db+∫ b̂2

bind
(B2 − b)2db+

∫ b0
b̂2

(Bo
2 − b)2db

− 2χϕ

(ϕ+ χ)

(
(b0)3

3
+ vdb0

)
(21)

371

Optimizing the above equation with respect to the (print and digital) reporting372
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locations of newspaper i separately, we get:373 
B0

1 = (b̂1−b0)
2 ;B1 = (bind+b̂1)

2 ;

B2 = (bind+b̂2)
2 ;B0

2 = (b0+b̂2)
2

(22)

Proof. See appendices A.4.374

As shown in Figure 5a and Figure 5b, The socially optimal slanting is the mean375

value of the opinions of readers in the print or digital market.376

However, the optimal (first-best) reporting locations can be different according377

the value of α.18
378

1) Scenario 1.379

When 0 < α < 1, i.e. the online variant of the online news reports are not380

totally decided by UGC, we get:381

Proposition 4. As shown in Figure 5a and Figure 5b, in the original model382

of PET 2013:383

i) The symmetric solutions for optimal (first-best) reporting locations are :384

(B0
1 , B1, B2, B

0
2) =

(
(−b̂−b0)

2 , −b̂2 ,
b̂
2 ,

(b̂+b0)
2

)
, with (−b̂1) = b̂2 = b̂.385

ii) And the optimal level of slants is:

(s0
1(d1), s1(d1), s2(d2), s0

2(d2))SW =(
−ϕ

(ϕ+ χ)
(b̂+ b0 + d1),

−ϕ
(ϕ+ χ)

(
b̂

2
+ d1),

ϕ

(ϕ+ χ)
(
b̂

2
− d2),

ϕ

(ϕ+ χ)
(
(b̂+ b0)

2
− d2)

)
.

Corollary 1. Furthermore, we have:386

−B(sw)
1 = B

(sw)
2 =

b̂

2
=

(α− 1)

2α
b0,−(Bo

1)(sw) = (Bo
2)(sw) =

b̂

2(1− α)
=

1

2α
b0.

18For more discussions, please consult the part ”A.4 Proof of LEMMA 4” in the appen-

dices.
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Remarks:387

i)∂Bi
∂α < 0,

∂Bo
i

∂α < 0. The relative weight of newspapers’ reporting positions388

to the most extremist readers’ opinions decrease with α. The more decisive the389

UGC plays in the role of the online content of a newspaper, the more extreme the390

reporting positions of a (print and digital) newspaper get.391

ii) When α < 1
4 , the (print and digital) newspapers’ reporting opinions are392

more extreme than when there are only print newspapers in the news market, i.e.393

B(sw) > 3
2b0;394

iii) Bo
i > Bi. The digital version of a newspaper are always more extreme than395

the print ones.396

Proof. See appendices A.7.1.397

2) Scenario 2: When α = 1, i.e. UGC’s effect on the online news reports398

attends to its maximal level, we can observe that:399

Proposition 5.400

i) The symmetric solutions for the optimal (first-best) reporting locations are:401

(B0
1 , B1, B2, B

0
2) = (−b02 , 0, 0, b02 );402

ii) And the optimal level of slants in this scenario is:

(s0
1(d1), s1(d1), s2(d2), s0

2(d2))SW =(
−ϕ

(ϕ+ χ)
(
b0
2

+ d1),
−ϕd1

(ϕ+ χ)
,
−ϕd2

(ϕ+ χ)
,

ϕ

(ϕ+ χ)
(
b0
2
− d2)

)
.

iii) The socially optimal payoffs for the two private newspaper firms are:403

(Π1,Π2)SW = (K1
2 ,

K2
2 ).404

Proof. See appendices A.7.2.405
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Under the assumption of α = 1, that is, when the UGC plays a more important406

role than the newspaper itself in deciding the reporting position of its digital407

version, e.g. left or right in the election, when social welfare is maximized, the news408

market is occupied by the social media (the digital versions of the two newspapers).409

The “traditional” print newspapers are “crowded out” of the market by the social410

media.Moreover, as we suppose that the costs of production are zero, the socially411

optimal payoffs of the two newspapers depend only on the price of their digital412

versions.413

The optimal reporting locations for the two digital versions of newspapers are414

the same. The socially optimal reporting strategy corresponds to the “Minimum415

Differentiation Principle” in Hotelling’s model (Hotelling 1929).416

Moreover, the optimal slanting level for a traditional print newspaper depends417

on the data it collects ( di), the degree of its readers’ preference for confirming418

news (ϕ) and their dislike for slanting news (χ).419

Social welfare is maximized when social media expresses more diverse but less420

extreme opinions. The optimal slanting level for a digital newspaper depends not421

only on its data source (di), on its readers’ preference for ”confirmatory news”422

(ϕ) and dislike for slanting news (χ), but also on the extremist readers’ opinions423

(b0).19 The more extreme readers’ opinions are, the higher the level of the socially424

optimal slanting. This finding is consistent with the literature shows that the425

”echo chamber” Effect, the ”filter bubble” effect, ”Dunning–Kruger” effect...426

19That is also due to the assumption that the UGC’s effect attends to its maximal level,

i.e. α = 1.
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4.2 Price Regulation427

We now turn to an other regulatory policy, i.e. price regulation, and see its effects428

on decreasing the level of slanting in the media market.429

Suppose that the government sets a unique price P for the print newspapers

and K for the digital versions, and again, we only see the symmetric solutions

when the costs are 0. The new payoff functions for the two private newspapers

are: 

Π1 = (b̂1+b0)
2b0

K + (bind−b̂1)P
2b0

= P
2b0

(bind + b0
2 −

b̂1
2 );

Π2 = (b0−b̂2)
2b0

K + (b̂2−bind)
2b0

P = P
2b0

(−bind + b0
2 + b̂2

2 );

P = 2K.

By simple calculations, we observe that:

∂Π1

B1
> 0,

∂Π2

B2
< 0,

∂Π1

B0
1

< 0,
∂Π2

B0
2

> 0.

Therefore we can get the following results:430

Proposition 6. Under price regulation:

i) The equilibrium reporting positions are (B
0
1, B1, B2, B

0
2) = (−b0, 0, 0, b0);

ii) The slanting strategies are:

(s0
1(d1), s1(d1), s2(d2), s0

2(d2)) =

(
−ϕ

(ϕ+ χ)
(b0 + d1),

−ϕd1

(ϕ+ χ)
,
−ϕd2

(ϕ+ χ)
,

ϕ

(ϕ+ χ)
(b0 − d2)

)
.

iii) When the regulated price of the print newspapers is twice that of the digital

versions, i.e. when P = 2K, the two newspapers can maximize their profits, which

are: 
Π1 = P

2b0

(b0−b̂1)
2 = 3

4P −
(ϕ+χ)

8(b0
2)ϕ2 (P )

2
;

Π2 = P
2b0

(b0+b̂2)
2 = 1

2P −
(ϕ+χ)

8(b0
2)ϕ2 (P )

2
.

We can see from the above functions that the only possibility to guarantee431

the non-negative payoffs for the two private newspapers are when P = 2K = 0.432
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Therefore, under price regulation, the two private newspapers get 0 profits at the433

equilibrium.434

Proof. See appendices A.8.435

Compared to the social optimal situation, the price regulation has decreased436

the slanting level of a print newspaper, while the slant level of the digital versions437

augments compared to the socially optimal slanting level.438

The market share for print newspapers decreases to zero, i.e. the news market439

is occupied by social media, and the traditional print newspapers are ”crowded440

out”. As the regulated prices for the two kinds of newspapers are all 0, there441

is no longer any profits from publishing a print newspaper. However, under the442

assumption of zero costs, online newspapers still exist.443

This may be, again, due to the ”competition for attention” effect. Even when444

there is no longer pecuniary motivation to publish a print newspaper, a digital445

newspaper can still draw the attention of readers, make them interact with each446

other, generate online content (UGC), and may therefore gain a reputation (well, a447

good one or a bad one...) for the newspaper firms. In this case, the culture, social448

and political significations of a newspaper for its readers are much more important449

than its economic contributions to the society.450

4.3 Tax for fake news451

Consider the government will impose a tax for fake news, named T . The payoffs

of the two private newspapers then turn to:

ΠT
1 =

(b̂1 + b0)K

2b0
+

(bind − b̂1)P

2b0
− Tϕ2

(ϕ+ χ)2

(
(B1)2 + (B0

1)2
)

;

ΠT
2 =

(b0 − b̂2)K

2b0
+

(b̂2 − bind)P
2b0

− Tϕ2

(ϕ+ χ)2

(
(B2)2 + (B0

2)2
)
.
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Optimizing the payoff functions with respect to Pi, we can get the same results452

as in the model of PET 2013.20 Then replace the equilibrium prices into the payoff453

function, and optimize the news payoff functions with respect to Bi, we can draw454

the following conclusions:455

Proposition 7. Under tax regulation:456

i) The equilibrium reporting positions are:

−(B1)T = (B2)T = BT =

(
(b̂2)2 + (b0)2

)
b0

1

( 4T
(ϕ+χ) + 1

3)

−(B0
1)T = (B0

2)T = (B0)T =

(
(b̂2)2 + (b0)2

)
b0

1

( 4T
(ϕ+χ) + 1

3)
+

(b0 + b̂)

2
.

The equilibrium reporting positions of the newspapers (print and digital ver-457

sions) get extreme when the tax level for slanting increases.458

ii) The prices at equilibrium are:

P1
T = P T2 = P T = 2b0B

ϕ2

(ϕ+ χ)
=

ϕ2

(ϕ+ χ)

(
(b̂)2 + (b0)2

)
(2T + 1

6)
;

K1
T = KT

2 = KT =
ϕ2

(ϕ+ χ)

(b0 + 3b̂)(b0 − b̂)
2

+
3
(

(b̂)2 + (b0)2
)

(b̂+ b0)

b0(12T + 1)

 .

The equilibrium (print and digital) prices of the newspapers increase with the459

level of slanting but decrease with tax level (that is so wired).460

Proof. See appendices A.9.461

20See the equation (11) in the model of PET 2013, Yildirim, Gal-Or, and Geylani:

User-Generated Content and Bias in News Media, Management Science 59(12), pp.2660.
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4.4 The Average Bias level462

Define the average bias level (ARB) for the heterogeneous readers as:21

ARB =

∫
b
Ed[(ni − di)2] =

ϕ2

2b0(ϕ+ χ)2

(
(b̂1 + b0)(B0

1)2 + (bind − b̂1)(B1)2 + (b̂2 − bind)(B2)2 + (b0 − b̂2)(B0
2)2
)

We can then compare the average bias level under the above three different regu-463

lation policies:22
464

1) Social optimally, (−B0
1 , B1, B2, B

0
2) = (− b0

2 , 0, 0,
b0
2 ), so:465

(ARB)(SW ) =
ϕ2

(ϕ+ χ)2

b0(b0 − b̂)
4

2) Under price regulation, (−B0
1 , B1, B2, B

0
2) = (−b0, 0, 0, b0), so:466

(ARB)(PR) =
ϕ2

(ϕ+ χ)2
b0(b0 − b̂)

3) Under tax regulation:467

(ARB)T =
ϕ2

(ϕ+ χ)2

(
(BT )2 +

((b0)2 − (b̂)2)

b0
BT +

(b0 − b̂)(b0 + b̂)2

4b0

)

Further, under extremest conditions where there are only digital newspapers,468

i.e. −b̂1 = b̂2 = b̂ = 0, we finally have:469

(ARB)(SW ) =
ϕ2

(ϕ+ χ)2

(b0)2

4
,

(ARB)(PR) =
ϕ2

(ϕ+ χ)2
(b0)2,

(ARB)T =
ϕ2

(ϕ+ χ)2
(BT +

b0
2

)2,withBT =
b0

( 4T
(ϕ+χ) + 1

3)

21As in MS 2015, the average bias is defined as ”the average amount by which the news

read deviates from the data for the average reader”.
22Again, we only see the symmetric solutions for analytic and mathematical reasons.
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So as long as the tax level T ≥ 5(ϕ+χ)
12 , the average bias level under tax regulation470

is the lowest.471

Proposition 8. (ARB)PR > (ARB)SW > (ARB)T . when T ≥ 5(ϕ+χ)
12 .472

When the tax is high enough, the average bias under tax regulation is even473

smaller than the socially optimal average bias. The average bias level under the474

price regulation is the highest.475

Proof. See appendices A.10.476
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5 Conclusion477

Social media bias has become a concern for all countries. The exiting regulatory478

actions either focus on antitrust policies or content moderation, while the effects479

of the former are still unclear, and the latter encounters the critics such as the480

violation of the right of free speech. Therefore, this paper propose three alternative481

policies: public-interest firms, price caps, and tax in the news market.482

In a Duopolistic newspaper market, two newspapers offer two different prod-483

ucts: a print version and an online version. The online version is different from484

the print one as online readers can generate content by interacting with others.485

The user-generated content has a non-negligible effect on deciding the positions486

of a newspaper’s online version. Sometimes, user-generated content is one of the487

most important reasons for people spreading fake news and dangerous speeches on488

social media.489

The introduction of a third public firm without slanting seems to be a feasible490

solution to reduce the social media bias. However, this paper shows that when491

media bias comes from both supply and demand side, more competition fails to492

reduce the social media bias. The only positive effect of competition is the drop of493

the subscription fee of a print newspaper. On the contrary, the price of an online494

newspaper increases, and the slanting level may get higher under some conditions.495

In terms of social welfare:496

• The price regulation can reduce the bias of a print newspaper, but the online497

media bias increases;498

• Under tax regulation, the media bias level (both print and digital ones)499

decreases with the tax level;500

• What’s more, the average bias under tax is smaller than the socially optimal501
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average bias, and the average bias under the price regulation is the highest.502

These results shed light on the policy implementation on how to regulate social503

media market. When consumers have confirmatory bias and media firms tend504

to cater the preferences of the groups of like-minded people, more competition505

will lead to more media bias. The possible policy is taxing the slanting of the506

newspapers. Similar to the fact-checking mechanism, the government can use507

human-coding or algorithms to capture the slanting of the newspapers on their508

website, and once the slanting level reaches the threshold, the newspapers will509

be charged a tax. However, the criteria of measuring the level of social media510

bias remain a challenge for the executives. Besides, this model does not consider511

the costs of slanting for media outlets, the costs of searching for information for512

consumers, or the costs of detecting fake news for the government. The model is513

concerned with only two media outlets in the market, there are no third agents514

such as advertisers, politicians, or lobbing groups. Further research can explore515

these areas.516
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A Appendices686

A.1 Proof of LEMMA 1687

According “Appendix A: LEMMAS” in the model of MS 200523, the slant strategy688

of a newspaper which biases around point B is defined as sB(d) = ϕ
χ+ϕ(B − d).689

The expected utility of a reader from reading an unbiased newspaper is:690

Ed[U (sB(d))] = u− χ
∫
d

ϕ

χ+ ϕ
(B − d)2 − ϕ

∫
d

(
d+

ϕ

χ+ ϕ
(B − d)− b

)2

− p.

When a newspaper is unbiased, i.e. the slant is zero ((B−d) = 0) and the vector χ691

does not exist any more, the expected utility of a reader from reading an unbiased692

newspaper then changes to:693

Ed[U (sB(d))] = u− ϕ
∫
d
(d− b)2 − p = u− ϕ(vd + b2)

A.2 Proof of LEMMA 2:694

To explain the rang of the value of B∗, we need to see how to get the locations of695

the indifferent readers and the prices choice of newspapers at the equilibrium.696

A.2.1 The indifferent readers at equilibrium697

1) First, the readers who are indifferent between the print newspapers and digital698

ones (b̂):699

23From (A1) to (A11), pp. 1043–1044, Sendhil Mullainathan and Andrei Shleifer. “The

market for news”. In:American Economic Review95.4 (2005), pp. 1031–1053.
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When E[Uoi ] = E[Upi ], i= {1, 2}:700

E[Upi ] = E[Uoi ]

u− ϕ2

(χ+ ϕ)
(Bi − b̂i)2 − χϕ

(χ+ ϕ)
(b̂2 + vd)− Pi

= u− ϕ2

(χ+ ϕ)
(Bo

i − b̂)2 − χϕ

(χ+ ϕ)
(b̂2 + vd)−Ki

⇒ ϕ2

(χ+ ϕ)
(Bi − b̂)2 + Pi =

ϕ2

(χ+ ϕ)
(Bo

i − b̂)2 +Ki

⇒ ϕ2

(χ+ ϕ)

(
(Bi − b̂)2 − (Bo

i − b̂)2
)2

= Ki − Pi

⇒ b̂ =
(Bo

i +Bi)

2
+

(ϕ+ χ)

2ϕ2

(Pi −Ki)

(Bi −Bo
i )

(= b̂i)

(Eq.(A.1))

As there are two different newspapers, we note the readers who are indifferent701

between the print version and digital one of newspaper i as b̂i, with i= {1, 2}.702

Recall that:703

Bo
1 = B1 +

(−bo + b̂1)

2
and Bo

2 = B2 +
(bo + b̂2)

2

Then replace them into (Eq.(A.1)), taking i = 1 for example, we get:704

b̂1 =
2B1 + 1

2(−b0 + b̂1)

2
+

(ϕ+ χ)

2ϕ2

(P1 −K1)
−1
2 (−b0 + b̂1)

=

B1 +
1

4
(b̂1 − b0)− (ϕ+ χ)

ϕ2

(P1 −K1)

(b̂1 − b0)

⇒ 3

4
(b̂1 − b0)2 + (b0 −B1)(b̂1 − b0) +

(ϕ+ χ)

ϕ2
(P1 −K1) = 0

⇒ b̂∗1 =
2B∗1 + b0 − 2

√
∆1

3
,∆1 = (b0 −B∗1)2 − 3(ϕ+ χ)

ϕ2
(P ∗1 −K∗1 ),

and similarly:

b̂∗2 =
2B∗2 − b0 + 2

√
∆2

3
,∆2 = (b0 +B∗2)2 − 3(ϕ+ χ)

ϕ2
(P ∗2 −K∗2 ).24

(Eq.(A.2))

2). Then the readers who are indifferent between the print versions of the two705

private newspapers and the public one, i.e. biind :706
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When E[U3] = E[Upi ],i= {1, 2}:

E[Upi ] = E[U3]

⇒ u− ϕ2

(χ+ ϕ)
(Bi − b)2 − χϕ

(χ+ ϕ)
(b2 + vd)− Pi = u− ϕ(vd + b2)− P3

⇒ ϕ2

(χ+ ϕ)
(vd −Bi2 + 2Bib) = Pi − P3

⇒ b =
Bi

2 − vd
2Bi

+
(Pi − P3)

2Bi

(ϕ+ χ)

ϕ2
(= b̂iind).

So we can get:707

(b̂1ind)
∗ =

((B∗1)2 − vd)
2B∗1

+
(P ∗1 − P ∗3 )

2B∗1

(ϕ+ χ)

ϕ2
;

(b̂2ind)
∗ =

((B∗2)2 − vd)
2B∗2

+
(P ∗2 − P ∗3 )

2B∗2

(ϕ+ χ)

ϕ2
.

(Eq.(A.3))

A.2.2 The prices choices at equilibrium708

1) The prices of the print newspapers.709

The payoff functions for newspapers are:710

711

Π1 =
(b̂1 + b0)

2b0
(K1 − cδ) +

(b̂1ind − b̂1)

2b0
(P1 − c);

Π2 =
(b0 − b̂2)

2b0
(K2 − cδ) +

(b̂2 − b̂2ind)
2b0

(P2 − c);

Π3 =
(b̂2ind − b̂1ind)

2b0
(P3 − c).

Taking newspaper 1 for example, optimize the above payoff function of newspaper712

1 (Π1) as to P1 and K1, we get:713

∂Π1

∂P ∗1
=

1

2b0

(
∂b̂∗1
∂P ∗1

(K∗1 − cδ) + (
∂(b̂1ind)

∗

∂P ∗1
− ∂b̂∗1
∂P ∗1

)(P ∗1 − c) + ((b̂1ind)
∗ − b̂∗1)

)
= 0

∂Π1

∂K∗1
=

1

2b0

(
∂b̂∗1
∂K∗1

(K∗1 − cδ) + (b̂∗1 + b0)− ∂b̂∗1
∂K∗1

(P ∗1 − c)

)
= 0
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We notice from (Eq.(A.2)) that
∂b̂∗i
∂P ∗

i
= − ∂b̂∗i

∂K∗
i

, so if we add ∂Π1
∂P ∗

1
and ∂Π1

∂K∗
1

in the714

above equations together, we have :715

∂Π1

∂P ∗1
+
∂Π1

∂K∗1
=

1

2b0

(
∂b̂1ind
∂P ∗1

(P ∗1 − c) + (b̂1ind)
∗ + b0

)
= 0

Replace
∂b̂1ind
∂P ∗

1
= (χ+ϕ)

2B∗
1ϕ

2
25:716

(χ+ ϕ)

2B∗1ϕ
2

(P ∗1 − c) + (b̂1ind)
∗ + b0 = 0

i.e.717

P ∗1 = c− (b̂1ind + b0)
2B1ϕ

2

(χ+ ϕ)

Replace the value (b̂1ind)
∗ in (Eq.(A.3)):718

P ∗1 = c−
(

((B∗1)2 − vd)
2B∗1

+
(P ∗1 − P ∗3 )

2B∗1

(ϕ+ χ)

ϕ2
+ b0

)
2B∗1ϕ

2

(χ+ ϕ)

= c− ϕ2

(χ+ ϕ)
((B∗1)2 − vd)− (P ∗1 − P ∗3 )− ϕ2

(χ+ ϕ)
2b0B

∗
1

⇒ P ∗1 =
c+ P ∗3

2
− ϕ2

2(χ+ ϕ)
((B∗1)2 + 2b0B

∗
1 − vd)

Similarly, we get:

⇒ P ∗2 =
c+ P ∗3

2
− ϕ2

2(χ+ ϕ)
((B∗2)2 − 2b0B

∗
2 − vd)

(Eq.(A.4))

As for P ∗3 , maximize the payoff function of newspaper 3, i.e.Π3 as to P3:719

∂Π3

∂P ∗3
=

1

2b0

(
(
∂(b̂2ind)

∗

∂P ∗3
−
∂(b̂1ind)

∗

∂P ∗3
)(P ∗3 − c) + (b̂2ind)

∗ − (b̂1ind)
∗

)
= 0

⇒ P ∗3 =
c

2
+

1

2

(P ∗1B
∗
2 − P ∗2B∗1)

(B∗2 −B∗1)
− ϕ2

2(χ+ ϕ)
(B∗1B

∗
2 + vd)

Then replace the value of P ∗1 and P ∗2 in (Eq.(A.4)) into P ∗3 :720

P ∗3 =
c

2
+

1

2

(
c

2
+
P ∗3
2

+
ϕ2

2(χ+ ϕ)
(B∗1B

∗
2 + vd)−

2ϕ2

(χ+ ϕ)

b0B
∗
1B
∗
2

(B∗2 −B∗1)

)
− ϕ2

2(χ+ ϕ)
(B∗1B

∗
2 + vd) =

3c

4
+
P ∗3
4
− ϕ2

4(χ+ ϕ)
(B∗1B

∗
2 + vd)−

ϕ2

(χ+ ϕ)

b0B
∗
1B
∗
2

(B∗2 −B∗1)

⇒ P ∗3 = c− ϕ2

(χ+ ϕ)

(
(B∗1B

∗
2 + vd)

3
+

4

3

b0B
∗
1B
∗
2

(B∗2 −B∗1)

)
(Eq.(A.5))

25It’s calculated from (Eq.(A.3))
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Then we replace the value of P ∗3 above in (Eq.(A.5)) into (Eq.(A.4)), finally721

we get the prices at equilibrium:722

P ∗1 = c− ϕ2

(χ+ ϕ)

(
(B∗1)2

2
+ b0B

∗
1 +

B∗1B
∗
2

6
− vd

3
+

2b0
3

1

( 1
B∗

1
− 1

B∗
2
)

)

P ∗2 = c− ϕ2

(χ+ ϕ)

(
(B∗2)2

2
− b0B∗2 +

B∗1B
∗
2

6
− vd

3
+

2b0
3

1

( 1
B∗

1
− 1

B∗
2
)

) (Eq.(A.6))

2) The prices of the digital newspapers.723

Maximizing the payoff function of newspaper i (Πi) as to Ki, i= {1, 2}, we724

get:725

∂Π1

∂K∗1
=

1

2b0

(
∂b̂∗1
∂K∗1

(K∗1 − cδ) + (b̂∗1 + b0)− ∂b̂∗1
∂K∗1

(P ∗1 − c)

)
= 0

∂Π2

∂K∗2
=

1

2b0

(
− ∂b̂∗2
∂K∗2

(K∗2 − cδ) + (b0 − b̂∗2) +
∂b̂∗2
∂K∗2

(P ∗2 − c)

)
= 0

Taking K1 for example:726

727

∂Π1

∂K∗1
=

1

2b0

(
∂b̂∗1
∂K∗1

(K∗1 − cδ) + (b̂∗1 + b0)− ∂b̂∗1
∂K∗1

(P ∗1 − c)

)
= 0

⇒ K∗1 − P ∗1 = cδ − c− (b̂∗1 + b0)

∂b̂∗1
∂K∗

1

And from (Eq.(A.1)):

∂b̂∗1
∂K∗1

=
(χ+ ϕ)

2ϕ2

1

(B0
1 −B∗1)

=
(χ+ ϕ)

ϕ2

1

(b̂∗1 − b0)
26

Then replace the value of ∂b̂1
∂K1

, we finally get:728

K∗1 − P ∗1 = c(δ − 1)− ϕ2

(χ+ ϕ)

(
(b̂∗1)2 − (b0)2

)
Similarly, we can have:

K∗2 − P ∗2 = c(δ − 1)− ϕ2

(χ+ ϕ)

(
(b̂∗2)2 − (b0)2

) (Eq.(A.7))

26As Bo
1 = B1 + (−bo+b̂1)

2 .
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To simplify the mathematical analyses, we only consider the symmetric solu-729

tions hereinafter.27
730

Suppose that (−B1)∗ = B2
∗ = B∗, (−Bo

1)∗ = (Bo
2)∗ = (Bo)∗, (−b̂1)∗ = (b̂2)∗ =731

b̂∗, (−b̂1ind)
∗

= (b̂2ind)
∗

= b̂∗ind, which turns the above equilibrium results into:732

−(b̂1ind)
∗ = (b̂2ind)

∗ = b̂∗ind =
B∗ + 2b0 − vd

6
;

−b̂∗1 = b̂∗2 = b̂∗ =
2B∗ − b0 + 2

√
∆

3
,∆ = (b0 +B∗)2 − 3

(
(b̂∗)2 − (b0)2

)
;

P ∗1 = P ∗2 = P ∗ = c− ϕ2

3(ϕ+ χ)

(
(B∗)2 − 4b0B

∗ − vd
)

;

P ∗3 = c+
ϕ2

3(ϕ+ χ)

(
(B∗)2 + 2b0B

∗ − vd
)

;

P ∗1 −K∗1 = P ∗2 −K∗2 = c+
ϕ2

(ϕ+ χ)

(
(b̂∗)2 − (b0)2

)
.

To support the market segmentation at the symmetric equilibrium, and to guar-733

antee a non-negative price, the following conditions need to be satisfied:28
734

−b0 < b̂∗1 < (b̂1ind)
∗ < (b̂2ind)

∗ < b̂∗2 < b0

⇒ −b0 < −b̂∗ < −b̂∗ind < 0 < b̂∗ind < b̂∗ < b0

⇒ 0 <
B∗ + 2b0 − vd

6
<

2B∗ − b0 + 2
√

∆

3
< b0

Note also that: ∆ = (b0 +B∗)2 − 3
(

(b̂∗)2 − (b0)2
)
≥ 0 and P ∗ ≥ c

⇒ B∗ ∈ [−b0 +
√

(b0)2 + vd, 2b0 +
√

4(b0)2 + vd] and B∗ >
(b̂∗)2

2b0
27The asymmetric solutions are either too complicated or may not exist at all.
28These are necessary but not sufficient conditions.
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A.3 Proof of LEMMA 3735

A.3.1 The reporting position choices at equilibrium736

Taking B∗2 for example, we have :737

∂Π2

∂B∗2
=

1

2b0

(
((P ∗2 − c)− (K∗2 − cδ))

∂b̂∗2
∂B∗2

− (P ∗2 − c)(
∂(b̂2ind)

∗

∂B∗2
+
∂(b̂2ind)

∗

∂P ∗3

∂P ∗3
∂B∗2

)

)
= 0

(Eq.(A.8))

From (Eq.(A.2)):738

∂b̂∗2
∂B∗2

=
2

3
(1 +

1

2
√

∆2

∂∆2

∂B∗2
) =

2

3

(
1 +

(B∗2 + b0)√
∆2

)
And also note that:

√
∆2 = 2

3(b2)2−B∗2 + 1
2b0, so replace it in the above function:

∂b̂∗2
∂B∗2

=
2

3
(1 +

1

2
√

∆2

∂∆2

∂B∗2
) =

2

3

(
1 +

(B∗2 + b0)√
∆2

)
=

2

3

(
1 +

2(B∗2 + b0)

3(b∗2)2 − 2B∗2 + b0

)
=

2
(
(b∗2)2 + b0

)
3(b∗2)2 − 2B∗2 + b0

As for
∂b̂2ind
∂B2

, replace P ∗2 and P ∗2 in (Eq.(A.5)) and (Eq.(A.6)) into (b̂2ind)
∗ in739

(Eq.(A.3)), we get:740

(b̂2ind)
∗ =

B∗2
4
− Vd

6B∗2
+
B∗1
12

+
b0
2

+
b0B

∗
1

3(B∗2 −B∗1)

⇒
∂(b̂2ind)

∗

∂B∗2
=

1

4
+

Vd
6(B∗2)2

− b0B
∗
1

3(B∗2 −B∗1)2

We can also get from (Eq.(A.3)) and (Eq.(A.5)) that:741

742

∂(b̂2ind)
∗

∂P ∗3
·∂P

∗
3

∂B∗2
=

(χ+ ϕ)

2ϕ2B∗2

ϕ2

(χ+ ϕ)

(
B∗1
3
− 4b0

3

(B∗1)2

(B∗2 −B∗1)2

)
=

B∗1
6B∗2

(
1− 4b0B

∗
1

(B∗2 −B∗1)2

)
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So finally, integrate the above values of
∂b̂∗2
∂B∗

2
,
∂(b̂2ind)∗

∂B∗
2
, and

∂(b̂2ind)∗

∂P ∗
3
·∂P

∗
3

∂B∗
2

into (Eq.(A.7)),743

we have:744

∂Π2

∂B∗2
=

1

2b0

(
((P ∗2 − c)− (K∗2 − cδ))

∂b̂∗2
∂B∗2

− (P ∗2 − c)(
∂(b̂2ind)

∗

∂B∗2
+
∂(b̂2ind)

∗

∂P ∗3

∂P ∗3
∂B∗2

)

)
= 0

⇒ (P ∗2 −K∗2 + cδ − c)
2
(
(b∗2)2 + b0

)
3(b∗2)2 − 2B∗2 + b0

−(P ∗2 − c)
(

1

4
+

Vd
6(B∗2)2

− b0B
∗
1

3(B∗2 −B∗1)2
+

B∗1
6B∗2

(
1− 4b0B

∗
1

(B∗2 −B∗1)2

))
= 0

745

Then replace the K∗2 −P ∗2 in (Eq.(A.7)) and the P ∗2 in (Eq.(A.6)), we finally have:746

(
(b∗2)2 − (b0)2

) 2
(
(b∗2)2 + b0

)
3(b∗2)2 − 2B∗2 + b0

+

(
(B∗2)2

2
− b0B∗2 +

B∗1B
∗
2

6
− vd

3
+

2b0
3

1

( 1
B∗

1
− 1

B∗
2
)

)
(

1

4
+

Vd
6(B∗2)2

− b0B
∗
1

3(B∗2 −B∗1)2
+

B∗1
6B∗2

− 2b0B
∗
1

3B∗2(B∗2 −B∗1)2

)
= 0

To compare the equilibrium results with those in the model of PET 2013, we747

need to simplify the above formulas by only considering the symmetric solutions748

hereinafter.29
749

So suppose that (−B1)∗ = B2
∗ = B∗, (−Bo

1)∗ = (Bo
2)∗ = (Bo)∗, (−b̂1)∗ =750

(b̂2)∗ = b̂∗, (−b̂1ind)
∗

= (b̂2ind)
∗

= (b̂ind)
∗
, which leads to the following results:751

2((b̂∗)2 − (b0)2)((b̂∗)2 + b0)

3(b̂∗)2 − 2B∗ + b0
+

1

36

(
(B∗)2 − 5b0B

∗ + 4b0
2 + vd −

7b0vd
B∗

− 2(vd)
2

(B∗)2

)
= 0

Rewrite the above formula as two parts:

(A) =
2((b̂∗)2 − (b0)2)((b̂∗)

2
+ b0)

(b0 + 3(b̂∗)2 − 2B∗)

(B) =
1

36

(
(B∗)2 − 5b0B

∗ + 4(b0)2 + vd −
7b0vd
B∗

− 2(vd)
2

(B∗)2

) (Eq.(A.9))

29The asymmetric solutions are either too complicated or may not exist at all.
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A.3.2 The Range of the reporting strategy at equilibrium752

At last, according to the market segmentation in Figure 2 and the symmetric753

assumptions 30:754

−b0 < b̂1 < b̂1ind < b̂2ind < b̂2 < b0

−b0 <
−2B∗ + b0 − 2

√
∆

3
<
−B∗ + vd − 2b0

3
<
B∗ − vd + 2b0

6
<

2B∗ − b0 + 2
√

∆

3
< b0

∆ ≥ 0 =⇒ B∗ >
(b̂∗)2

2b0

So we can get:755

i) (A) > 0 when B∗ >
3((b̂∗2)2+b0)

2 and (A) ≤ 0 otherwise.756

ii) The solutions for (B) = 0 are:

B1 =
b0 −

√
(b0)2 − 8vd

2
, B2 =

b0 +
√

(b0)2 − 8vd
2

,

B3 = 2b0 −
√

4(b0)2 + vd, B4 = 2b0 +
√

4(b0)2 + vd.

iii) The conditions satisfying the symmetric assumptions, i.e. (−B1)∗ = B2
∗ =757

B∗, B1 < B2, vd = δd
2 > 0, are:758

(2b0 −
√

4(b0)2 + vd) < 0 < (−b0 +
√

(b0)2 + vd) < (2b0 +
√

4(b0)2 + vd).759

30Suppose that (−B1)∗ = B2
∗ = B∗, (−Bo

1)∗ = (Bo
2)

∗
= (Bo)

∗
, (−b̂1)∗ = (b̂2)∗ =

b̂∗, (−b̂1ind)
∗

= (b̂2ind)
∗

= (b̂ind)
∗
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A.4 Proof of LEMMA 4760

The social welfare are the total surplus of the newspaper firms and their readers,

i.e:

SW =

∫ b̂1

−b0

U0
1

2b0
db+

∫ bind

b̂1

Up1
2b0

db+

∫ b̂2

bind

Up2
2b0

db+

∫ b0

b̂2

U0
2

2b0
db+ Π1 + Π2

=
1

2b0

∫ b̂1

−b0

(
u− (ϕ)2

(ϕ+ χ)
(B0

1 − b)2 − χϕ

(ϕ+ χ)
(b2 + vd)−K1

)
db

+
1

2b0

∫ bind

b̂1

(
u− (ϕ)2

(ϕ+ χ)
(B1 − b)2 − χϕ

(ϕ+ χ)
(b2 + vd)− P1

)
db

+
1

2b0

∫ b̂2

bind

(
u− (ϕ)2

(ϕ+ χ)
(B2 − b)2 − χϕ

(ϕ+ χ)
(b2 + vd)− P2

)
db

+
1

2b0

∫ b0

b̂2

(
u− (ϕ)2

(ϕ+ χ)
(B0

2 − b)2 − χϕ

(ϕ+ χ)
(b2 + vd)−K2

)
db

+Π1 + Π2

=
1

2b0

(
2b0u−

(ϕ)2

(ϕ+ χ)

(∫ b̂1

−b0
(B0

1 − b)2db+

∫ bind

b̂1

(B1 − b)2db

+

∫ b̂2

bind

(B2 − b)2db+

∫ b0

b̂2

(B0
2 − b)2db

)
− χϕ

(ϕ+ χ)

∫ b0

−b0
(b2 + vd)db

−
∫ b̂1

−b0
K1db−

∫ bind

b̂1

P1db−
∫ b̂2

bind

P2db−
∫ b0

b̂2

K2db

)

+
(b̂1 + b0)K1 + (bind − b̂1)P1

2b0
+

(b0 − b̂2)K2 + (b̂2 − bind)P2

2b0

= u− 1

2b0

ϕ2

(ϕ+ χ)

(∫ b̂1

−b0
(Bo

1 − b)2db+

∫ bind

b̂1

(B1 − b)2db+

∫ b̂2

bind

(B2 − b)2db+

∫ b0

b̂2

(Bo
2 − b)2db

)
− χϕ

(ϕ+ χ)

∫ b0

−b0
(b2 + vd)db

(Eq.(A.10))

Note (Eq.(A.10)) as:

SW = u− 1

2b0

ϕ2

(ϕ+ χ)
F (Bi, B

0
i )− χϕ

(ϕ+ χ)

∫ b0

−b0
(b2 + vd)db, with

F (Bi, B
0
i ) =

∫ b̂1

−b0
(Bo

1 − b)2db+

∫ bind

b̂1

(B1 − b)2db+

∫ b̂2

bind

(B2 − b)2db+

∫ b0

b̂2

(Bo
2 − b)2db
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Then optimize SW as respect to Bi and B0
i , and as ∂SW

∂Bi
= ∂SW

∂Bi
, ∂SW
∂B0

i
= ∂SW

∂B0
i

, we761

finally get:762

∂SW

∂(B0
1)

=
∂F (Bi, B

0
i )

∂B0
1

= 2B0
1(b̂1 + b0)−

(
(b̂1)2 − (b0)2

)
= 0

∂SW

∂B1
=
∂F (Bi, B

0
i )

∂B1
= 2B1(bind − b̂1)−

(
(bind)

2 − (b̂1)2
)

= 0

∂SW

∂B2
=
∂F (Bi, B

0
i )

∂B2
= 2B2(b̂2 − bind)−

(
(b̂2)2 − (bind)

2
)

= 0

∂SW

∂(B0
2)

=
∂F (Bi, B

0
i )

∂B0
2

= 2B0
2(b0 − b̂2)−

(
(b0)2 − (b̂2)2

)
= 0

And the first order conditions are:763

(B0
1)(sw) =

(b̂1 − b0)

2
, B

(sw)
1 =

(bind + b̂1)

2
, B

(sw)
2 =

(bind + b̂2)

2
, (B0

2)(sw) =
(b0 + b̂2)

2
.

A.5 Proof of Proposition 1 and Proposition 2764

To compare the effects of slant regulation by introduction a third public newspaper,765

we need to unify the hypothesis about the value of α. So suppose that α = 1, and766

we only consider the symmetric scenario.767

Recall that the equilibrium prices without slant regulation in the model of PET768

2013 are:769

PE1 = PE2 = c+
2ϕ2

(ϕ+ χ)
b0B

E

KE
1 − PE1 = KE

2 − PE2 = −c+
ϕ2

2(ϕ+ χ)
(b0 − b̂E)(b0 + 3b̂E − 2BE)

And the symmetric equilibrium prices in this model are:770

P ∗1 = P ∗2 = P ∗ = c− ϕ2

3(ϕ+ χ)

(
(B∗)2 − 4b0B

∗ − vd
)

;

P ∗3 = c+
ϕ2

3(ϕ+ χ)

(
(B∗)2 + 2b0B

∗ − vd
)

;

P ∗1 −K∗1 = P ∗2 −K∗2 = c+
ϕ2

(ϕ+ χ)

(
(b̂∗)2 − (b0)2

)
.
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A.5.1 Proposition 1: Comparison of print newspapers’ prices.771

So we have:772

i) PEi − P ∗i = ϕ2

3(ϕ+χ)

(
(B∗)2 + 8b0B

∗ − vd
)
. And (B∗)2 + 8b0B

∗ − vd ≥ 0773

according to LEMMA 2, so PEi ≥ P ∗i .774

ii) P ∗3 −P ∗i = 2ϕ2

3(ϕ+χ)

(
(B∗)2 − b0B∗ − vd

)
. P ∗3 ≤ P ∗i only when (B∗)2− b0B∗−775

vd ≤ 0.776

iii) P ∗3 − PEi = ϕ2

3(ϕ+χ)

(
(B∗)2 − 10b0B

∗ − vd
)
. As (B∗)2 − 10b0B

∗ − vd ≤ 0777

according to LEMMA 2, so P ∗3 ≤ PEi .778

A.5.2 Proposition 2: Comparison of digital newspapers’ prices.779

K∗i −KE
i = (K∗i −P ∗i )− (KE

i −PEi )− (PEi = P ∗i ) = −c− ϕ2

(ϕ+ χ)

(
(b̂)2 − (b0)2

)
−
(
−c+

ϕ2

2(ϕ+ χ)
(b0 − b̂)(b0 + 3b̂− 2B)

)
− ϕ2

(ϕ+ χ)

(
(B∗)2 + 8b0B

∗ − vd
3

)
=

ϕ2

(ϕ+ χ)

(
(b0 − b̂2)(b0 − b̂2 + 2B)

2
− (B∗)2 + 8b0B

∗ − vd
3

)

Again, according to LEMMA 2, we have (b0−b̂2)(b0−b̂2+2B)
2 − > −2b0B > (B∗)2+8b0B∗−vd

3 .780

So finally we get K∗i > KE
i .781

A.6 Proof of Proposition 3782

We first see the conditions when there exists B∗ > 3
2b0. Combine LEMMA 2 and783

LEMMA 3, if B∗ > 3
2b0, the part (B) > 0 in (Eq.(A.10)), which leads to the part784

(A) < 0 in (Eq.(A.10)).785

We further get B < 3(b̂)2+b0
2 , so as long as 3(b̂)2+b0

2 ≥ (b̂)2

2b0
and 3(b̂)2+b0

2 ≥ 3
2b0,786
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i.e. (b∗2)2 ≥ 2
3b0 ≥

1
3 , there exists at least one equilibrium reporting position787

for the print newspapers, which is more extreme than when there are only print788

newspapers in the news market ( when B∗ = 3
2b0), hence, also more extreme than789

the newspapers’ reporting position without slanting regulation in the model of790

PET 2013.31
791

Therefore, the slanting regulation by introduction a third newspaper firm with-792

out slant can backfire when (b∗2)2 ≥ 2
3b0 ≥

1
3 .793

A.7 Proof of Proposition 4 and Proposition 5794

We need to discuss different scenarios of these results:795

A.7.1 Scenario 1: The impact of UGC on online variant of a dig-796

ital newspaper is not dominant.797

If we follows the assumption in the model of PET 2013, i.e.:798

Bo
1 = B1 + α(−bo+b̂1)

2 , Bo
2 = B2 + α(bo+b̂2)

2 with 0 < α < 1. That does not change799

too much the above FOC, except for b0 = α
2(1−α)(b̂2 − b̂1).800

So we will explore the results of symmetric equilibrium, where −B(sw)
1 =801

B
(sw)
2 = B(sw):802

−B(sw)
1 = B

(sw)
2 =

b̂

2
=

(α− 1)

2α
b0,

−(Bo
1)(sw) = (Bo

2)(sw) =
b̂

2(1− α)
=

1

2α
b0.

Remarks:803

i)∂Bi
∂α < 0,

∂Bo
i

∂α < 0. The relative weight of newspapers’ reporting positions804

31As shown in the Proposition 1 of PET 2013, BE < 2
3b0
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to the most extremist readers’ opinions decrease with α. The more decisive the805

UGC plays in the role of the online content of a newspaper, the more extreme the806

reporting positions of a (print and digital) newspaper get.807

ii) When α < 1
4 , the (print and digital) newspapers’ reporting opinions are808

more extreme than when there are only print newspapers in the news market, i.e.809

B(sw) > 3
2b0;810

iii) Bo
i > Bi. The digital version of a newspaper are always more extreme than811

the print ones.812

A.7.2 Scenario 2: The impact of UGC on online variant of a dig-813

ital newspaper is dominant.814

Now if we suppose that the UGC has a dominant power in deciding the online815

variant of a digital newspaper’s content, i.e.:816

Bo
1 = B1 + (−bo+b̂1)

2 , Bo
2 = B2 + (bo+b̂2)

2 .817

We can get:818 
−B(sw)

1 = B
(sw)
2 = 0,

(Bo
1)(sw) = −b̂ind−b0

2 = b̂1−b0
2 ,

(Bo
2)(sw) = −b̂ind+b0

2 = b̂2+b0
2 .

The symmetric equilibrium results are then: −B(sw)
1 = B

(sw)
2 = 0,−(Bo

1)(sw) =819

(Bo
2)(sw) = −b0

2 .820
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A.8 Proof of Proposition 6821

When there is an unique price P for the print newspapers and K for the digital822

versions, the new payoff functions of the two private newspapers become:823

Π1 =
(b̂1 + b0)

2b0
K +

(bind − b̂1)

2b0
P ;

Π2 =
(b0 − b̂2)

2b0
K +

(b̂2 − bind)
2b0

P .

Recall that in the model of PET 2013: bind = B2+B1
2 + (P2−P1)

(B2−B1)
(χ+ϕ)
2(ϕ)2

and b̂i =824

(Bo
i +Bi)

2 + (ϕ+χ)
2ϕ2

(Pi−Ki)
(Bi−Bo

i ) . As now under price regulation, P2 = P1 = P and K2 =825

K1 = K, so bind = B2+B1
2 and b̂i =

(Bo
i +Bi)

2 + (ϕ+χ)
2ϕ2

(P−K)
(Bi−Bo

i ) .826

Replace bind and b̂i into the payoff functions under price regulation, we have:827

Π1 =
K

2b0

(
b0 +

(Bo
1 +B1)

2
+

(P −K)

(B1 −Bo
1)

(χ+ ϕ)

2(ϕ)2

)
+
P

2b0

(
(B1 +B2)

2
− (Bo

1 +B1)

2
+

(P −K)

(B1 −Bo
1)

(χ+ ϕ)

2(ϕ)2

)
;

Π2 =
K

2b0

(
b0 +

(Bo
2 +B2)

2
+

(P −K)

(B2 −Bo
2)

(χ+ ϕ)

2(ϕ)2

)
+
P

2b0

(
−(B1 +B2)

2
+

(Bo
2 +B2)

2
+

(P −K)

(B2 −Bo
2)

(χ+ ϕ)

2(ϕ)2

)
.

Maximize the payoff functions regarding Bi and B0
i respectively:828

∂Π1

∂B1
=

K

2b0

(
1

2
− (χ+ ϕ)

2(ϕ)2

(P −K)

(B1 −Bo
1)2

)
+

P

2b0

(χ+ ϕ)

2(ϕ)2

(P −K)

(B1 −Bo
1)2

= 0;

∂Π1

∂B0
1

=
K

2b0

(
1

2
+

(χ+ ϕ)

2(ϕ)2

(P −K)

(B1 −Bo
1)2

)
+

P

2b0

(
−1

2
− (χ+ ϕ)

2(ϕ)2

(P −K)

(B1 −Bo
1)2

)
= 0;

∂Π2

∂B2
=

K

2b0

(
−1

2
+

(χ+ ϕ)

2(ϕ)2

(P −K)

(B2 −Bo
2)2

)
− P

2b0

(χ+ ϕ)

2(ϕ)2

(P −K)

(B2 −Bo
2)2

= 0;

∂Π2

∂B0
2

=
K

2b0

(
−1

2
− (χ+ ϕ)

2(ϕ)2

(P −K)

(B2 −Bo
2)2

)
+

P

2b0

(
1

2
+

(χ+ ϕ)

2(ϕ)2

(P −K)

(B2 −Bo
2)2

)
= 0.

(Eq.(A.11))

If we add ∂Π1
∂B1

and ∂Π1

∂B0
1

up, or ∂Π2
∂B2

and ∂Π2

∂B0
2
, we get P = 2K. Replace P = 2K829
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into (Eq.(A.11)), we then have:830

∂Π1

∂B1
=

K

2b0

(
1

2
+

(χ+ ϕ)

2(ϕ)2

K

(B1 −Bo
1)2

)
> 0;

∂Π1

∂B0
1

=
K

2b0

(
−1

2
− (χ+ ϕ)

2(ϕ)2

K

(B1 −Bo
1)2

)
< 0;

∂Π2

∂B2
=

K

2b0

(
−1

2
− (χ+ ϕ)

2(ϕ)2

K

(B2 −Bo
2)2

)
< 0;

∂Π2

∂B0
2

=
K

2b0

(
1

2
+

(χ+ ϕ)

2(ϕ)2

K

(B2 −Bo
2)2

)
> 0.

And as we suppose that B1 < B2 in the beginning of this paper, so the payoff of831

print version of newspaper i increases as its reporting position converges to the832

centre,i.e. when B1 = B2 = 0; while the digital newspapers’ payoffs maximize833

when its reporting position online become most extreme, i.e. when −B0
1 = B0

2 =834

b0.835

When B1 = B2 = 0, bind becomes 0, together with P = 2K, we have the payoff836

functions at equilibrium:837

Π1 =
P

2b0

(b0 − b̂1)

2
=

3

4
P − (P )2

(b0)2

(χ+ ϕ)

8(ϕ)2
≥ 0;

Π2 =
P

2b0

(b0 − b̂1)

2
=

1

2
P − (P )2

(b0)2

(χ+ ϕ)

8(ϕ)2
≤ 0

The only equilibrium payoff realizes when P = 0, where the two newspaper firms’838

payoffs are 0.839

A.9 Proof of Proposition 7840

With a tax for fake news - T , the payoffs of the two private newspapers become:841

ΠT
1 =

(b̂1 + b0)K

2b0
+

(bind − b̂1)P

2b0
− T

(
Ed(s1(d1)2) + Ed(sd

0(d1)2)
)

=
(b̂1 + b0)K

2b0
+

(bind − b̂1)P

2b0
− Tϕ2

(ϕ+ χ)2

(
(B1)2 + (B0

1)2
)

;

ΠT
2 =

(b0 − b̂2)K

2b0
+

(b̂2 − bind)P
2b0

− Tϕ2

(ϕ+ χ)2

(
(B2)2 + (B0

2)2
)
.
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Maximize the payoff functions under tax regarding to the prices Pi and Ki, we get:842

P T1 = c+
ϕ2

(ϕ+ χ)2
(B2 −B1)(

(B2 +B1)

3
+ 2b0);

P T2 = c+
ϕ2

(ϕ+ χ)2
(B2 −B1)(−(B2 +B1)

3
+ 2b0);

KT
1 − P T1 = −c(1− δ) +

ϕ2

(ϕ+ χ)2

(b0 + b̂1)(b0 − 3b̂1 + 2B1)

2
;

KT
2 − P T2 = −c(1− δ) +

ϕ2

(ϕ+ χ)2

(b0 − b̂2)(b0 + 3b̂2 − 2B2)

2

To simplify, we only consider the symmetric equilibrium results with −B1 = B2 =843

B, and suppose that costs are zero. Then P T1 = P T = ϕ2

(ϕ+χ)2
4b0B Substitute844

the P T1 and KT
1 into the payoff functions under tax and maximize the new payoff845

functions regarding Bi and B0
i , taking B2 for example:846

∂ΠT
2

∂B2
=
∂Π2

∂b̂2

∂b̂2
∂B2

+
∂Π2

∂bind

∂bind
∂B2

+
∂Π2

∂bind

∂bind
∂P1

∂P1

∂B2
− 2B2T

ϕ2

(ϕ+ χ)2
= 0

(Symmetric Solutions)
==============⇒

(−B1=B2=B)
BT =

(
(b̂2)2 + (b0)2

)
b0

1

( 4T
(ϕ+χ) + 1

3)

⇒ P T =
2ϕ2

4T + (ϕ+χ)
3

(
(b̂2)2 + (b0)2

)

A.10 Proof of Proposition 8847

The average bias level (ARB) for the heterogeneous readers is:

ARB =

∫
b
Ed[(ni − di)2]

=
(b̂1 + b0)

2b0
E[s0

1(d1)2] +
(bind − b̂1)

2b0
E[s1(d1)2] +

(b̂2 − bind)
2b0

E[s2(d2)2] +
(b0 − b̂2)

2b0
E[s0

2(d2)2] =

ϕ2

2b0(ϕ+ χ)2

(
(b̂1 + b0)(B0

1)2 + (bind − b̂1)(B1)2 + (b̂2 − bind)(B2)2 + (b0 − b̂2)(B0
2)2
)

Again, to better compare the different scenarios, we only consider the symmetric848

equilibrium:849
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1) Social optimally, (−B0
1 , B1, B2, B

0
2) = (− b0

2 , 0, 0,
b0
2 ), so:850

(ARB)(SW ) =
ϕ2

2b0(ϕ+ χ)2

(
(b̂1 + b0)

(b0)2

4
+ (b0 − b̂2)

(b0)2

4

)
=

ϕ2b0
8(ϕ+ χ)2

(2b0 + b̂1 − b̂2)

=
ϕ2

(ϕ+ χ)2

b0(b0 − b̂)
4

2) Under price regulation, (−B0
1 , B1, B2, B

0
2) = (−b0, 0, 0, b0), so:851

(ARB)(PR) =
ϕ2

2b0(ϕ+ χ)2

(
(b̂1 + b0)(b0)2 + (b0 − b̂2)(b0)2

)
=

ϕ2

(ϕ+ χ)2
b0(b0 − b̂)

3) Under tax regulation:852

(ARB)T =
ϕ2

(ϕ+ χ)2

(
(BT )2 +

((b0)2 − (b̂)2)

b0
BT +

(b0 − b̂)(b0 + b̂)2

4b0

)

Further, under extremest conditions where there are only digital newspapers,853

i.e. −b̂1 = b̂2 = b̂ = 0, we finally have:854

(ARB)(SW ) =
ϕ2

(ϕ+ χ)2

(b0)2

4
,

(ARB)(PR) =
ϕ2

(ϕ+ χ)2
(b0)2,

(ARB)T =
ϕ2

(ϕ+ χ)2
(BT +

b0
2

)2,withBT =
b0

( 4T
(ϕ+χ) + 1

3)

So as long as the tax level T ≤ 5(ϕ+χ)
12 , the average bias level under tax regulation855

is the lowest.856
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Figure 1: Timing of the game in a Duopolistic Newspaper Market.
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Figure 2: Segmentation of the newspaper market, when a third public news-

paper is introduced to a duopolistic market of two private newspapers.

Figure 3: The ranges of possible values of the equilibrium reporting position

of newspaper 2.

Figure 4: Segmentation of the newspaper market in the model of PET 2013.
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(a) The optimal (first-best) reporting location choices with 0 < α < 1.

(b) The symmetric solutions for optimal (first-best) reporting location choices (0 <

α < 1).

Figure 5: The optimal (first-best) reporting location choices.

Figure 6: The reporting positions under price regulation.
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