Media Censorship Backfire—Online Appendices

Appendix A Model setup

A.1 Citizen belief updating

A.1.1 Posterior beliefs of the citizens

Since the signals perfectly match the states, Pr(s = flw = B) = Pr(s = ¢plw = N) =1
and Pr(s = flw = N) = Pr(s = ¢|w = B) = 0. Applying the Bayes’ rule, citizen i’s
posterior belief of the bad state upon encountering bad news is calculated as follows:

ps = Pr(w = Blr = )

Pr(r=Blw=B)
Pr(r=p)

Pr(w=B)[Pr(s=B|w=B)Pr(r=8|s=8)+Pr(s=¢|lw=B)Pr(r=8|s=¢)]

~ Pr(w=B)[Pr(s=B|lw=B)Pr(r=8|s=8)+Pr(s=¢|w=B)Pr(r=8|s=¢)]+Pr(w=N)[Pr(s=B|w=N)Pr(r=8[s=8)+Pr(s=¢|w=N)Pr(r=8|s=¢)]
_ poll*xag+0xoy]

T poopt+(1—po)[0xog+1xoy]

— Po9s

- Po"'ﬁ“’(l_ﬁo)gd).

And citizen 7’s posterior belief of the bad state after receiving good news is given by

py = Pr(w = Blr = 9)

_ Pr(r=¢|w=B)

- Pr(r=¢)

_ Pr(w=B)[Pr(s=B|w=B)Pr(r=¢|s=8)+Pr(s=¢|w=B)Pr(r=¢|s=¢)]
Pr(w=B)[Pr(s=B|w=B)Pr(r=¢|s=8)+Pr(s=¢|w=B)Pr(r=¢|s=¢)|+Pr(w=N)[Pr(s=Blw=N)Pr(r=¢|s=B)+Pr(s=¢|w=N)Pr(r=¢|s=¢)]

_ poll¥(1—0g)+0x(1—04)]

T pollx(1—0p)+0%(1—0y)]+(1—ps0)[0x(1—0g)+1x(1—0y)]

_ po(l-og)

= po=op)+(A=pe)(A=5g)"

A.1.2 News informativeness

The news is informative if, compared with the prior, the citizen’s posterior belief of the

bad state increases for bad news, i.e., pg > p,, and decreases for good news, i.e., py < po.

Py — po PoTs Y/ polpods + (1 = po)oy] _ po(l — po)(os — o)
° post+ (1—poay Po0s + (1 = po)oy Po0s + (1 = po)oy
(A. 1)



Given the assumption og > 0y, it follows that pg > p,.

po(l - ‘7,3)
po(l—05) + (1= po)(1 =0y
_ Poll = 08) = polpo(1 — o) + (1 — po)(1 — 0)]

Po(l —03) + (1 — po)(1 — 0y)
_ po(l — po)(a¢ - UB)
T o)+ (=) —0y) (8-2)

Py — Po = )_po

Given the assumption og > o4, it follows that py < p,.

0
News informativeness decreases in media bias in either direction if 3 9 *8 > 0, ai ¢ <0,

0, 0,
E)ﬂ < 0, and e > 0.
[ 0oy

Ops _ Po = P205 _ po(1 = po0s)
dog  [poos + (1= po)ogl®  [poos + (1 — po)og)?

> 0, (A. 3)

Opg  —Polpo(l — 05) + (L — po)(1 — 0g)] — po(1 — 05)(—po)

dog [Po(1 — 05) 4+ (1 — po) (1 — 042
_ —po(1 = po)(1 — 0y)

i)t (- p)d— o) = (A. 4)

dps 0= 1[(1 = po)poos] —po(1 — po)ogs
— - <0, AS
905~ oo+ (L= p)osl  [pods + (L= pa)os? (A.5)

dpg 0= [=(1—=po)ps(1 —0p)] Po(1 — po)(1 —03)

805~ ol =05) + (L= po) (1 =g~ ool =)+ (L—po)(L— a2 ~ 0 (A0

A.1.3 Definitions of the indifferent citizens

A.1.3.1 Indifferent citizens of high concern

For a citizen of high concern, denoted as a € [a, af!], the expected gain from the news
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Su(a;0) = Pr(r = B)EU(0; pg, ) + Pr(r = ¢)EU(1; pg, ) — EU(1; po, ). (A. 7)

The citizen is indifferent between subscribing or not if Sy («; o) = p, which is equivalent

to

pr(l - Uﬁ)

ool —05) + (L= p) (0 —ag) TP =P

(008 + (1 = po)as](—an) + [1 = poog — (1 = po)ay][—

(A. 8)

Simplify the equation and obtain
(=an)[poos + (1 = po)ag] — bpo(1 = 0) + bpo = p. (A.9)
Solve for the « in equation (A. 9) and define it as the indifferent citizen with high concern,

0 bpocs = p . (A. 10)

Assume that p < bp,03, so that af > 0.
Regarding how the indifferent citizen’s position changes with media bias towards good

news, there is

00y _ bpolpos + (1= po)oe] = polbpods =p) _ polb(l=po)og—pl ),

dog Npoos + (1 = po)og)? Nlpoos + (1 = po)og]?

Assume that p < b(1 — p,)oy, and then % > 0.

As to how the indifferent citizen’s position changes with media bias towards bad news,

A-3



there is

dafl (1 -
o _ —(L=po)(bpoos—p) _ (A. 12)

Doy nlpoos + (1 — po)oy)?

Overall, if p is not excessively high, the cut point ozf decreases in media bias towards

either good news or bad news.

A.1.3.2 Indifferent citizen with low concern

For a citizen of low concern, denoted as « € [al, a®), the expected gain from news is

Sp(a;0) = Pr(r=B)EU(0; pg, ) + Pr(r = ¢)EU(1; pg, ) — EU(0; po, ). (A. 13)

The citizen is indifferent between subscribing or not if Sy («; o) = p, which equals

s+ (1= pod(—am) + 1 = s = (1 = ool =T =,
(A. 14)
Simplify the equation and obtain
an[l = poos — (1 = po)og] — bpo(1 — 03) = p. (A. 15)
Solve for the o in (A. 15) and define it as the indifferent citizen with low concern,
ol = min{—2 booll = 05) oo (A. 16)

Nl — poos — (1 — po)oy]
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Regarding how the indifferent citizen’s position changes with media bias towards good

news, there is

Oay _ —bpo[l = pots — (L= po)ag] + po[p +bpo(1 = 05)]) _ polp — b(1 — po)(L — 0y)]
dog Nl = poos — (1 — po)oy)? N[l = poos — (1 = po)oy]?
(A. 17)

L
oy,

Assume that p < b(1 — p,)(1 — 04), and then To

< 0.

Concerning how the indifferent citizen’s position changes with media bias towards bad

news, there is

aaé _ (1= po)[p + bpo(1 — 0p)] < 0. (A. 18)

doy N[l = poos — (1 = po)oy]

Overall, if p is not excessively high, the cut point 045 increases in media bias towards

either good news or bad news.

Appendix B Media bias manipulation

B.1 Media bias manipulation backfire I

When the outlet is market-driven, manipulating media bias backfires if the government’s

benefits from citizen compliance increase in the threshold o, i.e., aahT([;) > (0. With a slight

abuse of the notation, 24 > 0 is equal to 9h) 0, since in equilibrium the market-driven

on(
) 86’/3 80'[;
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outlet exhibits a bias towards good news o = 55 (Lemma ?7).

PO O) oy 4 (1= ) [L— (0] + ooy + (1 pr)og][1 — Flal!)]
0p op

+ 1= po0s — (1= po)ay]'[L = Fay)] + [1 = poos — (1 — po)ag][1 — F(ay,

ool
=—mWWﬁ—ﬂ%ﬂ—M%+ﬂ—mﬁwmﬁaé
dak
~ 1= o~ (1= a0 52 (A. 19)
When %hT(; > 0, there is
1 1 5% 5 p [F(alt)  F(ab)] + [paoa + (1 - polosl ot 2ot
[0 s = (1= Pl () o2 > ol Fledl) = Flak)) o + (1= po)odl flof ) 52
(A. 20)
which is equivalent to
Prir = 6)J@D2E > g [F(al) = Flab)] + Prir = B)f L. (A 21)
- 7’(7" - ¢)f(ap)% > Po[ (ap ) - (ap )] rr= ap 805 : :
The optimal level of censorship for the government is achieved when
g _ w@h() O 0 (A. 22)

(90'5 80'5 80'5
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which is equivalent to

° 1 Posf (@) (=pop) (L= poog) f(a))polp —b(1 —po)], 9z
pimpelEley) = o)l = e (L = poop)? Va0, ="
9z H . L _ —
= op(1 — Poffﬁ){% + po[F(ey)) = F(a)]} — ey )p(; po8) | Jloy)lp ?7(1 pallos _
= ool S+ ol F(eg)) = Flap)lof = {7 + pol Fla)) = Flag)]}
H L\[, — _ H
S _Jeplp b —p), S 2
n n
This is a quadratic equation in terms of o4, and the solution is
05 = 0 = min{maz{max{ . f: - 4AO, 0}, max{ B fj i 4AC, 0}}, 1},
(A. 24)
where A = po{ =2 + plFafl) = P(ab)]}, B = {22 + po[Flafl) — Flak)]} — feie

f(eg)[p—=b(1—po)] and C = fleghp
n ’ no

B.2 Liberal media outlet under media bias manipulation

Without censorship, it is evident that the liberal outlet in unbiased toward good news,
i.e., 0g = 1. The optimal level of bias towards bad news for the outlet, denoted as 4, is

achieved when

ory,  OF(a)))  OF(ay)
doy ‘l doy Oy I+ (A. 25)
Flogl[=(bpo0s =)= po)] _ Fap)lp b1 =o)L= )
77[0005 + (1 - po)a¢]2 77[1 — Po0B — (1 _ po>0¢]2 v .

Equation (A. 25) can be transformed into a quadratic equation involving os. While this

equation may have multiple solutions for o4, extracting meaningful implications from
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them can be overly complicated. The focus of interest here is how the optimal value &

changes with o3. Applying the Implicit Function Theorem,

065 f(ag){bpolpoos + (1= po)ag]? — 2(bpoos — P)lpoos + (1 = po)ag][po + (1 — po)g%‘j]}
dog (P00 + (1 = po)oyl*

Fa){=bpoll — poos — (1 = po)og]* = 2[po0s + (1 = po)og][l — poos — (1 = po)ogl[—po — (1 = po)

0oy
dog

I}

(L= poos — (1= po)og]?
—0, (A. 26)

and it is equal to

95y _ bpo[f (0 ) Pr(r = ¢)* — f(ag) Pr(r = B)%|
dog 2n(1 — po)[og! f(aff ) Pr(r = ¢)* — ag f(ap) Pr(r = B)?]

(A. 27)

. 96 . :
The sign of gﬂ can be positive, negative, or zero.
op

B.3 Media bias manipulation backfire II

The government has four potential strategies to manipulate the liberal outlet’s bias, which

will be discussed in order below, as needed.

Case 1: Not manipulating media bias, i.e., og =1 and 64 = 1.
The government does not implement censorship when the expected payoff from citizen

compliance, denoted as h(-), rises with media bias towards bad news, and declines with
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media bias towards good news.

oh(")
80'¢

= (P00 + (1 = po)ag] [L = Fla )] + [po05 + (1 = po)ag][1 — F(a))]'

+ {1 = po0s — (1= po)ay]'[1 = Fa)] + [1 = pos — (1 = po)ag][1 — F(ay,)]

oot
= — (1= po)[F(ll) = F(ad)] = [poos + (1 — po)%]f(ozf)aT’;
Ok
- s — (1= o) 5 (. 25)

Compelling the liberal outlet to be less biased towards bad news backfires, when

Oh(-)

Doy > 0, i.e.,
1 0oy H L 90y
~lpoos + (1 = po)oglflag) 5= > (1 = po)[F(ey,) = Flog)] + [1 = poos = (1 = po)olf(ay)
0'¢ O-fﬁ
(A. 29)
which is equal to
00, H L 1 0oy
_PT(T = B)f(ap ) 8O_¢ > (1 - pO)[F(ap ) - F(ap)] + PT<T - Qb)f(ap)% (A 30)

Condition (A. 30) encapsulates the phenomenon of media bias manipulation backfire II.
If the government imposes a threshold on media bias towards good news, the liberal

outlet has flexibility to adjust its bias towards bad news in this case. As the government
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does not manipulate og, there must be

Oh(op,04(0s))
605

= [Po05 + (1 = po)ag] [L = F(oy )] + [po0s + (1 = po)og][1 — F(ay) )]

+ (1= poos — (1= po)os]'[1 = Fay)] + [1 = pos — (1 = po)ag][1 — F(ay,)]

do 0o, (05, 04(05))
— [P0+ (1= po) 5 _“N[F(e) = Flag)] = [poos + (1 = po)ol f(a)) 3
op o
dal(0s,04(03))
(1= po0s = (1= po)oel flag) =222 > 0, (A. 31)
os
where g%‘; is given by (A. 27), and
3&5(03, a4(0p)) B bpolpoos + (1 = po)os] — (bpoos — p)[po+ (1 = po) gz;]
dog Nlpoos + (1 = po)oy]®
Dol (bpoog — p)(1 — p,) 222
_ 9oy’ (bpo0s — p) )357 (A 32)
805 n[poaﬂ + (1 - p0)0¢]
and
0ak(0s,04(05))  —bPo[1 = poos = (1= po)as] + polp + bpo(1 — a5)] + [p + bpo(1 — 05)] (1 — Po) 52
dog Nl = poos — (1 = po)ogl®
dak [p+bpo(1 = 0)[(1 = po) 522
_ 9% A D5 (A. 33)

dog [l — peog — (1 — po)oy)?

Comparing the differences between equation (A. 19) and equation (A. 31), it is obvious

that

effect of change in 03  effect of change in o4 due to change in og

Oh( (05)) Oh(ops) Oh(o4(0s))
0p5,99\08)) 9p 94\95
80’5 n (90'5 + aO'ﬂ ’ <A 34)
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where % is given by (A. 19) and

o) do s 1 —(bpos = p)(1 = po) 22
T‘B = — ( Po )80'5[ (ap ) - (ap )] o f(@p ) n[poag + (1 — po)o'¢]

oo
L [P+ bpo(1 = o) (1 = po) 555
P2l = poos — (1 — po)oy]

= (1= )8%{[( ) ) = Flep)] = flegay = flag)ay}. (A 35)

80'5

It is evident that the government’s optimal levels of media bias manipulation are

6221 and 6;;:11n Case 1.

Case 2: Solely manipulating media bias towards good news, i.e., 5 € [0,1) and
oy = 1.

When the government only manipulates the liberal outlet’s bias towards good news,
the threshold o = 1, and the threshold o} solves

org w@h(ag,ad,(oﬁ)) _ Om

— 0. (A. 36)

8(75 80'5 80'5

Equation (A. 36) can be transformed into a sextic equation involving o5. While o does

exist, an analytic solution is not readily available.

Case 3: Solely manipulating media bias towards bad news, i.e., 63 = 1 and 64 €

[07 6(17) .
The government does not manipulate the liberal outlet’s bias towards good news,

which means o = 1. Regarding media bias towards bad news, if 0§ = 75, then 7 solves

org ¢8h(-) 0z
80(]5 N 80¢ 80'¢

— 0. (A. 37)

Equation (A. 37) can be transformed into a quadratic equation in terms of o4, and the
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solution is

—-B B? +4A
man{ “CEYTIHC gy 0y,

(A. 38)

o5 = o, = min{maxr{maz{

—B —vB? - 4AC 0
2A ’

where

A= (1= p {5 + [P (fl) ~ Flafl)

B = (1 p)(2ps05+ D22 + [F(all) — Plab)]} + S22 { (1) (bpuors — p) — flal)p+
bpu(1 — o))}, )

C = pooalpos + D{Z2 + [F(all) — F(ab)]} — S22 f(al)(1 — poos)(bpoos — p) —

Fe&)pooslp + bpo(1 — 7))}

If o) < 74, then the optimal threshold 77 depends on how the solutions(s) of the first

order condition 6§2be = 0 look like.

Appendix C News cost manipulation

C.1 News cost manipulation backfire I

When the outlet is market-driven, manipulating the citizens’ cost of accessing news back-

fires if

i = Pl = S G+ P = - rleh)
- ATr= fles) r(r = —[f(og)
=Prir =Pl g =gt P =9l 5 =g
_ flagh) — flag) <0, o
n



C.2 News cost manipulation backfire 11

Without censorship, the liberal outlet is unbiased towards good news, i.e., 63 = 1. How-
ever, it can be biased towards bad news when its ideological intensity v is sufficiently

large. The liberal outlet’s optimal level of bias towards bad news satisfies the first order

condition,
omy,  OF(af)  OF(of)
e = U — 5, 1+ (A. 40)
_ v = po) fleg)[=(bpoos —p—0)]  flag)bpo(1 —05) +p+ 0] L= 0
Ui (0005 + (1 = po)og)? [1 = poos — (1= po)oy)? '

The focus of interest is how the optimal level of bias towards bad news changes with the

increased cost of news access. Applying the Implicit Function Theorem to equation (A.

40),

Fa){[pors + (1 — po)ag)? + 2(bpoos — p — 0)[po0s + (1 — po)agl(1 — po) e } B
(P00 + (1 = po)oy]*
Fab) {1 = poos — (1= po)os)? + 2[bpo(1 — 05) + p + O][1 — poos — (1 — po)osl[(1 — po) m2]}
(1= poos — (1= po)og]?

=0, (A. 41)

which is equivalent to

996 _ _ flaf)Pr(r = B)Pr(r = ¢)° — f(a§)Pr(r = ¢)Pr(r = B)°

00— 2(1— po)[f(ag)(bpoos —p = O)Pr(r = ¢)* — f(ag)[bpo(1 — o) +p + 0] Pr(r = 5)*]
(A. 42)

The sign of 85% can be positive, negative, or zero. It means that 64 may increase, decrease
or remain unaffected by 6, depending on the parameter values.

The government has two potential strategies to manipulate the citizen’s cost of news
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aCccess.

Case 1: Not manipulating news cost, i.e.,

In this case, manipulating the citizen’s cost of accessing news backfires, i.e.,

(6, 04(9))

=0.

00
+[1 = poos — (1= po)oy) [ = Flag)] + [L = poos — (1 = po)ay][L — Flag)]
do
= — (1= p) SEIF(l!) ~ F@f)] + [poors + (1 = po)osll=f (o)
0ak(0,0,(0
FIL= oy — (1= ][ oy 220000y
where
0oy (0,04(0)) _ —[poos + (1 = po)os] — (bpoos —p — 0)(1 — Po)
a0 Npoos + (1 = po)og)? ’
0a(0,04(0)) _ (L= poos — (1 = po)ag] + [bpo(1 — ) + 1+ 0)(1 — po) 5
90 N[l = poos — (1 = po)og]?
in which 86% is given by (A. 42).
Comparing (A. 39) and (A. 43), it is evident that
effect of change in §  effect of change in o4 due to change in 0
—~ ———
On0.04(0)) _ Oh(O) Oh(0y(0))
00 N 00 00 ’
where
Oh(o4(0 do fladall — f(ak)ak
U — — (11— eI (o) — Py - Lo Slew)ony

C-14

= [po05 + (1 = po)og [1 = Flag)] + [poos + (1 = po)ag][L — F(ag)))

0oy (0, 04(6))

Y

a0
(A. 43)

(A. 44)

(A. 45)

(A. 46)

(A. 47)

]



Case 2: Increasing the cost of news access, i.e., 6 € (0,1].
In this case, manipulating the citizen’s cost of news access does not backfire (condition

. OR(0,04(0)
(A. 43) does not hold), i.e., ——75== > 0.

The government’s optimal level of news cost manipulation is achieved when

Ong  Oh(8,04(0)) B
50 50 T =0. (A. 48)
The solution is
, A
g = mm{maw{g, 0},1}, (A. 49)

where

A = 2{f(ag' ) (bpoos — p)Pr(r = ¢)° — f(ag)[bpe(1 — o5) +p)|Pr(r = B)°Hr (A. 50)

- %[f(af) — [(eg)]} = Ulf(ag ) Pr(r = B)Pr(r = 6)* — f(ag)Pr(r = ¢)Pr(r = B)°]

{nPr(r = B)Pr(r = ¢) — f(ag) Pr(r = ¢)(bpoos — p) + f(ag)Pr(r = B)[bpo(1 — a5) + ]},

B = 2n{f(ag ) Pr(r = ¢)° — f(ag)Pr(r = B)"Hr — %[f(af) — flag)]}+ (A.51)

V[ f(ag ) Pr(r = B)Pr(r = ¢)° — f(ag)Pr(r = ¢)Pr(r = §)’]
[f(ag) Pr(r = ¢) + fag)Pr(r = B)].
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Appendix D Censorship and citizen welfare

D.1 Media bias manipulation and citizen welfare

When the government manipulates media biases and the outlet is market-driven, the effect

of media bias on the aggregate welfare of citizens is as follows.

8@
805

owr 8045 H. H
80'5 - 80'5 SL<Oép 10-)f(ap )

% S (akio) flal). (A. 52)

Given the definitions of  and af, it follows that Sy(a/f;0) = Sp(a);0) =p > 0. As

probabilities, f(a)! ) and f (a) fall within the range of zero to one. Moreover, there are

%00 5 0 (A. 11)

(A. 17). Consequently, the overall derivative % > 0.

For a liberal outlet, the government has four potential strategies for manipulating
media bias. First, if the government chooses not to censor, it is evident that the citizens’
welfare remains unaffected. Second, if the government solely manipulates media bias

towards good news, considering the liberal outlet’s adjustment of bias towards bad news,

then

owr _ doll(og,04(03))
805 805

dal(op,04(03))
605

SL(af;a)f(ozf) — SH(ozL'J)f(aﬁ). (A. 53)

p)

The signs of %W (given by (A. 32)) and %&fﬁ)) (given by (A. 33)), and

oWy
dog’

accordingly the sign of the overall derivative can be positive, negative, or zero. Third,

if the government solely manipulates media bias towards bad news, then

0@
80¢

8%@*__aaf H. H
ao_(b - 80’¢ SL(ap ﬂa)f(&p )

——=Su(oy;0) f(ay). (A. 54)

Since %iij <0 (A. 12) and > (0 (A. 18), the overall derivative %W’ < 0.
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D.2 News cost manipulation and citizen welfare

When the government increases the citizens’ cost of news access by 6 € (0, 1], the liberal
outlet adjusts its level of bias towards bad news accordingly. The effect of the increased
news cost on the aggregate welfare of citizens is as follows.

8W[ . (90451(9,0(1,(9))
00 a0

Oaiy (60, 04(0))

Selaf'so)flaf) - S

Sulafio)f(af). (A 55)

When the liberal outlet’s bias towards bad news increases in the citizen’s cost of new

: 6%4’ > 0, it can be observed that 90y 0050) (A. 44) and EAGAO)

access, 1.e. BT 20

(A. 45). Consequently, the overall derivative 8;5’ < 0. If the liberal outlet’s bias towards

: . . D ) atl (0,0.4(0
bad news decreases in the citizen’s cost of new access, i.e.. =2 < 0, the signs of Zoe~27e7)) (0.04(6))
) T ; 20

o (0,04 (0))
90

owp
a0 7’

and , and accordingly the sign of can be positive, negative, or zero.
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