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Abstract

In this paper, we apply bargaining game and mechanism design to the study of plat-
form content moderation. We start by analyzing and comparing four popular mod-
eration procedures: centralization, flagging, counter-notice, and voting. Among the
four, counter-notice minimizes the over-removal error, voting minimizes the under-
removal error, and centralization minimizes the procedural cost. We generalize the
welfare comparison to a mechanism design setup where the platform specifies the
assignment and cost rules. The error-free mechanism that implements the efficient
assignment rule is a repeated counter-notice procedure similar to Wikipedia’s Talk
Page. The consumer optimal mechanism that trades off errors with costs is instead
centralized platform adjudication, which is common in spam filters.
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1 Introduction

The Internet undeniably impacts our everyday lives, offering an unprecedented amount
and variety of online content that transforms the way of doing business, educating, or
communicating. Massive amounts of text, images, and videos are posted on digital plat-
forms on a daily basis. While the proliferation of internet content has brought a myriad
of benefits, it also carries the potential for significant harm. One of the most concerning
aspects is the ease with which false information and misinformation can spread, leading
to the distortion of facts and the manipulation of public perception. The internet also pro-
vides a venue for hate speech and harassment, creating an environment where individu-
als and communities can be targeted and emotionally influenced. The Internet’s vastness
further makes it a breeding ground for illegal activities such as cybercrime, identity theft,
and the distribution of harmful content. As such, how to address and mitigate these po-
tential damages to ensure a safer and more responsible online environment becomes a

primary policy concern across the world.

Content moderation - the governance mechanism that removes inappropriate and
controversial content - is increasingly adopted by digital platforms to control the flow
of information online. For example, just in the third quarter of 2021, Facebook reported
taking action on 22.1 million pieces of hate speech content, 4.4 million pieces of violent
and graphic content, and 2.2 million pieces of terrorist propaganda. Likewise, YouTube
reported removing 15.8 million videos for violating its community guidelines, and over
34 million comments were removed for violating policies in the first half of 2021. During
the 2016 US presidential campaign, Twitter’s selective restriction on political speech puts

content moderation once again under the stage light. !

IThe Washington Post, September 19, 2022. Trump may wish he hadn’t pushed to
block online content moderation. (https://www.washingtonpost.com/politics/2022/09/19/


https://www.washingtonpost.com/politics/2022/09/19/trump-social-media-republicans-texas-florida/
https://www.washingtonpost.com/politics/2022/09/19/trump-social-media-republicans-texas-florida/
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Figure 1: Tweet exchange between the European Commissioner for the Internal Market
and Elon Musk the day after Twitter’s acquisition deal was closed.

A central question in content moderation is how to design the procedures for moder-
ating content. There are several options in the moderation design space. Some platforms

recruit human moderators to do manual reviews.2

Some platforms opt for automated
moderation that relies on algorithms to match a pattern of abusive content. Convention-
ally, moderation is centralized and only carried out by one powerful moderator. Modera-
tion has become increasingly decentralized today such that it is carried out by many dis-
persed moderators making local decisions. In fact, some platforms, including Wikipedia,
completely delegate the task to their user community and try to reach a consensus with
the community. Underlying all the different designs is the question of how to reduce er-
rors while keeping costs low. In other words, which procedure should the government

and the platform recommend?

This paper studies the optimal procedures used by online platforms to moderate
content. We analyze content moderation from a game theoretic perspective. We start
by comparing four popular moderation procedures: centralization, flagging, notice and
counter-notice, and voting. Under centralization, the platform makes the moderation de-
cision. The other three procedures all delegate the moderation decision to the users to
some extent, with different degrees and forms of user participation. The flagging pro-
cedure gives the plaintiff an opportunity to send a removal notice, and it is the simplest

among the three. The counter-notice procedure allows the plaintiff and the defendant to

trump-social-media-republicans-texas-florida/).
2TikTok, for instance, hired more than 10,000 moderators per year.
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counter each other’s notices. The voting procedure invites all the users to enact a moder-
ation decision collectively. We model the procedures as games between players who are
harmed by the content (which we call the plaintiffs) and players who are causing harm
(which we call the defendants). If the content remains, the defendant gets the value of the
content while the plaintiff pays for the harm. If the content gets removed, both parties’
payoffs are normalized to zero. Thus, the plaintiff gains from moderation whereas the
defendant loses from it. In each game, the content is removed with some probability at
certain costs, given different players” profiles. The content moderation outcome is then
described by a pair of functions specifying the removal probability and the expected pro-

cedural cost. Using this model, we compare the social efficiency of the three procedures.

Each procedure has its own advantage in either reducing error or reducing cost. If
the primary concern centers around mitigating the welfare loss from over-removal bias,
the counter-notice procedure is the most efficient option of the three. If the primary con-
cern is instead the welfare loss from under-removal bias, the voting procedure is the most
efficient option. Centralization, however, proves to be the cost-minimizing procedure of

the three.

Importantly, decentralization in the form of user participation increases efficiency
considerably. The rationale lies in the ability of user participation to resolve disputes
preemptively before the disputes escalate to the platform ruling. Both counter-notice
and voting increase users’ participation by extending the bargaining periods or involving
more users in the bargaining. Users’ participation aligns the moderation outcome with
the direction of efficiency. For the subset of users (h,v) whose outcome is determined
by the platform decision, decentralization improves the probability that they are going
to get a rightful moderation outcome. For the mass of users (h,v) who are marginal
in notice decisions, decentralization flips their moderation outcome from either a type I
error or a type Il error to an efficient one. Decentralization, however, might not maximize

consumers’ welfare as it imposes substantial procedural costs on users.

The comparison of the four procedures appears to be generalizable to more sophis-
ticated procedures. We thus turn to the mechanism design approach to find the optimal

procedure among all possible ones. In our mechanism design setup, harm and value of



the content are private information of the plaintiff and the defendant respectively. The
platform commits to an assignment rule that specifies the probability function of removal
and a cost rule that specifies the plaintiff’s and the defendant’s procedural costs. A mod-
eration mechanism is feasible if it satisfies both incentive compatibility for truth-telling
and individual rationality. We define two notions of social optimality. The first one is an
error-free mechanism that implements the efficient allocation rule (i.e., zero over-removal
error and zero under-removal error). The second one is a consumer-optimal mechanism
that maximizes the sum of the expected payoffs of the plaintiff and the defendant. We
solve for the direct-relevation mechanisms and show the extensive form game that de-

centralizes them.

The mechanism design approach turns out to be fruitful. The error-free procedure
that implements the efficient allocation rule is a repeated counter-notice procedure, where
the two parties take turns to respond until one player gives up. This mechanism is similar
to Wikipedia’s Talk Page and YouTube’s Content ID. Intuitively, a repeated counter-notice
procedure allows the two parties to credibly reveal their private information. For exam-
ple, a defendant with a high value for the content in question is willing to hold out longer
than a plaintiff with relatively less harm from the content. Thus, a carefully designed
counter-notice procedure could elicit private information from both parties and minimize

both over- and under-removal biases.

However, a repeated counter-notice procedure may result in excessive procedural
costs and thus a loss in consumer welfare. Centralization turns out to be optimal for
consumer welfare. The consumer-optimal procedure (which maximizes total payoffs, in-
cluding costs) is a zero-cost flagging procedure that selects a winner immediately based
solely on the comparison between the ex ante average value and harm. This procedure,
common in email servers’ spam filters, aims to minimize the loss in consumer welfare

caused by prolonged argumentation.

In essence, the optimal choice of a moderation mechanism depends on the welfare
criterion of the platform. If the platform’s primary concern is to minimize type-I and
type-II errors in its moderation decision, a repeated counter-notice procedure would be

optimal. However, if the platform also takes consumers’ costs associated with the moder-



ation process into account, it would be optimal to employ a zero-cost flagging procedure.

The rest of the paper proceeds as follows: Section 2 describes the virtues and flaws of
the most common content moderation procedures and provides a short literature review.
Section 3 contains a welfare analysis of three procedures. Section 4 looks into the efficient

procedure from a mechanism design approach. Section 5 briefly concludes.

2 Background and Related literature

This section has a twofold purpose. First, we introduce three procedures commonly used
by platforms to regulate the content. Second, we discuss the related literature and our

contributions.

2.1 Content Moderation Procedures

Moderation can be carried out by a single moderator, usually being the platform where
the content is to be displayed. Centralized moderation forces users to report the un-
wanted content to the platform, which then decides whether or not to remove it. One of
the virtues of these systems is that moderation decisions can be enforced quickly. How-
ever, giving all the power to the platform can be to the detriment of users” preferences
which may not be in line with those of the platform. A spam filter would be an example

of a centralized mechanism.

The first decentralized moderation procedure is flagging, which is commonly used
within social media platforms and other user-generated content platforms as a mecha-
nism to report offensive content (Crawford and Gillespie, 2016). Flagging involves click-
ing or flagging specific content (such as videos, posts, etc.) that users believe should be
removed or modified by the platform. Flagging is a standard feature found in almost
all platforms where social interactions are prevalent, such as Facebook, Twitter, YouTube,
Instagram, among others. The specific functioning of this system varies depending on

the level of sophistication that the platform has decided to implement. Some platforms



simply allow users to report content as offensive or harmful, while others enable users
to provide detailed reasons for why the content requires modification or deletion. The
motivations for using this flagging procedure are diverse and can range from addressing

issues like harassment, violence, identity theft, and copyright violations, among others.

Next, we discuss the notice and counter-notice procedure. This process is imple-
mented by certain platforms in response to allegations that specific content is in violation
of either legal mandates or platform rules. It is frequently used in cases of copyright in-
fringement or defamatory content (Urban et al., 2017). The Digital Millennium Copyright
Act in the US notably has included the notice and counter-notice procedure as the default
mechanism for resolving disputes over online copyrighted content. Under this regime,
copyright owners can send takedown notices to online service providers to remove the
content they believe to be infringing. ° If the receiving user believes their content was
wrongly removed, they have the option to file a counter-notification to request the resti-
tution of the content. If a copyright owner wishes to keep the content disabled after
receiving a counter notice, he will need to initiate a legal action seeking a court order. *
Some platforms have extended this procedure beyond what is legally required. YouTube
Content ID, for instance, implements a three-round counter-notice process unless one

party gives up. °

The third procedure we will cover is voting. Some prominent Q&A platforms, in-
cluding Reddit® and Stack Overflow’, have embraced this alternative system to handle
disputes that arise between users concerning the deletion or modification of uploaded
content. In this system, platforms delegate the decision-making power to the mass of
users or editors themselves. The process typically involves a multi-step approach. First,

users can report content they find inappropriate, offensive, or in violation of platform

3Section 512(c) outlines the statutory requirements that must be met for all notices. These requirements
include identifying the allegedly plagiarized work, providing some reference to the alleged plagiarizer,
expressing good faith on the part of the complaining party, and confirming the accuracy of the information
provided. Once these criteria are met, the platform is obligated to remove the content promptly.

4Online platforms have a strong incentive to comply with the process otherwise they risk losing their
safe harbor protection (which shields them from lawsuits). See Grimmelmann and Zhang (2023).

5See https://support.google.com/youtube/answer/2797454.

®You can find its content moderation policies at https://www.redditinc.com/policies/
content-policy.

’See the conduct agreement that every moderator has to sign at Stack Overflow:
https:/ /stackoverflow.com/help /mod-agreement-policies
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rules. Once a report is submitted by users or directly supplied by the platform, trained
human moderators or automated systems review the reported content to assess its com-
pliance with the platform conduct guidelines. The moderators may follow a set of pre-
defined criteria to evaluate the content impartially. Depending on the platform’s policies,
multiple moderators may review the same content to reduce bias and ensure fair judg-
ment. After examining the reported content, moderators may vote on whether to keep,
remove, or take other appropriate actions on it. The decision is often determined by a ma-

jority vote or adherence to a pre-defined threshold of agreement among the moderators.

Some platforms may use a combination of the aforementioned procedures. Wikipedia,
for example, develops a moderation system that involves all three techniques and a cen-
tralized arbitration as a last resort. ® All users can flag articles for possible removal. °
Each article is associated with a Talk Page where editors can discuss the content of the

article repeatedly. °

The Talk Page can thus be viewed as a repeated version of the
counter-notice procedure. If discussion on the Talk Page fails, editors may seek outside
volunteers to help resolve the dispute. This includes asking for a “Third opinion”, open-
ing a “Request for comment”, and making a request at an appropriate noticeboard. !
Wikipedia emphasizes the consensus of the community in which every registered user
can participate and vote. Voting and community-building takes place either online such
as in Skype, chat rooms, e-mail, or in a real local pub or other venue at Wikipedia face-to-
face meetings. '? In case all other avenues have been exhausted, the editors may take the

dispute to the Arbitration Committee, which will issue and enforce a binding decision. *

2.2 Related Literature

Content moderation has been a subject of extensive interest in the legal and social science

literature. A pioneering work in that literature is Grimmelmann (2015), arguing that con-

8See Jemielniak (2014) and Clark et al. (2019) for detailed documentation of Wikipedia’s content policy.
9See https://en.wikipedia.org/wiki/Wikipedia:Wikipedia_is_not_a_forum.
10Gee https://en.wikipedia.org/wiki/Wikipedia:Talk_page_guidelines.
HFor a more detailed explanation of the process, see https://en.wikipedia.org/wiki/Wikipedia:
Dispute_resolution.
12Gee https://en.wikipedia.org/wiki/Wikipedia:Meetup.
13Gee https://en.wikipedia.org/wiki/Wikipedia:Arbitration/Policy.
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tent moderation is the reason some online communities thrive while others become ghost
towns. Grimmelmann (2015) provides a taxonomy of the moderation design space.'*
The principal techniques of moderation are the rules that decide which content to allow
or remove and how to enforce these decisions. The removal decision can be performed
manually or through automated algorithms, transparently or confidentially, centralized
with one powerful moderator or decentralized with dispersed moderators. It can also be
ex-ante deterrence (i.e., preventing unwanted content beforehand) or ex-post punishment
(i.e., addressing issues after they arise). Our analysis compares a wide range of moder-
ation designs commonly used in practice, including the centralized ex-ante mechanism,
and the decentralized ex-post removal mechanism. !° This literature also recognizes that
platform users play a pivotal role in moderation, and their active engagement leads to
a shift in the platform’s governance model, from a centralized authority to a variety of
decentralized and community-driven approaches. (Crawford and Gillespie, 2016; Jemiel-
niak, 2014; West, 2018; see Gillespie et al. (2023) for a survey)

The economic literature on content moderation is in more limited supply. A num-
ber of empirical papers study certain moderation procedures we discussed in this paper.
Jiménez Durén (2022) studies flagging in Twitter and finds that flagging increases the
likelihood of content deletion, and content moderation can marginally increase advertis-
ing revenues of the platform. Zhang (2021) studies the notice-and-takedown procedure
in GitHub and finds a persistent drop in original contributions following the takedown
of a repository. Kwan et al. (2023) examines the voting-type mechanism that involves
the voluntary participation of buyers and sellers as jurors to handle disputes on the plat-
form, and finds potential issue of in-group bias that may arise through the process. Un-
derlying these empirical findings is the question of whether the moderation procedure
achieves socially desirable outcome, together with the trade-off of over-removal versus

under-removal. 1©

The theoretical literature in economics on content moderation is still in its infancy.

14See Klonick (2017) for a discussion of the definition of content moderation.

15Gee Douek (2022) for a discussion on the ex-ante approach. See Goldman (2021) for a variety of mod-
eration remedies beyond content removal.

160ther papers investigate moderation techniques that are beyond the scope of this paper. For example,
Bolton et al. (2018) and Bolton et al. (2023) studies the feedback revision rule used by some platforms.



A few recent works begin to develop models for content moderation. Madio and Quinn
(2021) studies the incentive of an ad-funded platform to filter unsafe content, and demon-
strates that platforms are more incentivized to moderate content when users’ preference
align with advertisers’ preference. Liu et al. (2022) study the implication of revenue mod-
els for the platform’s decision to moderate extreme content, and find that moderation
is more likely to occur under an advertising model rather than a subscription model.
Grimmelmann and Zhang (2023) develop a model of moderation based on externalities,
imperfect information, and investigation costs, and use it to show the tradeoff of over-
moderation versus under-moderation. All of the above papers focus on what kind of
content to moderate from the platform’s perspective, and moderation is entirely the plat-
form’s decision in these papers. 7 Our paper instead focus on how to moderate. We
model moderation as an outcome of the joint decision of the platform and the participat-

ing users, thereby showing the decentralization of content moderation.

The papers closest in form to ours are Papanastasiou et al. (2023) and Lee and Cui
(2023). Papanastasiou et al. (2023) compare the centralized dispute resolution mecha-
nism with a semi-decentralized mechanism (where the seller is allowed to remove re-
views without consulting the platform) in the context of malicious reviews and black-
mail. Their game-theoretical analysis shows that decentralization, when implemented
properly, can improve efficiency in dispute resolution. Similarly, Lee and Cui (2023) ana-
lytically compare centralized platform-led adjudication and crowd-sourced voting mech-
anism for online labor platforms. They find that decentralization can result in a fairer
outcome and eliminate the bias of the centralized mechanism if there is sufficient hetero-
geneity in users’ private signals. Our paper is different in four aspects. First, we expand
the scope and consider three most common content moderation procedures. We compare
their respective moderation outcome and relative efficiency and advantages. Second, our
model is institution-free and all of our analysis is based on the distribution of harm and
value of the content, which is applicable in many settings. Third, we break down the inef-
ficiency into three components: type I error, type Il error, and procedural costs. Lastly and
importantly, we are not aware of any paper that explores and generalizes the economic

implications of moderation procedures in a mechanism design framework. To date, our

7There is a related literature on whether platforms should be held legally liable for harmful content. See
Fagan (2020), De Chiara et al. (2021), Hua (2021), and Grimmelmann and Zhang (2023).
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Figure 2: Article revision and content removal on Wikipedia. Source: Clark et al. (2019)

paper appears the first one to apply mechanism design to content moderation problem.
Additional insights have been uncovered by the mechanism design approach. For in-
stance, centralization can be optimal if procedural costs is weighted equally as wrongful

removal.

3 A Model of Content Moderation

In what follows, we present a game theoretic analysis of the four popular moderation
procedures discussed in section 2. The first procedure is centralized platform adjudi-
cation. The other three procedures all delegate the moderation decision to the users in
some degree, but the ways the users can participate are different. The flagging procedure
gives the plaintiff an opportunity to send a removal notice, and it is the simplest among
the four. The counter-notice procedure allows the plaintiff and the defendant to counter
each other’s notices. The voting procedure invites all the users to vote before enacting
a moderation decision. Our purpose is to (i) make positive predictions on the removal
outcome for each procedure, and (ii) identify the normative implications of the source of

inefficiency for each procedure.

11



We start with bilateral disputes on an item of content. There is an individual who is
harmed by the content, we call him the plaintiff (denoted by subscript p). There is another
individual whose content harms, we call him the defendant (denoted by subscript d). The

harm can be copyright infringement, defamation, misinformation, etc.

Payoffs. If the content remains, the defendant gets a payoff of v and the plaintiff
gets a payoff of —h. If the content is removed, both the plaintiff and the defendant get 0.
Therefore, the plaintiff gains from removal and has an incentive to take down the content;
the defendant loses from removal and has an incentive to keep the content. & and v are
private information: only the plaintiff observes h and only the defendant observes v. The

distribution F;,(h) and F,(v) are common knowledge.

Content Moderation. Content moderation is a set of procedures that results in the re-
moval of the content with some probability at certain costs. Let P(h, v) be the probability

function on whether the content is removed.

Social Efficiency. A content moderation outcome is socially efficient if it maximizes
the total allocation payoffs of the plaintiff and the defendant, i.e., P(h,v)h+ (1 —P(h,v))v.
Thus, P¢(h,v) = 1if h > v and P°(h,v) = 0 otherwise. That is, removing the content is
socially efficient if the harm exceeds the value. '® A moderation procedure is error-free if

it induces a socially efficient moderation outcome.

3.1 Centralization

We begin with a simple model of centralization as a benchmark. The platform decides
whether to remove the content. There is a probability p that the platform will remove.
The probability p is announced ex-ante and it is common knowledge for all users. p
depends on the substance of the content in question and the strength of the related legal
enforcement. For instance, child pornography is strictly prohibited in all the jurisdictions,
so p = 1. If the content is an infringing work of copyright, p would be large under the

DMCA, but bounded away from 1 because of the fair use doctrine.

8Note that procedure costs are not included.
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The resulting allocation is P*"'(h, v) = p for any pair of (h, v), which diverges from
the efficient allocation rule P¢(h, v). We can quantify the welfare loss. We start by defining
the two types of errors a moderation procedure can cause. Let a be the type I error that
the content is removed in equilibrium, but social efficiency requires the content to remain.
Thus « denotes the welfare loss from over-removal. Type I error occurs if P¢(h,v) = 0
and P“"(h,v) > 0. Under centralization, this means # < v and the removal happens

erroneously with probability p.

J‘\f (P* — PN (1 — v)dE, () dF,(0)

—p L T (1)

Let 8 be the type II error that the content is not removed in equilibrium, but social ef-
ficiency requires the content to remove. Thus B denotes the welfare loss from under-
removal. Type Il error occurs if P°(h,v) = 1 and P*"(h,v) < 1. Under centralization, this

means /1 > v and non-removal happens erroneously with probability 1 — p.

geen — J~ J‘ — peen (1 — o)dE, (h)dE, (o)
= (1-p) fo 0= ”)zdv )

2

_1-p
- =L

Let W™ be the welfare under centralization and can be decomposed as
Ween — e _ peen ’Bcen (3)

The welfare loss is decomposed into four parts: type I error, type II error, and procedural
costs (which is zero for centralization). Over-removal weighs more in the welfare loss.
This simple form of centralization is inefficient because the simple randomization cannot

align the moderation outcome with the disputants” preferences.
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3.2 Flagging Procedure

no removal no removal

platform disapproves (1 — p)

Plaintiff
latform approves (p)

removal

Figure 3: The Timing of the Game Under the Flagging Procedure

The simplest form of decentralized content moderation would be the flagging pro-

cedure. The procedure allows a single user to file a complaint against a disputed content.

Timing. The flagging procedure is depicted in figure 3 where a red node is a decision
node of the plaintiff, a black node is a nature’s move, an edge is an action, and an end
node is an outcome. The plaintiff chooses whether to flag the content or not. There is a
cost c to send a notice. If he chooses inaction, the content remains. If he chooses to flag,
the platform will decide whether to honor his request. As before, there is a probability p
that the platform will approve. The platform’s approval will lead to the removal of the

content.

A pure strategy of the plaintiff is the binary choice of flagging. This is a decision
problem. We make the tie-breaking assumption that if either the plaintiff or the defendant
is indifferent between posting and inaction, she will choose inaction. The plaintiff will
send a notice if the expected value of platform decision is greater than the cost of sending
a notice:

ph > c. (4)

The probability of a platform decision is 1 — F(c/p). The probability of a removal is
pPr(h > c¢/p) = p[1 — Fy,(c/p)]. The decision to report a flag is similar to buying a

lottery, though this lottery has significant external effects on social welfare.

Not all removals are efficient. The flagging procedure is not error-free. The resulting

14



c/p =

0

Note: Circle denotes over-removal, and Square denotes under-removal.

Figure 4: Equilibrium vs. Efficiency under the flagging procedure
allocation P28 (1, v) is

ifh >c/p,
plag(p 0y = 7 P (5)

0 otherwise,

which diverges from the efficient allocation rule P¢(h,v). Figure 4 depicts a graphical
comparison of the equilibrium and the efficiency under the flagging procedure in the
(h,v) space. We pick p = 1 for illustration purposes. The horizontal solid line & = ¢
is the indifference condition of the plaintiff regarding sending a notice. Above the solid
line, the plaintiff sends the notice; below the line, the plaintiff will not. The dashed line
h = v further divides the quadrant into four parts. Above the line, i > v so removal is
socially efficient; below the line, i < v so carrying the content is socially efficient. The area
with neither a circle nor a square is where the equilibrium outcome is socially efficient.
The area above the solid line and below the dashed line is denoted as circle. The circle
area corresponds to Type I error and this is where the procedure leads to the error of
over-removal. If (/,v) falls into this region, the content should never be removed but it
will be removed under the flagging procedure. Notice that the pair (/,v) in the circle
area tends to be large, implying large efficiency loss of over-removal. The area below the
solid line and above the dashed line is denoted as square. The square area corresponds to
Type II error and this is where the procedure leads to the error of under-removal. If (h, v)
falls into this region, the content should be removed but it will not be removed under

the flagging procedure. Notice that the pair (/,v) in the square area tends to be small,
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implying limited efficiency loss of under-removal.

A standard comparative statics exercise is to see whether the equilibrium outcome
will be improved by varying some of the parameters. As the cost ¢ becomes lower, the
solid line shifts downward resulting in a smaller square area but a larger circle area. A
reduction in under-removal error by changing ¢ will increase the over-removal error. In-
creasing p will reduce over-removal error at the cost of increasing under-removal error.
The above observations illustrate a trade-off in fine-tuning the parameters: fixing the pro-

cedure, reducing one type of error will lead to an increase in the other type of error.

Type I error occurs if P°(h,v) = 0 and P18(/,v) > 0. Under flagging procedure,

this means 1 < v, h > c¢/p, and the removal happens erroneously with probability p.

f J — P8 (h — v)dF,(h)dF,(v)

_ zJ—c/zﬂ)
_pjo P g (6)

_ [ =¢/p)P  (=c/p)?
_p[ 6 6

As ¢ increases, #1128 decreases. Type II error occurs if P°(h,v) = 1 and P18(h,0) < 1.
Under flagging procedure, this means either (i) # > v, h < ¢/p, and no removal ever

happens, or (ii) # > v, h > ¢/p, and non-removal happens erroneously with probability

1-p.

g = | [ e vy oy + j;ax{vlc/p}we—Pﬂagxh—v)dth(h) 4F, (o)
_ (' (c/p—0)? o
_Jo 5 dv+ (1—p) L/p dh
(c/p)® (c/p—1)° 1 (c/p)
_{ 6 6 }Jr(l_p){é_ 6 }
)

As c increases, 128 increases as well. Let W2 be the welfare under the flagging proce-
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dure and can be decomposed as
Wﬂag — W¢ — “ﬂag _ ’Bﬂag _ C[l _ E] (8)
p

where c[1 — %] is the expected cost of the flagging procedure. The welfare loss is decom-

posed into four parts: type I error, type II error, and procedural costs.

The equilibrium is inefficient because it lead to either over-removal or under-removal.
It leads to over-removal because the plaintiff does not take into account the negative ex-
ternality of content removal to the users who value the content. It leads to under-removal

because the transaction cost of the procedure prevents low types to initiate a claim.

3.3 The Counter-notice Procedure

The plaintiff files a complaint against a disputed content. The creator of the content,
the defendant, has the right to make a counter-notice to rebut the complaint. Settlement

negotiations are then conducted against the outside option of a platform decision.

Timing. Figure 5 describes the notice and counter-notice procedure where a red node
is a decision node of plaintiff, a blue node is a decision node of defendant, a black node
is a nature’s move, an edge is an action, and an end node is an outcome. The plaintiff
chooses whether to send a notice or not. The notice can be viewed as a settlement proposal
specifying that the plaintiff will drop the lawsuit if the defendant agrees to terminate the
disputed work. The defendant decides whether to accept the settlement. If the defendant
accepts, the disputed content will be removed. If the defendant rejects, she will send
a counter-notice, in which case the plaintiff will have to choose whether to proceed to
platform decision or drop the complaint. If the plaintiff chooses not to litigate, the content
remains on the platform. If a platform decision does take place, there is a probability
p € [0,1] that the plaintiff will prevail and the content will be removed. With probability

1 — p, the defendant prevails, the court dismisses the claim, and the content remains.

For welfare comparison, we will start with the assumption that both the plaintiff and

the defendant know h and v. We will then discuss how incomplete information distorts
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no removal no removal

defendant prevails (1 — p)
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laintiff prevails (p)

removal
removal

Figure 5: The Timing of the Game Under the Notice and Counter-notice Procedure

the incentive for truth-telling.

Under the assumption of complete information, a pure strategy of the plaintiff is a
complete contingent plan that picks the notice choices for every realization of the previous
history. A pure strategy of the defendant is a contingent plan that picks the counter-notice
choice for every realization of the previous history. The solution concept is subgame

perfect Nash equilibrium.

Under the notice and counter-notice procedure, there are two ways a content can be
removed: either because the defendant complies with the takedown notice, or because
the plaintiff prevails in the platform decision. Likewise, there are two ways this proce-
dure might keep the content: either because the plaintiff retracts his notice after receiving
a counter-notice, or because the defendant prevails in the platform decision. Platform de-
cision will happen if the defendant chooses to send a counter-notice and the plaintiff does
not retract his notice such that the two parties cannot reach an agreement via settlement

talks.

We solve the game by backward induction. The defendant will respond to the notice
only if the plaintiff’s threat to litigate is credible. The litigation threat is credible if and
only if ph > ¢, i.e., the expected gain from the platform decision is greater than the notice

cost. If the above condition holds, the defendant will issue a counter-notice if and only if
(1-p)ol{ph—c >0} —c>0,

the expected gain from the platform decision (conditional on the credibility of the threat)

is greater than the payoff from inaction which leads directly to removal. Anticipating this,
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2c/p

c/p

c/(1-p)

Note: Circle denotes over-removal, and Square denotes under-removal.

Figure 6: Equilibrium vs. Efficiency under the Counter-notice procedure
the plaintiff will send the notice in the first place if
(ph—c)[{(1—p)v—c>0}+hI{(1—p)v—c<0}>c.

Suppose (1 — p)v > c¢ such that the notice will be countered, the plaintiff will send a notice
if ph > 2c. In this case, the equilibrium outcome is one where the plaintiff sends a notice,
the defendant sends a counter-notice, and the two parties proceed to platform decision.
Suppose (1 — p)v < ¢ such that the notice will not be countered, the plaintiff will send
a notice if 1 > ¢, which is implied by ph > c. In this case, the equilibrium outcome is
one where the plaintiff sends a notice, the defendant chooses inaction, and thus content

is removed.

The counter-notice procedure is not error-free either. The resulting allocation Pt (11, )
is

: c c
1 1fh>5andv<g,

Pn(’ﬁce(h,v) =3P ifh > % and v > ﬁ, 9)

0 otherwise,

which diverges from the efficient allocation rule P¢(h,v). Notice that Pt (h,v) =
Pag(h,v) if p = 1 or p = 0 but for generic value of p, P"°€(),v) improves upon

P38 (1, v). Figure 6 extends figure 4 to graphically compare the equilibrium and the ef-
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ficiency under the notice and counter-notice procedure in the (h,v) space. The dashed
line i = v remains the same. The four solid lines divide the quadrant into six parts. The
blocks above the line c and left to the line c/¢ are the equilibrium outcomes where the
content is removed without a counter-notice. The block above the line 2c and right to the
line c/e is the equilibrium outcome where the content is removed by platform decision.
The other four blocks in the southeast corner are the inaction equilibrium. The area with
neither a circle nor a square is where the equilibrium outcome is socially efficient. The
square area corresponds to Type II error under the counter-notice procedure, and this is
where the procedure leads to the error of under-removal. Notice that in the graph, it is
the same area as under the flagging procedure. The circle areas correspond to Type I error
under the counter-notice procedure, and this is where the procedure leads to the error of
over-removal. It is important to notice that the circle area is smaller than that under the
tlagging procedure. The counter-notice procedure might be able to reduce the one type of
error without increasing the other type of error. This welfare improvement stems from the
fact that the counter-notice procedure divides the preferences into finer sets and result in

better moderation outcome accordingly.

Type I error occurs if P°(h,v) = 0 and P"°€(j;,v) > 0. Under the counter-notice
procedure, this means either (i) initial notice not being countered (h < v,h > ¢/p,and v <
c/(1—p)), or (ii) plaintiff prevails in platform decision (h < v, h > 2c/p, v > ¢/(1 — p)),

and the removal happens erroneously with probability p.

. c/(1=p) (v , 1 v ,
roiee — [T [ (b Pty )Ry ()aF (o) + | (P PO (1 o)dF () dF (o
c/(1-p) J2¢c/p

0 c/p
= JC/(l_p) —(U_C/p)zdv+pjl (U_ZC/p)sz

0 2 ¢/(1-p) 2
_ [(e/A=p)—c/p)® (=c/p)’ (1-2c/p)* (c/(1—p)—2c/p)’
- 6 ~ 6 | TP 6 6

(10)

notice jncreases. Type II error occurs if P¢(h,v) = 1 and P™t(f,v) < 1.

As c increases, «
Under the counter-notice procedure, this means (i) no initial notice (h > v, h < ¢/p),
or (ii) initial notice being countered and no second notice (h > v, h € [c/p,2¢/p), and

v > ¢/(1—p)), or (iii) defendant prevails in platform decision (h# > v, h > 2c/p, v >
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¢/ (1 —p)), and non-removal happens erroneously with probability 1 — p.

. 1 pc/p . 1 2c/p .
‘Bnohce :fo J (Pe o Pnotlce)(h - U)dPh(h)de(U) + J/(l ) J (Pe - Pnotlce)(h _ U)dPh(h)dFv(U)
v ¢/(l=p)Jo

1 _
+ f f (P* — POt<e) (4 _ 0)dE, (v)dE; ()
2/p Je/(1-p)

:f —(C/p_v)zdwrf —(Zc/p_v)zdwr(l—p) f (h=c/0=p)Fy,

o 2 /a-p) 2 2/p 2
_ {(C/P)g’ - (c/p—l):“} N [(ZC/p—c/(l -r)° (26/10—1)3}
6 6 6 6
—c/(1—=p))3 /o —c/(1—p))3
+(—p) {(1 /(61 p)” _ (2c/p 6/(1 p) ]

(11)

As c increases, p"°U® increases as well. Let W™°ti® be the welfare under the counter-notice

procedure and can be decomposed as

. . . 2c
Wnotlce:We_anotlce_ notlce_cl_E —C1—£ 1— ¢ —C[l— ¢ ][1__] (12)
o —cl1 - £) et - St - 5] el - 10 -2
where ¢[1 — %] is the expected cost of the first plaintiff notice, c[1 — %] 11— ﬁ] is the
expected cost of the counter-notice, and ¢[1 — ﬁ] [1-— 2—;] is the expected cost of the second

plaintiff notice. The welfare loss is decomposed into four parts: type I error, type Il error,

and procedural costs.

Incomplete information may give users an incentive to over-state their types. When
the plaintiff decides whether to send a notice, he may want to send the notice even though
his type h is below the cost c. Likewise, a defendant may want to send a counter-notice
even though his type v is below the cost c. The reason is that the plaintiff (defendant) has
an incentive to build a reputation of a higher-threat type in the hope that the defendant
(plaintiff) would be deterred to send a counter-notice. In a Perfect Bayesian equilibrium,
a plaintiff will send the initial notice if 1 > fll, will send the second notice if i > f1,, and
the defendant will send the counter-notice if v > 9. The cutoffs 11, i, and 9 can be found
by substituting the posterior belief into the users’ best response functions (which leads to
four fixed point equations). It can be shown that fll <c/p, fzz <2c/p,and 9 < c/(1-p).

So both the plaintiff and the defendant are more likely to send notice and counter-notice.
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In figure 6, the two horizontal lines would shift downward and the vertical line would
shift inward. The area of platform decision grows, but the characterization of the welfare

loss remains the same.

3.4 The Voting Procedure

Content disputes may go beyond two individuals and thus involve multilateral bargain-
ing. There is a group of individuals 7, who are harmed by the content, and there is an-
other group of individuals 1, whose content harms. If the content remains, the defendant
i gets a payoff of v; and the plaintiff i gets a payoff of —h;. If the content gets removed, all
users get a payoff of 0. Every h; and v; are private information. A moderation outcome is
socially efficient if it maximizes P(h,v) > }; h; + (1 — P(h,v)) Y., v;. Removing the content

is socially efficient if the total harm exceeds the total value.

The most popular moderation procedure for multilateral procedure is the voting
procedure. Moderation decisions are made by the community of all users n = nj, + n,.
The affirmative votes of fraction k < n are required to enact a moderation decision. If an

agreement is not reached for the disputed content, there will be a platform decision.

This model shows a conflict resolution method in which decision-making is not han-
dled by a single individual, resulting in judgments that are similar to those made in a
court of law by a panel of judges. In this scenario, though, decision-makers have inter-
ests at stake since they must select what content should remain on the platform, and they
reveal their preferences about it through voting. As a result, the incentives to resolve the
argument in one direction or another are biased in favor of the user in charge of making

the suggestion.

Timing. Figure 7 describes the voting procedure where a red node is a decision node
of plaintiff, a blue node is a decision node of defendant, a yellow node is a decision node
for a platform, a square black node is a nature’s move, an edge is an action, and an end
node is an outcome. A plaintiff is randomly chosen among 1), users of the harmed group.

The plaintiff chooses whether to send a notice or not. If a notice has been sent, all the n
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members in the community choose to vote yes or no. If the number of affirmative votes
is greater than or equal to the threshold k, the notice is enacted and the content will be
removed. Otherwise, platform decision will take place, which may result in a removal of

the content with probability p.

no removal

no removal
votes< k

Platfor
Plaintiff

notice

removal removal

Figure 7: The Timing of the Game Under the Voting Procedure

At the voting stage, because there are only two candidates, users will vote sincerely.
Sincere voting will be the equilibrium outcome of the subgame. Under sincere voting,
type h users will vote Yes, and type v users will vote No. If the threshold is k/n = 1/2,
it will be the median user that determines the moderation outcome. If the threshold is
k/n = 3/4, it will be the top quartile user that determines the moderation outcome. The
number of harmed users n;, would play a key role here. If 1, > k, then the removal request
will be enacted, and consequently, the plaintiff finds it optimal to send a notice if i; > c.
If nj, < k, then the removal request is rejected, the removal decision is left to the platform,
and the plaintiff is willing to send a notice only if ph; > c. Also observe that the plaintift’s

preference h; weighs more than the harm suffered by the rest of the group.

The voting procedure is not error-free. The resulting allocation PVOte(h, v) is

1 ifh; >candn, >k,

P (h,v) = p ifh; > % and n;, < k, (13)

0 otherwise,

which diverges from the efficient allocation rule P°(h,v). Figure 8 extends figure 4 to
graphically compare the equilibrium and the efficiency under the voting procedure in
the total harm and the total value space (3, h;, > v;). The comparison now depends on

whether there would be an agreement on removal. Figure 8(a) shows the case where
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Note: Circle denotes over-removal, and Square denotes under-removal.

Figure 8: Equilibrium vs. Efficiency under the Voting procedure

ny, < k such that the number of harmed users is not sufficient to support the removal. The
dashed line } ; i; = >, v; is the efficient outcome. The square area corresponds to  under
the voting procedure, and this is where the procedure leads to the error of under-removal.
The circle areas correspond to a under the voting procedure, and this is where the proce-
dure leads to the error of over-removal. The only case the content might get removed is
through platform decision. In this case, both the square and the circle area are exactly the
same as that under the flagging procedure. When n;, < k, the voting procedure extends
what would happen under the flagging procedure to multilateral disputes. Figure 8(b)
shows the case where n;, > k such that the number of harmed users is sufficient to sup-
port the removal. The voting will remove the content for sure if a notice has been sent.
Compared with nj, < k, the over-removal bias grows substantially because the area of the
circle is larger and the probability is higher. But at the same time the under-removal bias

decreases considerably.

If n, < k, we have aVote = gpflag, gvote — gflag pyvote — Wflag We therefore focus
on ny, = k. Type I error occurs if P¢(h,v) = 0 and P°*(h,v) > 0. Under the voting

procedure, this means h < v, h > c.

“Vote —
[0,1]nh+nv—l

_ f (v + Zj;éi hi—c)
[Oll]nh-&-nyfl 2

Zivi_ﬁ_zj#h}l e vote
J (P —P¥*) (> hi — Y v;)dFy(h;)dF, (h_;)dF,(v)

(14)

2
dh_;dv.
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where > v; + > ;; h; follows an Irwin-Hall distribution. As c increases, aVo® decreases.
Type II error occurs if P(h,v) = 1 and PV°*(h,v) < 1. Under the voting procedure, this

means either (i) h > v, h < c.

‘BVOte - J[O 1}”h+nv71 JC (Pe a PVOte)(Z hi a 2 Ui)th (hl)th(hil)dFv(v)

2 Vit by

_ f (c—2vi— Zj;éi hj)2
[0/1]11h+nz;—1 2

(15)
dh_idv.

As c increases, V°t increases as well. Let WV be the welfare under the flagging proce-
gemeg p

dure and can be decomposed as
Wvote = W¢— (Xvote . ’Bvote _ C[l _ C] (16)

where c[1 — ¢] is the expected cost of the voting procedure (assuming voting is costless).
The welfare loss is decomposed into four parts: type I error, type II error, and procedural
costs. The inefficiency of the voting procedure comes from the fact that it ignores the

intensity of the preference distribution.

3.5 Comparison of Four Moderation Procedures

In this subsection, we compare the four moderation procedures. Each procedure can
change the over-removal loss, the under-removal loss, the cost of the procedure. We will
reach the conclusion that if the primary concern is welfare loss from over-removal bias,
the counter-notice procedure is the most efficient option of the four. If the primary con-
cern is welfare loss from under-removal bias, the voting procedure is the most efficient

option. Centralization, however, is the cost-minimizing procedure of the four.

Figure 9 plots the over-removal error resulting from the four procedures as a func-
tion of the probability p. The blue line plots the type I error of the flagging procedure. The
green line plots the type I error of the counter-notice procedure. The red line plots the type
I error of the voting procedure. For all four procedures, over-removal bias decreases as

p grows. There is a clear ranking of the four procedures in terms of over-removal error:
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Figure 9: Comparing Over-removal Error of Four Procedures as a Function of Platform
Decision

lXVOte

‘Xﬂag
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Figure 10: Comparing Over-removal Error of Four Procedures as a Function of Procedural
Cost

for all p, the green line is below the blue line, which is below the red line. The counter-
notice procedure has the smallest over-removal error among the four procedures. Figure
10 plots the over-removal error resulting from the four procedures as a function of the
notice cost c. The same observation holds: for all ¢, the green line is below the blue line,

which is below the red line.

If the inefficiency concern for content moderation is over-removal, the counter-notice
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procedure is the best option.

Proposition 1. For all (c,p), a™f < o8 < a® < «". The counter-notice procedure

minimizes the over-removal error o among the four procedures.

The counter-notice procedure is superior because of preference revelation. Counter-
notice allows the defendant to reveal her preference so that the settlement can solve the
dispute for more (h,v) pairs, and settlement is more efficient than platform decision.
This explains why copyright-based platform such as YouTube prefers the counter-notice
procedure because DMCA abuse and over-removal are the primary concern and content

providers should have an opportunity to respond.

p

notice

p

Figure 11: Comparing Under-removal Error of Four Procedures as a Function of Platform
Decision

Figure 11 plots the under-removal error resulting from the four procedures as a func-
tion of the probability p. The blue line plots the type II error of the flagging procedure.
The green line plots the type II error of the counter-notice procedure. The red line plots
the type II error of the voting procedure. For all four procedures, under-removal bias
increases as p grows. There is a clear ranking of the four procedures in terms of under-
removal error: for all p, the red line is below the green line, which is below the blue line.
The voting procedure has the smallest under-removal error among the four procedures.

Figure 10 plots the under-removal error resulting from the four procedures as a function
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Figure 12: Comparing Under-removal Error of Four Procedures as a Function of Proce-
dural Cost

of the notice cost c. The same observation holds: for all ¢, the red line is below the green

line, which is below the blue line.

If the inefficiency concern for content moderation is under-removal, the voting pro-

cedure is the best option.

Proposition 2. For all (c, p), B < pretice < pag < peen. The voting procedure minimizes the

under-removal error B among the four procedures.

The voting procedure is superior because of preference aggregation. Voting aggregates
preferences of all community members so that if 1, > k the harmed group is the majority,
decentralization solves the dispute completely for the (1, v) pairs, and decentralization is
more efficient than the platform decision. This explains why Reddit and Quora prefers
voting because under-removal is the primary concern for misleading knowledge and con-

sensus is what they emphasize.

Centralization has both a larger type I error and a larger type II error, but it does
have one advantage for efficiency: it saves the costs of the users. It is straightforward to

show that centralization has a smaller expected cost than all the decentralized procedures.

Proposition 3. For all (c, p), centralization is the least cost procedure among the four procedures.
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The comparison of the four procedures appears to be generalizable to more sophis-
ticated procedures. Both counter-notice and voting increases users” participation. The
counter-notice procedure prolongs the periods the disputed users can negotiate. The vot-
ing procedure involves more users in the moderation process. And increase in users’
participation helps. Decentralization in the form of user participation ends up increas-
ing efficiency and consumers” welfare considerably. They reduce either over-removal
bias (type I error) or under-removal bias (type II error), and sometimes reduces both er-
rors. User participation can resolve disputes before they reach the platform for a random
decision, and the change in moderation outcome usually goes in the right direction of
efficiency. For the mass of users (h,v) whose outcome is determined by the platform
decision, decentralization improves the probability that they are going to get a rightful
moderation outcome. For the mass of users (/,v) who are marginal in notice decisions,
decentralization flips their moderation outcome from either a type I error or a type Il error

to an efficient one.

There is a range of possible procedures. User participation can be measured by
various dimensions. It can be the number of periods a single user is involved in the
moderation negotiation. It may also be the number of users involved in the moderation
negotiation. A general procedure of decentralized content moderation can be described
by < ¢, p,k, T > where c is the cost of a notice, p is the probability of a platform removal,
k is the number of users involved, T is the number of rounds. For bilateral disputes,
k = 2 and the procedure is described by a triple < ¢,p,T >. For example, YouTube
Content ID can be described as k = 2, T = 3. Wikipedia’s Talk Page would be described
ask = 2,T = . An example of multi-lateral procedure would be Wikipedia dispute
resolution noticeboard, which can be described as k = n, T > 2. Solving and comparing
them one by one would be implausible. However, the method of mechanism design
can help us determine what the optimal procedure is among all the possible procedures,

which is the focus of the next section.
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4 Mechanism Design

In this section, we employ the mechanism design approach to investigate the general
properties that error-free and consumer-optimal moderation procedures necessarily have.
This approach is useful in two aspects: First, by identifying efficient (error-free) and
consumer-optimal mechanisms, the mechanism design approach will provide various
policy implications on how to improve the existing moderation procedures. Second, this
approach also allows us to analyze the incentives of plaintiffs and defendants without
any reference to a particular moderation procedure, and hence provides more general

and robust insights.

Here is the road map of this section. First, we define the environment we investi-
gate with the mechanism design approach in Section 4.1. The environment is essentially
identical to one in the last section; our primary goal would be to introduce some use-
ful definitions and notations. Next, in Section 4.2, we investigate whether and how a
mechanism induces the error-free procedure in the presence of asymmetric, or equiva-
lently, the efficient moderation rule with agents” cost (disutility) incurred throughout the
moderation process being disregarded. Next, we explore how a mechanism induces the
consumer welfare allocation that maximizes the surplus from moderation process less the

sum of total cost incurred by agents throughout the process.

4.1 Environment

The environment is essentially identical to the one discussed at the beginning of Section
3, and its main ingredients will be summarized briefly. For simplicity, our focus will be
on the case with two agents (users): one plaintiff and one defendant. The key insights
in this section easily extend to the case with multiple defendants and plaintiffs. We will

analyze the general case with multiple agents on both sides in Section B of the appendix.

Agents and Payoffs. Consistent with the previous sections, we define a content moder-

ation procedure as a process to determine whether to retain or remove disputed content
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from the platform. We will represent the decision to keep the content in question asa = 0,

and the decision to remove the content as a = 1.

There are two users, a plaintiff (denoted by subscript p) and a defendant (denoted
by subscript d). Each user’s net payoff from each moderation outcome a = 0 ora = 11is

given by
up(a,cp;h) =ah—cp, and wuy(a,cqy;v) = (1—-a)v—cy (17)

where ¢; > 0is user i’s any cost (disutility) incurred throughout the moderation process, h
and v are respectively each user’s benefit from own favorable outcome. As in the previous
sections, the true values of i and v are assumed private information (i.e., private types)
of the plaintiff and defendant, respectively. For each i = d and p, 0; generally refers to
the private type of each agent i. That is, 0, represents the plaintiff’s private type h, and 6,
represents the defendant’s private type v. In accordance with the standard convention in

the literature, _; denotes the private type of the opponent of agent i.

While the realization of /1 and v is private information of each agent, the common
prior beliefs regarding these values are given by the distribution functions F, and F; re-
spectively. For each agent i = p and d, F; admits differentiable density functions f;, where
the hazard rates f;(-)/[1 — F(-)] are strictly increasing. We assume that both F; and F,
have a common support denoted as © = [0, 6], where § = 0. In other words, the lowest

types, h = § and v = 6, are indifferent between keeping and removing the content.

Moderation Mechanism. Suppose that the platform has the ability to design every de-
tail of the moderation process. The revelation principle allows us to reformulate any given
moderation process as a direct-revelation (moderation) mechanism as follows: First, the
plaintiff and defendant learn their private types (private information), denoted as i and
v respectively. Then, the plaintiff and defendant confidentially report their private infor-
mation directly to the mechanism; let /# and @ denote those reports, where i and v may not
coincide with  and @ in principle. Finally, based on these reports, the platform decides to
remove the content under consideration with probability P(f1,3) € [0,1], and the plaintiff

and defendant incur costs (cp, ¢4) = (Cp(h,3),C4(h,0)) = C(h, ). We generically denote
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a (direct-revelation) moderation mechanism as y = (P, C), where P and C are referred to

as the assignment rule and cost rule, respectively.

The platform’s task is to design the allocation rule P and the cost rule C = (Cp, Cy).
The design of the allocation rule P amounts to the platform’s setting and committing
to the moderation rule (i.e., whether to keep or remove the content based on the pri-
vate information reported by the plaintiff and defendant). Additionally, we assume that
the platform has the ability to design the cost rule C by adjusting the specific details of
the moderation procedure (e.g., expected duration of the moderation process, required
amount of evidence for each user to submit, etc.) to control the level of costs incurred by

each user during the process.

Again by the revelation principle, we can assume without loss of generality that the
platform focuses on direct-revelation moderation mechanisms that satisfy two conditions:
(i) the plaintiff and defendant find it optimal to truthfully report their types (incentive-
compatibility), and (ii) their expected payoffs in the mechanism are non-negative (individual-
rationality). A moderation mechanism y = (P,C) will be referred to as feasible if it sat-
isfies both incentive-compatibility and individual rationality. Any given allocation rule
P is called implementable if there exists a cost rule C that makes (P, C) feasible. In such
cases, we also say that P is implementable with the cost rule C. Let M represent the set of all

feasible moderation mechanisms.

Again by the revelation principle, we may assume without loss that the platform re-
stricts attention to direct-revelation moderation mechanisms such that (i) the plaintiff and
defendant find it optimal to report their types truthfully (incentive-compatibility), and (ii)
their expected payoffs in the mechanism is non-negative (individual-rationality). We will
call a moderation mechanism yu = (P, C) feasible if it is incentive-compatible and individ-
ual rational. In addition, an allocation rule P will be called implementable if there is a cost
rule C that renders (P, C) feasible; in this case, we will also say that P is implementable with

cost rule C. Let M denote the set of all feasible moderation mechanismes.

The three components of a moderation mechanism, P(k,v), Cy(h,v), and Cy(h,v)
describe ex post assignment and cost realized after both v and / are reported to the mech-

anism. However, the plaintiff and defendant decides whether they reveal their type truth-
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fully in the interim stage where the other user’s report is still uncertain. Thus, to discuss
each user’s incentive to truthfully report own type to the mechanism, it is useful to define

interim allocation and cost as follows:

_ 0 _ il

B.(0;) = fo P(ho)dE 4(6.,),  Ci(6,) := fo Ci(6,6.)dF ((0.;) Vi—d,p. (18)
Additionally, it is also convenient to denote the probability of the mechanism keeping the

content by Q(h,v) := 1 — P(h,v), and furthermore, Q;(6;) := 1 — P;(6;) for all §; and i.

Finally, one can easily show that a moderation mechanism y = (P, C) is individual-

rational and incentive-compatible if and only if the following four conditions jointly hold:

P, (h) and Q,(v) are non-decreasing in /1 and v, respectively, (F1)
h

C)(h) = WP, (h) — f B, (x)dx — Cp(0) Vhe 0,7, (F2)
0
v

Calo) = 0Qa(h) ~ | Qulx)dr-Tal0) vo=(0,7) (F)

Ci(0) <0 forbothi= pandd. (F4)

The proof follows the standard lines, and hence, it is omitted here. See, for example,

Borgers (2015, Chapter 3).

4.2 Error-free Mechanism

In this section, we investigate whether the error-free allocation rule (also called efficient

1 ifh>0,
Pe(h,v){ ifth>v

allocation rule) such that

0 ifh <o.

is implementable. P¢(h,v) indeed dictates the “correct” decision in the sense that the
mechanism removes the content if and only if the harm / from the content exceeds the

value v of keeping it, thereby eliminating any possibility of both type-I and type-II errors.
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Substituting P(h,v) = P%(h,v) in the definition of interim allocation P, we obtain

Py(h) = f: I{h > v}dF;(v) = E4(h),

h
OY0) =1-P5(0) =1 —L I{h > v}dF,(k) = F,(0),

where I stands for the indicator function. Note that both F; (h) and Qy(v) are increasing
in  and v, respectively, and hence, (F;) holds with P, = ﬁ; and Q; = Q. Furthermore,
substituting ﬁp = f; =F;and Q, = @; = Fp, we can rewrite (F>)—(Fy) as

I
Cp(h) = hFy(h) — fo Fy(x)dx — Cp(0) Vhe[0,h], (19)
C4(v) = vFy(v) — JOU Fy(x)dx — C4(0), Voe 0,7, (20)
C,(0)<0 and Cy(0) <O0. 1)

Hence, the error-free allocation rule P¢(h,v) is implementable by a (direct-revelation)
moderation mechanism if and only if we can find the cost rule C = (C,,C;) that satis-
fies (19)-(21). In fact, it is straightforward that all these conditions hold with (C, Cy) =
(Cy, C) where
0
Cf(@i, 9_1') = 91'1:_1'(91') —J F_i(x)dx VGZ €0, Vie {p, d}, (22)
0
so that each agent’s ex post cost is independent of the other player’s type (i.e., indepen-

dent of the other agent’s report to the mechanism).

Proposition 4. The error-free allocation rule P* is implementable with the cost rule C* = (Cj, C3)
as stated in (22).

A direct-revelation mechanism, such that all agents need to report their private in-
formation directly to the mechanism, can be challenging to operate in practice. Among
various practical issues, one common obstacle is that even agents themselves often cannot
explicitly quantify their harm / or benefit v from the content under consideration, making

it difficult for them to submit a precise report to the mechanism. Thus, it is a practically
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important question whether we can achieve the same outcome without asking the agents

explicitly submit their private information to the mechanism.

In fact, there is a simple method to achieve the error-free allocation rule without
directly referencing h and v. This procedure is similar to the counter-notice procedure
discussed in Section 3.3 but with infinite horizon. Let’s consider a “war of attrition” game
between the plaintiff and defendant. Time is continuous and represented by ¢ € [0, ).
The moderation process begins at t = 0, and at any point in time ¢ > 0, both agents simul-
taneously decide whether to continue arguing with the other agent or drop the case. The
game ends when one user decides to drop the case, allowing the other agent to claim the
right to keep or remove the content under consideration. At each time t before dropping

the case, the plaintiff and defendant respectively incur the instantaneous cost

f-ilp(t)e'(s) 91 _ ot
(t) == po(t)m——————= Vie{p,diand Vt >0, where t):=60[1—e"]. (23
i) =P OTT o) {p,d} p(t) =6 J.(@3)
Thus, if an agent i € {p, d} decides to drop the case at time ¢, the agent’s total realized cost
is

_ t (p(s))ds = t SMS
i = | wlo(eds = | oo s

If the plaintiff drops first, then the game ends with the outcome a = 1 (removal of the
content) being implemented. On the other hand, if the defendant drops first, the outcome
a = 0 is implemented. In either case, the plaintiff and defendant obtain their final payoffs

as specified in (17).

Now, we show that the following strategy profile constitutes a subgame perfect
equilibrium:conditional on the other agent not having dropped the case yet, each player

i € {p,d} of type 0; drops the case at time

T(6;) = log m

Note that T(-) is independent of i, and thus, the plaintiff and defendant with the same
value of 0; employ the same stopping time. Furthermore, T is increasing in 6;, where its

inverse is given by p(-) as defined in (23).
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To prove that the stopping time T is indeed optimal for both agents, suppose that
both agents have not dropped the case yet up to time t > 0. To compute the agent i’s
marginal benefit from continuing for another infinitesimal time A, note that the probabil-
ity that the other agent will drop the case over the time interval (t,t+A)is

CPrE<T(0.) <t+A} _ [P (o(s))p'(5)

Pr{t<T(6_;) <t+A|T(0_;) >t} = Pr{T(0_;) > ¢} i 1=F_i(p(t)) as

Thus, the agent i’s marginal net benefit from continuing by an infinitesimal time A is

A £ (0(s)) o' (s A A (s
Vi(A6;) := 9iL+ fl_l_(g(_i)(if()tg))ds—LJr %’(s)ds:LJr (9i—p(s))f11_(‘;(_i)(i)

—~|

Differentiating this net benefit and then evaluating itat A = 0,

f-i(p(t))
i(o(t

i
1-F

))pl(t) =0 R 91‘ = P(t) = t < T(@i).

J

Vi (016;) = [6; — p(t)]

S

L4

Thus, it is indeed optimal for the agent of type 6; to stop att = T(6;).

In the equilibrium identified above, the defendant drops before the plaintiff if and
only if T(h) < T(v), or equivalently, if and only if # < v.! Thus, the error-free allocation
rule P¢ is achieved in equilibrium. One can also show that each agent’s cost realized in
equilibrium coincides with (22); thus, the equilibrium outcome is exactly equivalent to

the outcome of the error-free mechanism discussed in Proposition 4.2

Finally, note that the war of attrition game bears resemblance to the counter-notice
procedure discussed in Section 3.3. In fact, we can interpret the war of attrition game as
a version of the counter-notice procedure with an infinite number of rounds, where each
instantaneous time t represents one round, and both agents have the option to make a
notice or a counter-notice at each round. The intuition behind why this game implements
the efficient allocation rule is straightforward. As the number of rounds increases, the

platform can induce a more precise outcome, leading to the elimination of both type-I

9The event i = v occurs with zero probability, and thus, we may disregard this case without any loss.
20By the revenue equivalence theorem, any mechanism that implements P¢ necessarily induces the same
level of cost for each agent.
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and type-II errors.

The war of attrition game is very similar to the content moderation system used by
YouTube. In essence, this platform has a content moderation policy based on the fact that
users can flag the content -an algorithm can also do it based on the likelihood of the con-
tent being offensive- and every time the content is flagged, human reviewers are in charge
of deciding whether to remove it or not based on its compliance with YouTube’s guide-
line policies. If the content is offensive, it will not only be removed from the platform,
but the users who have uploaded the content will receive a warning and, if they repeat
their behavior, a strike. In this process there is the possibility of filing an appeal by the
user whose content has been flagged. In short, it exemplifies how plaintiff and defendant
would interact by sending notices and counter-notices of the content that affects them,

like the war of attrition game.

Another example is Wikipedia with its so-called "Talk Pages’. These discussion
pages are portals where editors (users with editing rights) can discuss about improving
the content of a given entry on the platform. For each interaction it is possible to submit a
response from another authorized editor (counter-notice). The final result of those inter-
actions leads to keeping the content as it was or incorporating the changes suggested by

the different users.

4.3 Consumer Optimal Mechanism

Now let’s shift our focus to the case that the platform aims to maximize the (weighted)
consumer surplus, which is defined as the weighted sum of the expected payoffs for both
the plaintiff and the defendant. As before, we can utilize the revelation principle and
narrow our attention to feasible mechanisms in M. In any feasible mechanism y = (P, C),

the plaintiff’s and defendant’s ex ante expected payoffs are respectively given by

EM~Eoo~Fify, (P(h,v),Cy(h, 0); h)] + EF~Fre~Fa[uy(P(h,v), Cy (1, 0); )]

0 6 0 60
_ f f 1P (h, 0) — Cy(h, 0)]dF, (1) dF;(0) + f f [0Q(h, 0) — Ca(h, 0)]dF, (1) dFs(0)
0 JO 0 JO
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where the expectation operators are taken with respect to the distributions & ~ F,
and v ~ F;. Thus, we can write the platform’s problem to identify the consumer optimal

(incentive-compatible) mechanism as follows:

(hP(h,v) — Cy(h,v))
maxJ f [—i—)\d (0O ) — Cy(h,2)) dF,(h)dF;(v) (CS)

subject to  (F;)—(Fy),

where A, € [0,1] and Ay =1 — A, € [0,1] respectively stands for the weight to the plain-
tiff’s and the defendant’s expected payoffs in the consumer surplus. We will denote the

Il 4

solution of (CS) by u¢ = (P¢,C¢), where the superscript “c” is a shorthand for “consumer

optimal,” and call it the consumer optimal (moderation) mechanism.

Substituting C,(h) in the objective function with (F,) and then integrating by parts,

we obtain

9 0 0 _
fo JO [hP(h,v) — Cp(h)]dF, (h)dF;(v) = ), [Pp(h)h = Cp(h,0)] dFp(h)
A ch _
= | f Pp(x)dx] dF,(h) — Cp(0)
o 1—Fp(h) —
- [0 (h)} dF, () — C,(0)
(011 Fy(h) =
= [ i roo] ar@ano -go.

Similarly,

fj[vgd — Cy(h,0)] dEy(0)dE, (i Jf [“Fd hv)] dF,(0)dF, () — Cy(0).

Thus, after relabeling P(h,v) and Q(h,v) in (CS) with x,(h,v) and x4(h, v) respectively,
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we can reformulate the platform’s problem as follows.

max_ {f J [ )xi(9i/9—z’) dFi(Qi)dF—i(g—i)_Ei(o)} (CS)

x4,%p,C(0), )= 0

subjectto  Cy4(0) =0, C,(0)=0, 0<uxp(h,v)=1-x5(hv)<1 V(hv)e®,

0
f x;(6;,0_;)dF_;(0_;) is non-decreasing in 0; Vi = p,d.
0

The reformulated problem (CS’) of the platform is formally equivalent to the prob-
lem of designing the revenue-maximizing auction (Myerson, 1981) with one exception:
the virtual valuation in the auction design problem is here replaced by the weighted in-
verse hazard rate A;(1 — F;(0;))/ f:(6).>! Thus, in what follows, we can apply Myerson’s
approach to solve the platform’s problem (CS’).

Note that weighted inverse hazard rate A;(1 — F;(6;))/ fi(0) in the objective function
(CS’) is not increasing in 6;. In fact, as we assume that the hazard rate is increasing in
6;, the weighted inverse hazard rate is decreasing over the entire domain [0, @]. Thus, we
need to take the standard “ironing” procedure (Myerson, 1981) to replace the weighted

inverse hazard rate with its average value over [0, 6]:

.gl—F(G) .g.‘, . — A.p0i~Frp.
AIL o LAE(8) = ZLOZﬁ(GZ)del_/\lE 0]

where the first equality is obtained by the integration by parts. Ultimately, we can convert

the platform’s problem to the following auxiliary maximization problem, whose solution

2lIn fact, the reformulated problem (CS’) also differs from Myerson’s problem in the sense that the sum
of xp(h,v) and x4(h,v) must be always 1 (i.e., the right to decide whether to keep or remove the content
must be granted among the plaintiff and the defendant) while the auctioneer in Myerson (1981) could hold
back the item if all bids are low. However, this difference does not make any effect as the consumer-surplus-
maximizing platform would not choose x4 (1, v) + x,(h,v) < 1 even if allowed, because A;(1 — F;(6;))/ fi(6)
in the integrand of (CS’) is non-negative at all 6;.
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coincides with the solution of the original problem: (CS’):

0 0
max 2 {J J /\iEGiNFi[Oi]xi(gi/g—i)dFi(Oi)dF—i(Q—i)_Ei(o)} (CS”)
0 Jo

xd/x,ﬂréd(o)/éd (0) 1:p,d

subjectto  Cy4(0) =0, C,(0)=0, 0<uxp(h,v)=1-x(hv)<1 V(hv)e®,

0
f x;(6;,0_;)dF_;(0_;) is non-decreasing in 6; Vi = p,d.
0

The solution for the maximization problem (CS”) is straightforward: C;(0) = 0 for both
i =pandd,and

1,0) if A,E"~Fe[n] > AZE~Fa[o),
P

(24)
0,1) if A,EFr[n] < A ZE~Ea[o].
P

(xp(h,v),xa(h,0)) = (x,(h,0), x5(h,v)) = {

Note that (x},(h,v), xj(h,v)) maximizes the integrand of the objective function in
(CS”) pointwise; furthermore, (x},(h,v), x;(h,v)) makes the integral in the second con-
straints in (24) constant for both i = p and d, and thus, trivially non-decreasing. Thus,
(x5 (1, v), x5(h,v)) in (24) indeed solves (CS”).

By rewriting the optimal allocation rule (24) in terms of the allocation rule, we finally

obtain the following consumer optimal mechanism:

P‘(h,o)=1 V(ho)  if A,E"Fr[n] > AgE~Fa[o],
P‘(h,o) =0 V(ho)  if A,E"Fr[n] < AZE~Fa[o].

In other words, the platform decides whether to remove the content based on the com-
parison between the weighted expected values of i and v: the platform removes content
for sure if the weighted expected value of the plaintiff’s type / is larger than the weighted
expected value of the defendant’s type v, and vice versa. Alternatively, we may interpret
P¢ as the consumer optimal moderation mechanism allocating the “exclusive right” to de-
cide whether to keep or remove the contents to the agent with a larger weighted expected
value of 6;. Importantly, it does not depend on the realization of private types h and v

which agent would win this right. The platform assigns the right only based on the ex
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ante expected values of i and v.

Proposition 5. The platform can maximizes the weighted consumer surplus by removing the
content iff A, E"~Fr[h] > AyE°~Fi[0] and keeping the content iff A,E'~Fr[h] < A4E”~Fd[v),
independent of the report of agents’” private types.

The primary motivation for the simple allocation rule P¢ is to minimize the agent’s
costs that incur throughout the moderation process. Indeed, substituting P and Q in (F)
and (F3) with P° and Q° = 1 — P¢,?*> we can verify that the cost rule in the consumer

optimal mechanism is zero
Cy(h) =Cy(v) =0 Vh,v.

However, compared to the error-free allocation rule P°, the consumer optimal allocation

rule P suffers both higher type-I and type-II errors.

As discussed in the introductory section, the consumer-optimal procedure is essen-
tially a zero-cost flagging procedure similar to spam filters used by several platforms.
This automated systems are designed to flag the potentially unwanted or dangerous con-

tent.

This filtering technology was used by Twitter: the platform was notified of the dis-

pute and it picked a winner based on the average value and harm.

Our analysis here sheds lights on the cost and the benefit of Twitter’s zero-cost flag-
ging procedure: compared to the error-free allocation, it increases the risk of both type-
I and type-II error but minimizes the disutilities that consumers may incur during the
moderation process. The platform could eliminate these type-I and type-II errors by im-
plementing P¢ instead, but it would hurt the consumer surplus as a whole as the imple-

mentation of P® would require a large amount of cost for the agents.

22We also impose C;(0) = 0 for both i = p and d without loss, which must be always the case in the
consumer optimal mechanism; see the footnote ??.
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5 Conclusion

Content moderation has become an indispensable aspect of online platforms today, with
different platforms experimenting with a wide range of methods. A central question in
content moderation is how to design the procedures for moderating content. This paper
provides theoretical insights into precisely this question and analyzes the efficiency of

different procedures, leveraging the tools offered by game theory and mechanism design.

We begin by comparing the relative merits of the four popular moderation proce-
dures: centralization, flagging, notice and counter-notice, and voting. Each procedure
can be analyzed as a bargaining game between the plaintiff and the defendants. Counter-
notice and voting reduce moderation errors because both of them partially decentralize

the moderation decision to the users. Centralization is error-prone but cost-saving.

To identify the most efficient procedure among all possible ones, we apply the mech-
anism design theory to generalize our model of content moderation. We solve for two no-
tions of social optimality: an error-free mechanism that implements the efficient allocation
rule, and a consumer-optimal mechanism that maximizes the sum of the expected payoffs
of the plaintiff and the defendant. The error-free mechanism is a repeated counter-notice
procedure similar to Wikipedia’s Talk Page. In the Talk Page, the editors of the content
take turns responding until one of them concedes. A consumer-optimal mechanism is a
zero-cost flagging procedure common in spam filters. In this case, once the platform is
notified of controversial content, it decides whether to remove the content based purely

on the average value and harm.

Our theoretical findings bear policy and managerial implications. For platforms that
place a high value on veracity and accuracy, they have much to learn from Wikipedia.
Associating every content with a structured help page for academic discussion between
users would be a good example to follow. For platforms that pay more attention to cost-
effectiveness, automated moderation predicts the value and harm of the new content from
historical data would be preferred. Recent advances in machine learning that improve
the prediction of the trained models will be valuable for such automation. Policymakers

should bear in mind that there is no one-size-fits-all approach to content moderation.
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Procedural details on how content is moderated are equally important as what content is
being moderated. Decentralization, when implemented properly, can improve efficiency.
Centralization, on the other hand, can be good for consumer welfare. Our paper is one of
the first steps toward understanding when decentralization (vs. centralization) would be

socially desirable.

We conclude our paper by discussing a few limitations and promising extensions.
Among other issues not contemplated, there is the possibility that platforms compete to
offer content moderation procedures. Which moderation procedure will emerge in plat-
form competition and how the choice of moderation is affected by market structure in
general would be an interesting topic for future research. The study of content modera-
tion is a challenging problem of our time, as it significantly influences the quality, amount

and validity of information accessible to everyone in the digital age.
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A Some Procedures at work

Content ID Claim Created

Accept Claim Dispute Claim

Escalate to appeal

77777 Release | | Reinstate |
Claim Claim l
Accept Appeal
Claim Claim
Release Request
Claim takedown

Figure 13: YouTube Content ID dispute and appeal process. Source: https://support.
google.com/youtube/answer/2797454.
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Report a Tweet

Spam Compromised
Abusive
Trademarks |  Report Harassment Report Impersonation
harm an ad

an advertiser
is: using offen-
sive language,
impersonating
me Or my
company, pro-
moting illegal
product, ...

Figure 14: The process of reporting a tweet. Source: Crawford, K., & Gillespie, T. (2016).
What is a flag for? Social media reporting tools and the vocabulary of complaint. New
Media & Society, 18(3), 410—428. https://doi.org/10.1177/1461444814543163.
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B Mechanism Design with More Than Two Agents

In this section, we discuss how the results in Section 4 extend to the case with multiple

plaintiffs and defendants.

B.1 Environment

Agents and Payoffs. There are N, > 2 plaintiffs and N; > 2 defendants, respectively
indexedbyi=1,2,...,Nyand j = N, +1,Ny, +2,...,N, + N;. Let N = N, + N, denote
the total number of agents. Also, define 7, := {1,2,...,Ny} and Z; := {N, +k : k =
1,2,..., Ny} as the sets of (indices for) plaintiffs and defendants, where 7 := 7, u 1.

We continue encoding the decisions to keep and remove the content in question
with a = 0 and a = 1, respectively. Each agent’s private type is denoted by 6;, which
we interpret a defendant’s type (respectively, a plaintiff’s type) as net benefit from the
outcome a = 0 (respectively, net benefit from the outcome a = 1). In addition, ¢; denotes
each agent’s cost (disutility) incurred throughout the moderation process. Overall, each

agent i’s final payoff from the moderation outcome is given as follows:

ui(a,c;;0;) = ab; —c; ifi € T, (25)
ui(a,c;0;) = (1—a)0; —c; ifiely,.

While the realization of each 6; is private information of each agent, the common
prior beliefs regarding these values are given by F;, where all 81, 05, . .., 0 are statistically
independent. For each i € Z, F; admits differentiable density function f;, where the hazard
rates fi(-)/[1 — F;(-)] are strictly increasing. We assume all F;’s have a common support
denoted as ©® = [, 5], where 6 = 0. Furthermore, we assume that F; = F; = F; for any
twoi,j € Z, (i.e., F; coincides across all plaintiffs), and also, F; = F; = F, for any two i, jZ,,.
Let F, and F; denote the the common cumulative distribution functions for the plaintiffs

and defendants, respectively, where f, := F, and f; := F;.

Following the convention of the literature, 6_; := (0;) ez ;) generically denotes a
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profile of private types of agent i’s opponents. Let F_; : ©N~! — [0,1] and f_; : @N~! —
[0,0) denote the cumulative function and the density for 6_;. In addition, 6 = (6; )f\] 1
generically denotes a profile of all agents’ private types, where its cumulative distribution

and density functions are denoted by F : ®N — [0,1] and f : ®N — [0, ), respectively.

Moderation Mechanism. A direct-revelation mechanism proceeds in the identical way
as in Section 4. First, each agent i privately learns the realization of 6;, and then, con-
fidentially reports a message 0; to the mechanism. Next, based on the reported types
6 = (éi)fi 1, the platform removes the content with probability P() € [0,1] (equivalently,
the platform keeps the content with probability Q(8) = 1 — P(#)), and at the same time,

each agent i incurs cost ¢; = C;().

As in the main text, we will generically denote a moderation mechanism as y =
(P,C), where P and C = (Cy,...,Cy) are referred to as the assignment rule and cost
rule, respectively. By the revelation principle, we may focus on individual-rational and
incentive-compatible mechanisms, also called feasible mechanisms. M denotes the set of
all feasible mechanisms. Any given allocation rule P is called implementable (with the cost

rule C) if there exists a cost rule C that makes (P, C) feasible.

We define P;(6;), C;(6;), and Q;(6;) similar to ones in the main text:

P(6;,6_
z€®N 1
i, 0_

=]
=

6_,e@N— 1

DAF(0-),  Qi(6;) :=1—Pi(6;),

i)dF_i(0_;)

forany 6; € ® and i € Z. Then, u = (P, C) is individual-rational and incentive-compatible

if and only if the following four conditions, which are essentially identical to (F;)—(Fy),
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jointly hold:

P;(0;) is non-decreasing in 0; for any i € Z,, (Fy)
Q,(v) is non-decreasing in 0; for any i € 7, (Fy)
Ci(6;) = 0;P;(6;) — JGi P;(x)dx — C;(0) forany ;e ®andie Z,, (F3)
Ci(6;) = 0;Q;(6 J Qi(x)dx — C;(0) forany6; e ® andie I, (Fy)
C:(0) <0 foranyieT. (Fs)

B.2 Error-free Mechanism

With multiple plaintiffs and defendants, the error-free allocation rule generalizes to the

following:

1 ifd . 0. > > 0,
POy, 0N) =1 Q(01,...,0y) = 2iet, b > ez, O
0 otherwise.

Substituting P = P° in the definition of interim allocation P, for any plaintiff i € Z,,

PO = | {0 Bier, 0= Sy 00 0} 4F-0-) = Gy(0)

increases in ¢;, where G, represents the cumulative distribution function of the random

variable > ;.7 60j — > 7\ (q,) 0j- Similarly, for any defendant i € 7,

=4
Q; (91) = L_ﬁ@Nl I {61 > ZjeI Z]ezd\{l} }dF (6 ) = Gd(el)
also increases in 8;, where G, represents the cumulative distribution function of the ran-

dom variable Z;ez — 2jer,\ iy 9j- Thus, by the argument essentially identical to the

argument proceeding Proposition 4 in Section 4, we obtain the following proposition.
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Proposition 6. P¢ is implementable with the cost rule (C;)N | = (C¢)ez such that

0;
0:Gp(0;) — fo Gp(x)dx forany 6; e ©®andie I,

0

0;G,4(6;) — f Z Gy(x)dx forany 0; € @andic I,.

0

The outcome of the error-free mechanism can be achieved through the following
game. All agents i € Z simultaneously choose how much effort x; to invest in arguing
why the content in question should be kept or taken down. In the case of Wikipedia, x;
may represent the amount of effort that each editor invests in participating in the dis-
cussion on a Talk Page. Let each agent’s x; incur a disutility of C{(x;), where C{(-) is as
defined in Proposition 6. In the end, the platform removes the content in question if and
only if Zidp Xi > X ez, %i; otherwise, the platform keeps the content. It is then straight-
forward to see that the outcome of the error-free mechanism is achieved in a Bayesian

Nash equilibrium of this game.

The successful implementation of the error-free mechanism relies on the design of
the cost function C{(-). In principle, a platform can design C{(-) by carefully manipulat-
ing the agents’ user experience in the moderation process. For example, in the case of
Wikipedia, the platform can make it more costly for each agent to participate in a Talk
Page by manipulating the interface, which would result in a higher level of disutility

C¢(x;) for each choice of x;.

However, this is a challenging task. Firstly, the functional form of C{(-) in Propo-
sition 6 depends on the probability distributions of the agents’ private types (i.e., F, and
F;), which platforms often do not have direct access to. Secondly, even if a platform man-
ages to obtain this information, it may not be clear exactly how a change in the agents’
user experience ultimately affects their disutilities. Despite these challenges, a careful de-
sign of C7 is essential to implement the error-free outcome and to allow agents to credibly

transfer relevant private information to platforms.
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B.3 Consumer Optimal Mechanism

In this subsection, we will generalizes the results in Section 4.3 regarding the consumer
optimal mechanism. Suppose that the platform’s objective is to maximize the weighted

consumer surplus:

max A J@NZ [0,P(6 )] dF(6 +Adf > 0:Q(0 (6)] dF(6) (CS)

neM zeI i€Zy

where 0 < A, < 1and Ay = 1 — Ay respectively stand for the weights to the plaintiffs’
and the defendants’ payoffs in the consumer welfare. The consumer optimal mechanism
refers to the feasible mechanism that maximizes (CNS), which we will denote by u¢ =
(P¢,C°).

For any feasible 4 = (P, C), we can rewrite the first integral in (CS) as

J Z
i€Zy

UJ 00)d6dF, (6) E‘O)]:Z [ ]

2 o )

0= 3 [P S @)

zeZ

where the first follows the definition of P; and C;; the second equality follows (133) ; the
third equality follows the integration by parts. Similarly,

[, S woe - cienare) UQ e ar6) -Ci0)|.
i€Zy i€Zy

Thus, the platform’s problem (CNS) can be reformulated as follows:

Fp(6:) — F4(6:) o
o | [A ZI ey T2 Q0 ) ]dF(‘” (©5)
— > A,Ci(0) - 2 A4Ci(0)
i€Zy i€Zy
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subject to

0< -Q(0) <0 V9e®, C;j(0)<0 Viel,
P = J F_;(0_;) is non-decreasing in 6; Vi e 7,
Q = J F_;(0_;) is non-decreasing in 6; Vi e Z;.

Next, we make a couple of further observations to simply (CS /). First, the constraint
C;(0) < 0 does not affect any other constraints, and thus, it is trivially optimal to set
C;(0) = 0 for all i. Second, by the standard ironing argument, we may restrict attention
to constant allocation rules such that P(6) = 1 — Q(#) is constant for all § € ®N. To see
this, consider any allocation rule (P, Q") such that (P,Q) = (P, Q") (combined with

C;(0) = 0 for all i) satisfies all the constraints in (65/). Let

Oi
FT(9)=f P(x,0_)dF_i(6;) V6;e® VieZ,
f Qf(x,6_))dF_;(6;) V6,€® Viel,

and

P ::f Pi(0)dF(6), Q) ::1—P3:J Qf(0)dF(6)
eN eN

denote the interim and ex ante allocations. Now, consider the case that the platform
adopts the allocation rule (P, Q) = (Pg, Qg) ; that is, the platform removes the content
in question with the constant probability Pg regardless of which messages that the agents
submit. Clearly, (P, Q) = (Pg , Q(T)) satisfies all the constraints in (85/). To see that (P, Q) =
(POT , Q(T)) generates a larger consumer surplus compared to the case with (P, Q) = (P, QT),
note that

"5 0y O 0 < [ Bl o)ar 0 [ 2 gk 0
. Pl R @) < |, Plearen- | R @)
ot (P1=F6)
=P, O—fp(ei) de(Gl)

where the first inequality holds due to Harris inequality (which is applicable in this case
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because PT( ) is non-decreasing and [1 — F,(-)]/ f5(-) is non-increasing); the last equality

holds by the definition of POT . Similarly,

JQZ >)dFd( QOJ G

Thus, the objective function of (CVS/) is larger when it is evaluated at (P, Q) = (Pg , Q(T)),
compared to the case that it is evaluated at (P, Q) = (PT, Q).

—La(6 )de(G)

Finally, it is straightforward that, among all constant allocations rules, the following

maximizes the consumer welfare:

PO)=1 v0e@®V ifA, Zf fp de >Adzf ded dF;(6;),

zeI ieZy
— Fy(
P(6)=0 V6OV ifA, > f de <A ) f d de(e)
€Ty ieZ, fd

or equivalently,

P@O)=1 voe@®N ifA, D ET (0] > A, Y EOEi 6],

i€Zy i€ly
PO)=0 voec®V ifA, Y EWF (6] <Ay Y EFelg).
i€eZy i€ly

In other words, the consumer optimal mechanism removes the content (regardless of the
agents’ report) if and only if the weighted sum of the plaintiffs” expected harms is larger
than the weighted sum of the defendants’ values from the content. The following propo-

sition, which generalizes Proposition 5 summarizes the discussion so far.

Proposition 7. The platform can maximizes the weighted consumer surplus by removing the
content if and only if Ap 3 ez, E%~Fr 0] > Ay Yiet, E%~Fa10;] and keeping the content if and
only if A Ziel'p E%~Hr (0] < Ay DieT, E%~Fa[6,), independent of the report of agents’ private
types.

We omit the discussion about the intuition for Proposition 7 which is essentially

identical to the intuition for Proposition 5.
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