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My dissertation examines issues related to the management of workers under

new technological advances or regulations. The dissertation is divided into

three parts.

The first part focuses on dispute management in online gig platforms. Tra-

ditionally, disputes between a worker (freelancer) and a client on an online gig

platform are mediated by the platform itself, which can be viewed as unhelp-

ful or biased. However, emerging platforms promise to resolve disputes with

a novel tribunal system that relegates resolution to individual platform users

through a voting mechanism. To assess whether emerging platforms have an

advantage over traditional online labor platforms, we examine the dispute res-

olution models used by both centralized and decentralized platforms using a

game theoretic model.

The second part of the dissertation shifts the focus to workers in the service

industry who tend to have varying work schedules from week to week. Such

unpredictable work schedules can be detrimental to their welfare. The predic-

tive scheduling law, implemented in some areas, serves to protect these workers

by requiring firms to schedule work in advance or compensate workers if they

do not. However, opponents of the law argue that such intervention may be

harmful to both firms and workers. To analyze the law’s effect, we build a game

theoretic model and present empirical evidence using data from the statewide

implementation of a predictive scheduling law in Oregon.



In the third part of the dissertation, we again focus on workers on an online

platform. The rise of the gig economy has led regulators and the general public

to be concerned about the welfare of freelancers who often do not receive em-

ployment benefits but have the flexibility to dictate their work pace. As such,

there are calls for labor laws to be put in place for gig workers and for platforms

to employ freelancers as employees. Moreover, the issue of whether to hire free-

lancers or employees has created a divide among gig platforms. To study the

value of having freelancers over employees in an online platform, we conduct a

field experiment with a major food delivery platform. Our study yields insights

on how platform should manage freelancers and employees.

Through these three parts, my dissertation delves into the intricacies of

worker management under evolving technological landscapes and regulatory

frameworks, contributing to the broader understanding of these complex is-

sues.
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CHAPTER 1

SHOULD GIG PLATFORMS DECENTRALIZE DISPUTE RESOLUTION?

1.1 Introduction

Online labor platforms have experienced tremendous growth over the years.

According to a study by Katz and Krueger (2019), online labor platforms ac-

count for more than 90% of net employment growth in the United States be-

tween 2005 and 2015. These platforms host a wide range of tasks, such as web-

site and graphic design (e.g., Upwork and Freelancer.com), programming (e.g.,

PeoplePerHour), home services (e.g., TaskRabbit), and personal assistance for

daily or ad-hoc needs (e.g., Fancy Hands). These online labor platforms are part

of the broader “gig economy”, where they leverage the expertise of freelancers

and provide them with flexible work opportunities. Freelancers can often work

remotely and on their own schedule, increasing flexibility for businesses and

facilitating connections between suitable tasks and available freelancers. The

recent COVID-19 pandemic has further amplified the use of online labor plat-

forms, resulting in a 47% increase in employers hiring freelancers from these

platforms as they adapt to remote work and seek more flexible workers to nav-

igate evolving business landscapes (Upwork 2020).

However, despite the convenience of connecting clients with freelancers, on-

line labor platforms are not without drawbacks. Concerns often arise regarding

the quality of freelancers’ work, as their skill levels may be lower compared

to professional employees, and many platforms lack stringent screening pro-

cesses to ensure quality. To address this concern, online labor platforms often

allow clients to reject payment to freelancers even after the work is completed
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(Aloisi 2016). However, this leads to a potential contention for payment dis-

putes. Moreover, the lack of face-to-face interaction can result in more disagree-

ments over the quality of work delivered. As a result, disputes can be a common

occurrence on online labor platforms (DeVault et al. 2019). Traditionally, the

resolution of disputes has relied on the platform acting as an arbitrator (Aloisi

2016). Although the platform retains more decision-making power in this case,

its arbitration may be biased towards a particular side due to a conflict of inter-

est. We term this dispute resolution method as the “centralized dispute system”.

Due to concerns about the centralized nature of traditional platforms’ dis-

pute arbitration, emerging platform such as LibertyLance and Ethearnal are in-

troducing a novel tribunal system to ensure fairer dispute settlements. Under

this system, members of the platforms are allowed to participate in the tribunal

to assess and vote on dispute cases between clients and freelancers. When a dis-

pute occurs, a tribunal is formed and the side with the majority vote wins the

case. This way, the platform outsources dispute resolution to the tribunal and

crowdsources justice from its diverse members. To implement the tribunal sys-

tem, these emerging platforms have developed a self-funded mechanism where

each voter is required to deposit a certain amount of money to participate in the

tribunal. The total deposit forms a reward pool, which is then distributed to the

winning side of voters based on the majority rule. Consequently, the voters who

vote with the majority will earn a monetary reward, while the voters who vote

with the minority will lose their stake to the winning side. We term this dispute

resolution method as the “decentralized dispute system”.

The decentralized dispute system offers several advantages. First, it is more

cost-effective as the platform outsources dispute resolution to the tribunal, free-
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ing up resources that would otherwise be invested in resolving disputes (Cryp-

toTask 2022). Second, by crowdsourcing dispute resolution to the public, the

dispute system becomes more scalable, as highlighted in an interview with the

CEO of an emerging platform (Rasheed 2021). This means that the system can

handle a potential increase in disputes from an expanding user base. Third,

the tribunal system can resolve disputes in a more timely manner if the voting

process is limited to a short time window, typically 24 hours, compared to tra-

ditional platforms that can take several weeks (Hyve 2023). In addition to these

benefits, the emerging platforms also believe that the decentralized dispute sys-

tem is fairer since disputes are resolved by a group of users rather than a single

entity (Ethearnal 2021). Furthermore, these platforms randomly assign voters to

individual dispute cases, so that the platform users do not know apriori which

dispute case they will be assigned to. This helps minimize the possibility of

collusion and ensure a fair voting outcome.

However, the decentralized dispute mechanism is not without risks. The

monetary reward introduced by the self-funded mechanism may potentially

incentivize the voters to vote strategically in order to win rather than achieve

justice.. Thus, it is not clear whether the existence of a monetary incentive

can still elicit a fair judgment from the voters, and whether the voters’ strate-

gic voting decisions can still effectively incentivize quality improvement from

the freelancers. Motivated by the recent industry practice, we aim to answer the

following research questions in this paper. First, in light of the above concern of

strategic voting, can the decentralized dispute system achieve justice in dispute

resolution, and under what conditions? Second, when can the decentralized

dispute system be more profitable for the platform? Third, does the decentral-

ized dispute system benefit the platform without hurting the social welfare?
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We model a platform that intermediates the transaction between a client and

a freelancer. The client offers a contract price to the freelancer and the freelancer

chooses the quality of work. Upon receiving the work, the client has the right to

reject payment to the freelancer, in which case the freelancer can initiate a dis-

pute by paying the dispute fee to the platform. If the centralized dispute system

is adopted, the dispute outcome will be determined by the platform. On the

other hand, if the decentralized dispute system is adopted, a tribunal consisting

of independent platform users will be formed to vote on the dispute case. Each

member of the tribunal deposits a participation fee and those who vote for the

winning side will share the total deposit. The voters can have different but cor-

related evaluations of the freelancer’s work quality and can vote strategically by

taking into account the chance of winning, for which they need to form beliefs

about the other voters’ votes without any communication among themselves.

This makes the tribunal’s voting game a coordination game, which we model

using the global games framework (Carlsson and van Damme 1993 and Mor-

ris and Shin 1998). If the freelancer wins the dispute so that the client has to

pay the freelancer, or if the client accepts the freelancer’s work in the first place,

the platform earns a percentage commission from the contract price. Thus, the

platform can earn revenues from two sources: 1) extracting commissions, and

2) charging dispute fees.

First, by examining the decentralized dispute system, we find that despite

the voters’ strategic motive to coordinate with each other, the tribunal’s voting

mechanism can ensure a just dispute resolution outcome if the degree of subjectivity

in the voters’ judgments is sufficiently high. In this case, the voters can coordi-

nate on a fair equilibrium where they evaluate the freelancer’s work quality

according to a publicly recognized industry standard. However, if the degree
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of subjectivity is low, the voters’ judgments are likely to be similar, resulting in

a situation where they follow each others’ decisions rather than adhering to a

fair industry standard. This not only makes an unfair equilibrium possible, but

also creates multiple equilibria, resulting in a coordination failure in the voting

game. Therefore, the tribunal’s ability to elicit diverse opinions from its mem-

bers is critical for the decentralized dispute system to function effectively, and

the platform should be cautious about any policy that may homogenize voters’

judgments. Moreover, achieving the fair equilibrium in the tribunal indicates

that the decentralized dispute system can effectively eliminate the platform’s

decision-making bias that arises under the centralized dispute system. Because

the platform will earn the commission if the freelancer wins the dispute, such a

conflict of interest induces the platform to set a lower quality standard to rule

in favor of the freelancer. By eliminating this bias, the decentralized dispute

system requires a more stringent quality standard for the freelancer.

Next, by comparing the platform’s equilibrium utilities under the two dis-

pute systems, we find that the decentralized dispute system is more profitable as long

as the freelancer’s skill level is sufficiently high. The higher quality standard under

the decentralized dispute system has different implications for different types

of freelancers. If the freelancer is sufficiently skilled to meet the higher quality

standard, the client will be willing to offer a higher contract price and the plat-

form will be able to extract more surplus from the transaction. However, if the

freelancer’s skill level is insufficient, the higher quality standard will make it

even more difficult for the freelancer to participate. In this case, the centralized

dispute system enables the platform to adapt to a lower quality standard and

allow more lower-skilled freelancers to participate. Therefore, in order to reap

any benefit from the decentralized dispute system, platforms should ensure the
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skill level of the freelancer pool, which can be achieved by using certification or

providing training programs.

Finally, while the decentralized dispute system strengthens the freelancer’s

incentive to improve quality by eliminating the platform’s decision-making

bias, the induced equilibrium quality level is guaranteed to be more socially optimal

only if the voters are not too strict. If the tribunal’s judging criterion is overly

stringent, the freelancer will be forced to provide a quality level that is too high

compared to the socially optimal level. Therefore, educating the general public

to form a proper standard can ensure that the decentralized dispute system ben-

efits the platform while inducing a more socially optimal equilibrium outcome,

achieving a win-win solution for gig platforms and policy makers.

1.2 Literature Review

Our paper is related to three streams of literature: 1) voting games, 2) platform

operations, and 3) dispute management. First, to model the voting decisions

of the tribunal members, we utilize the global games framework, which is pio-

neered by Carlsson and van Damme (1993) and Morris and Shin (1998). “Global

games” is a class of games where each player observes a private but correlated

signal of the fundamental state and has to account for the other players’ beliefs

when deciding their own action. This framework has been used in the eco-

nomics literature to capture the strategic interactions between decisions makers

in voting game settings and has recently been used by operations management

researchers. For example, Wang et al. (2021) study the strategic interactions be-

tween firms in the adoption of green technology. By using the global games
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framework, each firm observes a private but correlated benefit of the new green

technology when making the adoption decision, and their payoffs are influ-

enced by the other firms’ decisions as the regulator will make green technology

adoption mandatory based on the proportion of firms who voluntarily adopt

it. In a similar spirit, we apply the global games framework to study the strate-

gic interactions between the tribunal members under the decentralized dispute

system. In our model, each voter observes a private but correlated sentiment of

the freelancer’s work. Since a voter’s payoff is influenced by whether his vote

belongs to the majority of votes, he needs to reason on the other voters’ percep-

tion of the freelancer’s work in his own decision-making process. In addition,

because voting is a form of group-based decision-making, our paper is related

to other settings that involve group-based decision-making, such as crowdfund-

ing (e.g., Xu and Zhang 2018, Chakraborty and Swinney 2019, Belavina et al.

2020, Chakraborty et al. 2023), information acquisition (e.g., Marinesi and Giro-

tra 2013, Tsoukalas and Falk 2020), and team coordination (e.g., Dawande et al.

2019, Roels and Corbett 2021).

The operations management literature has so far studied several issues in

platform operations, such as wage schemes (e.g., Taylor 2018, Bai et al. 2019,

Hu and Zhou 2020), surge pricing (e.g., Cachon et al. 2017, Guda and Subra-

manian 2019, Hu et al. 2022), platform competition (e.g., Bernstein et al. 2021,

Chen et al. 2022a), and labor welfare (e.g., Benjaafar et al. 2019, Benjaafar et al.

2022). Papers in this stream have typically considered settings where the plat-

form sets the wages for the freelancers. Our setting differs in that a freelancer’s

wage is determined by a contracting process between the client and the free-

lancer, which is typical for online labor platforms. While contracting has been

extensively studied in supply chain settings (see Elmaghraby 2000 for a review),
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our platform setting is distinguished by the unique feature that the contract

between the client and the freelancer is mediated by the platform. Moreover,

because the contracts on online labor platforms are signed between individual

users on small-scale short-term projects, they are less formal in nature compared

to supply chain contracts, leading to a higher likelihood of user disputes.

Dispute management in informal contracting settings has recently gained

interest in operations management research. One such study by Papanastasiou

et al. (2022) considers an e-commerce seller’s dispute over a customer review.

They examine when a semi-decentralized dispute system that allows the seller

to remove a customer’s review subject to potential checks by the platform can be

more efficient than the centralized dispute system where the platform decides

whether a customer review should be removed. Our study differs in two ways.

First, we study disputes that arise from payment rejections, rather than from

untruthful customer reviews. As a result, the reasons for initiating a dispute

and the underlying economic dynamics are different. Second, we study a fully

decentralized mechanism of dispute resolution, where independent platform

users are involved to vote on a dispute case, and the platform fully relegates the

authority to arbitrate dispute cases. Another study by Kwan et al. (2023) consid-

ers a crowdjudging-based dispute system, which is more similar to ours. They

use a dataset from Taobao to empirically demonstrate that the bias in crowd-

judging tends to decrease as jurors gain experience. Our paper, on the other

hand, considers a different crowdjudging mechanism where voters can earn a

monetary payoff based on the voting outcome and hence can act strategically.

We provide the analytical insight that ensuring the diversity of voter opinions

plays a critical role in achieving justice of the voting outcome. In addition, our

paper compares the performance of the decentralized dispute system (judged
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by the public) with the centralized dispute system (judged by the platform) and

prescribes when the decentralized dispute system should be preferred by the

platform and the social planner.

1.3 Model Setup

We consider a platform that serves as an intermediary between a client (referred

to as “her”) and a freelancer (referred to as “him”). The platform’s revenue con-

sists of two components. First, the platform extracts a commission equal to γ

fraction of the contract price. The commission is paid by the freelancer, who is

the party receiving the payment. We assume that the commission rate is exoge-

nously given by the industry norm, whereas the contract price is endogenously

determined by the contracting process between the client and the freelancer.

The commission rate of online labor platforms typically falls in a narrow range

of 10–20%. For example, the commission rate is 10% for Freelancer.com, 15%

for TaskRabbit, and 20% for PeoplePerHour and Upwork. Second, the platform

charges a dispute fee f ≥ 0, which is paid by the freelancer if he decides to ini-

tiate a dispute. The dispute fee is endogenously chosen by the platform, and is

non-refundable regardless of the dispute outcome (e.g., PeoplePerHour). The

dispute fee charged by online labor platforms varies considerably. For exam-

ple, PeoplePerHour charges either $8 or 10% of the contract price, whichever

is higher, whereas Upwork charges a flat fee of $200 regardless of the contract

price. Nevertheless, the magnitude of the dispute fee is comparable to the com-

mission fee, making it a significant source of revenue for these platforms. In our

main model, we assume the platform charges the dispute fee only to the free-

lancer, who is the party initiating the dispute. In Section 1.9.3, we consider an
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alternative setting where the platform charges the dispute fee to both the client

and the freelancer.

The freelancer chooses the work quality q ≥ 0 and faces an effort cost αq2

which is a convexly increasing function of q, where α represents the efficiency

of the freelancer (Ha et al. 2016). A freelancer with a smaller α can achieve the

same quality q at a lower cost, hence his skill level is higher (Banker et al. 1998).

For example, an experienced graphic designer can easily design a logo due to

familiarity with professional software such as Adobe Photoshop, whereas a less

experienced designer may need to invest time in learning the software before

starting the project, resulting in increased costs. We assume that α is public

information since it is common practice for online labor platforms to have a

reputation system for the users, and a freelancer’s skill level can be inferred

from his rating and historical reviews (Jin et al. 2022). Note that because we

consider a single freelancer in our main model, α can be interpreted as the skill

level of the freelancer pool. In Section 1.9.7, we consider a model extension

where the freelancer pool can have heterogeneous skill levels. Moreover, we

assume that the work can be completed with certainty. In Section 1.9.4, we

consider a model extension where the freelancer faces the risk of task failure.

The client’s valuation of the work is assumed to be equivalent to the work

quality q. This assumption is made without loss of generality as our results re-

main valid even if the client’s valuation can be different from q but follows an

increasing linear function of q. When the client offers a contract, she chooses the

contract price p ≥ 0. Quality is not contractible because it is uncommon for gig

work to have a quality expectation formally specified in a contract. Shevchuk

and Strebkov (2018) find that only 11% of the tasks rely on formal contracts,
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while the majority rely on verbal or informal correspondence. Even if a for-

mal contract is created, specifying a quality standard can be challenging as tex-

tual descriptions can be ambiguous and task objectives are subjective in nature.

Since a quality standard is not specified, the client can reject the freelancer’s

work and refuse to pay, in which case the freelancer has the option to file a dis-

pute. The client obtains the valuation of work regardless of whether she rejects it

or not, to reflect the nature of gig work that it typically involves providing a ser-

vice which cannot be returned like a physical product. In our model, payment

rejection and dispute apply to the entire contract price, corresponding to a fixed-

price contract where disputes can only be filed on the entire contract. It is worth

mentioning that online labor markets use fixed-price contracts for the majority

of tasks (Liang et al. 2016), as they are short-term small-scale projects. Some

platforms (e.g., Upwork and Freelancer.com) offer the option of milestone pay-

ments for larger-scale projects, which allow disputes on particular milestones.

However, each milestone payment can be treated as a separate fixed-price con-

tract, and our insights are also applicable.

Figure 1.1: Sequence of events.

The sequence of events is illustrated in Figure 1.1. The game consists of six

decision-making stages, beginning with the platform choosing the dispute fee f

(Stage 1). The client then chooses the contract price p to offer to the freelancer
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(Stage 2), and the freelancer subsequently chooses the quality level q (Stage 3).

After completing the task, the client decides whether to accept or reject the free-

lancer’s work (Stage 4). If the client accepts the freelancer’s work, the trans-

action concludes, and the platform receives the commission γp, while the free-

lancer receives the payment (1− γ)p. If the client rejects the work, the freelancer

decides whether to initiate a dispute by paying the dispute fee f (Stage 5). Fi-

nally, if the freelancer chooses to initiate a dispute, a dispute resolution process

is invoked (Stage 6). If the freelancer wins the dispute, he receives the payment

and the platform receives the commission. The platform, the client, and the

freelancer are all forward-looking decision-makers.

We consider two types of dispute systems: the centralized and decentral-

ized dispute systems. The difference between the two systems lies only in Stage

6 of the sequence of events. Specifically, under the centralized dispute system

(Section 1.4), the platform is responsible for carrying out the dispute resolu-

tion, while under the decentralized dispute system (Section 1.5), a tribunal is re-

sponsible. We describe the models of the dispute resolution processes for both

systems in subsequent sections, and Appendix A.1 provides examples of gig

platforms’ dispute policies for each system. Since evaluations of gig work tend

to be subjective, an external evaluator (such as the platform or the voters in a tri-

bunal) may form a different evaluation of the freelancer’s work than the client.

In addition, the true quality of work is only known to the client and the free-

lancer (i.e., the contracting parties), but not observable to an external evaluator

(Baker et al. 1994, Levin 2003). As we will show, the outcome of dispute resolu-

tion yields the freelancer a probability of winning the dispute, which we denote

as h(q). We use superscripts of ∗ and + to differentiate between the equilibria of

the centralized and decentralized dispute systems, respectively. The proofs of
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results for the main model are presented in Appendix A.2 to A.4.

1.4 Centralized Dispute System

In this section, we study the centralized dispute system, where disputes are

resolved by the platform. In Section 1.4.1, we first delve into the platform’s

decision-making process of dispute resolution. Then, building on the platform’s

dispute decision, we proceed to analyze the overall game between the client, the

freelancer, and the platform in Section 1.4.2.

1.4.1 Platform’s Dispute Decision

We first model and analyze the subgame of the platform’s dispute resolution

given that a dispute has been initiated. In reality, a platform would make such a

decision by evaluating whether the freelancer’s work quality is sufficiently high

to justify payment. To mimic this decision-making process, we assume that the

platform chooses a quality threshold k and compares the evaluated quality of

the freelancer’s work to this threshold. The platform’s quality threshold is not

announced upfront but chosen when a dispute has occurred, to reflect the reality

that it could be difficult for the platform to credibly commit to a quality evalua-

tion criterion. However, the platform’s dispute arbitration is binding. In Section

1.9.1, we consider a model extension where the platform’s dispute arbitration is

non-binding and the users can appeal the platform’s dispute decision, in which

case a third-party arbitration will be involved to make a binding decision.

The outcome of dispute resolution can be influenced by the subjective judg-
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ment of the evaluator (Taylor and Yildirim 2011, Deb et al. 2016), who is typi-

cally a member of the platform’s dispute team. For example, even if two logos

are designed by the same freelancer with the same amount of effort, they may

receive different evaluations from the evaluator due to the evaluator’s personal

aesthetic preferences. Since the exact preference of the evaluator is unknown

until the evaluation is made, there is variability in the evaluated quality. We

assume that the evaluator’s subjective judgment causes the evaluated quality

to be a random variable around the freelancer’s true quality q. The platform’s

evaluated quality is represented by the evaluator’s judgment, given by a ran-

dom variable x = q + σϵ, where ϵ is uniformly distributed over [−1, 1] and σ is

a scaling factor that measures the degree of subjectivity in the platform’s evalua-

tion. Consequently, the platform will rule in favor of the freelancer if x ≥ k and

in favor of the client if x < k. Let h(q, k) denote the resulting probability for the

freelancer to win the dispute following this decision-making rule.

Moreover, the platform’s dispute decision can be affected by its concern

about how closely its judgment aligns with the industry norm. A decision that

deviates significantly from the industry norm may invite heavy criticism and

damage the platform’s reputation, which can, in turn, negatively affect its fu-

ture revenue. For example, setting a standard that is too high may cause the

platform to lose freelancers, while setting it too low may discourage client par-

ticipation. To account for this, we introduce a disutility term that represents

the platform’s cost of deviating from the industry norm. Specifically, we model

this term as −θ(k − y)2, which is a quadratic function of the distance between

the platform’s threshold k and the industry standard y. y represents the quality

standard expected by the general public and serves as an anchoring point for a

“fair” judgment in our model (Chen 2022). In other words, a quality evaluation
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criterion is deemed fair if it conforms to the industry norm. It is easy to see

that a higher value of y indicates that the public holds a stricter standard, which

means that even under fair judgment, the freelancer would have to put in more

effort. θ > 0 represents the degree of penalization when the platform deviates

from the industry norm. The quadratic term captures the two-sided impact that

the platform’s long-term reputation can be negatively affected if it unfairly rules

in favor of either side of the market (Tsoukalas and Falk 2020).

Therefore, the platform’s utility comprises two components:

Π(k, f ) =
[
h(q, k)(γp + f ) + (1 − h(q, k)) f

]
− θ(k − y)2. (1.1)

As shown by Equation (1.1), the first component is the monetary payoff from

earning commissions and dispute fees, and the second component is the disu-

tility if the platform deviates from the industry norm in its dispute resolution.

Lemma 1.1 characterizes the platform’s equilibrium quality threshold and the

resulting winning probability of the freelancer for the dispute resolution sub-

game.

Lemma 1.1 (i) Under the centralized dispute system, the platform’s quality threshold

is k∗ = y − γp
4σθ .

(ii) The probability of the freelancer winning the dispute is

h∗(q) =



0 if q ≤ k∗ − σ,

q−y+σ
2σ +

γp
8θσ2 if k∗ − σ < q < k∗ + σ,

1 if q ≥ k∗ + σ,

which is increasing in q, and decreasing in θ and y.

Lemma 1.1 shows that the platform’s quality threshold k∗ is always lower
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than the industry standard y, and is dependent on the magnitude of the commis-

sion fee γp. If dispute occurs and the platform rules in favor of the freelancer,

it is able to earn the commission fee in addition to the dispute fee. Thus, the

platform intentionally sets a lower quality threshold than the industry standard

(i.e., k∗ ≤ y) to increase the winning probability of the freelancer. As a result, the

probability of the freelancer winning the dispute comprises two components: 1)

the probability that the platform’s evaluated quality is above the industry stan-

dard y (i.e., q−y+σ
2σ ), and 2) a positive bias term that increases his chance of winning

the dispute (i.e., γp
8θσ2 ). Furthermore, the bias term increases if the commission

fee is higher, and decreases if the degree of penalization θ is higher.

Thus, serving as both the intermediary of transactions and the arbitrator of

disputes, centralized dispute resolution will inevitably lead to a conflict of in-

terest in the platform’s decision-making process. The platform’s inclination to

let the freelancer win has been observed by the clients who have gone through

the dispute process (Tzezana 2015, Chen 2017, Chris 2021). These clients warn

that arbitration rarely rules in favor of the client. Moreover, they complain that

the unfair dispute resolution gives rise to freelancers relying on dispute to earn

their profit, instead of putting in effort to improve their work quality. As our

model highlights, such an issue is rooted in the platform’s decision-making bias

caused by the centralized mechanism of dispute resolution.
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1.4.2 Contracting Equilibrium Under Centralized Dispute Sys-

tem

Given the equilibrium of the dispute resolution subgame obtained from Section

1.4.1, we continue the backward induction process of the overall game and solve

for the contracting equilibrium between the client and the freelancer as well as

the platform’s equilibrium dispute fee. Using the equilibrium winning proba-

bility of the freelancer if dispute occurs, h∗(q), we can express the utilities of all

decision-makers as follows. In particular, under the centralized dispute system,

if both the client and the freelancer participate, the freelancer’s utility is given

by

U f (q) =



−αq2 + h∗(q)(1 − γ)p − f if client rejects and freelancer disputes,

−αq2 if client rejects and freelancer does not dispute,

−αq2 + (1 − γ)p if client accepts,

(1.2)

and the client’s utility is given by

Uc(p) =



q − h∗(q)p if client rejects and freelancer disputes,

q if client rejects and freelancer does not dispute,

q − p if client accepts.

(1.3)

As the client is forward-looking, her decision to accept or reject the freelancer’s

work takes into account the platform’s dispute judging criterion, which results

in the client rejecting the freelancer’s work in equilibrium if and only if the free-

lancer’s quality is below a threshold.1 Similarly, given that the client has rejected

1When a platform user obtains the same utility from an option that does not lead to a dispute

and another option that leads to a dispute, we use the tie-breaking rule that the platform users
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the freelancer’s work, the freelancer’s decision to initiate a dispute or not also

takes into account the platform’s dispute judging criterion, which results in him

initiating a dispute if and only if his quality is above a threshold. Finally, the

platform’s utility is given by

Π( f ) =



[
h∗(q)(γp + f ) + (1 − h∗(q)) f

]
− θ(k∗ − y)2 if client rejects and freelancer disputes,

0 if client rejects and freelancer does not dispute,

γp if client accepts, .

(1.4)

Proposition 1.1 characterizes the equilibrium under the centralized dispute sys-

tem.

Proposition 1.1 (i) Under the centralized dispute system, there exist two thresholds,

ᾱc and αc (where ᾱc ≥ αc), such that contracting occurs if and only if α ≤ ᾱc, and given

that contracting occurs, dispute occurs if αc < α ≤ ᾱc and does not occur if α ≤ αc.

(ii) If α ≤ αc, the platform’s dispute fee is f ∗ = 4(1−γ)σθ(y+σ)
γ+4σθ , the client’s contract price

is p∗ = 4σθ(y+σ)
γ+4σθ , and the freelancer’s quality level is q∗ = 4σθ(y+σ)

γ+4σθ . In this case, the client

accepts the freelancer’s work. Moreover, the platform’s equilibrium utility is Π∗ = γp∗.

(iii) If αc < α ≤ ᾱc, the platform’s dispute fee is

f ∗ =
(1−γ)2θ(2α(y−σ)+(1−γ))(2α(γ−θ(y−σ))+(1−γ)θ)

4α(γα+(1−γ)θ)2 , the client’s contract price is p∗ =

2σθ(2α(y−σ)+(1−γ))
γα+(1−γ)θ , and the freelancer’s quality level is q∗ = (1−γ)θ(2α(y−σ)+(1−γ))

2α(γα+(1−γ)θ) . In this case,

will choose the option that does not lead to a dispute. For example, if h∗(q) = 1, the client will

accept the freelancer’s work instead of rejecting the work if the freelancer will subsequently ini-

tiate the dispute and win. Correspondingly, the minimum q that satisfies h∗(q) = 1 (see Lemma

1.1) defines the threshold for the client to accept the freelancer’s work. Such a threshold equi-

librium structure is preserved if the model explicitly captures a hassle cost of dispute, in which

case the threshold will correspond to a quality level that makes h∗(q) < 1 and our insights remain

unaffected.
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the client rejects the freelancer’s work and the freelancer initiates a dispute. Moreover,

the platform’s equilibrium utility is Π∗ = h∗(q∗)γp∗ + f ∗ − γ
2(p∗)2

16θσ2 .

Proposition 1.1(i) shows that the equilibrium can fall into three regimes de-

pending on the skill level of the freelancer. First, if the freelancer’s skill level is

high (i.e., α ≤ αc), contracting occurs without dispute. Second, if the freelancer’s

skill level is medium (i.e., αc < α ≤ ᾱc), contracting occurs with dispute. Third,

if the freelancer’s skill level is low (i.e., α > ᾱc), contracting does not occur. For

the first two regimes where contracting occurs, Proposition 1.1(ii-iii) character-

izes the equilibrium decisions of all decision-makers, including the platform,

the client, and the freelancer.

If the freelancer’s skill level is sufficiently high (i.e., α ≤ αc), he is able to

choose a quality level that is sufficiently high to guarantee winning the dispute.

This indicates that the client does not have any incentive to reject the freelancer’s

work and run into a dispute. As a result, the client will accept the freelancer’s

work and dispute does not occur in equilibrium. In this case, the freelancer

does not pay any dispute fee in equilibrium. However, the dispute fee influ-

ences the equilibrium contract price. In order to incentivize the freelancer to

participate, the client’s contract price needs to cover both the commission fee

and the dispute fee (i.e., (1 − γ)p ≥ f ). The freelancer will not participate if the

client’s contract price net of commission is less than the dispute fee, because if

the client deviates from the equilibrium by rejecting to pay, the freelancer will

not be able to afford the dispute. Thus, the client’s equilibrium contract price

satisfies p∗ = f ∗

1−γ , which indicates that the platform can use the dispute fee to

nudge the client to offer a higher price to the freelancer. In this case, the plat-

form’s equilibrium utility comprises solely the commission revenue.
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If the freelancer’s skill level is medium (i.e., αc < α ≤ ᾱc), while contracting

still occurs, it will lead to a dispute in equilibrium. Dispute occurs in this case

because it is too costly for a freelancer with an insufficient skill level to choose

a sufficiently high quality level to guarantee winning the dispute. Anticipating

this, the client will reject the freelancer’s work so that she will not have to pay if

the freelancer ends up losing the dispute. Correspondingly, the freelancer will

respond by initiating the dispute, because he can only earn the contract price

by winning the dispute. In this case, the platform’s utility comprises both the

commission fee and the dispute fee, as well as the disutility due to its deviation

from the industry norm in dispute resolution. Moreover, it is increasingly costly

for a lower-skilled freelancer to participate due to the higher quality cost and

lower probability of winning the dispute. Therefore, if the freelancer’s skill level

is too low (i.e., α > ᾱc), he is not able to participate.

1.5 Decentralized Dispute System

In this section, we study the decentralized dispute system, where disputes are

resolved by a tribunal comprising a separate group of platform users. Each

member of the tribunal votes between the freelancer and the client, and the de-

cision of the tribunal is based on the majority rule. In Section 1.5.1, we first

introduce the model of the voting game. Then in Section 1.5.2, we derive the

equilibrium of the voting game. Finally, building on the tribunal’s voting equi-

librium, we proceed to analyze the overall game between the client, the free-

lancer, and the platform in Section 1.5.3.
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1.5.1 Tribunal’s Voting Game

We first consider the subgame of the tribunal’s dispute resolution given that a

dispute has been initiated. Recall that an important feature introduced by the

emerging platforms is a self-funded mechanism where the voters who vote for

the winning side will share the total deposit from all voters. This can create an

incentive for voters to prioritize earning more monetary reward in their deci-

sions, rather than voting solely based on the evaluation of the freelancer’s work

quality. Furthermore, in order to earn the monetary reward, a voter must en-

sure that he votes for the winning side, which means that his vote coincides

with the majority of votes. Thus, the voters’ decisions become strategic com-

plements of each other (i.e., a voter’s relative gain from voting for a particular

side over the other side increases when the proportion of voters voting for that

side increases), leading to a coordination game. Such coordination would require

a voter to strategically anticipate the decisions of other voters when making his

own decision, without knowing who the other voters are.

To model the strategic interaction among the voters in the tribunal, we adopt

the global games framework commonly used for studying coordination games

(e.g., Morris and Shin 1998, Edmond 2013, Rundlett and Svolik 2016). This

framework assumes that players receive private but correlated signals of an

underlying fundamental, and their payoffs are jointly determined by the de-

cisions of all players. Consistent with the global games framework, we model

the voters in the tribunal as a continuum with total mass normalized to one, to

approximate a large but finite number of voters. In our setting, the signal that

voter i privately receives is his own evaluation of the freelancer’s work quality,

which is modeled as xi = q +σϵi, where q is the true quality unobservable to the
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voters, ϵi is a random variable uniformly distributed over [−1, 1], and σ is the

scaling factor that measures the degree of subjectivity in the voters’ evaluations.

We assume that the degree of subjectivity is the same for any external evaluator,

including the platform’s dispute team members and the voters in a tribunal, as

it is a characteristic of the general population (Rowe and Wright 2001). In Sec-

tion 1.9.5, we explore a model extension where the degree of subjectivity can be

different under the two systems.

Different from the platform’s dispute decision, a voter’s decision needs to

factor in his inferences about other voters’ decisions, which hinges on his be-

lief about the true quality of the freelancer’s work. Following the global games

framework, we assume that the voters initially have a uniform prior on the true

quality of work and after observing their own evaluated quality, the voters up-

date their belief about the true quality of work and draw inferences about the

decisions of other voters. As a result, if a voter receives a high signal, he is likely

to believe that the other voters receive high signals as well. It is worth mention-

ing that the global games framework requires that the voters cannot communi-

cate with each other so that they cannot collude in their voting decisions. The

emerging platforms have adopted several measures to prevent communication

among the voters: 1) the voters are randomly assigned to dispute cases, so they

do not know apriori which case they will be assigned to, 2) the platform does not

establish any communication channels for the voters to communicate with each

other, and 3) the time window for the voters to submit their votes is typically

limited to 24 hours, which further reduces the chance of finding and communi-

cating with other voters in the same tribunal. These measures lead to an opacity

in the composition of the tribunal, which helps to prevent collusion among the

voters and also makes the global games framework applicable.
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To gain the right to vote in the tribunal, each voter must pay a participation

fee of t. The total participation fees are pooled together to form the reward pool

for the dispute case. Voters who are part of the majority votes will win an even

share of the total reward. Consistent with the platform’s decision under the

centralized dispute system, voter i chooses a quality threshold ki such that he

votes for the freelancer if xi ≥ ki and votes for the client if xi < ki. Given that l

proportion of voters vote for the freelancer, the utility of voter i, ui(xi, ki, l), is as

follows:

ui(xi, ki, l) =
[
1l≥0.5

( t
l
1xi≥ki − t

)
+ 1l<0.5

( t
1 − l

1xi<ki − t
)]
− ξ(ki − y)2. (1.5)

To determine his threshold strategy ki, voter i needs to consider all possible

values of xi and his voting decision given each xi should maximize his expected

utility by taking expectation of Equation (1.5) based on his belief about l.

As Equation (1.5) shows, similar to the platform’s utility, a voter’s utility

comprises two components. The first component is the voter’s monetary payoff

if voting for the winning side, which is the difference between the share of the

total reward and the participation fee. For example, when the majority of the

voters vote for the freelancer (i.e., l ≥ 0.5), a voter will receive a reward of t
l if he

also votes for the freelancer (i.e., if xi ≥ ki), and zero if he votes for the client (i.e.,

if xi < ki). The second component corresponds to a disutility of “guilt” which

may weigh on the voter’s conscience if he does not let a worthy freelancer win

and is weighted by a factor of ξ > 0. This disutility term mirrors the platform’s

disutility of deviating from the industry norm and is modeled consistently as a

quadratic function of the distance between voter i’s threshold ki and the indus-

try standard y. The inclusion of such a non-monetary component in a voter’s

utility follows the convention of voting game models, where the voters receive

a disutility for convicting an innocent party or acquitting a guilty party (e.g.,
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Feddersen and Pesendorfer 1998, Kojima and Takagi 2010). Moreover, a utility

model with both monetary and non-monetary components is commonly used

in behavioral modeling (e.g., Falk and Fischbacher 2006, Battigalli and Dufwen-

berg 2007, Battigalli and Dufwenberg 2009).

1.5.2 When Can Tribunal Voting Achieve Justice?

Given the voting game described in Section 1.5.1, we now analyze the equilib-

rium voting strategy of tribunal members and examine under what conditions

the tribunal voting mechanism can achieve justice of dispute resolution. As we

have seen, the self-funded mechanism creates an incentive for the voters to co-

ordinate their votes, as a voter only receives a monetary reward by being part of

the majority. However, it remains unclear if such coordination can be achieved

in equilibrium and all voters can reach agreement on the same quality thresh-

old to follow in their voting decisions. If there exist multiple equilibria corre-

sponding to different thresholds, the voting game may result in a coordination

failure (Van Huyck et al. 2002). Moreover, even if the voters can coordinate their

decisions by agreeing on the same threshold to follow, it is still unclear if the

outcome of their coordination can be a fair equilibrium where all voters follow

the industry standard (i.e., ki = y).

To ensure that the decentralized dispute system achieves justice, two condi-

tions must be satisfied. First, a fair equilibrium must exist and arise as an equi-

librium of the voting game. Second, it must be the unique equilibrium of the

voting game. These conditions together guarantee that the tribunal voting will

follow the industry standard and achieve a fair resolution of disputes. There-
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fore, we derive conditions for the existence and uniqueness of the fair equilib-

rium. Lemma 1.2 first shows the existence of the fair equilibrium and derives

the resulting winning probability of the freelancer under this equilibrium.

Lemma 1.2 (i) Under the decentralized dispute system, voter i choosing k+i = y as the

quality threshold is always an equilibrium of the tribunal’s voting game.

(ii) Under this equilibrium, the probability of the freelancer winning the dispute is

h+(q) =



0 if q ≤ y − σ,

q−y+σ
2σ if y − σ < q < y + σ,

1 if q ≥ y + σ,

which is increasing in q and decreasing in y.

Lemma 1.2 shows that the fair equilibrium always exists in the tribunal’s

voting game. In this case, each voter will vote for the freelancer if the evaluated

quality is higher than y, and will vote for the client otherwise. Collectively, the

voters’ voting strategies form a probability distribution, such that as the free-

lancer’s quality q increases, his winning probably h+(q) also increases.2 More-

over, by comparing h+(q) to the freelancer’s winning probability h∗(q) under the

centralized dispute system (Lemma 1.1), we observe that given the same qual-

ity level, the freelancer has a lower chance of winning the dispute under the

2Consistent with voting game models with a continuum of voters (e.g., Baron 1994, Bidwell

et al. 2020), we approximate the freelancer’s winning probability using the proportion of voters

who vote for the freelancer. This makes the winning probability continuously increasing in the

work quality and behave more consistently with that under a model with a finite number of vot-

ers, whereas without the approximation, the winning probability would be a 0-1 discontinuous

function due to the voters being a continuum. Previous research has shown that this approach

does not alter the economic insights for voting games (e.g., Grossman and Helpman 1996).
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decentralized dispute system. The decentralized dispute system removes the

platform’s bias of ruling in favor of the freelancer in order to earn more com-

missions, and the industry norm serves as a focal point for the tribunal’s voting.

This results in a higher quality standard that is expected of a freelancer under

the decentralized dispute system, and the freelancer has to offer a higher quality

level in order to achieve the same winning probability.

While the voters’ strategic decision-making to earn more monetary rewards

does not necessarily prevent the fair equilibrium from being an equilibrium of

the voting game, its mere existence is not sufficient to guarantee a just dispute

resolution outcome by the tribunal. If an unfair equilibrium, corresponding to

a different threshold than the industry standard, exists simultaneously, a coor-

dination failure may occur, making it impossible to ensure the tribunal selects

the fair equilibrium. Therefore, we next establish a condition for the fair equilib-

rium identified in Lemma 1.2 to become the unique equilibrium of the tribunal’s

voting game, which is given by Proposition 1.2 below.

Proposition 1.2 If σ >
√

t( 1
2+ln(2))
ξ

, the equilibrium in Lemma 1.2 is the unique equi-

librium of the tribunal’s voting game.

The condition established in Proposition 1.2 requires a sufficiently high de-

gree of subjectivity in the voters’ evaluations, as indicated by the requirement

for a sufficiently large σ. To prevent any unfair equilibrium, the voters must

have an incentive to deviate to a fairer equilibrium by moving their quality

threshold closer to the industry standard, thereby reducing the disutility of guilt

they incur. However, changing the threshold from that of the majority of voters

also reduces their probability of being on the winning side, which in turn de-

creases their monetary payoff. Whether the voters have an incentive to deviate
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to a fairer equilibrium is determined by the trade-off between the incentive to

reduce guilt (i.e., the gain of being fair) and the incentive to lose less monetary

reward (i.e., the cost of being fair).

If the degree of subjectivity is high, voters tend to have more diverse judg-

ments for a given dispute case. If a voter changes his threshold, the probability

of flipping from the winning to the losing side is small because the majority

of voters are unlikely to fall between the old and new thresholds of that voter.

Consequently, a voter’s loss in monetary reward is relatively insensitive to the

quality threshold he chooses, and he is less concerned about not aligning his

threshold with that of other voters when other voters are being unfair. There-

fore, a higher degree of subjectivity reduces the cost of being fair. When the

degree of subjectivity is sufficiently high, the incentive to deviate towards the

industry standard is guaranteed to exist for any threshold unequal to the indus-

try standard, making it the only threshold that can sustain as an equilibrium in

the voting game.

However, if the degree of subjectivity is low, voters are likely to have similar

evaluations for a given dispute case, making their winning probability sensitive

to deviations from the threshold chosen by the majority of voters. If the major-

ity of voters have coordinated on a threshold that is not too different from the

industry standard, the remaining voters will agree to follow the same threshold

and compromise on fairness, since it is too costly to deviate towards the industry

standard. This creates a greater incentive to conform to other voters’ decisions,

making a threshold unequal to the industry standard a possible equilibrium.

Additionally, a lower degree of subjectivity enlarges the range of thresholds

that the voters can agree on, leading to multiple equilibria and a coordination
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failure in the voting game. Therefore, a lower degree of subjectivity increases

the cost of being fair and reduces the tribunal’s ability to achieve a just dispute

resolution outcome.

The condition in Proposition 1.2 has important implications for how the plat-

form can ensure that the fair equilibrium is the unique equilibrium of the voting

game. When adopting the decentralized dispute system, the platform should

be cautious about any policy that may reduce the degree of subjectivity in the

voters’ judgments, and the value of the decentralized dispute system lies criti-

cally in its ability to elicit diverse opinions from the tribunal members. Dispute

evaluation guidelines provided by the platform should not aim to homogenize

the voters’ evaluations, as a more homogenized voter judgment may incentivize

voters to prioritize conforming to each other and forgo their objective to achieve

justice.

Moreover, since the degree of subjectivity can be influenced by the nature of

the task being evaluated, the condition in Proposition 1.2 also implies that the

tribunal voting mechanism may not work equally well for all types of tasks. For

tasks such as home cleaning and programming, objective evaluation criteria are

easily defined and the evaluators’ judgments tend to be less subjective. Plat-

forms should exercise caution when decentralizing dispute resolution in this

case, as a lower degree of subjectivity limits the ability of the decentralized dis-

putes system to elicit diverse opinions from the voters. However, for tasks such

as design works, objective evaluation criteria are difficult to define and the eval-

uators’ judgments rely heavily on their personal preferences, leading to a higher

degree of subjectivity. In this case, the decentralized dispute system can max-

imize its potential to elicit diverse opinions from the voters and ensure a just
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dispute resolution outcome.

In addition, the condition in Proposition 1.2 also depends on two other pa-

rameters: t, the voters’ participation fee, and ξ, the weight that voters place on

fairness consideration. Holding the tribunal’s degree of subjectivity constant,

the fair equilibrium is guaranteed to be the unique equilibrium if the voters’

participation fee is sufficiently small, or if their weight on fairness considera-

tion is sufficiently high. A lower participation fee reduces the reward pool and

the voters’ incentive to conform to each other, while a higher weight on fair-

ness consideration strengthens their incentive to deviate towards the industry

standard from any threshold unequal to the industry standard. Both changes

increase the likelihood of achieving a just dispute resolution outcome. There-

fore, the platform should avoid setting a participation fee that is too high and

consider educating the voters to prevent them from gaming the system.

Having obtained the measures that the platform can take to induce the fair

equilibrium as the unique equilibrium of the tribunal’s voting game, we proceed

to analyze the overall game between the client, the freelancer, and the platform,

with the fair equilibrium in Lemma 1.2 as the dispute resolution outcome.

1.5.3 Contracting Equilibrium Under Decentralized Dispute

System

Given the equilibrium of the tribunal voting subgame obtained from Section

1.5.2, we continue the backward induction process of the overall game to solve

for the contracting equilibrium under the decentralized dispute system. If both

the client and the freelancer participate, their utilities are similar to Equations
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(1.2) and (1.3) respectively with h∗(q) replaced by h+(q) (i.e., the freelancer’s

probability of winning the dispute under the decentralized dispute system).

The platform’s utility is given by

Π( f ) =



h+(q)(γp + f ) + (1 − h+(q)) f if client rejects and freelancer disputes,

0 if client rejects and freelancer does not dispute,

γp if client accepts.

(1.6)

Notice that if dispute occurs, the platform does not incur any disutility from the

outcome of dispute resolution when the tribunal’s quality threshold resulting

from the voting game is equal to the industry standard (Lemma 1.2). Proposi-

tion 1.3 characterizes the equilibrium under the decentralized dispute system.

Proposition 1.3 (i) Under the decentralized dispute system, there exist two thresholds,

ᾱd and αd (where ᾱd ≥ αd), such that contracting occurs if and only if α ≤ ᾱd, and given

that contracting occurs, dispute occurs if αd < α ≤ ᾱd and does not occur if α ≤ αd.

(ii) If α ≤ αd, the platform’s dispute fee is f + = (1 − γ)(y + σ), the client’s contract

price is p+ = y+σ, and the freelancer’s quality level is q+ = y+σ. In this case, the client

accepts the freelancer’s work. Moreover, the platform’s equilibrium utility is Π+ = γp+.

(iii) If αd < α ≤ ᾱd, the platform’s dispute fee is f + = (2α(y−σ)+(1−γ))(−2α(y−σ)+(1−γ))
4α ,

the client’s contract price is p+ = 2σ(2α(y−σ)+(1−γ))
1−γ , and the freelancer’s quality level is

q+ = 1−γ
2α + y − σ. In this case, the client rejects the freelancer’s work and the freelancer

initiates a dispute. Moreover, the platform’s equilibrium utility is Π+ = h+(q+)γp++ f +.

Proposition 1.3 shows that the equilibrium under the decentralized dispute

system can fall into three regimes depending on the skill level of the freelancer,

similar to the centralized dispute system: contracting occurs without dispute if

α ≤ αd, contracting occurs with dispute if αd < α ≤ ᾱd, and contracting does not

occur if α > ᾱd. However, there are notable differences. Most importantly, as we
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have seen from Section 1.5.2, the tribunal’s dispute decision eliminates the plat-

form’s decision-making bias that arises under centralized decision-making. The

resulting differences in the equilibrium can be clearly seen by comparing Propo-

sition 2(iii) to Proposition 1(iii). For example, the platform no longer incurs the

disutility, γ
2(p∗)2

16θσ2 , due to the deviation from the industry norm.

Under the centralized dispute system, the platform’s bias in favor of the free-

lancer can cause the client to have reservations in offering a higher contract price

to the freelancer. This is because an increased contract price can further amplify

the platform’s bias, which in turn creates a counter force in incentivizing the

freelancer to choose a higher quality level. In contrast, the decentralized dispute

system eliminates the platform’s bias and raises the quality threshold required

for the freelancer to win the dispute. This can make the client more willing to

offer a higher contract price. As a result, the incentives of the client and the

freelancer are more aligned under the decentralized dispute system.

1.6 Value of Decentralization

In this section, we compare the centralized and decentralized dispute systems

and derive insights regarding the type of markets they each cater to as well as

the value of decentralizing dispute resolution. In Section 1.6.1, we first com-

pare the equilibrium decisions of the client, the freelancer, and the platform. In

Section 1.6.2, we examine when the platform should adopt the decentralized

dispute system. In Section 1.6.3, we examine when the decentralized dispute

system can improve social welfare.
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1.6.1 Equilibrium Comparison

As seen in Sections 1.4 and 1.5, under both systems, the equilibrium is charac-

terized by three regimes depending on the skill level of the freelancer. We start

by comparing the thresholds on the freelancer’s skill level that define the three

equilibrium regimes, to gain a first understanding of how the decentralized dis-

pute system can change the equilibrium structure.

Theorem 1.1 (i) Contracting occurs in fewer cases under the decentralized dispute

system (i.e., ᾱd ≤ ᾱc).

(ii) Dispute is prevented in fewer cases under the decentralized dispute system (i.e.,

αd ≤ αc).

Theorem 1.1 shows that the decentralized dispute system reduces the range

of the freelancer’s skill level α for contracting to occur, and also reduces the

range where dispute can be prevented. Recall from Section 1.4 that the central-

ized dispute system leads to a decision-making bias of the platform to let the

freelancer win the dispute with a higher probability because of its interest to

earn the commission. Thus, a lower quality is expected of the freelancer and it

is less costly for the lower-skilled freelancers to participate under the central-

ized dispute system (i.e., ᾱd ≤ ᾱc). Moreover, the platform’s bias in favor of the

freelancer also causes the client to be more willing to compromise on quality.

This pushes the client to accept the freelancer’s work and prevents dispute in

more cases (i.e., αd ≤ αc).
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Figure 1.2: The α thresholds under both centralized and decentralized dispute
systems.

The comparisons of the α thresholds are illustrated in Figure 1.2. To ease our

subsequent analyses, we define Case 1 as the “high-skill” case where dispute

does not occur under either system (i.e., α ≤ αd), Case 2 as the “medium-skill”

case where dispute occurs under the decentralized dispute system but not un-

der the centralized dispute system (i.e., αd < α ≤ αc), and Case 3 as the “low-

skill” case where dispute occurs under both systems (i.e., αc < α ≤ ᾱd).3 We

focus on these three cases where contracting occurs under both systems (i.e.,

α ≤ ᾱd) in our subsequent analyses and make references to them in our discus-

sions. Theorem 1.2 summarizes the comparison of the equilibrium decisions of

the freelancer, the client, and the platform between the two systems.

Theorem 1.2 (i) There exists a threshold αq (where αd < αq ≤ αc) such that the equi-

librium quality level is higher under the decentralized dispute system (i.e., q+ ≥ q∗) if

α ≤ αq or α > αc, and is lower under the decentralized dispute system (i.e., q+ < q∗) if

αq < α ≤ αc.

(ii) There exists a threshold αp (where αd < αp ≤ αc) such that the equilibrium

contract price is higher under the decentralized dispute system (i.e., p+ ≥ p∗) if α ≤ αp

or α > αc, and is lower under the decentralized dispute system (i.e., p+ < p∗) if αp <

3We note that αc < ᾱd (hence Case 3 exists) if and only ifσ > σ̄, where σ̄ =
√

(γ+2θy)2+16γθy−γ+2θy
12θ ;

otherwise, Case 3 degenerates.
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α ≤ αc.

(iii) When dispute occurs under both systems (i.e., αc < α ≤ ᾱd), there exists a

threshold α f (where αc < α f ≤ ᾱd) such that the equilibrium dispute fee is higher

under the decentralized dispute system (i.e., f + ≥ f ∗) if α ≤ α f , and is lower under the

decentralized dispute system (i.e., f + < f ∗) if α > α f .

Theorem 1.2(i-ii) shows that under the same equilibrium regime, such that

either dispute occurs under both systems (i.e., Case 3) or dispute does not oc-

cur under either system (i.e., Case 1), the decentralized dispute system induces

a higher quality level and contract price compared to the centralized dispute

system. As we have seen, the decentralized dispute system eliminates the plat-

form’s bias of ruling in favor of the freelancer and raises the quality threshold

for the freelancer to win the dispute. The freelancer needs to factor in how strin-

gent the quality standard is in order to win the dispute (i.e., Case 3) or prevent

the dispute (i.e., Case 1). In both cases, the higher standard of dispute resolution

increases the freelancer’s incentive to improve quality under the decentralized

dispute system, and hence the client is willing to offer a higher contract price.

However, it is possible for the decentralized dispute system to induce a lower

quality level and contract price when the equilibrium regimes are different un-

der the two systems. In Case 2, dispute only occurs under the decentralized

dispute system but not under the centralized dispute system. This means that

the freelancer has to pay the dispute fee under the decentralized dispute sys-

tem, which would constrain how much effort he can expend to improve quality.

We further find that when the freelancer’s skill level is relatively low within

Case 2 (i.e., αq < α < αc), this constraint will outweigh the quality-improving

incentive due to the elimination of the platform’s bias, leading to a lower equi-
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librium quality level under the decentralized dispute system. Correspondingly,

the client would offer a lower contract price.

We next turn to the platform’s dispute fee. Theorem 1.2(iii) shows that when

dispute occurs under both systems (i.e., Case 3), the equilibrium dispute fee is

higher under the decentralized dispute system if the freelancer’s skill level is

relatively high (i.e., α ≤ α f ), and is lower if the freelancer’s skill level is rel-

atively low (i.e., α > α f ). As the freelancer’s skill level decreases (i.e., α in-

creases), his equilibrium quality level decreases and it is increasingly difficult

for the him to win the dispute. Nevertheless, the platform can reduce its quality

threshold under the centralized dispute system, while it does not decide how

the tribunal would judge the freelancer’s work under the decentralized dispute

system. Thus, as the freelancer’s skill level decreases, his equilibrium probabil-

ity of winning the dispute would decrease at a slower rate under the central-

ized dispute system. This indicates that a lower-skilled freelancer will receive

a greater advantage under the centralized dispute system and is hence willing

to pay a higher dispute fee relative to the decentralized dispute system. Thus,

when the freelancer’s skill level decreases below a certain threshold (i.e., α f ),

the platform would be able to charge a higher dispute fee under the centralized

dispute system.

1.6.2 When is Decentralized Dispute System More Profitable?

To gain an insight into how the decentralized dispute system performs with

respect to the centralized dispute system, we next compare the platforms’ equi-

librium utilities under the two dispute systems to uncover which system the
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platform should choose.

Theorem 1.3 Suppose γ ≤ 1
3 and σ ≤ y. There exists a threshold ᾱ (where αd ≤ ᾱ ≤

ᾱd) such that the platform’s equilibrium utility is higher under the decentralized dispute

system (i.e., Π+ ≥ Π∗) if α ≤ ᾱ, and is lower under the decentralized dispute system

(i.e., Π+ < Π∗) if α > ᾱ.

Theorem 1.3 characterizes, under the conditions of γ ≤ 1
3 and σ ≤ y, that the

platform can achieve a higher utility under the decentralized dispute system

only when the freelancer’s skill level is sufficiently high (i.e., α ≤ ᾱ). We first

note that the conditions in Theorem 1.3 are unlikely to eliminate scenarios that

are practically relevant. First, a commission rate higher than 1
3 is uncommon for

online labor platforms. Second, given that the evaluated quality (by both the

platform and the voters) follows a uniform distribution over [q−σ, q+σ], σ ≤ y

ensures that if the freelancer’s quality level is equal to the industry standard y,

the evaluated quality is non-negative. In addition, in Appendix A.5, we show

numerically that Theorem 1.3 still holds even when these conditions are not im-

posed. Moreover, if ᾱd < α ≤ ᾱc (i.e., the region beyond Case 3), contracting only

occurs under the centralized dispute system, hence the centralized dispute sys-

tem dominates the decentralized dispute system. Thus, the result in Theorem

1.3 extends to the region beyond the three cases of interest (i.e., α ≤ ᾱd).

Since αd ≤ ᾱ ≤ ᾱd, the threshold ᾱ can be achieved in Case 2 or Case 3, but not

in Case 1. This immediately indicates that when dispute does not occur under

either system (i.e., Case 1), the platform is better off with the decentralized dis-

pute system. If the freelancer’s skill level is sufficiently high, dispute does not

occur and the platform only earns the commission fee. As discussed previously

in Theorem 1.2, the elimination of the platform’s bias under the decentralized
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dispute system induces the freelancer to provide a higher quality level and the

client to offer a higher contract price. Thus, the platform can extract more com-

mission under the decentralized dispute system.

If the freelancer’s skill level is not sufficiently high, dispute can occur (i.e.,

Cases 2 and 3). When dispute occurs, the platform’s revenue structure changes

to one that depends on both the dispute fee and the commission fee. The plat-

form is guaranteed to earn the dispute fee as long as dispute occurs, but only

earns the commission fee if the freelancer wins the dispute. Depending on the

skill level of the freelancer, the platform can extract more surplus from the par-

ticipants through different means. When the freelancer’s skill level is relatively

high, he would be able to win the dispute with a high probability. This indicates

that the platform will earn the commission fee with a high probability, hence its

revenue is more dependent on the commission fee. Because the decentralized

dispute system can induce the client to offer a higher contract price, the plat-

form can earn a higher commission under the decentralized dispute system,

and hence the decentralized dispute system would make the platform better

off. In contrast, when the freelancer’s skill level is relatively low, he can only

win the dispute with a low probability. This indicates that the platform has to

rely more on the dispute fee. As we have seen in Theorem 1.2, the platform’s

bias creates a greater advantage for lower-skilled freelancers, which enables the

platform to charge a higher dispute fee under the centralized dispute system.

Thus, the centralized dispute system would make the platform better off in this

case.

Therefore, the decentralized dispute system can only benefit the platform

when the freelancers’ skill levels are sufficiently high. With higher-skilled
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freelancers, the platform would be able to utilize the tribunal to improve the

incentive structure of participants and extract more commissions. However,

with lower-skilled freelancers, the platform would benefit from retaining the

decision-making power to arbitrate disputes to itself. By doing so, the platform

can set a lower quality standard for lower-skilled freelancers and extract more

dispute fees from them; whereas under the decentralized dispute system, the

more stringent quality standard set by the tribunal would make it dispropor-

tionately more costly for the lower-skilled freelancers to participate and more of

them can be weeded out.

Our results suggest that different types of dispute resolution systems can

cater to different market segments. The decentralized dispute system is more

suitable when the freelancer pool is higher-skilled, while the centralized dispute

system is more suitable when the freelancer pool is lower-skilled. Therefore, for

the emerging platforms to succeed with the decentralized dispute system, it is

important to ensure the skill level of their freelancer pool. This can be achieved

by providing better training to the freelancers, such as by partnering with online

learning platforms (e.g., Coursera or Udemy), or adopting a stricter screening

and certification process. For example, Upwork encourages its freelancers to

obtain verifiable certifications such as Adobe or Oracle, and Freelancer.com has

internal programming and language tests for the freelancers to take.

Moreover, the freelancers’ skill levels may improve over time for the tradi-

tional platforms. The majority of the tasks in companies have been shifting to a

project-based structure, under which companies can utilize external workforce

who are able to work remotely (Claussen et al. 2018). Thus, the freelancer mar-

ket is expected to grow and more professional employees will utilize the online
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labor platforms (Katz and Krueger 2019). Such an influx of professional em-

ployees may increase the overall skill level of the freelancer pool. As a result, it

may become optimal for these platforms to switch to the decentralized dispute

system in order to reap greater benefits.

1.6.3 Social Impact of Decentralized Dispute System

Lastly, we investigate the impact of the decentralized dispute system on the so-

cial welfare. We have previously seen from Section 1.5 that the decentralized

dispute system can be designed to deliver its promise of attaining a fairer dis-

pute resolution than the centralized dispute system. As a result of having a

fairer dispute resolution, the decentralized dispute system is able to induce a

higher quality level in most cases (Theorem 1.2). However, a higher quality

level does not always improve the social welfare. If the quality level already

exceeds the socially optimal level, an even higher quality standard would cause

the quality improvement incentive to deviate from that of a social planner and

reduce the social welfare.

The social welfare in our model is q − αq2, and the socially optimal qual-

ity level is 1
2α . We are particularly interested in whether a higher quality level

automatically translates into a more socially optimal outcome. To this end, The-

orem 1.4 characterizes a condition such that the decentralized dispute system is

able to attain a higher social welfare, given that it induces a higher equilibrium

quality level than the centralized dispute system.

Theorem 1.4 When the equilibrium quality level is higher under the decentralized dis-

pute system (i.e., q+ ≥ q∗), there exists a threshold ȳ(α) for every α such that the equilib-
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rium quality level under the decentralized dispute system is closer to the socially optimal

quality level 1
2α if and only if y ≤ ȳ(α). Furthermore, under the same equilibrium regime

(as defined in Figure 1.2), ȳ(α) is decreasing in α.

As shown in Theorem 1.4, if the public is overly demanding on quality (i.e.,

y > ȳ(α)), the freelancer’s effort may be overly exerted and the decentralized

dispute system will result in a quality level that deviates further away from

the socially optimal level than that under the centralized dispute system (i.e.,

|q+ − 1
2α | > |q

∗ − 1
2α |). Thus, the industry standard y cannot be too high for the

equilibrium outcome to be more socially optimal under the decentralized dis-

pute system. Moreover, the threshold of how stringent the industry standard

needs to be, ȳ(α), is dependent on the freelancer’s skill level, α. Theorem 1.4 fur-

ther shows that under the same equilibrium regime, a lower-skilled freelancer

would need a less stringent industry standard in order for the decentralized

dispute system to result in a more socially optimal outcome. Therefore, to make

sure that gig platforms’ adoption of the decentralized dispute system does not

hurt the social welfare, a social planner should be mindful of the industry norm

and take necessary measures to prevent the public from forming a standard that

is overly stringent.

In addition, other studies have shown that most people tend to lose em-

pathy and deviate from the norm as their influence and authority grow

(Schaarschmidt 2017). Thus, it is important to manage the norm of the peo-

ple with authority to ensure that the standard does not go exceedingly stringent

over time. Such management of the norm is especially crucial under the de-

centralized dispute system, as the authority of the dispute decision has been

surrendered by the platform to the voters. This may result in the standard be-
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coming overly stringent if the voters’ authority goes unchecked. Thus, a totally

hands-off approach towards the decentralized dispute system may not be ad-

visable. One possible solution is for the platform to set guidelines or principles

for the voters to follow when they are evaluating the dispute case. Such rec-

ommended guidelines can serve as a focal point for the voters to form their

decisions, so that the voting mechanism of the tribunal can induce a more so-

cially optimal quality level. This helps to ensure that the decentralized dispute

system not only can be more profitable for the platform, but also can improve

the social welfare at the same time.

1.7 Extensions

In addition to the main model presented in previous sections, we also general-

ize the model in several directions to test the robustness of our main insights

regarding when the decentralized dispute system should be preferred by the

platform, and obtain additional insights regarding how the platform’s prefer-

ence can be affected by other factors. In this section, we present a summary

of seven model extensions we analyze. The detailed model formulation and re-

sults are provided in Section 1.9.1 to 1.9.7, and the proofs of results for the model

extensions are presented in Appendix A.6 to A.11.

1.7.1 Third-Party Arbitration

In Section 1.9.1, we extend the model of the centralized dispute system to allow

the freelancer and the client to appeal the platform’s decision, in which case a
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third-party arbitrator will be involved to re-evaluate the dispute case and make

a binding decision. This adds two more decision-making stages to the sequence

of events, namely an “appealing” stage and a “third-party arbitration” stage.

The third-party arbitrator chooses its own threshold to evaluate the freelancer’s

work, taking into consideration both the industry standard and the decision

of the platform. We find that regardless of the involvement of a third-party

arbitrator, the decentralized dispute system dominates the centralized dispute

system when the freelancer’s skill level is sufficiently high. Moreover, a third-

party arbitrator whose incentive is more aligned with the platform can hurt

the platform under the centralized dispute system and make the decentralized

dispute system the preferred system in more cases. Thus, if the platform cannot

convince its users that the third-party arbitrator is impartial, fully decentralizing

dispute resolution to individual platform users can remove the need for the

platform to commit to a fairer dispute resolution, since the decision-making

process is entirely entrusted to independent parties with no conflicts of interest.

1.7.2 Price-Dependent Industry Standard

In Section 1.9.2, we allow the industry standard to be contingent on the con-

tracting terms, hence the contracting parties are able to influence the industry

standard. Specifically, we assume that the industry standard is a linear increas-

ing function of the contract price. We find that the decentralized dispute sys-

tem dominates the centralized dispute system when the industry standard is

less sensitive to the contract price. Moreover, we confirm that our main insight

about the value of decentralizing dispute system is not driven by the platform

users’ lack of power in influencing the industry standard, as our previous find-
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ing that the decentralized dispute system performs better with higher-skilled

freelancers continues to hold.

1.7.3 Double-Sided Dispute Fees

In Section 1.9.3, we model the scenario where the platform requires the dispute

fee to be paid by both parties in order for the dispute case to be handled. In

this case, after the freelancer initiates the dispute, the client decides whether to

participate in the dispute by paying the dispute fee. If the client also pays the

dispute fee, the dispute case will be evaluated. However, if the client decides

not to pay the dispute fee, the freelancer will be automatically awarded a “win”

and the client will then have to pay the freelancer. We find that the decentral-

ized dispute system still dominates the centralized dispute system when the

freelancer’s skill level is sufficiently high. Thus, our main insight remains ro-

bust when the platform is allowed to choose which dispute fee structure to use

under each dispute system. Moreover, we find that when the freelancer’s skill

level is only moderately high, the platform’s optimal strategy is to combine the

decentralized dispute system with the double-sided dispute fee structure. This

indicates that platforms that intend to adopt the decentralized dispute system

can use the double-sided dispute fee structure as a transitional step when the

freelancers’ skill levels are not sufficiently high, and switch to the single-sided

dispute fee structure when the freelancers become more proficient.
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1.7.4 Task Failure

In Section 1.9.4, we generalize the model by incorporating the risk of task fail-

ure. We find that the decentralized dispute system dominates the centralized

dispute system when the risk of task failure is sufficiently low. When the risk of

task failure is high, the platform’s bias to rule in favor of the freelancer creates

a cloak of certainty over the task outcome and incentivizes more freelancers to

participate. This makes the centralized dispute system preferred by the plat-

form. Moreover, the decentralized dispute system is more likely to be the pre-

ferred system if the freelancer is higher-skilled. Thus, our previous finding that

the decentralized dispute system performs better with higher-skilled freelancers

continues to hold.

1.7.5 Differential Subjectivity between Platform and Voters

In Section 1.9.5, we consider a model extension that allows the centralized dis-

pute system to be associated with a lower degree of subjectivity in dispute judg-

ment compared to the decentralized dispute system. This captures the scenario

where the platform’s dispute team members may be less subjective in quality

evaluation because they are professionally trained. We find that as long as the

degree of subjectivity is not too different between the two systems, our pre-

vious results continue to hold exactly and the platform should prefer the de-

centralized dispute system when the freelancer’s skill level is sufficiently low.

Moreover, the decentralized dispute system can be the preferred system even

for lower-skilled freelancers when it substantially increases the degree of sub-

jectivity in dispute judgment from that under the centralized dispute system.

44



1.7.6 Client’s Reputation Loss

In Section 1.9.6, we extend the model by assuming that the client incurs a repu-

tation loss if she rejects the freelancer’s work and the freelancer files a dispute.

The client’s reputation loss is assumed to be proportional to the quality of the

freelancer’s work, to reflect the fact that a freelancer with a higher-quality work

is more likely to view the client as unfair when being rejected, and hence is more

likely to leave a negative review for the client. We find that the decentralized

dispute system still dominates the centralized dispute system when the free-

lancer’s skill level is sufficiently high. Thus, our main insight remains robust

even if the client incurs a reputation loss because of dispute.

1.7.7 Heterogeneous Freelancers

In Section 1.9.7, we extend our model to allow for a heterogeneous freelancer

pool consisting of two types of freelancers with different skill levels. While

the client can choose the contract price based on the type of freelancer she is

contracting with, the platform needs to set the same dispute fee upfront. This

extension serves as a robustness check for our main insight when the platform

is no longer able to use a single dispute fee to extract surplus from all platform

users. Through numerical analysis, we observe that the decentralized dispute

system dominates the centralized dispute system if the proportion of high-type

freelancers is sufficiently high, which indicates a higher average skill level of

the freelancer pool and is consistent with our main insight. In addition, we ob-

serve that the degree of heterogeneity within the freelancer pool also impacts

the platform’s optimal dispute system. Specifically, the centralized dispute sys-
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tem tends to perform better when the freelancers are more diverse in their skill

levels.

1.8 Conclusion and Discussion

Disputes are an inevitable part of projects that involve multiple parties, and

any intermediary platform must take into account dispute management when

designing its policies. In this paper, we analyze and compare two types of

dispute resolution systems for online labor platforms: the centralized dispute

system, where the platform serves as the arbitrator, and the decentralized dis-

pute system, where a tribunal consisting of individual platform users votes on

the dispute case. Our findings shed light on the value and implementation of

the decentralized dispute system. We demonstrate that the critical value of de-

centralizing dispute resolution lies in the collective input of diverse opinions

from individual users, which can result in a fairer resolution and eliminate any

decision-making bias of the platform. However, realizing this value requires the

platform to ensure the heterogeneity of voter opinions and the skill level of the

freelancer pool.

While our evaluation of the decentralized dispute system focuses on its fair-

ness perspective, there are other factors that platforms should consider when

adopting this system, which are beyond the scope of our model. For exam-

ple, platforms need to consider the implementation costs of the tribunal system,

including the costs of setting up the architecture and incentivizing users to par-

ticipate as voters. However, such investments may pay off in the long run as

the decentralized dispute system can reduce the expenditure of resources that
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platforms would otherwise incur in compensating in-house adjudicators. More-

over, since the decentralized dispute system crowdsources dispute resolution

from the public, it has the potential to handle an increasing number of disputes

as the number of platform users grows, ensuring its scalability. In addition,

the rapid expansion of gig platforms and their substantial autonomy to dictate

users’ contractual terms have recently prompted regulations aimed at limiting

the platforms’ sweeping authority (Herman 2017). By requiring platforms to re-

linquish more decision-making power to their users, the decentralized dispute

system can help reduce negative connotations and enable platforms to retain

their status as part of the “sharing economy” where certain commercial and la-

bor laws may not apply.

It is worth noting that many emerging platforms are decentralized au-

tonomous organizations deployed on the blockchain. While blockchain is often

viewed as a convenience way to implement the decentralized dispute system

due to its ability to automate payment transactions and ensure credibility of

payments, it is not the only option available. Platforms can use any trust-based

payment intermediary to implement the incentive scheme of the tribunal sys-

tem. For example, Ortolani (2015) proposes a pre-authorization model using

credit cards. Under this approach, a voter will be subject to a credit card pre-

authorization to participate in the tribunal. Once the voting is complete, the vot-

ers will be credited with the appropriate amount through the intermediary, in

this case, the credit card system. This adjudication process resembles that used

by the emerging platforms but does not require the use of blockchain. More-

over, some emerging platforms, such as Kleros and Jur, are third-party service

providers that specialize in providing decentralized dispute resolution services.

As a result, a centralized platform can outsource dispute resolution to such plat-
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forms and integrate their dispute system with its own to create a decentralized

dispute system. Thus, a centralized platform does not need to fully decentralize

its operations to adopt the decentralized dispute system.

Finally, we hope our work could trigger more future research to study the

operational aspect of dispute management for gig platforms. For example, we

have focused on the case where the skill level of the freelancer is known. One

future research direction could be incorporating asymmetric information with

regards to the freelancer’s skill level. Moreover, we have focused on the type of

dispute that is initiated by the freelancer when the client refuses to pay. There

are other types of disputes that gig platforms may need to handle, such as user

conduct on the platform or intellectual property right of online gig work. It

would be interesting to examine whether a decentralized arbitration mechanism

can work well for other types of disputes. Finally, it would be interesting to

study the long-term reputational effects of decentralizing dispute resolution for

gig platforms and empirically test the theoretical predictions of these effects.

1.9 Auxiliary Results

1.9.1 Third-Party Arbitration

Model

In our main model, we have assumed that the platform’s dispute decision is

binding under the centralized dispute system. In this section, we extend the

model of the centralized dispute system to allow for a third-party arbitration if
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the platform users are not satisfied with the platform’s decision. This mirrors

the policy of some platforms (e.g., Upwork). In this case, after the platform has

decided on the dispute case, both the freelancer and the client have the right to

appeal the platform’s decision, in which case a third-party arbitrator (e.g., the

American Arbitration Association) will be involved to re-evaluate the dispute

case and make a binding decision. We now examine this alternative centralized

dispute system and compare it to the decentralized dispute system.

Figure 1.3 shows the sequence of events for the centralized dispute system

with the option of third-party arbitration. Compared to the main model, the

option of third-party arbitration introduces two more stages (Stages 7-8) in the

game. After the platform’s dispute decision is made, either the freelancer or the

client can appeal the platform’s decision (Stage 7). Note that since the winning

party of the platform’s decision always has the incentive to accept the platform’s

dispute decision, only the losing party of the platform’s decision may choose to

appeal. If the losing party appeals, the previous decision by the platform is

overruled and the dispute case is resolved by the arbitrator (Stage 8). Let ha(q)

denote the winning probability of the freelancer as a result of the arbitrator’s

decision.

Figure 1.3: Sequence of events for the centralized dispute system with third-
party arbitration.
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Similar to the platform, the arbitrator chooses its threshold ka to evaluate

the freelancer’s work, and receives an independent random signal of the free-

lancer’s work, xa = q + σϵ. Hence, the third-party arbitrator will rule in favor of

the freelancer if xa ≥ ka and rule in favor of the client if xa < ka. The arbitrator’s

dispute decision takes into consideration both the industry standard and the de-

cision of the platform. Correspondingly, it incurs a weighted quadratic loss of

−ζy(ka−y)2− ζk(ka−k)2, where ζy and ζk represent the weights placed on the devi-

ation from the industry standard and the platform’s standard, respectively. We

further define τ = ζk
ζy+ζk

as the degree of incentive alignment between the arbitra-

tor and the platform. A higher τ indicates that the arbitrator has more shared

interest with the platform and hence is more likely to make the same dispute de-

cision as the platform. Thus, this model captures the platform’s influence over

the third-party arbitrator through the parameter τ. We assume that the platform

pays the arbitrator a fixed fee to guarantee that the arbitrator participates. This

fixed fee is considered as a sunk cost and ignored from the model.

We next derive the platform’s optimal strategy under the centralized dispute

system with the option of third-party arbitration, and compare it to the decen-

tralized dispute system. We use an additional subscript of t to represent the

equilibrium of the case with third-party arbitrator. We first consider the scenario

where the option of third-party arbitration is covered by the dispute fee and the

platform users do not need to pay an additional fee to appeal. In this case, the

losing party always appeals, and the final dispute outcome is determined by the

arbitrator. This case is analytically tractable and the results are presented in the

next subsection. We then numerically examine the scenario where the platform

users need to pay an additional fee to appeal (so that the losing party may find

it too costly to appeal) and verify that our results are robust. All the proofs of
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results for this sub-section are relegated to Appendix A.6.

Results

Lemma 1.3 (i) Under the centralized dispute system with third-party arbitration, the

arbitrator’s quality threshold is k∗a = y − γpτ2

4σθ .

(ii) The probability of the freelancer winning the dispute is

h∗a(q) =



0 if q ≤ k∗a − σ,

q−y+σ
2σ +

γpτ2

8σ2θ
if k∗a − σ < q < k∗a + σ,

1 if q ≥ k∗a + σ.

which is increasing in q and τ.

Lemma 1.3 shows that the arbitrator’s quality threshold k∗a is always lower

than the industry standard y, and is dependent on the degree of the arbitrator’s

incentive alignment with the platform τ. An arbitrator whose incentive is more

aligned with the platform (i.e., τ is higher) will set a quality threshold that is

closer to the platform’s quality standard in Lemma 1.1 to increase the winning

probability of the freelancer. On the contrary, an arbitrator whose incentive is

less aligned with the platform (i.e., τ is lower) will set a quality threshold that is

closer to the industry standard.

Proposition 1.4 When third-party arbitration is used, the following occurs in equilib-

rium under the centralized dispute system:

(i) There exist two thresholds, ᾱct and αct (where ᾱct ≥ αct), such that contracting

occurs if and only if α ≤ ᾱct, and given that contracting occurs, dispute occurs if αct <

α ≤ ᾱct and does not occur if α ≤ αct.
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(ii) The platform’s equilibrium utility is Π∗t =
4γσθ(y+σ)(ζy+ζk)2

γζ2k+4σθ(ζy+ζk)2 if α ≤ αct and

Π∗t =
1

4α(γαζ2k+(1−γ)θ(ζy+ζk)2)2

[
θ(ζy + ζk)2(2α(y − σ) + (1 − γ))

(
− 2γ2α2(y − σ)ζ2

k − α(1 −

γ)
(
ζ2

k (γ(γ + 2σθ − 2) + 2(1 − γ)θy − 2σθ) + 4(1 − γ)θζkζy(y − σ) + 2(1 − γ)θζ2
y (y − σ)

)
−

(1 − γ)2(γ + 1)θ(ζy + ζk)2
)]

if αct < α ≤ ᾱct.

(iii) Dispute is prevented in fewer cases (i.e., αct ≤ αc) and contracting occurs in

fewer cases (i.e., ᾱct ≤ ᾱc).

Proposition 1.4 shows that the equilibrium structure of the centralized dis-

pute system remains unchanged if the platform users are able to appeal the

platform’s decision. Consistent with Proposition 1.1, contracting occurs without

dispute if the freelancer’s skill level is high, contracting occurs with dispute if

the freelancer’s skill level is medium, and contracting does not occur if the free-

lancer’s skill level is low. However, the option of third-party arbitration causes

dispute to be prevented in fewer cases (i.e., αct ≤ αc) and contracting to occur in

fewer cases (i.e., ᾱct ≤ ᾱc). This is because the third-party arbitration reduces the

bias in the platform’s dispute resolution and makes the quality standard more

stringent. As a result, the client becomes less likely to accept the freelancer’s

work, and the lower-skilled freelancers are weeded out as it becomes more dif-

ficult to meet the quality standard. We next compare the centralized dispute

system with the option of third-party arbitration to the decentralized dispute

system, to test the robustness of our main insight regarding when the platform

should decentralize dispute resolution.

Theorem 1.5 Suppose γ ≤ 1
3 and σ ≤ y. When third-party arbitration is used under

the centralized dispute system, there exists a threshold ᾱt, which is increasing in τ, such

that the platform’s equilibrium utility is higher under the decentralized dispute system

(i.e., Π+ ≥ Π∗t ) if α ≤ ᾱt, and is lower under the decentralized dispute system (i.e.,
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Π+ < Π∗t ) if α > ᾱt.

Theorem 1.5 shows, under the same conditions as in Theorem 1.3, that the

decentralized dispute system still dominates the centralized dispute system if

and only if the freelancer’s skill level is sufficiently high (i.e., α ≤ ᾱt). Although

third-party arbitration increases the quality standard under the centralized dis-

pute system, the quality standard does not increase beyond the level under the

decentralized dispute system which corresponds to the industry standard that is

uninfluenced by the platform. Thus, the impact of decentralizing dispute reso-

lution on the freelancer’s quality-improving incentive remains qualitatively the

same, and the result in Theorem 1.5 is consistent with that in Theorem 1.3.

Moreover, Theorem 1.5 shows that the threshold ᾱt is increasing in τ. This

indicates that if the arbitrator’s incentive is more aligned with the platform (i.e.,

τ increases), the decentralized dispute system dominates the centralized dis-

pute system in more cases (i.e., ᾱt increases). Recall that when the freelancer’s

skill level is sufficiently high, decentralizing dispute resolution to a independent

tribunal with no conflicts of interest creates value by removing the decision-

making bias in the platform’s dispute resolution. The option of third-party ar-

bitration allows the centralized dispute system to achieve a similar (but less

significant) value. However, the value will be more limited if the third-party

arbitrator’s incentive is more aligned with the platform, so that its arbitration

is more influenced by the platform’s bias. This implies that if third-party ar-

bitration is value-adding, the platform should prefer an arbitrator that is more

neutral and uninfluenced by its own decision-making protocol. However, even

though a neutral third-party arbitrator exists, the platform may face challenges

in convincing its users that the arbitrator is impartial. This is because the plat-
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form users may worry about potential conflicts of interest between the platform

and any arbitrator it employs. Fully decentralizing dispute resolution to indi-

vidual platform users removes the need for the platform to commit to a fairer

dispute resolution, since the decision-making process is entirely entrusted to

independent parties with no conflicts of interest.

Figure 1.4: The platform’s optimal dispute system with third-party arbitration.

(a) θ = 0.01, γ = 0.3, y = 3, σ = 4 and
ζy = 1

(b) θ = 0.01, γ = 0.3, y = 5, σ = 4 and
ζy = 1

While we have so far assumed that it is costless for the platform users to

appeal the platform’s decision, to verify the robustness of our results with re-

spect to the cost to appeal, we analyze the case where the platform users have

to pay an arbitration fee, fa, in addition to the dispute fee, if they want to appeal

the platform’s decision. fa is assumed to be exogenous and paid to the third-

party arbitrator (rather than the platform). Because this case is not analytically

tractable, we resort to a numerical analysis to examine the robustness of our re-

sults with the third-party arbitration fee. In Figure 1.4, we plot the platform’s

optimal dispute system as a function of fa. From Figure 1.4, we continue to ob-

serve that the decentralized dispute system dominates the centralized dispute

system (with the option of third-party arbitration) if and only if the freelancer’s

skill level is sufficiently high. Thus, consistent with Theorem 1.5, the platform’s

optimal strategy is characterized by a single threshold ᾱt. The results also reveal
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that when fa is sufficiently large, ᾱt becomes a constant in fa. This corresponds

to the scenario where the platform users never appeal the platform’s dispute

decision as it is too costly to appeal. Moreover, each subfigure of Figure 1.4

shows a series of examples by varying the value of τ. The results indicate that

ᾱt is increasing in τ, which is once again consistent with Theorem 1.5. Thus, our

insights are robust whether a third-party arbitration fee exists or not.

1.9.2 Price-Dependent Industry Standard

Model

In our main model, we have assumed that the industry standard is exogenous

and the contracting parties cannot influence the industry standard. In this sec-

tion, we allow the industry standard to be contingent on the contracting terms.

Specifically, we let the industry standard be a linear function of the contract

price p, such that y = y0 + ηp, where y0 is the base industry standard, and η > 0

measures the sensitivity of the industry standard with respect to the contract

price. Since η > 0, a higher contract price leads to a higher expectation of qual-

ity. We use an additional subscript of p to represent the equilibrium of the case

with price-dependent industry standard. All the proofs of results for this sub-

section are relegated to Appendix A.7.

Results

Proposition 1.5 When the industry standard is dependent on the contract price, the

following occurs in equilibrium under the centralized dispute system:
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(i) There exist two thresholds, ᾱcp and αcp (where ᾱcp ≥ αcp), such that contracting

occurs if and only if α ≤ ᾱcp, and given that contracting occurs, dispute occurs if

αcp < α ≤ ᾱcp and does not occur if α ≤ αcp.

(ii) The platform’s equilibrium utility is Π∗p =
4γσθ(y0+σ)
γ+4σθ(1−η) if α ≤ αcp

and Π∗p = 1
4α(α(γ−4σθη)−γθ+θ)2

[
θ(2α(y0 − σ) + 1 − γ)

(
2α2γ2(σ − y0) − α(1 −

γ)
(
γ2 + 2γ(σθ − θy0 − 1) + 2θ(4ση − σ + y0)

)
+ (1 + γ)(1 − γ)2θ

)]
if αcp < α ≤ ᾱcp.

Proposition 1.6 When the industry standard is dependent on the contract price, the

following occurs in equilibrium under the decentralized dispute system:

(i) There exist two thresholds, ᾱdp and αdp (where ᾱdp ≥ αdp), such that contracting

occurs if and only if α ≤ ᾱdp, and given that contracting occurs, dispute occurs if

αdp < α ≤ ᾱdp and does not occur if α ≤ αdp.

(ii) The platform’s equilibrium utility is Π+p =
γ(y0+σ)

1−η if α ≤ αdp and Π+p =
(1−γ)(2α(y0−σ)+1−γ)(1−γ2+2αγ(y0−σ)+2α(σ−4ση−y))

4α(−4αση+1−γ)2 if αdp < α ≤ ᾱdp.

Propositions 1.5 and 1.6 show that under both the centralized and decentral-

ized dispute systems, allowing for a price-dependent industry standard does

not change the equilibrium structure from the main model. Consistent with

Propositions 1.1 and 1.3, contracting occurs without dispute if the freelancer’s

skill level is high, contracting occurs with dispute if the freelancer’s skill level is

medium, and contracting does not occur if the freelancer’s skill level is low. We

next test the robustness of our main insight regarding the platform’s optimal

strategy, by comparing the equilibrium outcomes characterized in Propositions

1.5 and 1.6. The results are summarized in Theorem 1.6.

Theorem 1.6 When the industry standard is dependent on the contract price, there
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exists a threshold σ̄p such that if σ ≤ σ̄p, the equilibrium quality level is always higher

under the decentralized dispute system. Suppose γ ≤ 1
3 and σ ≤ σ̄p. There exists

a threshold η̄, which is decreasing in α, such that the platform’s equilibrium utility is

higher under the decentralized dispute system (i.e., Π+p ≥ Π∗p) if and only if η ≤ η̄.

Theorem 1.6 shows, under a slightly stronger condition than Theorem 1.3

(σ ≤ σ̄p guarantees that the equilibrium quality level is always higher under the

decentralized dispute system), that the decentralized dispute system dominates

the centralized dispute system if and only if the industry standard is less sensi-

tive to the contract price (i.e., η ≤ η̄). When the industry standard is relatively

insensitive to the contract price, the value of the decentralized dispute system

in incentivizing quality improvement more efficiently persists. However, when

the industry standard is too sensitive to the contract price, the freelancer is at a

disadvantage as the client can influence a much higher expectation of the voters

by increasing price slightly. This makes it more difficult for the freelancer (par-

ticularly a lower-skilled freelancer) to participate. In this case, the platform’s

bias to rule in favor of the freelancer can temper the higher industry standard

influenced by the client and protect more freelancers to participate.

Moreover, Theorem 1.6 shows that the threshold η̄ is decreasing in α. This

indicates that the decentralized dispute system is more likely to be the preferred

system (i.e., η̄ is higher) if the freelancer is higher-skilled (i.e., α is smaller). Thus,

our previous finding that the decentralized dispute system performs better with

higher-skilled freelancers continues to hold.
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1.9.3 Double-Sided Dispute Fees

Model

In our main model, we have considered the case where the dispute will be ini-

tiated if the freelancer pays the dispute fee. Such a single-sided dispute fee

structure is commonly used by online labor platforms (e.g., PeoplePerHour).

Meanwhile, there are also online labor platforms that require the dispute fee

to be paid by both parties in order for the dispute to be initiated. For exam-

ple, Freelancer.com gives a four-day allowance for the other party to pay the

dispute fee, before automatically closing the dispute in favor of the party that

has initiated the dispute resolution by paying the dispute fee (see Figure A.4 in

Appendix A.1 for the dispute resolution process of Freelancer.com). While the

double-sided dispute fee structure is not as commonly used as the single-sided

dispute fee structure, we are interested in understanding whether platforms can

further benefit from switching to the double-sided dispute fee structure when

they adopt the decentralized dispute system.

In this section, we model the scenario of the platform charging dispute fees

to both the freelancer and the client. Under this model, if the freelancer initiates

the dispute by paying the dispute fee and the client follows up to participate in

the dispute by also paying the dispute fee, the dispute case will be evaluated.

However, if the freelancer initiates the dispute but the client decides not to pay

the dispute fee, the freelancer will be automatically awarded a “win” and the

client will then have to pay the freelancer. The sequence of events with double-

sided dispute fees is depicted in Figure 1.5. Note that compared to the main

model, there is an additional Stage 6, where the client has to decide on whether
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to pay the dispute fee if the client has previously rejected the freelancer’s work

and the freelancer has initiated the dispute. We use an additional subscript of d

to represent the equilibrium of the case with double-sided dispute fees. All the

proofs of results for this sub-section are relegated to Appendix A.8.

Figure 1.5: Sequence of events for the case with double-sided dispute fees.

Results

Proposition 1.7 When the platform charges double-sided dispute fees, the following

occurs in equilibrium under the centralized dispute system:

(i) There exist two thresholds, ᾱcd and αcd (where ᾱcd ≥ αcd), such that contracting

occurs if and only if α ≤ ᾱcd, and given that contracting occurs, dispute occurs if

αcd < α ≤ ᾱcd and does not occur if α ≤ αcd.

(ii) The platform’s equilibrium utility is Π∗d = γ
y−σ+2γσ

1+ γ
4σθ

if α ≤ αcd and Π∗d =
θ(2(2−γ)α(y−σ)+(1−γ))
α((3−γ)(1−γ)θ+2(2−γ)γα)2

(
(−2α2(2 − γ)γ2(y − σ) + α(1 − γ)(γ(4 − 3γ) − 2(3 − γ)γσθ − 2(2 −

γ)(1 − γ)θy + 4σθ) + 2(1 − γ)2θ
)

if αcd < α ≤ ᾱcd.

(iii) Suppose σ ≤ y. Dispute is prevented in more cases (i.e., αcd ≥ αc) and contract-

ing occurs in more cases (i.e., ᾱcd ≥ ᾱc).
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Proposition 1.8 When the platform charges double-sided dispute fees, the following

occurs in equilibrium under the decentralized dispute system:

(i) There exist two thresholds, ᾱdd and αdd (where ᾱdd ≥ αdd), such that contracting

occurs if and only if α ≤ ᾱdd, and given that contracting occurs, dispute occurs if

αdd < α ≤ ᾱdd and does not occur if α ≤ αdd.

(ii) The platform’s equilibrium utility is Π+d = γ(y − σ + 2γσ) if α ≤ αdd and

Π+d =
2(−(2−γ)α(y−σ)+1)(2(2−γ)α(y−σ)+1−γ)

α(3−γ)2 if αdd < α ≤ ᾱdd.

(iii) Suppose σ ≤ y. Dispute is prevented in more cases (i.e., αdd ≥ αd) and con-

tracting occurs in more cases (i.e., ᾱdd ≥ ᾱd).

Propositions 1.7 and 1.8 show that under both the centralized and decen-

tralized dispute systems, charging double-sided dispute fees does not change

the equilibrium structure from the main model. Consistent with Propositions

1.1 and 1.3, contracting occurs without dispute if the freelancer’s skill level is

high, contracting occurs with dispute if the freelancer’s skill level is medium,

and contracting does not occur if the freelancer’s skill level is low. However, be-

cause the double-sided dispute fee structure makes the dispute more costly for

the client, she is now willing to accept the work of more freelancers (as shown

by Propositions 1.7 and 1.8, αcd ≥ αc and αdd ≥ αd). With double-sided dispute

fees, if the client rejects the freelancer’s work and the freelancer ends up win-

ning the dispute, the client would lose an additional dispute fee on top of the

contract price. Thus, there is a greater range of α such that the client does not

reject the freelancer’s work (i.e., αc < α ≤ αcd or αd < α ≤ αdd). On the other

hand, when the freelancer is lower-skilled (i.e., α > αcd or α > αdd), dispute still

occurs. In this case, the client will find it worthwhile to engage in a dispute
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even though she may have to pay the dispute fee, as a lower-skilled freelancer

tends to have a lower chance of winning the dispute. Nevertheless, because

the double-sided dispute fee structure gives an advantage to the freelancer, we

find, under the condition of σ ≤ y (which is a condition also used in Theorem

1.3), that more freelancers are willing to participate when the platform charges

double-sided dispute fees (as shown by Propositions 1.7 and 1.8, ᾱcd ≥ ᾱc and

ᾱdd ≥ ᾱd). We next derive the platform’s optimal strategy when it can choose

the optimal dispute fee structure along with the type of the dispute system to

adopt. The results are summarized in Theorem 1.7.

Theorem 1.7 There exists a threshold σ̃ such that if σ ≤ σ̃, the equilibrium quality

level is always higher under the decentralized dispute system. Suppose γ ≤ 1
3 and

σ ≤ σ̃. When the platform can choose between single-sided or double-sided dispute fees,

there exist a threshold α̃d such that the platform’s equilibrium utility is higher under the

decentralized dispute system if α ≤ α̃d. Furthermore, there exists a threshold α̃dd such

that if α̃dd < α ≤ α̃d, the optimal strategy is to use the decentralized dispute system

with double-sided dispute fees.

Theorem 1.7 shows, under a slightly stronger condition than Theorem 1.3

(σ ≤ σ̃ guarantees that the equilibrium quality level is always higher under

the decentralized dispute system), that the decentralized dispute system dom-

inates the centralized dispute system if and only if the freelancer’s skill level

is sufficiently high (i.e., α ≤ α̃d). Thus, our main insight remains robust when

the platform is allowed to choose which dispute fee structure to use under each

dispute system.

Theorem 1.7 further shows that when the freelancer’s skill level is moder-

ately high (i.e., α̃dd < α ≤ α̃d, where the additional subscript of d in α̃dd denotes
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the double-sided dispute fee structure), the platform’s optimal strategy is to

combine the decentralized dispute system with the double-sided dispute fee

structure. When the freelancer’s skill level is very high, dispute does not occur

in equilibrium under the decentralized dispute system. Nevertheless, with a

double-sided dispute fee structure, it becomes more costly for the client to reject

the freelancer’s work because the client would have to pay the dispute fee if the

freelancer initiates the dispute afterwards. Thus, the freelancer is able to choose

a lower quality level while making sure that the client is unable to reject his

work. Consequently, the client offers a lower contract price and the platform’s

utility is lower. Hence, the decentralized dispute system works better with a

single-sided dispute fee in this case. However, when the freelancer’s skill level

is only moderately high (i.e., α̃dd < α ≤ α̃d), dispute occurs under the decentral-

ized dispute system. In this case, by charging the dispute fee to both sides of the

market, the platform has one additional source of revenue (i.e., the dispute fee

charged to the client) over which it has direct control and becomes even less re-

liant on the commission revenue over which it only has indirect control. There-

fore, the decentralized dispute system works better with double-sided dispute

fees in this case.

Our results indicate that platforms can use double-sided dispute fees to cater

to the freelancer market with intermediate skill levels when adopting the decen-

tralized dispute system. This has important implications for platforms as plat-

forms that intend to adopt the decentralized dispute system can consider first

using the double-sided dispute fee structure as a transitional step when the free-

lancers’ skill levels are not sufficiently high. However, as the freelancers become

more proficient, the single-sided dispute fee structure can be considered.
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1.9.4 Task Failure

Model

In our main model, we have considered the case where the freelancer does not

face any risk in completing the task. Such a setting would correspond to tasks

whose outcomes are predictable. For example, for a house-cleaning task, the

more effort incurred by the freelancer can be directly translated into a cleaner

house. Nevertheless, there are other types of tasks that can have less predictable

outcomes even though the freelancer has incurred the effort. For example, tasks

that involve programming (e.g., software development) are associated with a

chance of project failure. Even though the freelancer has spent the time needed

to program the software, a coding error can cause the software to fail to perform

as expected, making it unusable for the client. In general, tasks that are more

complex in nature can be more susceptible to the risk of failure. In this section,

we generalize the model by incorporating the risk of task failure, to gain an

understanding of how the platform’s optimal dispute system can be influenced

by the type of task involved.

To model task failure, we introduce a probability β ∈ (0, 1] such that the free-

lancer’s realized quality, denoted as q̃, is equal to his effort level q with prob-

ability β and zero with probability 1 − β. Thus, β measures the chance of task

failure, and a smaller β corresponds to a higher degree of risk arising from task

failure. The dispute decision is based on the realized task outcome, for both

the centralized and decentralized dispute systems. The task outcome is realized

at the end of Stage 3 in the sequence of events shown in Figure 1.1 (i.e., after

the freelancer chooses the quality level, but before the client decides whether to
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accept or reject the freelancer’s work). We use an additional subscript of f to

represent the equilibrium of the case with task failure. All the proofs of results

for this sub-section are relegated to Appendix A.9.

Results

Proposition 1.9 When the freelancer faces the risk of task failure, the following occurs

in equilibrium under the centralized dispute system:

(i) There exist two thresholds, ᾱc f and αc f (where ᾱc f ≥ αc f ), such that contracting

occurs if and only if α ≤ ᾱc f , and given that contracting occurs, dispute occurs if

αc f < α ≤ ᾱc f and does not occur if α ≤ αc f .

(ii) The platform’s equilibrium utility is Π∗f = βγ
4σθ(y+σ)
γ+4σθ if α ≤ αc f and Π∗f =

βθ(2α(y−σ)+β(1−γ))(−2γ2α2(y−σ)+β(1−γ)α((2−γ)γ−2γσθ−2(1−γ)θy+2σθ)+β2(1+γ)(1−γ)2θ)
4α(γα+β(1−γ)θ)2 if αc f < α ≤ ᾱc f .

(iii) Dispute is prevented in fewer cases (i.e., αc f ≤ αc) and contracting occurs in

fewer cases (i.e., ᾱc f ≤ ᾱc).

Proposition 1.10 When the freelancer faces the risk of task failure, the following occurs

in equilibrium under the decentralized dispute system:

(i) There exist two thresholds, ᾱd f and αd f (where ᾱd f ≥ αd f ), such that contracting

occurs if and only if α ≤ ᾱd f , and given that contracting occurs, dispute occurs if

αd f < α ≤ ᾱd f and does not occur if α ≤ αd f .

(ii) The platform’s equilibrium utility is Π+f = βγ(y + σ) if α ≤ αd f and Π+f =
(2α(y−σ)+β(1−γ))(−2α(y−σ)+β(1+(2β−1)γ))

4αβ if αd f < α ≤ ᾱd f .

(iii) Dispute is prevented in fewer cases (i.e., αd f ≤ αd) and contracting occurs in
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fewer cases (i.e., ᾱd f ≤ ᾱd).

Propositions 1.9 and 1.10 show that for both the centralized and decentral-

ized dispute systems, incorporating the risk of task failure does not change the

equilibrium structure from the main model. Consistent with Propositions 1.1

and 1.3, contracting occurs without dispute if the freelancer’s skill level is high,

contracting occurs with dispute if the freelancer’s skill level is medium, and

contracting does not occur if the freelancer’s skill level is low. However, the risk

of task failure causes the α thresholds to be smaller under both the centralized

and decentralized dispute systems (i.e., αc f ≤ αc and ᾱc f ≤ ᾱc, and αd f ≤ αd

and ᾱd f ≤ ᾱd). When the risk of task failure is higher, it is more costly for the

freelancer to meet the quality standard set by the platform and the tribunal. The

freelancer has to manage both the probability of winning the dispute and the ad-

ditional risk arising from task failure. As such, only higher-skilled freelancers

are able to stand a sufficient chance of winning the dispute and are willing to

participate (i.e., ᾱc f ≤ ᾱc and ᾱd f ≤ ᾱd). Furthermore, the increased difficulty

in meeting the quality standard under both systems also makes it more costly

for the freelancer to avoid the dispute. Hence, only higher-skilled freelancers

will be able to avoid the dispute under both dispute systems (i.e., αc f ≤ αc and

αd f ≤ αd). The changes in the α thresholds indicate that the risk of task fail-

ure can have an impact on the platform’s utility. By comparing the equilibrium

outcomes under the two systems, we can characterize when the decentralized

dispute system should be preferred by the platform, which is shown in Theorem

1.8.

Theorem 1.8 When the freelancer faces the risk of task failure, if σ ≤ σ̄, the equilib-

rium quality level is always higher under the decentralized dispute system. Suppose
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γ ≤ 1
3 and σ ≤ σ̄. There exists a threshold β̄, which is increasing in α, such that

the platform’s equilibrium utility is higher under the decentralized dispute system (i.e.,

Π+f ≥ Π
∗
f ) if and only if β ≥ β̄.

Theorem 1.8 shows, under the same conditions as in Theorem 1.3, that the

decentralized dispute system dominates the centralized dispute system if and

only if the risk of task failure is sufficiently low (i.e., β ≥ β̄). Recall that under the

centralized dispute system, the platform tends to rule in favor of the freelancer

because it can earn the commission fee if the freelancer wins the dispute. When

the risk of task failure is high, the platform can use this lever in a similar way

and adapt to a lower standard. In this way, the platform’s bias helps to create

a cloak of certainty over the task outcome to help the freelancer to participate,

especially when the risk of task failure is higher. This makes the centralized

dispute system the preferred system for the platform in this case. On the other

hand, under the decentralized dispute system, the platform relegates dispute

resolution to the tribunal and cannot cater the tribunal’s standard to the degree

of risk faced by the freelancer. Thus, the freelancer would face more risk com-

pared to the centralized dispute system and hence would be less willing to par-

ticipate. However, when the risk of task failure is lower, the decentralized dis-

pute system can maintain its value of incentivizing quality improvement more

efficiently, and continues to be the preferred system.

Moreover, Theorem 1.8 shows that the threshold β̄ is increasing in α. This

indicates that the decentralized dispute system is more likely to be the preferred

system (i.e., β̄ is lower) if the freelancer is higher-skilled (i.e., α is smaller). Thus,

our previous finding that the decentralized dispute system performs better with

higher-skilled freelancers continues to hold.
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An inspection of the emerging platforms that are using the decentralized dis-

pute systems shows that some of them are targeting tasks that are more complex

in nature, and hence tend to have a higher risk of task failure (e.g., CryptoTask

caters to programming tasks). However, our findings suggest that platforms

should be cautious about outsourcing dispute resolution to the crowd when the

task is associated with a higher risk of failure. Instead, keeping the dispute res-

olution centralized can be a better way to deal with the uncertainties caused by

these tasks.

1.9.5 Differential Subjectivity between Platform and Voters

Model

In our main model, we have assumed that when a dispute occurs, the evaluators

under both the centralized (i.e., the platform) and decentralized (i.e., the voters)

dispute systems have the same degree of heterogeneity in terms of their subjec-

tive evaluation of the freelancer’s work. The degree of subjectivity is measured

by σ for anyone who evaluates a dispute case. In this section, we consider a

model extension that allows the members of the platform’s dispute team to have

a different degree of subjectivity, σc, than the voters, σd. Moreover, we assume

that σc ≤ σd, so that the degree of subjectivity is lower under the centralized dis-

pute system. This is based on the assumption that the platform’s dispute team

members may be less subjective in quality evaluation because they are profes-

sionally trained. We use an additional subscript of s to represent the equilibrium

of the case with different degrees of subjectivity. All the proofs of results for this

sub-section 1.9.5 are relegated to Appendix A.10.
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Results

Theorem 1.9 Suppose γ ≤ 1
3 , σc ≤ y and σd ≤ y. When the platform’s dispute team

has a lower degree of subjectivity than the voters, there exists a threshold ᾱs such that

the platform’s equilibrium utility is higher under the decentralized dispute system (i.e.,

Π+s ≥ Π
∗
s) if α ≤ ᾱs. Moreover, there exists a threshold Z ≤ 1 such that if σc ≥ Zσd,

the platform’s equilibrium utility is higher under the centralized dispute system (i.e.,

Π∗s > Π
+
s ) if α > ᾱs.

Theorem 1.9 compares the two dispute systems under similar conditions as

in Theorem 1.3. Note that the σ ≤ y condition in Theorem 1.3 is replaced by

σc, σd ≤ y as the degree of subjectivity is different under the two dispute sys-

tems now. Theorem 1.9 first shows that the decentralized dispute system is the

optimal system if the freelancer’s skill level is sufficiently high (i.e., α ≤ ᾱs). This

implies that our previous insight that the decentralized dispute system is more

suitable when the freelancer pool is highly skilled remains valid, even if the

decentralized dispute system is associated with a higher degree of subjectivity.

Moreover, Theorem 1.9 shows that as long as the degree of subjectivity is not

too different between the two systems (i.e., σc ≥ Zσd), the centralized dispute

system is the optimal system if the freelancer’s skill level is not sufficiently high

(i.e., α > ᾱs). Thus, our previous results continue to hold exactly and the plat-

form’s optimal strategy is characterized by a single threshold on α, below which

the decentralize dispute system dominates the centralized dispute system, and

vice versa.

However, if the degree of subjectivity is too different between the two sys-

tems (i.e., σc is too small), the centralized dispute system may not be guaranteed
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to be the optimal system for a lower-skilled freelancer. A σc that is too small can

exacerbate the consequence of the platform’s decision-making bias. To see this,

consider the extreme case of σc = 0, where the dispute outcome under the cen-

tralized dispute system becomes deterministic. In this case, given the platform’s

bias, the freelancer will win the dispute with certainty, and the client will be un-

able to win the dispute. As a result, the client has to accept any work from the

freelancer, and the freelancer has no incentive to improve quality. This outcome

removes the client’s incentive to participate in the first place and contracting

does not occur. Thus, the centralized dispute system is dominated by the de-

centralized dispute system even for a lower-skilled freelancer. When σc is posi-

tive but small, the effect described above can still be significant. Consequently,

comparing the two dispute systems becomes more complex, as the value of the

centralized dispute system for a lower-skilled freelancer can be countered by

the aforementioned effect. Although the platform’s optimal strategy cannot be

fully characterized in this case, our results in this extension indicate that the de-

centralized dispute system can be preferred in more cases when it substantially

increases the degree of subjectivity in dispute judgment from that under the

centralized dispute system. Furthermore, our previous insights remain valid

when the two dispute systems have similar degrees of subjectivity in dispute

judgment.
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1.9.6 Client’s Reputation Loss

Model

In our main model, we have considered the case where the client does not incur

any cost because of dispute. However, due to the review system that gig plat-

forms typically offer, a client who frequently goes through disputes may suffer

from a reputation loss in the long term. Having a dispute means that the client

has rejected the freelancer’s work while the freelancer disagrees and thinks his

work quality is worthy of getting paid. Thus, the freelancer may be viewing

the client as unfair and is likely to leave a negative review for the client, caus-

ing a reputation loss for the client. In this section, we test the robustness of our

main insights by assuming that the client incurs a reputation loss of ϕq if she

rejects the freelancer’s work and the freelancer files a dispute. Note that the

client incurs the reputation loss only if the freelancer files a dispute, while if the

freelancer does not file a dispute after his work is rejected, the client does not

incur the reputation loss. The client’s reputation loss is assumed to be propor-

tional to the quality of the freelancer’s work, to reflect the fact that a freelancer

with a higher-quality work is more likely to view the client as unfair when being

rejected, and hence is more likely to leave a negative review for the client. We

use an additional subscript of l to represent the equilibrium of the case with the

client’s reputation loss. All the proofs of results for this sub-section are relegated

to Appendix A.11.
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Results

Proposition 1.11 When the client incurs a reputation loss because of dispute, the fol-

lowing occurs in equilibrium under the centralized dispute system:

(i) There exist two thresholds, ᾱcl and αcl (where ᾱcl ≥ αcl), such that contracting

occurs if and only if α ≤ ᾱcl, and given that contracting occurs, dispute occurs if αcl <

α ≤ ᾱcl and does not occur if α ≤ αcl.

(ii) The platform’s equilibrium utility is Π∗l =
4γσθ(y+σ−2ϕσ)

γ+4σθ if α ≤ αcl and Π∗l =

1
4α(γα+(1−γ)θ)2

[
θ(2α(y − σ) + (1 − γ)(1 − ϕ))

(
− 2γ2α2(y − σ) + (1 − γ)α((2 − γ)γ(1 − ϕ) −

2γσθ − 2(1 − γ)θy + 2σθ) + (1 + γ)(1 − γ)2(1 − ϕ)θ
)]

if αcl < α ≤ ᾱcl.

(iii) Dispute is prevented in more cases (i.e., αcl ≥ αc).

Proposition 1.12 When the client incurs a reputation loss because of dispute, the fol-

lowing occurs in equilibrium under the decentralized dispute system:

(i) There exist two thresholds, ᾱdl and αdl (where ᾱdl ≥ αdl), such that contracting

occurs if and only if α ≤ ᾱdl, and given that contracting occurs, dispute occurs if

αdl < α ≤ ᾱdl and does not occur if α ≤ αdl.

(ii) The platform’s equilibrium utility is Π+l = γ(y + σ − 2ϕσ) if α ≤ αdl and

Π+l =
(2α(y−σ)+(1−γ)(1−ϕ))(−2α(y−σ)+(1+γ)(1−ϕ))

4α if αdl < α ≤ ᾱdl.

(iii) Dispute is prevented in more cases (i.e., αdl ≥ αd).

Propositions 1.11 and 1.12 show that for both the centralized and decentral-

ized dispute systems, incorporating the client’s reputation loss does not change

the equilibrium structure from the main model. Consistent with Propositions

1.1 and 1.3, contracting occurs without dispute if the freelancer’s skill level is
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high, contracting occurs with dispute if the freelancer’s skill level is medium,

and contracting does not occur if the freelancer’s skill level is low. Neverthe-

less, the client’s reputation loss prevents dispute from occurring in more cases

(i.e., αcl ≥ αc and αdl ≥ αd). This result appeals to intuition as if the client incurs a

higher cost of dispute, she is less likely to reject the freelancer’s work. Thus, the

client lowers her quality standard in deciding whether to reject the freelancer’s

work, and even lower-skilled freelancers are able to meet the client’s standard.

To understand whether the platform’s optimal strategy will change as a result

of the client’s reputation loss, we next compare the equilibrium outcomes char-

acterized in Propositions 1.11 and 1.12. The results are summarized in Theorem

1.10.

Theorem 1.10 When the client incurs a reputation loss because of dispute, there exists

a threshold σ̄l such that if σ ≤ σ̄l, the equilibrium quality level is always higher under

the decentralized dispute system. Suppose γ ≤ 1
3 and σ ≤ σ̄l. There exists a threshold

ᾱl such that the platform’s equilibrium utility is higher under the decentralized dispute

system (i.e., Π+l ≥ Π
∗
l ) if and only if α ≤ ᾱl.

Theorem 1.10 shows, under a slightly stronger condition than Theorem 1.3

(σ ≤ σ̄l guarantees that the equilibrium quality level is always higher under

the decentralized dispute system), that the decentralized dispute system domi-

nates the centralized dispute system if and only if the freelancer’s skill level is

sufficiently high (i.e., α ≤ ᾱl). Thus, our main insight remains robust even if the

client incurs a reputation loss because of dispute.
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1.9.7 Heterogeneous Freelancers

In this section, we consider a model extension where the freelancer pool can

have heterogeneous skill levels. In particular, we assume that ρ proportion of

freelancers are high-type with skill level αh and 1 − ρ proportion are low-type

with skill level αl, where αl > αh. Thus, a higher ρ corresponds to a more skilled

freelancer pool. With a heterogeneous freelancer pool, the client will choose

the contract price based on which type of freelancer she is contracting with.

However, the platform needs to set the same dispute fee upfront. Thus, it needs

to consider the participation of each type of freelancers and it is possible for only

one type of freelancers to participate in equilibrium. Due to limited tractability,

we resort to a numerical analysis to examine when the platform should choose

the decentralized dispute system with a heterogeneous freelancer pool. This

extension serves as a robustness check for our main insight when the platform is

no longer able to use a single dispute fee to extract the surplus from all platform

users since it faces a heterogeneous freelancer pool.

From our numerical analysis, we observe that if the proportion of high-type

freelancers is sufficiently high (i.e., if ρ is higher than a threshold ρ̄), the decen-

tralized dispute system dominates the centralized dispute system. This indi-

cates that the platform should choose the decentralized dispute system when

the average skill level of a heterogeneous freelancer pool is sufficiently high.

Note that this is consistent with our main result in Theorem 1.3, where the de-

centralized dispute system should be chosen when the skill level of a homoge-

neous freelancer pool is sufficiently high. In Figure 1.6, we plot the threshold ρ̄

that determines the platform’s optimal dispute system, as a function of γ.

Furthermore, we also observe from Figure 1.6 that as the difference between
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αh and αl increases while holding the average of the two skill levels constant,

ρ̄ tends to increase. This observation suggests that the degree of heterogeneity

within the freelancer pool can also have an impact on the platform’s optimal

dispute system. In particular, the centralized dispute system tends to perform

better when the freelancers are more diverse in their skill levels (i.e., αl − αh is

greater). In a more diverse freelancer pool, the lower-skilled freelancers are at

a greater disadvantage and are less likely to survive under the decentralized

dispute system given the higher quality standard set by the tribunal. However,

under the centralized dispute system, the platform is able to shelter these lower-

skilled freelancers by catering the quality standard towards them. This results in

a larger revenue stream under the centralized dispute system. Therefore, even

if the average skill level of the freelancer pool is high, the centralized dispute

system may be a more suitable option if the freelancer pool is very diverse and

the lower-skilled freelancers constitute the majority.

Figure 1.6: The platform’s optimal dispute system with heterogeneous free-
lancers.

(a) θ = 0.1, y = 3 and σ = 3.5 (b) θ = 0.1, y = 4 and σ = 3.5
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CHAPTER 2

DO PREDICTIVE SCHEDULING LAWS WORK?

2.1 Introduction

Firms in the service industry, such as retail stores or restaurants, have always

been a tough place to work in. The service industry is known not only for the

low pay as most of the workers have to survive based on the minimum wage,

but also for the stressful environment due to the high work pace and the long

hours (Marion 2018). Thus, there are many regulations targeting the service

industry in order to improve the welfare of the workers, with a particular focus

on the wages of the workers, such as the Fair Labor Standard Act. However,

in addition to the low pay, there is one often overlooked problem faced by the

workers, which is the erratic work schedules. Workers, particularly in the food

and service industry, mainly work on a weekly work schedule. This is because

the firms in such industries have a short planning horizon and they do not need

the same number of workers on a consistent basis. Thus, the worker schedules

may vary significantly from week to week. Some employees may even be placed

on-call, without a fixed schedule or any guarantee of shifts. Thus, the hours for

which an employee is scheduled to work or that the employee actually works

may increase or decrease substantially from week-to-week.

The unpredictability in the schedules stems mainly from employee absen-

teeism and the adoption of just-in-time scheduling. The firms in the service

industry are heavily dependent on the workers as their primary and are unable

to provide the required service level if there are workers that are absent due to

sickness or other family matters. It is then the usual practice of the firms to call
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on the remaining workers to take on additional shifts to cover for the absentees.

The recent COVID pandemic even fueled employee absenteeism in the service

industry (Torry 2022). Such a problem is exacerbated by the adoption of the

just-in-time (JIT) scheduling. Almost every major retail and restaurant chains,

such as Starbucks, have relied on the JIT scheduling software (Kantor 2014). JIT

scheduling has helped the manufacturing industry save quite a lot of cost but

when it is applied to the food and service industry, there are unintended conse-

quences. This is because workers are seen as costs and not as assets. Managers

are pressured to keep costs down and they are compensated based on the effi-

ciency of their staffing (Marion 2018). Thus, they use as little labor as possible

and only schedule for the workers if they are sure that the customers will show

up. With the advent of new technology, the employee scheduling software is

even able to plan for the optimal workforce by taking into account of current

temperature, pandemic situation and other factors within minutes, and they

will automatically inform the workers whether to come for the shifts today or

not. This last-minute scheduling instruction by the scheduling software injects

turbulence in the workers’ schedules.

Such unpredictability in the work schedule can have adverse ramifications

for the workers. Workers can find it difficult to plan for family matters (e.g.,

childcare arrangements), or predict the exact income as these workers are paid

on an hourly basis (Miller 2019). This is made worse by the fact that many of

such workers belong to the lower income group and are financially stretched. In

addition, there are also research showing that such unpredictable work sched-

ule may cause even more psychological distress than low wages (Schneider and

Harknett 2019). Such findings mean that the unpredictable work schedules war-

rant equal attention as compared to the on-going rallying cry for an increase in
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the minimum wage. Therefore, workers, especially those in the retail, food,

and hospitality industries, have begun asking for predictable schedules to bal-

ance their work and personal lives better. In response to these difficulties, many

cities, in recent years (from 2017 to 2022), are considering a new type of law

known as predictive scheduling law, which requires an employer to notify an

employee of their work schedule in advance.

The predictive scheduling laws aim to address businesses operating in in-

dustries that frequently employ on-call scheduling practices, where the employ-

ees receive the minimum wage and are paid hourly. These laws primarily target

the retail and restaurant sectors, which often experience significant fluctuations

in their operational demands. While the law enacted in each of the cities or state

may differ in its details, they all have the following common aspects:

• Employers must provide employees with advance notice of their sched-

ules. For example, Oregon, San Francisco, and Philadelphia have all stated

that the employers must give 14 days of advance notice to the employees

if they wish to adjust their schedules without any penalty.

• Employers must provide a compensation premium to the employee if

they change his schedule without advance notice. For example, Oregon,

Philadelphia and Seattle, requires an extra one hour of pay for added shift

and one-half times of regular rate of pay for cancelled shift, while New

York City requires $15 for added shift and $75 for cancelled shift.

• Employers must allow the employee to have the right to provide input

into his schedule. Although the employers are under no obligation to

grant the employee’s request, they may not retaliate against the employee

for making the request.
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However, smaller firms are exempted from the predictive scheduling laws. For

example, Oregon and Seattle state that only employers that have at least 500 em-

ployees worldwide are required to adhere to the law. The law makers believe

that most small firms do not have access to large human resources and often al-

ready have a hard time attracting workers. There is also high unpredictability of

the staffing needs for smaller companies due to larger fluctuations in demands.

As a result of the implementation of the predictive scheduling law, there are a

few firms that have been fined due to violation of the law1.

Nevertheless, the question remains open on whether this law is beneficial or

not in practice. While these laws are designed to provide workers with a “good

faith” estimate of their upcoming schedule, there is a potential loss of income

for workers as employers were unable to offer extra shifts at a moment’s notice,

which meant fewer available shifts for workers. Employers may also have a

hard time accommodating fluctuating labor needs and had to adjust their em-

ployee’s composition. Organizations like the New York State Restaurant As-

sociation and the Restaurant Law Center had also challenged this law in state

court. They believed that targeting only the bigger firms meant that only a small

subset of the industry is purposely targeted and is unfair and discriminating.

They also argued that such a law will have a negative impact on the industry

as employers would not be able to improve their operating results and promote

pro-growth policies, which may be detrimental to the entire market, including

the labor market. Moreover, most of these laws are drafted together with the

worker unions and have little input from the firms and thus, may not capture

1Chipotle and Macdonald in New York City, and Target in Philadelphia had been sued in

2021 for violating the predictive scheduling law by not posting the weekly work schedules two

weeks in advance and not paying any compensation premium to the workers (Scheiber 2021,

NYC 2021 and Reyes 2021).
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the concerns of the firms. In fact, there are states that specifically banned the im-

plementation of any predictive scheduling law, such as Georgia and Arkansas.

Thus, there is no common consensus on the predictive scheduling law.

Hence, we attempt to study the impact of the predictive scheduling law on a

firm’s hiring and scheduling practices. We want to answer the following ques-

tions. How should firms adjust their workforce and contract hours with the im-

plementation of the predictive scheduling law? What is the impact of the predic-

tive scheduling law on the worker’s earnings? Does the predictive scheduling

law have an impact on a higher labor market density?

We first analyze the law using a game theoretical model to derive some hy-

potheses regarding the predictive scheduling law. Next, we verify our hypothe-

ses empirically and numerically. We find that if the predictive scheduling law is

implemented, the firm tends to hire more workers if the compensation premium

for adding shifts at the last minute is high, and tends to hire fewer workers if the

compensation premium for canceling shifts at the last minute is high. Moreover,

if both compensation premiums are equal, the firm will only hire more work-

ers and boost the overall employment level only if the labor market thickness is

low. Thus, while the predictive scheduling law can still potentially protect the

overall employment level, it is ineffective in forcing the firms in region of higher

market thickness to boost their employment.

Moreover, the workers’ earnings are affected differently depending on how

much the law penalizes the firm for adding vs canceling shifts, and are in the

opposite direction as the employment level trend. Having a high compensation

premium for adding extra shifts may tend to increase the the number of work-

ers hired but decreases each individual worker’s social welfare. The opposite
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is true for the compensation premium for canceling shifts. This implies that the

policy maker has to be cautious about the magnitude of the two different com-

pensation premiums, and has to choose the appropriate level of cost premium

for the firm, depending on whether the policy maker wants to boost the welfare

of the hired workers or the overall population.

2.2 Literature Review

Our paper is related to the following streams of literature: (1) workers staffing

and scheduling, (2) capacity flexibility, and (3) labor laws. As labor expense is

one of the largest cost component in many industries, the operations manage-

ment has been particularly focused on workers staffing and scheduling in the

past few decades. Ernst et al. (2004) and Van den Bergh et al. (2013) provide an

extensive list of papers that have studied on analytical staffing model. Recently,

there has been a trend to embark on empirical studies on the staffing level in

food and service industries. For example, there are studies on the impact of

staffing levels on a retailer’s sales based on a range of performance metrics,

such as conversion rate, basket value, sales, and profitability (e.g., Fisher et al.

2006, Netessine et al. 2010, Perdikaki et al. 2012, Mani et al. 2015, Chuang et al.

2016, Musalem et al. 2021 and Fisher et al. 2021). Our study differs from the

above in its research question, data, and methodology. We investigate the level

of staffing in Oregon state using the nation-wide data that covers the payroll

information of the entire food industry before and after the implementation of

the predictive scheduling law. This allows us to study the impact of the law on

the entire industry, and not just limited to a specific firm.
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More recently, there are a few papers that focus on the scheduling practices

of retailers and restaurants. Previous analytical studies in these areas, especially

in just-in-time (JIT) scheduling, have not considered the workers’ well-being in

their analysis. For example, Kamalahmadi et al. (2021) study how JIT schedul-

ing affect productivity by analyzing the 2016 data of 25 stores in the Northwest-

ern part of US from January 2016 to September 2016. They find that workers are

less likely to up-sell to the customers if they have to work past their scheduled

hours without being informed in advance. In addition, by assuming that the

workers only experience productivity drop if they are schedule more shifts in

real-time, they found that providing predictable work schedules may improve

the restaurants’ expected profit by up to 1%. Our study differs from theirs in two

ways. Firstly, their study do not consider the effect of the predictive scheduling

law. Although one of the restaurants covered in their study is in Seattle, where

a predictive scheduling law is being implemented in 2017, their data periods do

not covered 2017 and thus, they do not consider the city wide impact of the law

on a particular restaurant chain. Secondly, in their study of the benefit of a more

predictive work schedules, they have assumed an unequal drop in the worker’s

productivity when the shifts are canceled or when the shifts are added, and an

unequal cost compensation from canceling a shift or adding a shift. Thus, the

result of an improvement in the profit by adopting a predictive work sched-

ule is mainly driven by the asymmetric cost associated with schedule changes.

Nevertheless, if the predictive scheduling law is implemented, there may not

be any decrease in workers’ productivity since the workers are compensated

for the schedule changes and have greater utilities. Hence, in the presence of

predictive scheduling law, the benefits of JIT scheduling is still uncertain. In

our study, we do not make an assumption on the worker’s productivity, and
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the predictive scheduling law targets the JIT scheduling specifically by render-

ing such scheduling practices to be more costly. This allows us to claim with

greater confidence on whether the JIT scheduling is worse off under the current

practices and regulations.

Another related work is by Kesavan et al. (2022). Using a field experiment

conducted in 28 stores in the San Francisco and Chicago metropolitan areas from

November 2015 to August 2016, they explore the impact of different interven-

tions in terms of schedule consistency, predictability, adequacy, and control, and

find that improvement in these properties is able to improve the store produc-

tivity. Thus, their study imply that the store needs not increase the staffing level

even when labor flexibility is reduced. Similar to the study by Kamalahmadi

et al. (2021), their study focus on investigating how the productivity changes

with scheduling practices, which indirectly affect the store profit. In our pa-

per, we have abstracted away from the productivity changes and instead focus

squarely on the direct impact of greater scheduling predictability and negoti-

ating power of the workers on the staffing level. Moreover, while some of the

dimensions of work schedules targeted by Kesavan et al. (2022) also align with

the predictive scheduling, their study limit the impact of responsible scheduling

within the store and do not consider the overall impact when such scheduling

practices is being implemented city or state wide.

There is also a wide stream of literature on the regulations of labor standards

and practices. More specifically, much of these literatures focus on the mini-

mum wage regulation since the Fair Labor Standards Act (FLSA) is introduced

in 1938. There are several theory models (e.g., Aaronson and French 2007) on

the impact of the minimum wage increase on employment and total earnings
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of employed workers. These models show the employment effect varies as a

function of labor and product market competition, factor substitutability, and

other factors. There is also a large stream of empirical work in this area with

conflicting findings on the impact of regulations on the workers’ employment

and earnings, with some finding a positive impact on employment and earnings

(e.g., Card and Krueger 2000 and Dube et al. 2010) and others finding a contrary

result (e.g., Neumark and Wascher 2000 and Aaronson et al. 2008). More re-

cently, under the operations management literature, Yu et al. (2022) find that

an increase in the minimum wage can increase the workers’ schedule variabil-

ity. Nevertheless, the FLSA also introduced another important wage regulation,

which is that an overtime wage of at least one and one-half of the hourly wage

have to be given if a worker worked in excess of 40 hours. While the overtime

law garners less attention as compared to the minimum wage, there are stud-

ies that focus on the impact on the workers’ welfare (e.g., Trejo 1991 and Trejo

1993) and studies that focus on the firm’s service quality as a result of the law

(e.g., Lu and Lu 2017). In essence, our study builds on the current literature on

regulation as we focus our attention on the predictive scheduling law, which

is applied to workers that are eligible to be protected by the minimum wage

law and the overtime law. Nevertheless, the predictive scheduling law differs

from the two laws (i.e., minimum wage law and overtime law) as it accounts for

the variability in the usual hours worked by the workers even if the employer

may not run foul of the previous two laws. For example, the firm can schedule

a worker for less than 40 hours a week and pay him the minimum wage and

yet it adds or removes shifts at a last minute notice. In this case, the predictive

scheduling law will apply. On this front, as the predictive scheduling law is still

relatively nascent, there are only some preliminary studies that attempt to find
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out on the effect of such law on the workers’ welfare (e.g., Harknett et al. 2021

and Dunn et al. 2022). Thus, our paper is one of the first to study the impact of

predictive scheduling law on firm’s staffing level.

2.3 Model

To gain deeper insights into the overall impact of the predictive scheduling law

on the economy, we begin by analyzing a game-theoretic model. This approach

allows us to generate hypotheses regarding the potential effects of the law.

2.3.1 Sequence of Events

We assume that there are N number of firms and M number of workers over

an infinite horizon period. At the beginning (i.e., period 0), all the firms face a

hiring game, where each firm compete with one another to hire the workers to

work for them. This is to simulate the frictional labor market as it can be difficult

to hire the workers depending on the labor market thickness. For simplicity, the

workers do not leave once they are hired. Thus, the workers are contracted for

by a firm i for a long term basis, and they constitute the available workforce or

manpower that a firm can utilize in each period. Each firm i hires Li number of

workers, who are meant to work for each period. Thus, each worker is suppose

to work one shift in each period. We assumed that demand λ is constant in each

period and the firm has to ensure that the total manpower hired is sufficient to

meet the demand (i.e., Li ≥ λ). Thus, the firm adopts a “hire-up-to” policy. Each

period is then split into two sub-periods: (1) a certain proportion of workers will
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be absent for each firm, and (2) the firm has to adjust the number of workers and

their shifts for that period in order to meet the demand.

In each period t, only γit proportion of the workers will show up for their

shifts for firm i. γit is a random variable that affects the number of workers that

turn up for that period. Alternatively, it can also reflect the turn-out rate for

that period. For example, if γit = 0.7, it means that each worker works only

on average 70% of his total scheduled shifts for that period, due to his own

absenteeism. Thus, there will be 1 − γit proportion of absentees at each firm

at each period, which is revealed at the start of the period. For simplicity, we

assume that γit follows a uniform distribution and is independently distributed

across time. Subsequently, under the first sub-period, the firm can then decides

on the number of workers to adjust, xit, in order to fulfill the demand at the

second sub-period. Figure 2.1 shows the sequence of events for a particular

firm.

Figure 2.1: Sequence of events
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2.3.2 Preferences and Utilities

As described earlier, some workers may not be fully available for a particular

period and a firm’s available workforce (i.e., the number of manpower) changes

with time. Thus, the total profit generated over time is given by the sum of the

revenue generated and the labor cost incurred for each period. The revenue

generated at a particular period is the minimum of the demand realization λ

and the amount of manpower available. We assume that one unit of demand

can be fulfilled by one unit of man-hour. Such setting is typical of a standard

newsvendor model where a firm has to allocate the right amount of resources

to meet the demand. To focus on the workers’ uncertain availability rather than

the demand fluctuation, which may be predicted with greater certainty using

current technology based on seasonality or other factors, we let the demand per

period be deterministic. Hence, the expected total profit earns by a firm over

time is

Πit =E
[ ∞∑

t=1

δt[p min[λ, γitLi + xit] − wγitLi − xit(w + c1)1xit≥0 + xit(w − c2)1xit<0],

where δ is the discount rate, p is the revenue per unit demand, w is the hourly

wage of a worker, c1 is the compensation premium per shift to be provided if

the worker has to work more than the original shift and c2 is the compensation

premium per shift to be provided if the worker is asked not to come for that

shift. Note that c1 and c2 are both less than w.2 For example, the predictive

scheduling law in Oregon states that the employer must pay an extra one hour

of pay for added shift and one-half times of regular rate of pay for canceled

2In practice, the mandated compensation premium does not exceed the hourly wage. More-

over, it is also trivial to analyze the case where c1 and c2 are both larger than w as in this case,

the firm does not adjust the work schedule in the last minute at all since the labor cost is higher.
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shift. In this case, the compensation premium for adding shift c1 corresponds to

w and the compensation premium for reducing shift c2 corresponds to 0.5w.

For the initial hiring of the workers at Period 0, note that the cost of hiring is

affected by the probability of the vacancy being filled and the competition with

other firms. In other words, the firm incurs a cost of cv per vacancy being posted

and advertised. The probability of a vacancy being filled at firm i is given by

M∑
L =

M
Li+L̄ , where L̄ =

∑
N−1 L. Thus, the cost of hiring a worker is inversely

proportional to the probability of successfully filling up a vacancy and is given

by

cv
1
M∑

L

Li = cv
Li + L̄

M
Li.

Such cost of hiring accounts for the market friction (Hawkins 2015 and Kudoh

et al. 2019). Thus, a firm’s expected utility is represented by

Πi = − cv
Li + L̄

M
Li + Πit

= − cv
Li + L̄

M
Li +

∞∑
t=1

δt E[p min[λ, γitLi + xit] − wγitLi − xit(w + c1)1xit≥0

+ xit(w − c2)1xit<0]. (2.1)

For the workers, we assume that they are just earning the wages based on the

number of hours that they worked and the appropriate compensation premium

if any. There is no effort cost. Thus, a hired worker’s per period utility at firm i

is given by

uit =



w if he is not absent,

w + c1 if he is not absent and he has to work more shift,

c2 if he is not absent and his shift is cancelled,

0 if he is absent.

(2.2)

Consequently, the worker’s expected total utility is ui =
∑
δt E[uit].
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2.4 Equilibrium Analysis

In this section, we provide the results of the equilibrium analysis. The game

is solved via backwards induction, starting from the step where the firm has

to make adjustment to its work schedule to the first step where it has to make

the hiring decision on the number of workers to hired. The proofs for all the

propositions can be found in Appendix B.1. We begin with the most crucial

results regarding the staffing strategy for a firm.

Proposition 2.1 The optimal staffing level for a firm L∗i is given by the unique solution

of λ2M(c1 + p−w)+ 2c2M
(
λ2 − (L∗i )2

)
+ 4cv(δ− 1)(L∗i )3(N + 1) = 0, which is increasing

in c1 and decreasing in c2. Moreover, if c1 = c2 = c, there exists a threshold M̄, where

M̄ is a solution of 3λ2 = 2(L∗i )2, such that L∗i is increasing in c if and only if M ≤ M̄.

Proposition 2.1 demonstrates that the compensation premium for additional

shifts or canceled shifts has contrasting effects on the firm’s hiring decision. An

increase in the compensation premium for extra shifts (c1) leads to the firm hir-

ing more workers, while an increase in the compensation premium for canceled

shifts (c2) results in the firm hiring fewer workers. This finding aligns with in-

tuitive reasoning. When the cost of adjusting shifts upward rises, the firm can

opt for a higher initial number of regular schedule workers and subsequently

reduce their shifts at the last minute based on actual labor requirements and

demand, as the cost of cancellation is relatively lower. Conversely, if the cost

of cancellation is higher, the firm aims to avoid potential labor cost increases

associated with the need to cancel shifts, leading to a reduction in the number

of workers hired. Therefore, the effects of the two compensation premiums act

in opposing directions. These findings also suggest that the implementation of
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predictive scheduling laws can contribute to stabilizing schedule variability, as

it renders just-in-time (JIT) scheduling more costly.

Proposition 2.1 also reveals that the firm employs more manpower when the

compensation premium for adding shifts is higher, and conversely, utilizes less

manpower when the compensation premium for canceling shifts is lower. This

result may initially appear counter-intuitive, as one would expect that a higher

cost for adding shifts would lead to fewer shifts being added, resulting in a

lower total scheduled manpower. However, our analysis demonstrates the op-

posite outcome. We find that when the cost of adding shifts is higher, the firm

chooses to hire more workers at the initial stage (as indicated in Proposition 2.1),

thereby reducing the need to add shifts later on. Consequently, the firm is more

likely to have sufficient manpower to handle realized absenteeism and demand

in subsequent periods. This reduces the incidence of having inadequate man-

power at the later periods, even when the number of absentees is high. Thus,

the manpower are utilized more and the total manpower scheduled is higher.

On the other hand, if the cost of canceling shifts is higher, the firm hires fewer

workers to minimize the necessity of canceling shifts later. The firm is more

willing to tolerate an inability to meet customer demand, even in the presence

of high worker absenteeism. Consequently, fewer manpower resources are uti-

lized and scheduled by the firm.

Furthermore, Proposition 2.1 states that if the same compensation premium

applies for both the adding and canceling of shifts (i.e., c1 = c2 = c), the firm

will only hire more workers if the labor market thickness is sufficiently small

(i.e., M ≤ M̄). Such adoption of similar compensation premium for both the

adding and canceling of shifts may be quite common in future as it is straightfor-
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ward and less prone to mistakes when the manager or the employer calculates

the total wages a worker is entitled to. In fact, we found that there are places

that adopt such a policy at present (e.g., San Francisco city and Oregon state).

When the labor market thickness is small, there may not be enough workers for

the firms to play the game of hiring more workers and dropping them off at

the last minute. Thus, the firms would rather hire more workers first as they

would rather want to have sufficient workers to meet the demand than trying

to cut cost using just-in-time scheduling. In this case, the result suggests that for

the same compensation premium, the impact of adding extra shifts outweighs

the impact of canceling shifts as the firms are accounting for the fact that they

may have to add more shifts later, since the labor market thickness is not large

enough.

Proposition 2.2 Suppose w ≤ 2c2 + c1. The expected wages for a worker per period is

decreasing in c1 and increasing in c2. Moreover, if c1 = c2 = c, the expected wages is

decreasing in c if and only if M ≤ M̄.

Moreover, for each individual worker, we find that if the original hourly

wage is small (i.e., w ≤ 2c2 + c1), the worker’s earning is decreasing if the com-

pensation premium for adding a shift increases and is increasing if the compen-

sation premium for canceling a shift increases. The trend of a worker’s earn-

ing is also found to be in opposite direction as the overall employment level as

stated in Proposition 2.1. Thus, if the intention of the law is to help a worker

to secure more earnings, the policy maker should pay attention to the magni-

tude of both compensation premium (c1 and c2). The compensation premium

of adding extra shifts may tend to help the overall worker population while

the compensation premium of canceling shifts may tend to help only individual
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workers that are hired in the industry.

Therefore, based on our theoretical results, we have the following hypothe-

ses for our empirical analyses that follow. As we are concerned on how a firm’s

staffing strategy and a worker’s earning will change after the law, we are first

going to verify that the trend of the employment level and the workers’ earnings

are in the opposite direction after the enactment of the predictive scheduling

law (Hypotheses 2.1a and 2.1b). Moreover, as the law may have a differential

impact depending on the prevailing market conditions, we also seek to verify

Hypothesis 2.2.

Hypothesis 2.1a Oregon’s employment increases and the worker’s earnings decreases

after enactment of the predictive scheduling law.

Hypothesis 2.1b Oregon’s employment decreases and the worker’s earnings increases

after enactment of the predictive scheduling law.

Hypothesis 2.2 The impact on employment is more negative for thicker market and

the impact on earning is more positive for thicker market.

2.5 Data and Identification Strategy

Having derived hypotheses from our analytical model, we now embark on the

empirical validation of these hypotheses using real-world data. This approach

enables us to test the accuracy and applicability of our theoretical predictions in

a practical context.
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2.5.1 Data Sources

Our main analyses rely on the Quarterly Census of Employment and Wages

(QCEW), which is obtained from the Bureau of Labor Statistics. The QCEW

provides a quarterly count of the employment and wages reported by employ-

ers, based on the ES-202 filings that every establishment is required to submit

quarterly for the purpose of calculating payroll taxes related to unemployment

insurance. Since 98% of workers are covered by unemployment insurance, the

QCEW constitutes a near-census of employment and earnings. Thus, the QCEW

is able provide us with the county-level data by the detailed industry, which

allow us to study the impact of the predictive law on the specific industries

affected by the law.

We focus on our study on the Oregon state, where there is a state-wide im-

plementation of the predictive scheduling law in 2017. The law requires em-

ployers in the retail, hospitality and food services industries to adopt predic-

tive scheduling, such as posting and providing workers’ schedules in writing at

least 14 calendar days in advance. As food industry has the highest proportion

of minimum wage workers, which is the target of the predictive scheduling law,

we further refine our focus on the food industry. To cover the implementation

period of the predictive scheduling law in July 2017, we use the data from 2015

to 2019.

Notice that the period covered is for a short duration of about 5 years. This

is because the period after the implementation of the predictive scheduling law

coincided with a severe disruption to the service industry due to the COVID-

19 pandemic. The pandemic disproportionately affected the food and service

industry as the strict lockdown ordered by the government in 2020 resulted in

92



many restaurants and entertainment centres being unable to receive customers.

Thus, many service workers were out of jobs in the early pandemic days due

to lack of demand. Moreover, the subsequent complications of the fear of fac-

ing difficult and possibly COVID-19 infectious customers and the prospect of

receiving the high unemployment benefits resulted in staffing shortage in the

service industry, even after lockdown requirements are lifted (Littman 2021).

All these resulted in huge disruption to the labor demand. Thus, to avoid the

COVID-19 pandemic period in the United States, which occurs at the beginning

of 2020, we restrict our data to January 2015 to December 2019 for the rest of

the analysis, where we cover 2 years before and after the law is being enacted

in 2017.

2.5.2 Empirical Strategy

Our study focuses on three key outcome measures to assess the impact of the

predictive scheduling law: total employment, average earnings per worker, and

total wages of the workers. These measures effectively capture the comprehen-

sive labor conditions following the implementation of the law, enabling us to

validate our hypotheses. By examining the total employment figure, we can

gauge the overall workforce size and ascertain whether any significant changes

have occurred as a result of the predictive scheduling law. This measure pro-

vides valuable insights into the potential impact on job availability and stability.

The average earnings per worker is another crucial metric we analyze. It enables

us to understand how the law affects individual workers’ income levels, indi-

cating whether the law has led to any notable improvements or disparities in

wages. Additionally, we consider the total wages of the workers as an outcome
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measure. This measure accounts for both employment levels and earnings, of-

fering a comprehensive view of the collective financial impact on the workforce.

By assessing the total wages, we gain insights into the overall economic implica-

tions of the predictive scheduling law. Together, these outcome measures play

a vital role in describing the labor conditions comprehensively following the

implementation of the predictive scheduling law. Moreover, they serve as em-

pirical evidence to validate our hypotheses and shed light on the true effects of

the law on the workforce.

Our first identification strategy is to use the difference-in-difference (DiD)

approach. The difference-in-difference method is a statistical technique used

to estimate the causal effect of a treatment or intervention by comparing the

changes in outcomes over time between a treatment group and a control group.

It aims to capture the difference between the pre-treatment and post-treatment

periods for both groups and then compare the difference in those differences.

To use this approach, we estimate the following specification:

Yit = αXit + β1Oregoni + β2Enactedt + β3Oregoni × Enactedt + θs + τt + ϵit, (2.3)

where Yit represents an employment condition of county i in quarter/year t.

For example, Yit can represent ln(Wageit), which is the logarithmic value of the

average earning of a worker in a quarter in county i in quarter/year t. The

variable Oregoni distinguishes observations in the “treatment” group (individ-

uals that lived in the Oregon state) from those in the “control” group (individ-

uals that lived outside the Oregon state), and the variable Enactedt indicates

observations in the post enactment of the predictive scheduling law. θs is the

county fixed effect and τt is the time fixed effect. The county fixed effects cap-

ture any time-invariant factors that affected the average employment outcome

within each county while the time fixed effects capture any time factors that
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were common across states, such as the business cycle. The vector Xit represents

the county characteristics, which include the minimum wage, total employment

level, population, and the number of establishments. β3, which is the coefficient

of interest, highlights the interaction between Oregoni and Enactedt as it identi-

fies the changes in the employment outcome in the Oregon state relative to that

in the control group after the law is enacted.

We begin our analysis by comparing Oregon with Washington. Washing-

ton is north of Oregon, and has a similar geography and climate to Oregon.

Both states are also sparsely populated and have a similar political inclination

(Jones 2023b). State similarity indexes developed for the purpose of forecasting

elections based on the k-nearest neighbors approach on the demographic in-

formation, have all found Washington to be the most similar state (Silver 2008,

Jarman 2020). Moreover, by accounting for equal weights of the five major as-

pects of states: demographics, culture, politics, infrastructure, and geography, it

is found that Washington is the most similar state to Oregon (Jones 2023a). This

is also validated by a large language model, ChatGPT (Jones 2023a). Hence,

Washington is selected as the most suitable control state.

2.6 Empirical Results

2.6.1 Main Analysis

All models are estimated via generalized least squares (GLS), weighted by the

county population. Results presented contain robust standard errors, corrected

for clustering on the state. The discussion of the results focuses exclusively on
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the effect of predictive scheduling law.

Employment and Wage Effect: We first examine the impact of predictive

scheduling law on the employment level. The employment level provides a

direct evidence on the overall staffing level. To this end, we estimate the follow-

ing regression based on Equation (2.3):

log(Employmentit) =αXit + β1Oregoni + β2Enactedt + β3Oregoni × Enactedt

+ θs + τt + ϵit, (2.4)

where Employmentit is the quarterly employment level for a specific industry at

county i during time t. We next examine the impact of the predictive scheduling

law on the earnings of an individual worker as follows:

log(Earningsit) =αXit + β1Oregoni + β2Enactedt + β3Oregoni × Enactedt

+ θs + τt + ϵit, (2.5)

where Earningsit is the average quarterly earnings of a worker in a specific in-

dustry at county i during time t. Thus, from Equations (2.4) and (2.5), we obtain

the first two columns of Table 2.1, which shows the impact of the predictive

scheduling law on the food industry affected by the law.

Based on the findings presented in the first two columns of Table 2.1, we can

observe a decrease in employment levels and an increase in individual wages

following the implementation of the predictive scheduling law. This observa-

tion provides support for Hypothesis 2.1b, further strengthening our confidence

in the ability of our theoretical model to explain the impact of the predictive

scheduling law.

Total Wage Effect: Finally, we examine the impact of the predictive scheduling

law on the total earnings of all workers. To this end, we estimate the following
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Table 2.1: The effects of predictive scheduling law on employment and worker’s
earning in the food industry based on QCEW data from 2015 to 2019

(1) (2) (3)
Log(Employment) Log(Wage) Log(Total Wage)

Variables b/(se) b/(se) b/(se)

Enacted 0.004 -0.013 -0.009
(0.007) (0.004) (0.011)

Treated State -0.062 -0.066 -0.127
(1.410) (0.342) (1.068)

Enacted × Treated State -0.010∗ 0.012∗ 0.002∗

(0.001) (0.001) (0.000)
Log Minimum Wage 0.041 0.147∗∗ 0.187∗∗

(0.010) (0.006) (0.004)
Log Total Employment 0.383 0.203 0.587

(0.103) (0.055) (0.157)
Log Establishment 0.460∗∗ -0.110∗∗ 0.350∗∗

(0.010) (0.002) (0.012)
Log Population 0.093 -0.149 -0.056

(0.389) (0.188) (0.201)
Constant 0.202 8.077 8.279

(6.027) (1.684) (4.343)

n 1404 1404 1404
R2 1.00 0.98 1.00

Notes: The table contains estimated coefficients associated with the variable listed
in the leftmost column and the standard errors are in parentheses. Only the relevant
effects are shown. All regressions contain county fixed effects, quarter fixed effects
and year fixed effects.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

regression based on Equation (2.3):

log(TotalEarningsit) =αXit + β1Oregoni + β2Enactedt + β3Oregoni × Enactedt

+ θs + τt + ϵit, (2.6)

where TotalEarningsit is the total quarterly earnings of all worker in a specific

industry at county i during time t. Thus, from Equation (2.6), we obtain Table

2.1, which shows the impact of the predictive scheduling law on the total wages

paid out in the food industrt.

Based on the data presented in Table 2.1, it is evident that total wages have
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decreased in the food industry subsequent to the implementation of the predic-

tive scheduling law. This observation suggests that while the law may enhance

the earnings of individual workers, which can be a compelling selling point for

policymakers, it may have a detrimental effect on overall labor welfare. Conse-

quently, it becomes imperative to conduct further in-depth analysis and engage

in comprehensive discussions regarding the predictive scheduling law before

considering its widespread implementation. Such examinations should take

into account the broader implications and potential trade-offs associated with

the law to ensure a holistic understanding of its effects on the labor market.

2.6.2 Heterogeneous Effect

As we hypothesize that the predictive scheduling law can have a heterogeneous

impact based on labor market thickness, our attention now turns to examining

the law’s effects on different labor markets. To assess this, we adopt two dif-

ferent measures to categorize the counties separately into a low or high mar-

ket density market. We introduce a dummy variable, denoted as LargeDensity,

which classifies counties based on their number of workers per establishment.

Counties with an average of more than 15 workers per establishment as coun-

ties with high market thickness. Hence, LargeDensity takes a value of 1 if the

county’s workers per establishment is 15 or higher, and 0 otherwise. Thus, we

obtain Table 2.2 based on this measure. Next, we alternatively use the dummy

variable LargeDensity to classify counties based on their population density.

Counties with more than 100 people per square mile are categorized as high-

density areas, indicating a thicker labor market. Hence, LargeDensity takes a

value of 1 if the county’s population density is 100 per square mile or higher,
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and 0 otherwise. Thus, we obtain Table 2.3 based on this measure. We employ

the difference-in-difference-in-differences (DDD) approach to study the hetero-

geneous impact of the predictive scheduling law.

Table 2.2: Estimating the heterogeneous effect of predictive scheduling law
based on workers per establishment.

(1) (2)
Log(Employment) Log(Wage)

Variables b/(se) b/(se)

Enacted 0.006 -0.006
(0.009) (0.004)

Treated State -0.097 0.059
(1.356) (0.368)

Enacted × Treated State 0.001 -0.006
(0.001) (0.002)

Large Density 0.308 0.069∗

(0.071) (0.011)
Enacted × Large Density -0.004 -0.012∗∗

(0.003) (0.001)
Enacted × Treated State × Large Density -0.023∗ 0.034∗∗

(0.003) (0.001)
Log minimum wage 0.041 0.147∗∗

(0.009) (0.006)
Log Total Employment 0.388 0.220

(0.102) (0.051)
Log Establishment 0.460∗∗ -0.111∗∗∗

(0.012) (0.001)
Log Population 0.077 -0.125

(0.368) (0.191)
Constant 0.350 7.590

(5.774) (1.779)

n 1404 1404
R2 1.00 0.98

Notes: The table contains estimated coefficients associated with the variable listed
in the leftmost column and the standard errors are in parentheses. Only the rele-
vant effects are shown. All regressions contain county fixed effects, quarter fixed
effects and year fixed effects. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

From Table 2.2 , our coefficient of interest on Enacted × TreatedS tate ×

LargeDensity , which is the DDD estimator. We can observe that the coefficient

DDD estimator is negative for the employment but positive for the individual
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Table 2.3: Estimating the heterogeneous effect of predictive scheduling law
based on population level.

(1) (2)
Log(Employment) Log(Wage)

Variables b/(se) b/(se)

Enacted 0.008 0.001
(0.011) (0.002)

Treated State -0.177 0.399
(1.284) (0.458)

Enacted × Treated State -0.005 -0.013∗∗

(0.005) (0.000)
Large Density 0.304 0.087∗

(0.068) (0.013)
Enacted × Large Density -0.005 -0.017∗∗

(0.005) (0.001)
Enacted × Treated State × Large Density -0.011 0.037∗∗

(0.008) (0.002)
Log Minimum Wage 0.043 0.142∗∗

(0.007) (0.005)
Log Total Employment 0.386 0.214

(0.104) (0.050)
Log Establishment 0.465∗∗ -0.117∗

(0.018) (0.016)
Log Population 0.045 0.010

(0.333) (0.210)
Constant 0.737 6.033

(5.410) (2.110)

n 1404 1404
R2 1.00 0.98

Notes: The table contains estimated coefficients associated with the variable listed
in the leftmost column and the standard errors are in parentheses. Only the rel-
evant effects are shown. All regressions contain county fixed effects, the quarter
fixed effects and year fixed effects. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

wage. Similarly, from Table 2.3, we can observe that the coefficient of the DiD

estimator is more significant and negative for the employment level in a thicker

market and is more significant and negative for the individual wage in a thicker

market. These findings support our Hypothesis 2.2, which suggests that the im-

pact on employment is more negative in thicker labor markets, while the impact

on earnings is more positive in thicker labor markets.
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2.7 Discussion

In conclusion, it is evident that the implementation of a predictive scheduling

law has the potential to significantly impact both employment and wages. Such

legislation introduces new requirements and regulations on employers, altering

the dynamics of workforce scheduling and management. While the intended

aim of these laws is to provide stability and protect the rights of workers, their

consequences may have broader implications, especially on the employment

level and workers’ earnings as discussed in the earlier sections of this paper.

Our analysis reveals that the compensation premiums for adding shifts and

canceling shifts have contrasting effects on the firm’s hiring decisions. Specif-

ically, when the compensation premium for adding shifts increases, the firm

tends to hire more workers. On the other hand, when the compensation pre-

mium for canceling shifts increases, the firm hires fewer workers. As a result,

worker earnings exhibit an inverse relationship with employment levels. With

a larger workforce, individual workers are utilized less and consequently earn

lower wages. Furthermore, our study explores the scenario where the poli-

cymaker establishes equal compensation premiums for adding and canceling

shifts, as seen in the case of Oregon state. We observe that in such instances, the

employment level increases with the compensation premium, while individual

worker earnings decrease, but only when the labor market thickness is small.

While the current paper has focused on a limited study period due to data

constraints, it is important to acknowledge that there may be various factors

that influence employment levels and workers’ earnings in the long run when

a state implements predictive scheduling laws. Businesses may respond to the
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implementation of predictive scheduling laws by exploring alternative staffing

models, including increased automation, such as the use of self-checkout kiosks

in fast-food restaurants. These changes in staffing practices have the potential

to affect overall employment levels and alter the nature of job opportunities

available in the industry.

To better understand the consequences of predictive scheduling laws, fu-

ture studies should focus on several areas. Comprehensive empirical research

is needed to assess the actual effects on employment levels, both in terms of

overall job opportunities and specific industries or sectors. This would provide

a clearer picture of the trade-offs between worker protections and potential re-

ductions in employment. Another possible future work includes examining the

long-term effects on wages and compensation structures. By analyzing the im-

pact of predictive scheduling laws on wage growth, income inequality, and the

stability of workers’ earnings, researchers can assess the overall effectiveness of

these policies in improving workers’ financial well-being. Lastly, future studies

could also explore the potential effects of predictive scheduling laws on busi-

ness viability, industry competitiveness, and regional economic dynamics. Such

research can inform policymakers and stakeholders about the balance between

worker protections and the economic considerations that affect the sustainabil-

ity and growth of businesses.

By undertaking comprehensive studies in these areas, policymakers and

stakeholders can make informed decisions about the design and implemen-

tation of predictive scheduling laws, striking a balance between safeguarding

workers’ rights and ensuring a thriving and resilient economy.
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CHAPTER 3

FREELANCERS OR EMPLOYEES? A FIELD EXPERIMENT WITH A FOOD

DELIVERY PLATFORM

3.1 Introduction

The food delivery industry has changed significantly over the years. Tradition-

ally, restaurants hire employees directly for food delivery services, providing

them with regular wages and benefits. The restaurants will then have control

over their work schedules and operations. This approach offers stability and

accountability, ensuring that drivers receive fair compensation and adhere to

company policies and standards. Additionally, such traditional model of hiring

employees is deemed to allow companies to cultivate a dedicated workforce,

fostering loyalty, and potentially improving customer experience.

However, in recent years, an alternative approach has gained significant

traction: hiring freelancers or independent contractors to fulfill delivery tasks.

This trend has been fueled by the rapid growth of the gig economy and tech-

nological advancements that has revolutionized the way goods and services are

transported and received. The advent of digital delivery platforms has enable

efficient matching of delivery requests with available drivers. It is now possible

for customers to place orders from anywhere at any time, using various de-

vices such as computers, smartphones, or tablets. Many restaurants have now

contracted with these third-party delivery platforms to utilize their delivery ser-

vices. This convenience has significantly increased the accessibility and demand

of delivery services. Moreover, with the use of freelancers, these platforms can

tap into a flexible labor pool, scaling their workforce up or down based on de-
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mand fluctuations. Such delivery platforms include Ubereats, Doordash, Grub-

hub, and Postmates. Hence, the food delivery industry has now become a global

market that is worth more than $150 billion (Ahuja et al. 2021) and the demand

for convenient and fast delivery is expected to continue to grow.

Nevertheless, the shift towards utilizing freelancers is not without contro-

versy. Critics argue that the gig economy model can lead to precarious work-

ing conditions, inadequate benefits, and a lack of worker protections (Breese

2023). Freelancers typically do not receive the same level of social security ben-

efits, healthcare coverage, or job security as employees. Moreover, concerns

have been raised regarding the potential for exploitation and unfair treatment

of freelancers, as they may lack bargaining power and be subject to arbitrary de-

cisions by the companies they work for. Thus, there are several cities and coun-

tries contemplating to regulate the delivery platforms and mandating them to

hire employees. For example, the US Biden administration is proposing to clas-

sify all food delivery worker as employees, so that the workers are eligible for

employment benefits (Cohen 2022). Nevertheless, there are concerns that such

regulation can have adverse impact in the industry and thus, there are some

lawmakers opposing to such blanket classification (Munhoz and Rainey 2023).

Hence, the regulation still remains a largely divisive issue. As platform com-

panies’ main revenue stream comes from earning the commission fees from gig

worker, any potential regulation will affect the platforms’ revenue, leading to

potential change in the operational or fee structure of the platforms.

Consequently, in light of the potential regulation as well as operational con-

siderations, a crucial decision for a delivery platform is whether to hire employ-

ees or engage freelancers as their workers. Employing workers provides the
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advantage of centralized control but also entails additional costs, as delivery

platforms must bear higher labor costs due to providing employment benefits,

insurance, and other employee-related expenses (Hu 2022). On the other hand,

utilizing freelancers for delivery imply that the platforms only need to pay the

freelancers if there is a demand. However, the availability and the ability of free-

lancers to serve the platform’s users is beyond the platform’s control, introduc-

ing a potential challenge of ensuring an adequate supply of quality freelancers

to meet customer needs. This is particularly important in the food delivery in-

dustry, where the on time delivery of the food is expected by the customer (Saad

2021). Furthermore, the different incentive structures associated with each em-

ployment mode can impact a worker’s motivation, subsequently affecting the

platform’s service quality and profitability. Therefore, striking the right bal-

ance between control, cost-effectiveness, and worker motivation becomes a cru-

cial consideration for delivery platforms in determining their preferred employ-

ment approach.

Overall, it is unclear whether it is beneficial for the platform to hire free-

lancers or employees. There are platforms (e.g., Just Eat) that are planning to

switch from an employee model to the freelancer model (Sterling 2023), while

others (e.g., Bolt) are planning to switch from the freelancer model to an em-

ployee model (Cordina 2022). To this end, we hope to answer the following

research questions in this study. Are freelancers better than the employees in

terms of the delivery service? What factors affect the performance of the free-

lancers? When should an online food delivery platform hire freelancers? In

this paper, we conducted a field experiment to study the value of utilizing free-

lancers over employees on a food delivery platform. By examining the trade-off

between the efficiency loss incurred by relinquishing centralized control and the
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motivation of the freelancers to deliver, we derive insights into how a platform

should manage employees and freelancers. This research is still on-going and

this paper gives us some preliminary insights on the findings of the research.

3.2 Literature Review

Our paper is related to two main streams of literature: (i) food delivery plat-

forms and (ii) incentives on gig worker performance.

There have been many theoretic papers that study how delivery platforms

can improve their operations (see Benjaafar and Hu (2020) for a comprehensive

list of references), with a few that focus explicitly on food delivery platforms.

These papers explore areas such as matching (Ulmer et al. 2021, Liu et al. 2023),

route optimization (He and Goh 2022), user management (Mai et al. 2023), and

contract management (Chen et al. 2022b and Feldman et al. 2023). As food de-

liver platforms faces uncertainty in both the customer identities and the readi-

ness time of food at restaurants, Ulmer et al. (2021) study how an anticipatory

customer assignment policy, which postpones assignment decisions for selected

customers, can improve service quality. Chen et al. (2022b) find that food deliv-

ery services can change the customer composition of restaurants without neces-

sarily increasing overall demand, and coordinating revenue-sharing contracts

or limiting the number of delivery workers can benefit both the restaurant and

the food delivery platform. Feldman et al. (2023) further find that coordinating

contract that involves a percentage revenue share and fixed fee per delivery or-

der help to protect the restaurant margins, which can address tensions between

food delivery platforms and restaurants. To date, there is a noticeable absence
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of theoretical literature dedicated to examining the issue of worker composition

specifically within the context of food delivery platforms, due to the theoretical

difficulty in identifying the differences in the different worker types.

Moreover, there are only scant empirical and experimental papers that study

the workers in the food delivery platforms. Using a data from a food deliv-

ery platform, Liu et al. (2021) proposes a framework that combines travel-time

predictors and order-assignment optimization to improve the on-time perfor-

mance of last-mile delivery services, showcasing the effectiveness of the inte-

grated models and emphasizing the significance of learning driver behavior

from operational data. Xu et al. (2023) examines the impact of earnings, rat-

ings, and penalties on gig workers’ working decisions in on-demand delivery

platforms using empirical analysis, revealing that ratings and earnings can be

substitutes, past penalties discourage work, and workers with higher penalties

are more sensitive to earning increases. Our paper contributes to this stream

of literature by the workers under different employment mode behave on an

online delivery platform through a randomized field experiment. This answers

the fundamental question of whether a platform should hire a freelancer or not,

and in doing so, we provide insights on how a food delivery platform should

manage its workers’ composition so as to provide better food delivery service.

Given the vital role of the workers in the operations of delivery platforms,

previous research has explored the impact of incentive structure on workers’

behavior in gig platforms. Most of the literature has focus on the impact of

earnings on the gig workers (Horton and Chilton 2010, Chen 2016, Chen et al.

2022c, Allon et al. 2023), which is not just restricted to food delivery platforms.

There are other papers that focus on the other non-monetary factors that af-
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fect the gig workers’ performance. For example, Dai et al. (2022) examines the

impact of experience on worker performance in the on-demand delivery gig

platform industry, revealing that while experience improves operational out-

comes, low experience can lead to decreased productivity and service quality at

an early stage, highlighting the presence of an exploration-exploitation behav-

ioral mechanism. As employee misconduct poses a significant challenge in gig

and remote work contexts, Burbano and Chiles (2022) explore how gig employ-

ers can mitigate misconduct through organizational value communication and

the credible threat of monitoring. They find that while value communication

reduces misconduct, the effect is diminished when workers are aware of moni-

toring due to decreased trust. Cameron and Rahman (2022) explore the relation-

ship between the platform’s algorithmic control and worker’s covert resistance

to the platform’s control. Their study exposes the shortcomings of platforms’

heavy reliance on algorithmically mediated customer control by highlighting

the ways in which workers’ daily interactions with customers can subtly in-

fluence and manipulate algorithms, often without detection by the platforms

themselves. Our work, therefore, contributes to this emerging stream of liter-

ature by examining how the different incentive structure between a freelancer

and an employee, affect the workers’ motivation to deliver and the workers’

order prioritization rule that is beyond the control of the platform.
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3.3 Experimental Design

3.3.1 Research Setting

We collaborate with an online food delivery platform in a major city. This de-

livery platform is the first platform to operate in the city, and thus, has captured

the majority share of the city’s food delivery market. This platform employs its

own fleet of delivery riders, and has recently allowed freelancers to come on-

board as delivery riders. To use the platform’s service, a customer orders his

food through a mobile application and the order is routed to the restaurant that

is onboard the platform’s terminal. The restaurant will then work to complete

the order and after the order is completed, the platform is notified of its com-

pletion. As part of the experiment, the platform will then randomly assign the

order to a freelancer dispatch station or an employee dispatch station. If the or-

der is assigned to a freelancer dispatch station, it will push out the availability

of that order to the freelancers that are using the platform’s mobile application

for riders. The freelancer will have to decide whether to get the order and the

order is assigned to the freelancer that is the fastest to click and accept the or-

der. If the order is assigned to an employee dispatch station, the platform will

assign an available employee to handle the order. After the order is accepted by

the rider (freelancer or employee), the rider will work towards picking up the

order from the restaurant and delivering the order to the customer.
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3.3.2 Data and Randomization Checks

Our data, which is anonymized and provided by the platform, consists of two

datasets: the dataset for employees and the dataset for freelancers. The data

contains the following information: the order ID, customer ID, restaurant ID,

rider ID, time information, pick-up distance, delivery distance etc. Till date,

there are about more than 200 freelancers and more than 400 employees regis-

tered on the platform.

For the analysis, we look at a period of about more than 2 weeks of data

in November 2022. We restrict our data to orders that have the value of less

than 180 dollars and pick-up distance of less than 0.5km, as the experiment is

restricted to these orders. This leave us with about more than 10,000 observa-

tions. Figure 3.1 shows the distribution of the number of orders across the day.

Figure 3.1: Distribution of the orders across the day during the experiment pe-
riod.
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3.4 Analysis

Table 3.1 provides an overall summary of key variables analyzed in our study,

offering valuable insights into the comparison between employees and free-

lancers in terms of order handling. We first use the data to confirm the ran-

domness with which the orders were assigned to either the employee or the

freelancer groups. The randomization checks (see the first three rows of Table

3.1) confirm that the assignment is random over several key user attributes: (1)

the order amount; (2) expected completion time; and (3)the restaurant duration.

Table 3.1: Overall summary statistics of the rider’s performance.

(1) (2)
Employee Freelancer t-test

mean sd mean sd p-value
Order amount ($) 78.71 34.75 77.93 33.73 0.25
Expected completion time (min) 50.41 9.25 50.67 10.70 0.16
Restaurant time (min) 13.94 8.99 13.73 10.07 0.24

Order time (min) 12.97 7.56 14.52 7.94 0.00
Pick-up time (min) 7.29 5.47 8.51 5.94 0.00
Delivery time (min) 5.22 4.60 5.46 5.10 0.01
Pick-up distance (km) 0.70 0.54 0.76 0.51 0.00
Delivery distance (km) 0.34 0.12 0.34 0.12 0.94
On-time 0.94 0.24 0.96 0.20 0.00
Propensity of order batching 0.51 0.50 0.34 0.48 0.00
Observations 9220 3761

From the data presented in Table 3.1, it is evident that employees outperform

freelancers in terms of order completion time. The average time taken by em-

ployees to complete an order is approximately 13 minutes, whereas freelancers

take around 14 minutes. There are several justifications for this discrepancy

based on the nature of the platform and the characteristics of the two groups.

Firstly, the platform, being centralized, has better control and awareness of
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its employees. This allows the platform to strategically assign an employee who

is already in close proximity to the pick-up location, resulting in faster order

handling. In contrast, freelancers who are geographically closer may not always

have the opportunity to snatch the optimal order when it becomes available to

the freelancer pool. This is evident by longer pick-up distance for the freelancers

(i.e., 0.77 km for the freelancers and 0.70 km for the employees) as shown in Ta-

ble 3.1. This lack of centralized control and coordination can contribute to the

slightly longer completion time for freelancers. Secondly, employees tend to

handle orders in batches, which significantly improves their efficiency in clear-

ing multiple orders simultaneously. By bundling orders together, employees

can optimize their route planning and minimize travel time between pick-up

and delivery locations. This batch processing approach enables employees to

spend less time overall on order handling compared to freelancers, who may

tend to handle orders individually and are not able to benefit from this opti-

mization strategy. Hence, the observed differences in order completion time

between employees and freelancers can be attributed to the platform’s central-

ized control and awareness, and employees’ ability to handle orders in batches.

These factors collectively contribute to the superior performance of employees

in terms of order handling speed.

Nevertheless, it is worth noting that the on-time performance of an em-

ployee is about 0.94 while the on-time performance of a freelancer is about 0.96.

The on-time performance is a binary variable, where 1 implies that the rider is

able to deliver the food before the customer’s expected completion time and 0

otherwise. Thus, the table shows that the freelancers are more capable of satis-

fying the customer’s expected completion time since they have a higher value of

on-time performance. A possible reason for this result is because the freelancers
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may have a strong sense of personal accountability due to them being self-

employed. This personal accountability serves as a driving force, compelling

them to uphold punctuality and fulfill food deliveries within the promised time

frame.

This heightened sense of accountability and responsibility for their own

work may result in freelancers adopting a different order prioritization rule

when managing their workload. For example, freelancers may prioritize orders

based on their urgency, ensuring that time-sensitive deliveries are completed

promptly. In contrast, employees may prioritize orders based on optimizing de-

livery routes, aiming for the shortest overall travel distance. This distinction in

prioritization strategies may explain the slightly longer delivery times and yet

greater on-time performance observed for the freelancers. They prioritize meet-

ing each order’s deadline and ensuring customer satisfaction, while employees

may not place as much emphasis on these factors and focus solely on complet-

ing their assigned tasks. It is important to note that while the preliminary anal-

ysis provides insights into the potential reasons for the freelancer’s punctuality,

further analysis is still on-going to establish a comprehensive understanding of

the underlying factors.

3.5 Remarks

In this preliminary study, our objective was to gain insights into the perfor-

mance of riders employed under different modes of employment on a food de-

livery platform. This analysis aimed to shed light on the worker composition

that is most suitable for the platform. Our findings revealed that employing
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workers as employees offers the advantage of centralized control, which con-

tributes to improved efficiency. On the other hand, freelancers exhibit a superior

service quality, particularly in terms of punctuality.

This study serves as a starting point for further research and analysis in this

area. Our findings not only contribute to the existing literature but also provide

valuable insights for policymakers and platform operators, enabling them to

make informed decisions regarding worker composition strategies. Moreover,

it offers a foundation for future research and discussions surrounding the op-

timization of employment models, with the ultimate goal of enhancing worker

well-being, platform performance, and overall industry sustainability.
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APPENDIX A

APPENDIX OF CHAPTER 1

A.1 Examples of Platform Dispute Policies

Figure A.1: The dispute procedure of a traditional online labor platform (Source:
PeoplePerHour).

Figure A.2: The dispute procedure of an emerging online labor platform
(Source: LibertyLance).
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Figure A.3: The payout of the tribunal of an emerging online labor platform
(Source: Ethearnal).

Figure A.4: The dispute procedure of a traditional online labor platform with
double-sided dispute fee (Source: Freelancer.com).

A.2 Proofs of Section 1.4 (Centralized Dispute System)

Proof of Lemma 1.1 For a given freelancer’s quality level q, the platform re-

ceives a signal of x = q + σϵ and compares it with its threshold k. Thus, the
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probability of the freelancer winning the dispute is h(q, k) = P(x ≥ k) = P(ϵ ≥

k−q
σ

) = q−k+σ
2σ .

It is easy to see that h(q, k) ≤ 1 if k−σ ≤ q ≤ k+σ. In this case, from Equation

(1.1), the platform’s utility if dispute occurs is

Π(k, f ) = h(q, k)γp + f − θ(k − y)2

=
q − k + σ

2σ
γp + f − θ(k − y)2,

where the last step follows from substituting h(q, k). Taking the first order con-

dition of the above equation with respect to k, we have

k∗ = y −
γp

4θσ
.

Hence, P(x ≥ k∗) = q−k∗+σ
2σ . Therefore, the probability of the freelancer winning

the dispute is

h∗(q) = h(q, k∗)

=



0 if q ≤ k∗ − σ,

q−y+σ
2σ +

γp
8θσ2 if k∗ − σ < q < k∗ + σ,

1 if q ≥ k∗ + σ,

which is increasing in q, and decreasing in θ and y. □

Proof of Proposition 1.1 Proposition 1.1 can be proven by backward induction

based on the decision tree in Figure 1.1.

At Stage 6, the platform makes a decision on the dispute, which will only

occur if the client has rejected the freelancer’s work and the freelancer has ini-

tiated the dispute. Based on Lemma 1.1, the freelancer wins the dispute with

probability h∗(q) and loses with probability 1 − h∗(q).

At Stage 5, the freelancer makes the decision on whether to initiate the dis-

pute, which will only occur if the client has rejected the freelancer’s work. Based
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on Equation (1.2), the freelancer’s utility is

U f (q) =


−αq2 + h∗(q)(1 − γ)p − f if dispute is initiated,

−αq2 if dispute is not initiated.

Therefore, the freelancer initiates the dispute if h∗(q)(1 − γ)p − f ≥ 0, and does

not initiate the dispute otherwise.

At Stage 4, the client decides whether to accept or reject the freelancer’s

work. Based on Equation (1.3), if the client accepts the freelancer’s work, her

utility is

Uc(p) = q − p.

If the client rejects the freelancer’s work, her utility is

Uc(p) =


q − h∗(q)p if h∗(q)(1 − γ)p − f ≥ 0,

q if h∗(q)(1 − γ)p − f < 0.

Therefore, if h∗(q)(1 − γ)p − f ≥ 0, the client accepts if h∗(q) = 1 and rejects if

h∗(q) < 1. If h∗(q)(1−γ)p− f < 0, the client always rejects since q ≥ q−h∗(q)p ≥ q−p.

The client’s utility is then given by

Uc(p) =



q − p if h∗(q) = 1 and h∗(q)(1 − γ)p − f ≥ 0,

q − h∗(q)p if h∗(q) < 1 and h∗(q)(1 − γ)p − f ≥ 0,

q if h∗(q)(1 − γ)p − f < 0.

At Stage 3, the freelancer decides whether to participate or not and chooses

his quality level if he participates. If h∗(q)(1 − γ)p − f < 0, the client always

rejects and the freelancer does not initiate the dispute. Thus, the freelancer does

not participate if h∗(q)(1 − γ)p − f < 0, which is equivalent to choosing q∗ = 0. If
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h∗(q)(1 − γ)p − f ≥ 0, the freelancer’s utility is

U f (q) =


−αq2 + (1 − γ)p if h∗(q) = 1,

−αq2 + h∗(q)(1 − γ)p − f if h∗(q) < 1.

Note that when h∗(q) = 0, the freelancer’s utility is negative. Thus, from Lemma

1.1, q ≤ k∗ − σ cannot be an equilibrium.

If h∗(q) = 1, we have q ≥ k∗ + σ = y + σ − γp
4σθ from Lemma 1.1. Since the

freelancer’s utility is decreasing in q, he chooses the lowest possible q such that

q∗ = y + σ −
γp

4σθ
. (A.1)

Therefore, the freelancer’s utility is U f ,1 = −α(y + σ − γp
4σθ )

2 + (1 − γ)p.

If h∗(q) < 1, we have h∗(q) = q−y+σ
2σ +

γp
8θσ2 from Lemma 1.1 and thus, the

freelancer’s utility is concave in q. The freelancer chooses q based on the first

order condition of his utility such that

q∗ =
(1 − γ)p

4σα
. (A.2)

Therefore, the freelancer’s utility is U f ,2 = −α( (1−γ)p
4σα )2 + h∗( (1−γ)p

4σα )(1 − γ)p − f .

Thus, the freelancer does not initiate the dispute if

U f ,1 − U f ,2

=
−α2(γp − 4σθ(σ + y))2 + 2αθ

(
8 fσ2θ − (1 − γ)p(γp − 4σθ(σ + y))

)
− (1 − γ)2 p2θ2

16ασ2θ2

≥0.

Note that the quality chosen in Equation (A.2) is equal to that in Equation (A.1)

(i.e., (1−γ)p
4σα = y + σ − γp

4σθ ) at α = (1−γ)pθ
4σθ(y+σ)−γp . If α ≤ (1−γ)pθ

4σθ(y+σ)−γp , the quality chosen

based on Equation (A.2) is greater than Equation (A.1). In this case, we have

U f ,1 ≥ U f ,2, since h∗(q) = 1 for q ≥ k∗ + σ = y + σ − γp
4σθ from Lemma 1.1 and the

quality cost under U f ,2 is higher. Thus, the dispute is not initiated. Moreover,
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notice that the numerator of U f ,1 − U f ,2 is quadratic downwards in terms of α

and hence, there exists two roots to U f ,1 − U f ,2 = 0. Since at α = (1−γ)pθ
4σθ(y+σ)−γp ,

U f ,1−U f ,2 ≥ 0. Thus, the other root must be greater than α = (1−γ)pθ
4σθ(y+σ)−γp . Therefore,

there exists a threshold αc ≥
(1−γ)pθ

4σθ(y+σ)−γp , such that U f ,1 − U f ,2 ≥ 0 if α ≤ αc. Hence,

if h∗(q)(1 − γ)p − f ≥ 0, the freelancer’s optimal quality level is

q∗ =


y + σ − γp

4θσ if α ≤ αc,

(1−γ)p
4σα if α > αc.

Moreover, the freelancer participates if U f ≥ 0 and does not participate if U f < 0.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint.

(a) If α ≤ αc and h∗(q∗)(1− γ)p− f ≥ 0, we have h∗(q∗) = 1 and q∗ = y+σ− γp
4θσ .

As dispute does not occur in this case, the client’s problem is

max
p≥0

q∗ − p,

s.t. − α(q∗)2 + (1 − γ)p ≥ 0.

Since the client’s utility is decreasing in p, p is chosen such that (1 − γ)p − f ≥ 0

and −α(q∗)2 + (1 − γ)p ≥ 0 for the freelancer to participate. Therefore, p∗ =

max(
α
(
y+σ− γp∗

4θσ

)2

1−γ , f
1−γ ).

(b) If α > αc and h∗(q∗)(1 − γ)p − f ≥ 0, we have h∗(q∗) < 1 and q∗ = (1−γ)p
4σα . As

dispute occurs in this case, the client’s problem is

max
p≥0

q∗ − h∗(q∗)p,

s.t. − α(q∗)2 + h∗(q∗)(1 − γ)p − f ≥ 0.

We first consider the case where the individual rationality constraint of the

freelancer is binding. Let p̄c be the price at which the individual rational-

ity constraint of the freelancer is binding, i.e., p̄c is the solution of U f (q∗) =
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−α(q∗)2 + h∗(q∗)(1 − γ) p̄c − f = 0. Using the Envelope Theorem, ∂U f

∂p̄c
= h∗(q∗)(1 −

γ) + γ

8θσ2 (1 − γ) p̄c > 0 and ∂U f

∂ f = −1 < 0. As such, using the Implicit Function

Theorem,

∂p̄c

∂ f
= −

∂U f

∂ f
∂U f

∂p̄c

> 0. (A.3)

We next define p̂c as the solution to the unconstrained client’s problem. Tak-

ing the derivative of the client’s utility, we have

∂Uc

∂p
=
∂q∗

∂p
−

[(
∂h∗(q∗)
∂q∗

∂q∗

∂p
+
∂h∗(q∗)
∂p

)
p + h∗(q∗)

]
=

1 − γ
4σα

−

[(
1 − γ
8σ2α

+
γ

8θσ2

)
p + h∗(q∗)

]
,

where the last step follows from differentiating Equation (A.2) and differentiat-

ing h∗(q∗). Therefore, ∂Uc
∂p

∣∣∣∣
p=0
=

1−γ
4σα −h∗(q∗) is positive as h∗(q∗) ≤ q∗

p =
1−γ
4σα from the

individual rationality constraint of the client (i.e., Uc ≥ 0) and Equation (A.2).

Thus, we must have p̂c ≥ 0 if the client participates.

Since p̄c is increasing in f from Equation (A.3) and p̂c is constant in f , there

exists a threshold f
c

such that p̂c = p̄c and

p∗ =


p̂c if f ≤ f

c
,

p̄c if f > f
c
.

At f = f
c
, rearranging the binding individual rationality constraint of the

freelancer, we obtain p̄c =
f

c
+α(q∗)2

h∗(q∗)(1−γ) , which is increasing in f
c
. Therefore,

the client’s utility is Uc = q∗ −
f

c
+α(q∗)2

(1−γ) , which is non-negative if and only if

f
c
≤ (1 − γ)(q∗) − α(q∗)2. Therefore, if f

c
≤ (1 − γ)(q∗) − α(q∗)2, the client’s of-

fer price is

p∗ =


p̂c if f ≤ f

c
,

f+α(q∗)2

h∗(q∗)(1−γ) if f > f
c
.

(A.4)

121



Moreover, the client participates if q∗ − h∗(q∗)p∗ ≥ 0, and does not participate

if q∗ − h∗(q∗)p∗ < 0. In both cases, the individual rationality constraint of the

freelancer depends on the dispute fee f .

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αc, dispute does not occur.

The freelancer chooses quality q∗ = y + σ − γp∗

4θσ and the client offers price

p∗ = max(α(y+σ− γp∗
4θσ )2

1−γ , f
1−γ ). Thus, the platform will achieve a utility of Π( f ) =

γp∗ = γmax(α(y+σ− γp∗
4θσ )2

1−γ , f
1−γ ). Based on Equation (1.4), the platform’s optimization

problem is as follows:

max
f≥0

γmax

α(y + σ − γp∗

4θσ )2

1 − γ
,

f
1 − γ

 ,
s.t. (y + σ −

γp∗

4θσ
) −max

α(y + σ − γp∗

4θσ )2

1 − γ
,

f
1 − γ

 ≥ 0, (A.5)

− α(y + σ −
γp∗

4θσ
)2 + (1 − γ) max

α(y + σ − γp∗

4θσ )2

1 − γ
,

f
1 − γ

 ≥ 0, (A.6)

where Equation (A.5) is the individual rationality constraint of the client, and

Equation (A.6) is the individual rationality constraint of the freelancer.

Notice from the above problem formulation that the case of f
1−γ ≤

α(y+σ− γp∗
4θσ )2

1−γ is

equivalent to f
1−γ =

α(y+σ− γp∗
4θσ )2

1−γ . We thus focus on f
1−γ ≥

α(y+σ− γp∗
4θσ )2

1−γ , or equivalently,

f ≥ α(y+σ− γp∗

4θσ )2. In this case, the platform’s utility reduces toΠ = γ f
1−γ , Equation

(A.5) reduces to f ≤ (1 − γ)(y + σ − γp∗

4θσ ), and Equation (A.6) reduces to f ≥

α(y + σ − γp∗

4θσ )2. Thus, if α(y + σ − γp∗

4θσ )2 > (1 − γ)(y + σ − γp∗

4θσ ), or equivalently,

y + σ − γp∗

4θσ >
1−γ
α

, the problem is infeasible. If y + σ − γp∗

4θσ ≤
1−γ
α

, since Π is

increasing in f , we have

f ∗ = (1 − γ)
(
y + σ −

γp∗

4θσ

)
, (A.7)

which also satisfies f ∗ ≥ α(y + σ − γp∗

4θσ )2. Since p∗ = f
1−γ , from Equation (A.7) we
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have p∗ = (y + σ − γp∗

4θσ ) = q∗. Therefore, p∗ is given by

p∗ =
4σθ(y + σ)
γ + 4σθ

,

and q∗ is given by

q∗ =
4σθ(y + σ)
γ + 4σθ

.

Hence, the platform’s equilibrium utility is Π∗ = γp∗ = 4γσθ(y+σ)
γ+4σθ .

Finally, we derive the threshold αc. Recall that the freelancer does not initiate

the dispute if U f ,1−U f ,2 ≥ 0. As p∗ = f ∗

1−γ , if the freelancer initiates the dispute (i.e.,

choosing q < 4σθ(y+σ)
γ+4σθ ), the freelancer’s utility is U f ,2 = −αq2 + h∗(q)(1− γ)p∗ − f ∗ =

−αq2− (1−h∗(q)) f ∗ ≤ 0. Therefore, the condition U f ,1−U f ,2 ≥ 0 is always satisfied

by the freelancer’s individual rationality constraint (i.e., Equation (A.6)). Thus,

the condition can be re-expressed as α ≤ αc =
1−γ
q∗ =

(1−γ)(γ+4σθ)
4σθ(y+σ) .

(b) Recall from previous analyses that if α > αc, dispute occurs. The free-

lancer chooses quality q∗ = (1−γ)p∗

4σα and the client offers price p∗ based on Equa-

tion (A.4). Based on Equation (1.4), the platform’s optimization problem is as

follows:

max
f≥0

h∗(q∗)γp∗ + f − θ(k∗ − y)2,

s.t. q∗ − h∗(q∗)p∗ ≥ 0, (A.8)

− α(q∗)2 + h∗(q∗)(1 − γ)p∗ − f ≥ 0, (A.9)

where Equation (A.8) is the individual rationality constraint of the client, and

Equation (A.9) is the individual rationality constraint of the freelancer. From

Lemma 1.1, k∗ = y − γp∗

4θσ . Thus, Π can be equivalently expressed as Π( f ) =

h∗(q∗)γp∗ + f − γ
2(p∗)2

16θσ2 .

Recall from Stage 2(b) that if f
c
≤ (1 − γ)(q∗) − α(q∗)2, Uc ≥ 0. Since ∂Uc

∂ f

∣∣∣
p= p̄c
=

∂Uc
∂p

∣∣∣
p= p̄c

∂p̄c
∂ f < 0, Uc is decreasing in f . Thus, there exists a threshold f̄c, where
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f̄c > f
c
, such that Uc ≥ 0 if and only if f ≤ f̄c. Moreover, we have shown

previously that Uc = 0 if f = (1 − γ)(q∗) − α(q∗)2, and thus, f̄c = (1 − γ)q∗ − α(q∗)2.

Therefore, there are three possible cases of f , which are defined as follows:

Case b.1: f ≤ f
c
< f̄c ⇒ U f ≥ 0 and Uc ≥ 0,

Case b.2: f
c
< f ≤ f̄c ⇒ U f = 0 and Uc ≥ 0,

Case b.3: f > f̄c ⇒ No contracting occurs.

Under Case b.1, since f ≤ f
c
, p∗ = p̂c and q∗ are both constant in f . This

implies that the platform’s utility Π is increasing in f . As such, f ∗ = f
c
, under

which U f = 0 and Uc > 0. Under Case b.2, since f > f
c

and f ≤ f̄c, p∗ = p̄c and q∗

both depend on f . The derivative of h∗(q∗) with respect to f is given by

∂h∗(q∗)
∂ f

=
∂h∗(q∗)
∂q∗

∂q∗

∂ f
+
∂h∗(q∗)
∂ p̄c

∂p̄c

∂ f

=

[
∂h∗(q∗)
∂q∗

∂q∗

∂p̄c
+
∂h∗(q∗)
∂p̄c

]
∂ p̄c

∂ f

=

(
1 − γ
8σ2α

+
γ

8θσ2

)
∂ p̄c

∂ f
, (A.10)

where the second step follows from applying the chain rule to ∂q∗

∂ f , and the last

step follows from differentiating Equation (A.2) and differentiating h∗(q∗). The

derivative of Πwith respect to f is given by

∂Π

∂ f
= γ

[
∂h∗(q∗)
∂ f

p̄c + h∗(q∗)
∂p̄c

∂ f

]
+ 1 −

γ2 p̄c

8θσ2

∂p̄c

∂ f

= γ

[(
1 − γ
8σ2α

+
γ

8θσ2

)
∂p̄c

∂ f
p̄c + h∗(q∗)

∂ p̄c

∂ f

]
+ 1 −

γ2 p̄c

8θσ2

∂ p̄c

∂ f

= γ

[
(1 − γ)p̄c

8σ2α
+ h∗(q∗)

]
∂ p̄c

∂ f
+ 1

> 0,

where the second step follows from substituting ∂h
∗(q∗)
∂ f with Equation (A.10), and

the last step follows from ∂ p̄c
∂ f > 0 based on Equation (A.3). Since Π is increasing
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in f throughout Case b.1 and Case b.2, the optimal dispute fee is f ∗ = f̄c, under

which U∗f = U∗c = 0. Consequently, the optimal dispute fee is

f ∗ = (1 − γ)q∗ − α(q∗)2, (A.11)

and from the binding individual rationality constraint of the client in Equation

(A.8), we obtain the client’s equilibrium the offer price is p∗ = q∗

h∗(q∗) . From Equa-

tion (A.2), we obtain q∗ = (1−γ)p∗

4ασ . Substituting q∗ into Equation (A.8), we have

q∗ − h∗(q∗)p∗ = 0

⇔ q∗ −
(
q∗ − y + σ

2σ
+
γp∗

8θσ2

)
p∗ = 0

⇔
(1 − γ)p∗

4ασ
−

 (1−γ)p∗

4ασ − y + σ
2σ

+
γp∗

8θσ2

 p∗ = 0

⇔ p∗ =
2σθ(2α(y − σ) + (1 − γ))

γα + (1 − γ)θ
,

where the first step follows from h∗(q∗) = q∗−y+σ
2σ +

γp∗

8θσ2 and the second step follows

from q∗ = (1−γ)p∗

4ασ . Therefore, from Equation (A.2), we have

q∗ =
(1 − γ)θ(2α(y − σ) + (1 − γ))

2α (γα + (1 − γ)θ)
,

and from Equation (A.11), we have

f ∗ =
(1 − γ)2θ(2α(y − σ) + (1 − γ))(2α(γ − θ(y − σ)) + (1 − γ)θ)

4α(γα + (1 − γ)θ)2 . (A.12)

Therefore, the platform’s utility is

Π∗ =h∗(q∗)γp∗ + f ∗ −
γ2(p∗)2

16θσ2

=
q∗ − y + σ

2σ
γp∗ + f ∗ +

γ2(p∗)2

16θσ2

=
1

4α(γα + (1 − γ)θ)2

[
θ(2α(y − σ) + (1 − γ))

(
− 2γ2α2(y − σ)

+ (1 − γ)α((2 − γ)γ − 2γσθ − 2(1 − γ)θy + 2σθ) + (1 + γ)(1 − γ)2θ
)]
,
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where the second step follows from h∗(q∗) = q∗−y+σ
2σ +

γp∗

8θσ2 .

Finally, since f ∗ = q∗((1 − γ) − αq∗) ≥ 0 for contracting to occur, if σ > y,

f ∗ = 0 at α = 1−γ
2(σ−y) . If σ ≤ y − γ

θ
, from Equation (A.12), f ∗ = 0 at α = (1−γ)θ

2(θ(y−σ)−γ) .

If y − γ
θ
< σ ≤ y, f ∗ ≥ 0 for all α. Therefore, if dispute occurs, there exists a

threshold, α̂c, such that f ∗ ≥ 0 if and only if α ≤ α̂c, where α̂c is given by

α̂c =



(1−γ)θ
2(θ(y−σ)−γ) if σ ≤ y − γ

θ
,

∞ if y − γ
θ
< σ ≤ y,

1−γ
2(σ−y) if σ > y.

If α > α̂c, since the dispute fee has to be non-negative, setting f ∗ = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱc = max(αc, α̂c). Contracting occurs in equilibrium if and only if α ≤ ᾱc.

Thus, given that contracting occurs, dispute occurs in equilibrium if and only if

αc < α ≤ ᾱc. □

A.3 Proofs of Section 1.5 (Decentralized Dispute System)

Proof of Lemma 1.2 We prove that the switching strategy around y (i.e., voter

i votes for the freelancer if xi ≥ y and votes for the client if xi < y) is a Bayesian

Nash equilibrium in the voting game. To that end, we suppose all voters but

voter i follow a switching strategy around y and show that voter i’s best re-

sponse is to follow the same switching strategy (i.e., k∗i = y). Assume that voter

i follows a switching strategy ki and all the rest of the voters follow a switching
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strategy around y. The proportion of voters that vote for the freelancer is

l =



0 if q < y − σ,

q−y+σ
2σ if y − σ ≤ q ≤ y + σ,

1 if q > y + σ.

(A.13)

Since the prior is uniform, if voter i receives a signal xi, he knows that the true

value of q lies between xi − σ and xi + σ, and other voters’ signals lie between

xi − 2σ and xi + 2σ. Moreover, since the noise follows the uniform distribution,

the updated probability density distribution that voter i has on q is a uniform

distribution with density 1
2σ . Thus, we consider the expected utility from fol-

lowing the switching strategy around ki under various possible values of xi’s

by taking the expectation of voter i’s utility given in Equation (1.5) over all the

possible values of the proportion of voters that vote for the freelancer, based on

his belief on the distribution of the true quality q. Let Ui(xi, ki) = El[ui(xi, ki, l)].

We first examine the cases where xi < y. If xi < y − 2σ, since the true value of

q is at most y−σ, we have l = 0 from Equation (A.13). Thus, the voter’s expected

utility is

Ui(xi, ki) = 1xi<ki

∫ xi+σ

xi−σ

t
1 − l

1
2σ

dq − t − ξ(ki − y)2

= 1xi<kit − t − ξ(ki − y)2, (A.14)

where the last step follows from l = 0. In this case, as voter i can only win if he

votes for the client (i.e., xi < ki), voter i always chooses to follow the switching

strategy around y to maximize his expected utility in Equation (A.14).

If y − 2σ ≤ xi < y − σ, since the true value of q is at most y, we have l < 0.5
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from Equation (A.13). Thus, the voter’s expected utility is

Ui(xi, ki) = 1xi<ki

∫ xi+σ

xi−σ

t
1 − l

1
2σ

dq − t − ξ(ki − y)2

= 1xi<ki

(∫ y−σ

min(y−2σ,xi−σ)

t
2σ

dq +
∫ xi+σ

y−σ

t
1 − l

1
2σ

dq
)
− t − ξ(ki − y)2

= 1xi<ki

(∫ y−σ

min(y−2σ,xi−σ)

t
2σ

dq +
∫ xi+σ

y−σ

t
y + σ − q

dq
)
− t − ξ(ki − y)2

= 1xi<kit
(y − xi

2σ
+ ln(2σ) − ln(y − xi)

)
− t − ξ(ki − y)2, (A.15)

where the second step follows from l = 0 if q < y − σ, and the third step follows

from substituting in Equation (A.13). In this case, voter i can only win if he votes

for the client (i.e., xi < ki). Thus, voter i chooses to follow the switching strategy

around y to maximize his expected utility in Equation (A.15).

If y − σ ≤ xi < y, since the true value of q can be larger than y, we have

0 ≤ l ≤ 1 from Equation (A.13). Thus, the voter’s expected utility is

Ui(xi, ki) =1xi≥ki

(∫ xi+σ

y

t
l

1
2σ

dq
)
+ 1xi<ki

(∫ y

xi−σ

t
1 − l

1
2σ

dq
)
− t − ξ(ki − y)2

=1xi≥ki

(∫ xi+σ

y

t
l

1
2σ

dq
)
+ 1xi<ki

(∫ y−σ

xi−σ

t
2σ

dq +
∫ y

y−σ

t
1 − l

1
2σ

dq
)
− t − ξ(ki − y)2

=1xi≥ki

(∫ xi+σ

y

t
q − y + σ

dq
)
+ 1xi<ki

(∫ y−σ

xi−σ

t
2σ

dq +
∫ y

y−σ

t
y + σ − q

dq
)

− t − ξ(ki − y)2

=1xi≥kit (ln(xi − y + 2σ) − ln(σ)) + 1xi<kit
(y − xi

σ
+ ln(2)

)
− t − ξ(ki − y)2

=


t (ln(xi − y + 2σ) − ln(σ)) − t − ξ(ki − y)2 if xi ≥ ki,

t
(

y−xi
σ
+ ln(2)

)
− t − ξ(ki − y)2 if xi < ki,

(A.16)

where the second step follows from l = 0 if q < y−σ, the third step follows from

substituting in Equation (A.13), and the last step follows from re-arranging the

terms. In this case, if voter i chooses ki < y, the gain of following the switching
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strategy around ki over y if xi ≥ ki is

Ui(xi, ki) − Ui(xi, y)

=t (ln(xi − y + 2σ) − ln(σ)) − ξ(k − y)2 − t
(y − xi

σ
+ ln(2)

)
≤t (ln(2σ) − ln(σ)) − ξ(k − y)2 − t ln(2)

= − ξ(k − y)2

<0,

where the second step follows from substituting in xi = y. Moreover, the gain of

following the switching strategy around k over y if xi < k is

Ui(xi, ki) − Ui(xi, y)

=t
(y − xi

σ
+ ln(2)

)
− ξ(ki − y)2 − t

(y − xi

σ
+ ln(2)

)
= − ξ(ki − y)2

<0.

Thus, the voter does not choose ki < y. Likewise, if the voter chooses ki ≥ y,

he will incur a disutility from ξ(ki − y)2 even though he votes with the major-

ity. Thus, the voter always chooses to follow the switching strategy around y to

maximize his expected utility in Equation (A.15). Following a similar approach,

we can show that if xi ≥ y, voter i always chooses to follow the switching strat-

egy around y in order to maximize his utility.

We next derive the equilibrium probability of the freelancer winning the dis-

pute given that he chooses quality level q, h+(q). Since h+(q) is given by the

proportion of voters that vote for the freelancer, we have

h+(q) =



0 if q < y − σ,

q−y+σ
2σ if y − σ ≤ q ≤ y + σ,

1 if q > y + σ.
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□

Proof of Proposition 1.2 We now prove that the switching strategy around y is

the unique threshold equilibrium if σ >
√

t( 1
2+ln(2))
ξ

. To prove this, we show that

if σ >
√

t( 1
2+ln(2))
ξ

, for all x′i s, a voter will choose a switching strategy around y

regardless of other voters even if they coordinate on a different threshold than

y. Suppose all other voters follow a switching strategy around k, where k , y.

The proportion of voters that vote for the freelancer is

l =



0 if q < k − σ,

q−k+σ
2σ if k − σ ≤ q ≤ k + σ,

1 if q > k + σ.

(A.17)

(i) If xi < k− 2σ, since the true q is at most k−σ, we have l = 0 from Equation

(A.17). For an arbitrary voter i, if he chooses ki = k, his expected utility is given

by

Ui(xi, k) = 1xi<k

∫ xi+σ

xi−σ

t
1 − l

1
2σ

dq − t − ξ(k − y)2

= 1xi<kt − t − ξ(k − y)2

= −ξ(k − y)2

where the second step follows from l = 0 and the last step follows from xi <

k − 2σ < k. If he chooses ki = y, his expected utility is given by

Ui(xi, y) = 1xi<y

∫ xi+σ

xi−σ

t
1 − l

1
2σ

dq − t

= 1xi<yt − t.

There are two cases to examine: (a) xi < y and (b) xi ≥ y. (a) If xi < y, it is easy to

see that ui(xi, y, l) > ui(xi, k, l) and voter i chooses ki = y. (b) If xi ≥ y, the gain of
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following the switching strategy y is given by

Ui(xi, y) − Ui(xi, k) = −t + ξ(k − y)2

≥ −t + ξ(2σ)2

≥ 0,

where the second step follows from y ≤ xi < k − 2σ, and the last step follows

from σ >
√

t( 1
2+ln(2))
ξ
>

√
t

4ξ . Thus, ui(xi, y, l) > ui(xi, k, l) and voter i chooses ki = y.

Hence, for xi < k − 2σ, the voters follow a switching strategy around y.

(ii) If k − 2σ ≤ xi < k − σ, since the true q is at most k, we have l < 0.5 from

Equation (A.17). For an arbitrary voter i, if he chooses ki = k, his expected utility

is given by

Ui(xi, k) = 1xi<k

∫ xi+σ

xi−σ

t
1 − l

1
2σ

dq − t − ξ(k − y)2

= 1xi<k

(∫ k−σ

min(k−2σ,xi−σ)

t
2σ

dq +
∫ xi+σ

k−σ

t
1 − l

1
2σ

dq
)
− t − ξ(k − y)2

= 1xi<k

(∫ k−σ

min(k−2σ,xi−σ)

t
2σ

dq +
∫ xi+σ

k−σ

t
k + σ − q

dq
)
− t − ξ(k − y)2

= 1xi<kt
(
k − xi

2σ
+ ln(2σ) − ln(k − xi)

)
− t − ξ(k − y)2,

= t
(
k − xi

2σ
+ ln(2σ) − ln(k − xi)

)
− t − ξ(k − y)2,

where the second step follows from l = 0 if q < k−σ, the third step follows from

substituting in Equation (A.17), and the last step follows from xi < k − σ < k. If

he chooses ki = y, his expected utility is given by

Ui(xi, y) = 1xi<y

∫ xi+σ

xi−σ

t
1 − l

1
2σ

dq − t

= 1xi<y

(∫ k−σ

min(k−2σ,xi−σ)

t
2σ

dq +
∫ xi+σ

k−σ

t
1 − l

1
2σ

dq
)
− t

= 1xi<y

(∫ k−σ

min(k−2σ,xi−σ)

t
2σ

dq +
∫ xi+σ

k−σ

t
k + σ − q

dq
)
− t

= 1xi<yt
(
k − xi

2σ
+ ln(2σ) − ln(k − xi)

)
− t,
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where the second step follows from l = 0 if q < k−σ, the third step follows from

substituting in Equation (A.17), and the last step follows from xi < k − σ < k.

There are two cases to examine: (a) xi < y and (b) xi ≥ y. (a) If xi < y, it is easy

to see that Ui(xi, y) > Ui(xi, k) and voter i chooses ki = y. (b) If xi ≥ y, the gain of

following the switching strategy y is given by

Ui(xi, y) − Ui(xi, k) = −t − t
(
k − xi

2σ
+ ln(2σ) − ln(k − xi)

)
+ t + ξ(k − y)2

≥ −t
(
1
2
+ ln(2)

)
+ ξ(k − y)2

> −t
(
1
2
+ ln(2)

)
+ ξσ2

> 0,

where the second step follows from the expression k−xi
2σ + ln(2σ)− ln(k − xi) being

the largest at xi = k−σ since ∂
∂xi

(
k−xi
2σ + ln(2σ) − ln(k − xi)

)
= − 1

2σ+
1

k−xi
≥ 0, the third

step follows from y ≤ xi < k − σ, and the last step follows from σ >
√

t( 1
2+ln(2))
ξ

.

Thus, Ui(xi, y) > Ui(xi, k) and voter i chooses ki = y. Hence, for k− 2σ ≤ xi < k−σ,

the voters follow a switching strategy around y.

(iii) If k − σ ≤ xi < k, for an arbitrary voter i, if he chooses ki = k, his utility is

given by

Ui(xi, k, l) =1xi<k

(∫ k

xi−σ

t
1 − l

1
2σ

dq
)
− t − ξ(k − y)2

=1xi<k

(∫ k−σ

xi−σ

t
2σ

dq +
∫ k

k−σ

t
1 − l

1
2σ

dq
)
− t − ξ(k − y)2

=1xi<k

(∫ k−σ

xi−σ

t
2σ

dq +
∫ k

k−σ

t
k + σ − q

dq
)
− t − ξ(k − y)2

=1xi<kt
(
k − xi

σ
+ ln(2)

)
− t − ξ(k − y)2

=t
(
k − xi

σ
+ ln(2)

)
− t − ξ(k − y)2, (A.18)

where the second step follows from l = 0 if q < k − σ, the third step follows

from substituting in Equation (A.17), and the last step follows from xi < k. If he
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chooses ki = y, his utility is given by

Ui(xi, y) =1xi≥y

(∫ xi+σ

k

t
l

1
2σ

dq
)
+ 1xi<y

(∫ k

xi−σ

t
1 − l

1
2σ

dq
)
− t

=1xi≥y

(∫ xi+σ

k

t
l

1
2σ

dq
)
+ 1xi<y

(∫ k−σ

xi−σ

t
2σ

dq +
∫ k

k−σ

t
1 − l

1
2σ

dq
)
− t

=1xi≥y

(∫ xi+σ

k

t
q − k + σ

dq
)
+ 1xi<y

(∫ k−σ

xi−σ

t
2σ

dq +
∫ k

k−σ

t
k + σ − q

dq
)

=1xi≥yt (ln(xi − k + 2σ) − ln(σ)) + 1xi<yt
(
k − xi

σ
+ ln(2)

)
− t

=


t (ln(xi − k + 2σ) − ln(σ)) − t if xi ≥ y,

t
(

k−xi
σ
+ ln(2)

)
− t if xi < y,

(A.19)

where the second step follows from l = 0 if q < k−σ, the third step follows from

substituting in Equation (A.17), and the last step follows from re-arranging the

terms. There are three cases to examine: (a) xi < y (b) xi ≥ y and y < k − σ, and

(c) xi ≥ y and y ≥ k − σ.

(a) If xi < y, it is easy to see that Ui(xi, y) − Ui(xi, k) = ξ(k − y)2 > 0 and voter i

always chooses ki = y.

(b) If xi ≥ y and y < k − σ, the gain of following the switching strategy y is

given by

Ui(xi, y) − Ui(xi, k) = t (ln(xi − k + 2σ) − ln(σ)) − t − t
(
k − xi

σ
+ ln(2)

)
+ t + ξ(k − y)2

= −t
(
k − xi

2σ
+ ln(2σ) − ln(xi − k + 2σ)

)
+ ξ(k − y)2

≥ −t
(
1
2
+ ln(2)

)
+ ξ(k − y)2

> −t
(
1
2
+ ln(2)

)
+ ξσ2

> 0,

where the third step follows from the expression k−xi
2σ + ln(2σ) − ln(xi − k + 2σ)

being the largest at xi = k − σ since ∂
∂xi

(
k−xi
2σ + ln(2σ) − ln(xi − k + 2σ)

)
= − 1

2σ −
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1
xi−k+2σ < 0, the fourth step follows from y < k − σ, and the last step follows from

σ >

√
t( 1

2+ln(2))
ξ

. Thus, Ui(xi, y) > Ui(xi, k) and voter i chooses ki = y if y < k − σ.

(c) If xi ≥ y and y ≥ k − σ, note that k > y since y ≤ xi < k. We show that

voter i will always believe that other voters will choose the switching strategy

around y, hence he will also choose the switching strategy y and vote for the

freelancer. To this end, we prove by induction that a voter will always choose

the switching strategy around y if he receives a signal xi = k(n), where k(n) = k−n∆

for any arbitrarily small ∆ > 0. Essentially, k(n) is defined inductively to be the

threshold such that at the nth round, a voter will vote for the freelancer if he

receives a signal xi ≥ k(n). Let ℓ(k(n)) be the proportion of voters that vote for

the freelancer at the start of nth round, and is given by Equation (A.17) with k

being replaced by k(n). We first prove that the statement is true for n = 0. In the

first iteration, when n = 0, k(0) = k and the proportion of voters that vote for the

freelancer is given by ℓ(k(0)). In this case, for any voter i that receives a signal

xi = k(0), his gain of following the switching strategy y is given by

Ui(k(0), y) − Ui(k(0), k)

=t
(
ln(k(0) − k(0) + 2σ) − ln(σ)

)
− t − t

(
k(0) − k(0)

2σ
+ ln(2)

)
+ t + ξ(k − y)2

=t ln(2) − t ln(2) + ξ(k − y)2,

=ξ(k − y)2

>0,

where the first step follows from Ui(k(0), y) as given by Equation (A.19) and

Ui(k(0), k) as given by Equation (A.18) with xi = k(0) from the current iteration

and l = ℓ(k(0)) from the initial iteration, and the last step follows from k > y.

Thus, the voters will choose to vote for the freelancer by following the switch-

ing strategy y if they receive a signal xi = k(0) = k. Hence, only voters that receive
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a signal xi ≤ k(1) = k − ∆ do not follow the switching strategy y and will vote for

the client. The proportion of voters that vote for the freelancer increases from

ℓ(k(0)) to ℓ(k(1)). Suppose in the nth iteration, it is true that a voter will always

choose the switching strategy around y if he receives a signal xi = k(n) = k − n∆.

Hence, only voters that receive a signal xi ≤ k(n+1) = k − (n + 1)∆ do not follow

the switching strategy y and will vote for the client. Consequently, the propor-

tion of voters that vote for the freelancer is given by ℓ(k(n+1)). We show that it is

also true that a voter will always choose the switching strategy around y if he

receives a signal xi = k(n+1) = k − (n + 1)∆. For any voter i who receives a signal

xi = k(n+1) = k− (n+1)∆, his gain of following the switching strategy y is given by

Ui(k(n+1), y) − Ui(k(n+1), k)

=t
(
ln(k(n+1) − k(n+1) + 2σ) − ln(σ)

)
− t − t

(
k(n+1) − k(n+1)

2σ
+ ln(2)

)
+ t + ξ(k − y)2

=t ln(2) − t ln(2) + ξ(k − y)2,

=ξ(k − y)2

>0,

where the first step follows from Ui(k(n+1), y) as given by Equation (A.19) and

Ui(k(n+1), k) as given by Equation (A.18) with xi = k(n+1) from the current iteration

and l = ℓ(k(n+1)) from the previous iteration, and the last step follows from k > y.

Thus, the voters will choose the switching strategy y and vote for the freelancer

if they receive a signal xi = k(n+1). Hence, only voters that receive a signal xi ≤

k(n+2) = k − (n + 2)∆ do not follow the switching strategy y and will vote for

the client. The proportion of voters that vote for the freelancer increases from

ℓ(k(n+1)) to ℓ(k(n+2)). Therefore, as n → ∞, k(n) → y and all the voters follow the

switching strategy around y.

Following a similar approach, we can show that the voters follow the switch-
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ing strategy around y for xi ≥ k. Thus, if σ >
√

t( 1
2+ln(2))
ξ

, the switching strategy

around y is the unique threshold equilibrium. □

Proof of Proposition 1.3 Proposition 1.3 can be proven by backward induction

based on the decision tree in Figure 1.1.

The analysis for Stages 2 to 6 to obtain q+ and p+ follows from the proof

of Proposition 1.1 with h∗(q) being replaced by h+(q) since the utilities of the

freelancer and the client are similar. Thus, there exists a threshold αd such that

dispute does not occur if α ≤ αd and dispute occurs if α > αd. q+ is then given by

q+ =


y + σ if α ≤ αd,

(1−γ)p
4σα if α > αd,

(A.20)

and p+ = max(α(y+σ)2

1−γ ,
f

1−γ ) if α ≤ αd, and

p+ =


p̂d if f ≤ f

d
,

f
d
+α(q+)2

h+(q+)(1−γ) if f > f
d
,

(A.21)

where p̂d is the solution to the unconstrained client’s problem, and f
d

is the

threshold such that p̂d =
f

d
+α(q+)2

h+(q+)(1−γ) .

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αd, dispute does not oc-

cur. The freelancer chooses quality q+ = y + σ and the client offers price

p+ = max(α(y+σ)2

1−γ ,
f

1−γ ). Thus, the platform will achieve a utility of Π( f ) = γp+ =

γmax(α(y+σ)2

1−γ ,
f

1−γ ). Based on Equation (1.6), the platform’s optimization problem
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is as follows:

max
f≥0

γmax
(
α(y + σ)2

1 − γ
,

f
1 − γ

)
,

s.t. (y + σ) −max
(
α(y + σ)2

1 − γ
,

f
1 − γ

)
≥ 0, (A.22)

− α (y + σ)2 + (1 − γ) max
(
α(y + σ)2

1 − γ
,

f
1 − γ

)
≥ 0, (A.23)

where Equation (A.22) is the individual rationality constraint of the client, and

Equation (A.23) is the individual rationality constraint of the freelancer.

Notice from the above problem formulation that the case of f
1−γ ≤

α(y+σ)2

1−γ

is equivalent to f
1−γ =

α(y+σ)2

1−γ . We thus focus on f
1−γ ≥

α(y+σ)2

1−γ , or equivalently,

f ≥ α(y + σ)2. In this case, the platform’s utility reduces to Π = γ f
1−γ , Equation

(A.22) reduces to f ≤ (1− γ)(y+σ), and Equation (A.23) reduces to f ≥ α(y+σ)2.

Thus, if α(y + σ)2 > (1 − γ)(y + σ), or equivalently, y + σ > 1−γ
α

, the problem is

infeasible. If y + σ ≤ 1−γ
α

, since Π is increasing in f , we have

f + = (1 − γ)(y + σ), (A.24)

which also satisfies f + ≥ α(y + σ)2. Since p+ = f
1−γ , from Equation (A.24) we

have p+ = y + σ = q+. Hence, the platform’s equilibrium utility is Π+ = γ(y + σ).

Consequently, following the proof of Proposition 1.1, αd =
1−γ
y+σ .

(b) Recall from previous analyses that if α > αd, dispute occurs. The free-

lancer chooses quality q+ = (1−γ)p+

4σα and the client offers price p+ based on Equa-

tion (A.21). Based on Equation (1.6), the platform’s optimization problem is as

follows:

max
f≥0

h+(q+)γp+ + f ,

s.t. q+ − h+(q+)p+ ≥ 0, (A.25)

− α(q+)2 + h+(q+)(1 − γ)p+ − f ≥ 0, (A.26)
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where Equation (A.25) is the individual rationality constraint of the client and

Equation (A.26) is the individual rationality constraint of the freelancer.

We next optimize the platform’s decision on f . Recall from Stage 2(b) that if

f
d
≤ (1−γ)(q+)−α(q+)2, Uc ≥ 0. Since ∂Uc

∂ f

∣∣∣
p= p̄d
= ∂Uc
∂p

∣∣∣
p= p̄d

∂p̄d
∂ f < 0, Uc is decreasing in

f . Thus, there exists a threshold f̄d, where f̄d > f
d
, such that Uc ≥ 0 if and only if

f ≤ f̄d. Moreover, we have shown previously that Uc = 0 if f = (1−γ)(q+)−α(q+)2,

and thus, f̄d = (1 − γ)q+ − α(q+)2. Therefore, there are three possible cases of f ,

which are defined as follows:

Case b.1: f ≤ f
d
< f̄d ⇒ U f ≥ 0 and Uc ≥ 0,

Case b.2: f
d
< f ≤ f̄d ⇒ U f = 0 and Uc ≥ 0,

Case b.3: f > f̄d ⇒ No contracting occurs.

Under Case b.1, since f ≤ f
d
, p+ = p̂d and q+ are both constant in f . This

implies that the platform’s utility Π is increasing in f . As such, f + = f
d
, under

which U f = 0 and Uc > 0. Under Case b.2, since f > f
d

and f ≤ f̄d, p+ = p̄d and

q+ both depend on f . Thus, the derivative of Πwith respect to f is given by

∂Π

∂ f
= γ

[
∂h+(q+)
∂ f

p̄d + h+(q+)
∂p̄d

∂ f

]
+ 1

= γ

[
∂h+(q+)
∂q+

∂q+

∂p

∣∣∣∣
p= p̄d

p̄d + h+(q+)
]
∂ p̄d

∂ f
+ 1

> 0,

where the second step follows from applying the chain rule to ∂q+

∂ f , and the last

step follows from ∂q+

∂p > 0 and ∂p̄d
∂ f > 0. Since Π is increasing in f throughout Case

b.1 and Case b.2, U+c = 0 and U+f = 0. Consequently, the optimal dispute fee is

f + = (1 − γ)(q+) − α(q+)2, (A.27)

and from the binding individual rationality constraint of the client in Equation

(A.25), we obtain the client’s equilibrium the offer price is p+ = q+

h+(q+) . From
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Equation (A.20), we obtain q+ = (1−γ)p+

4ασ . Substituting q+ into Equation (A.25), we

have

q+ − h+(q+)p+ = 0

⇔ q+ −
(
q+ − y + σ

2σ

)
p+ = 0

⇔
(1 − γ)p+

4ασ
−

 (1−γ)p+

4ασ − y + σ
2σ

 p+ = 0

⇔ p+ =
2σ(2α(y − σ) + (1 − γ))

1 − γ
,

where the first step follows from h+(q+) = q+−y+σ
2σ and the second step follows

from q+ = (1−γ)p+

4ασ . Therefore, from Equation (A.20), we have

q+ =
1 − γ

2α
+ y − σ,

and from Equation (A.27), we have

f + =
(2α(y − σ) + (1 − γ))(−2α(y − σ) + (1 − γ))

4α
.

Therefore, the platform’s utility is

Π+ = h+(q+)γp+ + f +

=
(2α(y − σ) + (1 − γ))(−2α(y − σ) + (1 + γ))

4α
.

Moreover, since f + ≥ 0 for contracting to occur, if σ > y, f + = 0 at α = 1−γ
2(σ−y) .

If σ ≤ y, f + = 0 at α = 1−γ
2(y−σ) . Therefore, if dispute occurs, there exists a threshold

α̂d, which is the solution of f + = q+((1 − γ) − α̂dq+) = 0, such that f + ≥ 0 if and

only if α ≤ α̂d, where α̂d is given by

α̂d =


1−γ

2(y−σ) if σ ≤ y,

1−γ
2(σ−y) if σ > y.

If α > α̂d, since the dispute fee has to be non-negative, setting f + = 0 would

cause the individual rationality constraint of the freelancer to be violated. We
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define ᾱd = max(αd, α̂d). Contracting occurs in equilibrium if and only if α ≤ ᾱd.

Thus, given that contracting occurs, dispute occurs in equilibrium if and only if

αd < α ≤ ᾱd. □

A.4 Proofs of Section 1.6 (Value of Decentralization)

Proof of Theorem 1.1 We first compare the α thresholds below which dispute

does not occur between the centralized and decentralized dispute systems.

Under the centralized dispute system, αc =
(1−γ)(γ+4σθ)

4σθ(y+σ) ; under the decentral-

ized dispute system, αd =
1−γ
y+σ . Thus, the difference between αd and αc is

αd − αc = −
γ(1−γ)

4σθ(y+σ) ≤ 0 and hence, αd ≤ αc.

We next compare the α thresholds beyond which contracting does not occur

between the centralized and decentralized dispute systems. If σ > y, under the

centralized dispute system, ᾱc = max(αc,
1−γ

2(σ−y) ); under the decentralized dispute

system, ᾱd = max(αd,
1−γ

2(σ−y) ). In this case, it is easy to see that ᾱd ≤ ᾱc since

αd ≤ αc. If σ ≤ y, under the centralized dispute system, ᾱc = max(αc,
(1−γ)θ

2(θ(y−σ)−γ) ) if

σ ≤ y − γ
θ

and ᾱc → ∞ if y − γ
θ
< σ ≤ y; under the decentralized dispute system,

ᾱd = max(αd,
1−γ

2(y−σ) ). If y − γ
θ
< σ ≤ y, we can obtain f ∗ ≥ 0 for all α under the

centralized dispute system from Equation (A.12), and thus, ᾱc ≥ ᾱd. If σ ≤ y− γ
θ
,

as we know from the above that αd ≤ αc, we now compare the case where ᾱd =

1−γ
2(y−σ) with ᾱc =

(1−γ)θ
2(θ(y−σ)−γ) . We obtain ᾱd − ᾱc =

1−γ
2(y−σ) −

(1−γ)θ
2(θ(y−σ)−γ) =

−(1−γ)γ
2(y−σ)(θ(y−σ)−γ) ≤ 0.

Therefore, we have ᾱd ≤ ᾱc. □

Proof of Theorem 1.2 We compare the equilibrium quality levels, contract

prices and dispute fees between the centralized and decentralized dispute sys-

tems, such that contracting occurs under both the centralized and decentralized

dispute systems. We first analyze the case where dispute does not occur under

either system (i.e., α ≤ αd). We then analyze the case where dispute occurs un-
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der the decentralized dispute system but does not occur under the centralized

dispute system (i.e., αd < α ≤ αc). Finally, we analyze the case where dispute

occurs under both systems (i.e., α > αc).

(a) If α ≤ αd, under the centralized dispute system, q∗ = 4σθ(y+σ)
γ+4σθ ; under the de-

centralized dispute system, q+ = y +σ. Therefore, q+ − q∗ = γ(y+σ)
γ+4θσ > 0. Moreover,

as p∗ = q∗ and p+ = q+, we have p∗ > p+. And as f ∗ = (1−γ)p∗ and f + = (1−γ)p+,

we have f + > f ∗.

(b) If αd < α ≤ αc, we first note the regions for dispute to occur under the

decentralized dispute system. Recall that dispute takes place under the decen-

tralized dispute system if ᾱd > αd. If σ ≤ y, for ᾱd−αd =
(1−γ)(3σ−y)
2(y+σ)(y−σ) > 0, we require

y
3 < σ. Therefore, y

3 < σ ≤ y for dispute to occur under the decentralized dispute

system. If σ > y, for ᾱd − αd =
(1−γ)(3y−σ)
2(y+σ)(σ−y) > 0, we require σ < 3y. Therefore,

y
3 < σ ≤ 3y for dispute to occur under the decentralized dispute system.

For the quality level, under the centralized dispute system, q∗ = 4σθ(y+σ)
γ+4σθ ; un-

der the decentralized dispute system, q+ = 1−γ
2α + y − σ. Thus, the difference is

given by

q+ − q∗ =
1 − γ

2α
+ y − σ −

4σθ(y + σ)
γ + 4σθ

,

which is zero if α = (1−γ)(γ+4σθ)
2(γ(σ−y)+8σ2θ) and is decreasing in α as ∂

∂α
(q+ − q∗) = −1−γ

2α2 < 0.

Therefore, since ∂
∂α

(q+ − q∗) < 0, q+ − q∗ is the most negative at αc. At α = αc, the

difference becomes

q+ − q∗ =
2σθ(y − 3σ) + γ(y − σ)

γ + 4σθ
,

which is positive if σ ≤
√

(γ+2θy)2+16γθy−γ+2θy
12θ = σ̄ since the other root of q+ − q∗ = 0

is negative, and is negative otherwise. Thus, there exists a threshold αq ≤ αc,

such that q+ ≥ q∗ if α ≤ αq and q+ < q∗ if αq < α ≤ αc. Moreover, if σ ≤ σ̄, q+ ≥ q∗.

For the contract price, under the centralized dispute system, p∗ = 4σθ(y+σ)
γ+4σθ ;
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under the decentralized dispute system, p+ = 2σ(2α(y−σ)+(1−γ))
1−γ . Thus, the difference

is

p+ − p∗ =
2σ(2α(y − σ) + (1 − γ))

1 − γ
−

4σθ(y + σ)
γ + 4σθ

,

which is zero if α = (1−γ)(γ+2θ(σ−y))
2(γ+4σθ)(σ−y) . Taking the derivative of the difference, we

have

∂

∂α
(p+ − p∗) =

4σ(y − σ)
1 − γ

,

which is increasing in α if σ ≤ y and decreasing in α if σ > y. If σ ≤ y, p+ − p∗ is

the most negative at αd. At α = αd, the difference becomes

p+ − p∗ =
4σ(γ + 3σθ − θy)
γ + 4σθ

> 0,

where the last step follows from y
3 < σ ≤ y for dispute to occur under the decen-

tralized dispute system. If σ > y, p+ − p∗ is the most negative at αc. At α = αc,

the difference becomes

p+ − p∗ =

(
γ2(y − σ) + 2γσθ(5y − 3σ) − 4σθ2

(
3σ2 − 4σy + y2

))
θ(σ + y)(γ + 4σθ)

,

which can be negative if θ ≤ −
√
−γ2σ(3σ−4y)(σ+y)2+γσ(5y−3σ)

4σ(3σ2−4σy+y2) or θ ≥
√
−γ2σ(3σ−4y)(σ+y)2+γσ(5y−3σ)

4σ(3σ2−4σy+y2) .

Thus, there exists a threshold αp, such that p+ ≥ p∗ if α ≤ αp and p+ < p∗ if

αp < α ≤ αc. Moreover, if σ ≤ σ̄, p+ = q+

h+(q+) ≥ q∗ = p∗.

Finally, we note that if σ ≤ σ̄, ᾱd ≤ αc as the difference αc − ᾱd is given by

(1 − γ)(γ + 4σθ)
4σθ(y + σ)

−
1 − γ

2(y − σ)
=

1 − γ
4

(
γ(σ − y) + 2σθ(3σ − y)
σθ(y − σ)(y + σ)

)
,

which is positive if σ ≤ σ̄. Therefore, given that σ ≤ σ̄, q+ ≥ q∗ and p+ ≥ p∗ if

α ≤ ᾱd.
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(c) If α > αc such that dispute can occur under both systems (i.e., ᾱd > αc),

for the quality level, under the centralized dispute system, q∗ = (1−γ)θ(2α(y−σ)+(1−γ))
2α(γα+(1−γ)θ) ;

under the decentralized dispute system, q+ = 1−γ
2α + y − σ. Thus, the difference is

given by

q+ − q∗ =
1 − γ

2α
+ y − σ −

(1 − γ)θ(2α(y − σ) + (1 − γ))
2α (γα + (1 − γ)θ)

=
γ(2α(y − σ) + (1 − γ))

2(γα − γθ + α)

> 0,

where the second step follows from re-arranging the terms and the last step

follows from α ≤ ᾱd.

For the contract price, under the centralized dispute system, p∗ =

2σθ(2α(y−σ)+(1−γ))
γα+(1−γ)θ ; under the decentralized dispute system, p+ = 2σ(2α(y−σ)+(1−γ))

1−γ .

Thus, the difference is given by

p+ − p∗ =
2σ(2α(y − σ) + (1 − γ))

1 − γ
−

2σθ(2α(y − σ) + (1 − γ))
γα + (1 − γ)θ

=
2γασ(2α(y − σ) + (1 − γ))

(1 − γ)(γα + (1 − γ)θ)

> 0,

where the second step follows from re-arranging the terms and the last step

follows from α ≤ ᾱd.

For the dispute fee, under the centralized dispute system, f ∗ =

(1−γ)2θ(2α(y−σ)+(1−γ))((1−γ)θ+2α(γ−θ(y−σ)))
4α(γα+(1−γ)θ)2 ; under the decentralized dispute system, f + =

(2α(y−σ)+(1−γ))(−2α(y−σ)+(1−γ))
4α . Thus, the difference is given by

f + − f ∗ =
γα(2α(y − σ) + (1 − γ))

(
γ(2(α − 2θ)(σ − y) + 1) − γ2 − 4θ(y − σ)

)
4(γα + (1 − γ)θ)2 ,

which is positive if

γα(2α(y − σ) + (1 − γ))
(
γ(2(α − 2θ)(σ − y) + 1) − γ2 − 4θ(y − σ)

)
≥ 0. (A.28)
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If σ > y, then Equation (A.28) is always positive and f + ≥ f ∗ if α ≤ ᾱd. If

σ ≤ y, f + ≥ f ∗ if α ≤ (1−γ)(γ−4θ(y−σ))
2γ(y−σ) and f + < f ∗ if α > (1−γ)(γ−4θ(y−σ))

2γ(y−σ) . Comparing

α = (1−γ)(γ−4θ(y−σ))
2γ(y−σ) with ᾱd, we have

(1 − γ)(γ − 4θ(y − σ))
2γ(y − σ)

−
1 − γ

2(y − σ)
= −

2θ(1 − γ)
γ

≤ 0.

Thus, there exists a threshold, α f , where

α f =


max(αc,

(1−γ)(γ−4θ(y−σ))
2γ(y−σ) ) if σ ≤ y,

ᾱd if σ > y,

such that f + ≥ f ∗ if α ≤ α f and f + < f ∗ if α > α f . □

Proof of Theorem 1.3 We compare the platform’s equilibrium utilities be-

tween the centralized and decentralized dispute systems.

(a) If α ≤ αd, dispute does not occur under either system. In this case, un-

der the centralized dispute system, Π∗ = γp∗; under the decentralized dispute

system, Π+ = γp+. Therefore, we have Π+ ≥ Π∗ as p+ ≥ p∗.

(b) If αd < α ≤ αc, dispute occurs under the decentralized dispute system

but does not occur under the centralized dispute system. In this case, under

the centralized dispute system, Π∗ = γp∗ = γ 4σθ(y+σ)
γ+4σθ ; under the decentralized

dispute system, Π+ = h+(q+)γp+ + f + = (2α(y−σ)+(1−γ))(−2α(y−σ)+(1+γ))
4α . Note that if

σ < y
3 , dispute does not occur under the decentralized dispute system and thus,

Π+ ≥ Π∗ if α ≤ αd = ᾱd. Thus, the difference in the platform’s utilities under the

two different dispute systems is

Π+ − Π∗

=
4σθ

(
1 − 4α2(y − σ)2

)
− 4γ2(σ(α + θ) − αy) + γ

(
1 − 4α

(
α(y − σ)2 + 8σ2θ

))
− γ3

4α(γ + 4σθ)
,

(A.29)

which is decreasing with α as ∂
∂α

(Π+ − Π∗) = − (1−γ2)+4α2(y−σ)2

4α2 < 0.
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However, recall from the proof of Theorem 1.2 that if y
3 ≤ σ ≤ σ̄, we have

Π+ = h+(q+)γp+ + f + = γq+ + f + ≥ γq∗ = Π∗ since q+ ≥ q∗. Moreover, in this case,

ᾱd ≤ αc and we have Π+ ≥ Π∗ if α ≤ ᾱd and Π+ < Π∗ otherwise.

If σ̄ < σ ≤ y, ᾱd ≥ αc. From Equation (A.29), the difference in the platform’s

utilities at α = αc is

Π+ − Π∗ =
(γ(y − σ) + 2σθ(y − 3σ)) (2σ(σ + γσ − 3y + 5γy)θ − (1 − γ)γ(y − σ))

4σθ(σ + y)(γ + 4σθ)
.

(A.30)

From the proof of Theorem 1.2, γ(y−σ)+2σθ(y−3σ) < 0 if σ > σ̄. Thus, Equation

(A.30) is positive if the second term in the numerator is 2σ(σ+ γσ− 3y+ 5γy)θ −

(1 − γ)γ(y − σ) ≤ 0. Thus, we have

2σ(σ + γσ − 3y + 5γy)θ − (1 − γ)γ(y − σ) ≤2σ(σ + γσ − 3y + 5γy)θ

≤2σ(
4
3

(σ − y))θ

≤0,

where the first step follows from σ ≤ y, the second step follows from the in-

equality being largest at γ = 1
3 and the last step follows from σ ≤ y. In this case,

given that σ̄ < σ ≤ y, we have Π+ − Π∗ ≥ 0 if αd < α ≤ αc.

(c) If α > αc, dispute occurs under both systems. In this case, under the cen-

tralized dispute system,

Π∗ =
θ(2α(y−σ)+(1−γ))(−2γ2α2(y−σ)+(1−γ)α((2−γ)γ−2γσθ−2(1−γ)θy+2σθ)+(1+γ)(1−γ)2θ)

4α(γα+(1−γ)θ)2 ; under the decen-

tralized dispute system, Π+ = (2α(y−σ)+(1−γ))(−2α(y−σ)+(1+γ))
4α . Therefore, the difference

in the platforms’ utilities is given by

Π+ − Π∗ =
1

4(γα + (1 − γ)θ)2

[
γ(2α(y − σ) + (1 − γ))

(
− 2γα2(y − σ)

+ α
(
γ2 + γ(1 − 6σθ + 6θy) − 4θ(y − σ)

)
+ 3(1 − γ)γθ

)]
. (A.31)

We first solve for Π+ − Π∗ = 0. Note that the first factor in the nu-

merator of the first term of Equation (A.31), γ(2α(y − σ) + (1 − γ)) ≥
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0, is always positive as σ ≤ y. Thus, the roots of Π+ − Π∗ =

0 are determined by −2α2γ(y − σ) + α
(
γ2 + γ(1 − 6σθ + 6θy) − 4θ(y − σ)

)
+

3(1 − γ)γθ, which is quadratic downwards in terms of α. The roots

are α =
±
√

24(1−γ)γ2θ(y−σ)+(γ2+γ(1+6θ(y−σ))−4θ(y−σ))2+γ2+γ(1+6θ(y−σ))−4θ(y−σ)
4γ(y−σ) . Let ¯̄α =

√
24(1−γ)γ2θ(y−σ)+(γ2+γ(1+6θ(y−σ))−4θ(y−σ))2+γ2+γ(1+6θ(y−σ))−4θ(y−σ)

4γ(y−σ) . Hence, Π+ − Π∗ is positive

if α ≤ ¯̄α as the other root of Π+ − Π∗ = 0 is always negative. Moreover, at

α = ᾱd =
1−γ

2(y−σ) , from Equation (A.31), we obtain

Π+ − Π∗ =
2γ(y − σ)

(
γ2 + 6γθ(y − σ) − 2θ(y − σ)

)
(γ + 2θ(y − σ))2 ,

which is negative if σ ≤ y − γ2

2(1−3γ)θ and positive if y − γ2

2(1−3γ)θ < σ ≤ y. Hence,

Π+ ≥ Π∗ if α ≤ min(ᾱd,max(αc, ¯̄α)) and Π+ < Π∗ otherwise.

Therefore, combining all the cases, we have Π+ ≥ Π∗ if and only if α ≤ ᾱ,

where

ᾱ =


ᾱd if σ ≤ σ̄,

min(ᾱd,max(αc, ¯̄α)) if σ̄ < σ ≤ y.

□

Proof of Theorem 1.4 Given that the socially optimal quality level is 1
2α , the

condition for the equilibrium quality level to be closer to the socially optimal

quality level under the decentralized dispute system is | 1
2α − q∗| ≥ | 1

2α − q+|. We

first show that given that q+ ≥ q∗, for | 1
2α −q∗| ≥ | 1

2α −q+| to be true, it has to be the

case that 1
2α ≥ q∗. We prove this by contradiction. Suppose that 1

2α < q∗, and also

that | 1
2α −q∗| ≥ | 1

2α −q+|. In this case, | 1
2α −q∗| = q∗− 1

2α . Moreover, since q+ ≥ q∗, we

have q+ > 1
2α , and hence | 1

2α − q+| = q+ − 1
2α . Thus, taking the difference between

the distances of the equilibrium quality levels to the socially optimal level, we

have | 1
2α − q∗| − | 1

2α − q+| = (q∗ − 1
2α )− (q+ − 1

2α ) = q∗ − q+ ≤ 0. This is a contradiction.

Therefore, 1
2α ≥ q∗ for | 1

2α − q∗| ≥ | 1
2α − q+|.
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We next consider the distances of the equilibrium quality levels to the so-

cially optimal level under the three cases identified in Figure 1.2. We first con-

sider Case 1 where dispute does not occur under either system (i.e., α ≤ αd). Un-

der this case, recall from Propositions 1.1 and 1.3 that q∗ = 4σθ(y+σ)
γ+4σθ and q+ = y+σ.

If q+ ≤ 1
2α , then | 1

2α − q∗| − | 1
2α − q+| = q+ − q∗ ≥ 0 as q+ ≥ q∗. If q+ > 1

2α , then∣∣∣∣∣ 1
2α
− q∗

∣∣∣∣∣ − ∣∣∣∣∣ 1
2α
− q+

∣∣∣∣∣ = (
1

2α
− q∗

)
−

(
q+ −

1
2α

)
=

1
α
− q∗ − q+

=
1

2α
−

(y + σ)(γ + 8σθ)
γ + 4σθ

(A.32)

where the last step follows from substituting in q∗ = 4σθ(y+σ)
γ+4σθ and q+ = y+σ. Thus,

for | 1
2α − q∗| − | 1

2α − q+| ≥ 0, we have from Equation (A.32) that

1
2α
−

(y + σ)(γ + 8σθ)
γ + 4σθ

≥ 0

⇔ y ≤
(γ + 4σθ)

2α(γ + 8σθ)
− σ.

Let y1 =
(γ+4σθ)

2α(γ+8σθ) − σ. Therefore, | 1
2α − q∗| − | 1

2α − q+| ≥ 0 if and only if y ≤ y1.

Moreover, y1 is decreasing in α as ∂y1
∂α
= −

(γ+4σθ)
2α2(γ+8σθ) < 0.

We next consider Case 2 where dispute occurs only under the decentralized

dispute system (i.e., αd < α ≤ αc). Under this case, recall from Propositions 1.1

and 1.3 that q∗ = 4σθ(y+σ)
γ+4σθ and q+ = 1−γ

2α + y −σ. If q+ ≤ 1
2α , then | 1

2α − q∗| − | 1
2α − q+| =

q+ − q∗ ≥ 0. If q+ > 1
2α , then∣∣∣∣∣ 1

2α
− q∗

∣∣∣∣∣ − ∣∣∣∣∣ 1
2α
− q+

∣∣∣∣∣ = (
1

2α
− q∗

)
−

(
q+ −

1
2α

)
= −
γ(y − σ) + 8σθy
γ + 4σθ

+
1 + γ

2α
(A.33)

where the last step follows from substituting in q∗ = 4σθ(y+σ)
γ+4σθ and q+ = 1−γ

2α + y−σ.
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Thus, for | 1
2α − q∗| − | 1

2α − q+| ≥ 0, we have from Equation (A.33) that

−
γ(y − σ) + 8σθy
γ + 4σθ

+
1 + γ

2α
≥ 0

⇔ y ≤
1

γ + 8σθ

(
(1 + γ)(γ + 4σθ)

2α
+ γσ

)
.

Let y2 =
1

γ+8σθ (
(1+γ)(γ+4σθ)

2α + γσ). Therefore, | 1
2α − q∗| − | 1

2α − q+| ≥ 0 if and only if

y ≤ y2. Moreover, y2 is decreasing in α as ∂y2
∂α
= −

(1+γ)(γ+4σθ)
2α2(γ+8σθ) < 0.

Lastly, we consider Case 3 where dispute occurs under both systems (i.e.,

α > αc). Under this case, recall from Propositions 1.1 and 1.3 that q∗ =

(1−γ)θ(2α(y−σ)+(1−γ))
2α(γα+(1−γ)θ) and q+ = 1−γ

2α + y − σ. Similar to Cases 1 and 2, if q+ ≤ 1
2α , then

| 1
2α − q∗| − | 1

2α − q+| = 1
α
+ q+ − q∗ ≥ 0. If q+ > 1

2α , then∣∣∣∣∣ 1
2α
− q∗

∣∣∣∣∣ − ∣∣∣∣∣ 1
2α
− q+

∣∣∣∣∣ = (
1

2α
− q∗

)
−

(
q+ −

1
2α

)
=
α(γ(γ + 1 − 2σθ) + 2(1 − γ)θy + 2σθ) + 2(1 − γ)γθ

2α(γα + (1 − γ)θ)
+ σ − y,

(A.34)

where the last step follows from substituting in q∗ = (1−γ)θ(2α(y−σ)+(1−γ))
2α(γα+(1−γ)θ) and q+ =

1−γ
2α + y − σ. Thus, for | 1

2α − q∗| − | 1
2α − q+| ≥ 0, we have from Equation (A.34) that

α(γ(γ + −2σθ) − 2(1 − γ)θy + 2σθ) + 2(1 − γ)γθ
2α(γα + (1 − γ)θ)

+ σ − y ≥ 0

⇔ y ≤
1
2
γ

(
1

γα + 2(1 − γ)θ
+

1
α

)
+ σ.

Let y3 =
1
2γ(

1
γα+2(1−γ)θ +

1
α
)+σ. Therefore, | 1

2α −q∗| − | 1
2α −q+| ≥ 0 if and only if y ≤ y3.

Moreover, y3 is decreasing in α as ∂y3
∂α
= −

γ

2 ( γ

(γα+2(1−γ)θ)2 +
1
α2 ) < 0.

Therefore, given that q+ ≥ q∗, combining the three cases, we have | 1
2α − q∗| −

148



| 1
2α − q+| ≥ 0 if and only if y ≤ ȳ(α), where ȳ(α) is defined as

ȳ(α) =



y1 if q+ > 1
2α and α ≤ αd

y2 if q+ > 1
2α and αd < α ≤ αc

y3 if q+ > 1
2α and α > αc

∞ if q+ ≤ 1
2α

=



(γ+4σθ)
2α(γ+8σθ) − σ if q+ > 1

2α and α ≤ αd,

1
γ+8σθ

(
(1+γ)(γ+4σθ)

2α + γσ
)

if q+ > 1
2α and αd < α ≤ αc,

1
2γ

(
1

γα+2(1−γ)θ +
1
α

)
+ σ if q+ > 1

2α and α > αc,

∞ if q+ ≤ 1
2α .

Finally, we prove that ȳ(α) is decreasing in α within the same equilibrium

regime (i.e., Case 1, Case 2, or Case 3). Under each case, we have already shown

that ȳ(α) is decreasing in α when ȳ(α) = y1 (under Case 1), ȳ(α) = y2 (under

Case 2), and ȳ(α) = y3 (under Case 3). To prove that the monotonicity preserves

when incorporating the scenario of ȳ(α) = ∞, we need to show that within each

equilibrium regime, as α increases, the relationship of q+ and 1
2α can only change

from q+ ≤ 1
2α to q+ > 1

2α , but not the other way around. This can be guaranteed if

1
2α −q+ is decreasing in α. Under Case 1, 1

2α −q+ = 1
2α − (y+σ), which is decreasing

in α. Under Cases 2 and 3, 1
2α − q+ = γ

2α − y + σ, which is also decreasing in α.

Thus, ȳ(α) is decreasing in αwithin the same equilibrium regime, and the proof

is complete. □

A.5 Numerical Results

In this section, we conduct numerical analyses to verify the robustness of the

main result of comparing the platform’s equilibrium utilities under the central-
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ized and decentralized dispute systems. Recall that Theorem 1.3 is proved un-

der the conditions of γ ≤ 1
3 and σ ≤ y. We remove these conditions in our

numerical analyses. In Figure A.1, we show the ᾱ threshold as a function of γ.

In each sub-figure, we vary the values of other parameters such as θ, y and σ.

Furthermore, to test the robustness of our results with respect to the distribu-

tion of the evaluated quality, we consider two types of distributions: uniform

and truncated normal (both with support y − σ to y + σ).

From Figure A.1, we observe that the optimal strategy continues to be char-

acterized by a single threshold ᾱ above which the decentralized dispute system

dominates the centralized dispute system, and vice versa. Thus, our main in-

sights are robust when we extend beyond the conditions required in Theorem

1.3. Moreover, the value of ᾱ follows a similar trend when the evaluated quality

follows a uniform distribution or a truncated normal distribution, suggesting

that our insights are also robust with respect to the specific distribution in use.
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Figure A.1: α threshold for the platform’s optimal dispute system.

(a) θ = 0.01, y = 2 and σ = 1 (b) θ = 0.01, y = 2 and σ = 4

(c) θ = 0.05, y = 2 and σ = 1 (d) θ = 0.05, y = 2 and σ = 4

(e) θ = 0.01, y = 3 and σ = 1 (f) θ = 0.01, y = 3 and σ = 4

(g) θ = 0.05, y = 3 and σ = 1 (h) θ = 0.05, y = 3 and σ = 4
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A.6 Proofs of Section 1.9.1 (Third-Party Arbitration)

Proof of Lemma 1.3 Given that the third-party arbitration is initiated, the ar-

bitrator decides on the threshold ka to evaluate the freelancer’s work. As the

arbitrator’s utility is given by −ζy(ka − y)2 − ζk(ka − k)2, taking the first order con-

dition of the arbitrator’s utility with respect to ka, we have

k∗a =
ζyy + ζkk
ζy + ζk

.

Since the arbitrator makes a binding decision on the dispute based on the thresh-

old k∗a, the probability of the freelancer winning the dispute is given by

h∗a(q) = h(q, k∗a)

=



0 if q ≤ k∗a − σ,

q−k∗a+σ
2σ if k∗a − σ < q < k∗a + σ,

1 if q ≥ k∗a + σ.

(A.35)

At stage 7, the client and the freelancer decide whether to appeal the platform’s

decision. Recall that only the party that loses in the platform’s dispute decision

may appeal. If the freelancer loses the dispute and does not appeal, his utility is

given by

U f (q) = −αq2 − f .

If he loses the dispute and appeals, his utility is given by

U f (q) = −αq2 − h∗a(q)(1 − γ)p − f .

Therefore, the freelancer always appeals. If the client loses the dispute and does

not appeal, her utility is given by

Uc(p) = q − p.
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If she loses the dispute and appeals, her utility is given by

Uc(p) = q − h∗a(q)p.

Therefore, the client always appeals. Hence, both parties always appeal.

At Stage 6, the platform makes a non-binding decision on the dispute, which

will only occur if the client has rejected the freelancer’s work and the freelancer

has initiated the dispute. The freelancer wins the dispute with probability h(q, k)

and loses with probability 1 − h(q, k). Since the platform knows that the loser of

the platform’s ruling will always appeal, the eventual winning probability of

the freelancer is given by h∗a(q). In this case, the platform’s utility if dispute

occurs is

Π(k, f ) = h∗a(q)γp + f − θ(k − y)2

=
q − ζyy+ζkk

ζy+ζk
+ σ

2σ
γp + f − θ(k − y)2.

where the second step follows from substituting in Equation (A.35) and k∗a. Tak-

ing the first order condition of the above equation with respect to k, the thresh-

old utilized by the platform to judge the freelancer’s work is given by

k∗t = y −
γpζk

4σθ(ζy + ζk)
,

and thus, k∗a is given by

k∗a = y −
γpζ2

k

4σθ(ζy + ζk)2 = y −
γpτ2

4σθ
,

where the last step follows from τ = ζk
ζy+ζk

. Therefore, the winning probability of

the freelancer is given by

h∗a(q) =



0 if q ≤ k∗a − σ,

q−y+σ
2σ +

γpτ2

8σ2θ
if k∗a − σ < q < k∗a + σ,

1 if q ≥ k∗a + σ.

(A.36)

which is increasing in q and τ. □
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Proof of Proposition 1.4 Proposition 1.4 can be proven by backward induction

based on the decision tree in Figure 1.3.

At Stage 6, the platform makes a decision on the dispute, which will only

occur if the client has rejected the freelancer’s work and the freelancer has ini-

tiated the dispute. Based on Lemma 1.3, the freelancer wins the dispute with

probability h∗a(q) and loses with probability 1 − h∗a(q).

At Stage 5, the freelancer makes the decision on whether to initiate the dis-

pute, which will only occur if the client has rejected the freelancer’s work. The

freelancer’s utility is given by

U f (q) =


−αq2 + h∗a(q)(1 − γ)p − f if dispute is initiated,

−αq2 if dispute is not initiated.

Therefore, the freelancer initiates the dispute if h∗a(q)(1 − γ)p − f ≥ 0, and does

not initiate the dispute otherwise.

At Stage 4, the client decides whether to accept or reject the freelancer’s

work. If the client accepts the freelancer’s work, her utility is

Uc(p) = q − p.

If the client rejects the freelancer’s work, her utility is

Uc(p) =


q − h∗a(q)p if h∗a(q)(1 − γ)p − f ≥ 0,

q if h∗a(q)(1 − γ)p − f < 0.

Therefore, if h∗a(q)(1 − γ)p − f ≥ 0, the client accepts if h∗a(q) = 1 and rejects if

h∗a(q) < 1. If h∗a(q)(1−γ)p− f < 0, the client always rejects since q ≥ q−h∗a(q)p ≥ q−p.
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The client’s utility is then given by

Uc(p) =



q − p if h∗a(q) = 1 and h∗a(q)(1 − γ)p − f ≥ 0,

q − h∗a(q)p if h∗a(q) < 1 and h∗a(q)(1 − γ)p − f ≥ 0,

q if h∗a(q)(1 − γ)p − f < 0.

At Stage 3, the freelancer decides whether to participate or not and chooses

his quality level if he participates. If h∗a(q)(1 − γ)p − f < 0, the client always

rejects and the freelancer does not initiate the dispute. Thus, the freelancer does

not participate if h∗a(q)(1 − γ)p − f < 0, which is equivalent to choosing q∗t = 0. If

h∗a(q)(1 − γ)p − f ≥ 0, the freelancer’s utility is

U f (q) =


−αq2 + (1 − γ)p if h∗a(q) = 1,

−αq2 + h∗a(q)(1 − γ)p − f if h∗a(q) < 1.

Note that when h∗a(q) = 0, the freelancer’s utility is negative. Thus, from Lemma

1.1, q ≤ k∗a − σ cannot be an equilibrium.

If h∗a(q) = 1, we have q ≥ k∗a +σ = y+σ− γpζ2k
4σθ(ζy+ζk)2 from Equation (A.36). Since

the freelancer’s utility is decreasing in q, he chooses the lowest possible q such

that

q∗t = y + σ −
γpζ2

k

4σθ(ζy + ζk)2 . (A.37)

Therefore, the freelancer’s utility is U f ,1 = −α(y + σ − γpζ2k
4σθ(ζy+ζk)2 )2 + (1 − γ)p.

If h∗a(q) < 1, we have h∗a(q) = q−y+σ
2σ +

γpζ2k
8σ2θ(ζy+ζk)2 from Equation (A.36) and thus,

the freelancer’s utility is concave in q. The freelancer chooses q based on the

first order condition of his utility such that

q∗t =
(1 − γ)p

4σα
. (A.38)

Therefore, the freelancer’s utility is U f ,2 = −α( (1−γ)p
4σα )2 + h∗a( (1−γ)p

4σα )(1 − γ)p − f .
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Thus, the freelancer does not initiate the dispute if

U f ,1 − U f ,2

=
−

(
−αγpζ2

k + 4ασθ(σ + y)(ζy + ζk)2 + (γ − 1)pθ(ζy + ζk)2
)2
+ 16ασ2θ2 f (ζy + ζk)4

16ασ2θ2(ζy + ζk)4

≥0.

Note that the quality chosen in Equation (A.38) is equal to that in Equation

(A.37) (i.e., (1−γ)p
4σα = y+σ− γpζ2k

4σθ(ζy+ζk)2 ) at α = (1−γ)pθ(ζy+ζk)2

4σθ(y+σ)(ζy+ζk)2−γpζ2k
. If α ≤ (1−γ)pθ(ζy+ζk)2

4σθ(y+σ)(ζy+ζk)2−γpζ2k
,

the quality chosen based on Equation (A.2) is greater than Equation (A.1). In

this case, we have U f ,1 ≥ U f ,2, since h∗a(q) = 1 for q ≥ k∗a + σ = y + σ − γpζ2k
4σθ(ζy+ζk)2

from Equation (A.36) and the quality cost under U f ,2 is higher. Thus, the dispute

is not initiated. Moreover, notice that the numerator of U f ,1 − U f ,2 is quadratic

downwards in terms of α and hence, there exist two roots to U f ,1−U f ,2 = 0. Since

at α = (1−γ)pθ(ζy+ζk)2

4σθ(y+σ)(ζy+ζk)2−γpζ2k
, U f ,1 −U f ,2 ≥ 0. Thus, the other root must be greater than

α =
(1−γ)pθ(ζy+ζk)2

4σθ(y+σ)(ζy+ζk)2−γpζ2k
. Therefore, there exists a threshold αct ≥

(1−γ)pθ(ζy+ζk)2

4σθ(y+σ)(ζy+ζk)2−γpζ2k
,

such that U f ,1 −U f ,2 ≥ 0 if α ≤ αct. Hence, if h∗a(q)(1 − γ)p − f ≥ 0, the freelancer’s

optimal quality level is

q∗t =


y + σ − γpζ2k

4σθ(ζy+ζk)2 if α ≤ αct,

(1−γ)p
4σα if α > αct.

Moreover, the freelancer participates if U f ≥ 0 and does not participate if U f < 0.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint.

(a) If α ≤ αct and h∗a(q∗t )(1 − γ)p − f ≥ 0, we have h∗a(q∗t ) = 1 and q∗t = y + σ −
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γpζ2k
4σθ(ζy+ζk)2 . As dispute does not occur in this case, the client’s problem is

max
p≥0

q∗t − p,

s.t. − α(q∗t )2 + (1 − γ)p ≥ 0.

Since the client’s utility is decreasing in p, p is chosen such that (1 − γ)p − f ≥ 0

and −α(q∗t )2 + (1 − γ)p ≥ 0 for the freelancer to participate. Therefore, p∗t =

max(
α(y+σ−

γp∗t ζ
2
k

4σθ(ζy+ζk )2
)2

1−γ , f
1−γ ).

(b) If α > αct and h∗a(q∗t )(1 − γ)p − f ≥ 0, we have h∗a(q∗t ) < 1 and q∗t =
(1−γ)p

4σα . As

dispute occurs in this case, the client’s problem is

max
p≥0

q∗t − h∗a(q∗t )p,

s.t. − α(q∗t )2 + h∗a(q∗t )(1 − γ)p − f ≥ 0.

We first consider the case where the individual rationality constraint of the

freelancer is binding. Let p̄ct be the price at which the individual rational-

ity constraint of the freelancer is binding, i.e., p̄ct is the solution of U f (q∗t ) =

−α(q∗t )2 + h∗a(q∗t )(1 − γ) p̄ct − f = 0. Using the Envelope Theorem, ∂U f

∂ p̄ct
= h∗a(q∗t )(1 −

γ)+ γζ2k
8θσ2(ζy+ζk)2 (1−γ) p̄ct > 0 and ∂U f

∂ f = −1 < 0. As such, using the Implicit Function

Theorem,

∂ p̄ct

∂ f
= −

∂U f

∂ f
∂U f

∂p̄ct

> 0. (A.39)

We next define p̂ct as the solution to the unconstrained client’s problem. Tak-

ing the derivative of the client’s utility, we have

∂Uc

∂p
=
∂q∗t
∂p
−

[(
∂h∗a(q∗t )
∂q∗t

∂q∗t
∂p
+
∂h∗a(q∗t )
∂p

)
p + h∗a(q∗t )

]
=

1 − γ
4σα

−

[(
1 − γ
8σ2α

+
γζ2

k

8θσ2(ζy + ζk)2

)
p + h∗a(q∗t )

]
,

where the last step follows from differentiating Equation (A.38) and differen-

tiating Equation (A.36). Therefore, ∂Uc
∂p

∣∣∣
p=0
=

1−γ
4σα − h∗a(q∗t ) is positive as h∗a(q∗t ) ≤
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q∗t
p =

1−γ
4σα from the individual rationality constraint of the client (i.e., Uc ≥ 0) and

Equation (A.38). Thus, we must have p̂ct ≥ 0 if the client participates.

Since p̄ct is increasing in f from Equation (A.39) and p̂ct is constant in f , there

exists a threshold f
ct

such that p̂ct = p̄ct and

p∗t =


p̂ct if f ≤ f

ct
,

p̄ct if f > f
ct
.

At f = f
ct

, rearranging the binding individual rationality constraint of the

freelancer, we obtain p̄ct =
f

ct
+α(q∗t )2

h∗a(q∗t )(1−γ) , which is increasing in f
ct

. Therefore,

the client’s utility is Uc = q∗t −
f

ct
+α(q∗t )2

(1−γ) , which is non-negative if and only if

f
ct
≤ (1 − γ)(q∗t ) − α(q∗t )2. Therefore, if f

ct
≤ (1 − γ)(q∗t ) − α(q∗t )2, the client’s of-

fer price is

p∗t =


p̂ct if f ≤ f

ct
,

f+α(q∗t )2

h∗a(q∗t )(1−γ) if f > f
ct
.

(A.40)

Moreover, the client participates if q∗t − h∗a(q∗t )p∗t ≥ 0, and does not participate

if q∗t − h∗a(q∗t )p∗t < 0. In both cases, the individual rationality constraint of the

freelancer depends on the dispute fee f .

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αct, dispute does not occur.

The freelancer chooses quality q∗t = y + σ − γp∗ζ2k
4θσ(ζy+ζk)2 and the client offers price

p∗t = max(
α(y+σ−

γp∗t ζ
2
k

4θσ(ζy+ζk )2
)2

1−γ , f
1−γ ). Thus, the platform will achieve a utility of Π( f ) =

γp∗t = γmax(
α(y+σ−

γp∗t ζ
2
k

4θσ(ζy+ζk )2
)2

1−γ , f
1−γ ). Hence, the platform’s optimization problem is
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as follows:

max
f≥0

γmax

α(y + σ − γp∗t ζ
2
k

4θσ(ζy+ζk)2 )2

1 − γ
,

f
1 − γ

 ,
s.t.

(
y + σ −

γp∗t ζ
2
k

4θσ(ζy + ζk)2

)
−max

α(y + σ − γp∗t ζ
2
k

4θσ(ζy+ζk)2 )2

1 − γ
,

f
1 − γ

 ≥ 0, (A.41)

− α

(
y + σ −

γp∗t ζ
2
k

4θσ(ζy + ζk)2

)2

+ (1 − γ) max

α(y + σ − γp∗t ζ
2
k

4θσ(ζy+ζk)2 )2

1 − γ
,

f
1 − γ

 ≥ 0,

(A.42)

where Equation (A.41) is the individual rationality constraint of the client, and

Equation (A.42) is the individual rationality constraint of the freelancer.

Notice from the above problem formulation that the case of f
1−γ ≤

α(y+σ−
γp∗t ζ

2
k

4θσ(ζy+ζk )2
)2

1−γ is equivalent to f
1−γ =

α(y+σ−
γp∗t ζ

2
k

4θσ(ζy+ζk )2
)2

1−γ . We thus focus on f
1−γ ≥

α(y+σ−
γp∗t ζ

2
k

4θσ(ζy+ζk )2
)2

1−γ , or equivalently, f ≥ α(y + σ − γp∗t ζ
2
k

4θσ(ζy+ζk)2 )2. In this case, the plat-

form’s utility reduces to Π = γ f
1−γ , Equation (A.41) reduces to f ≤ (1 − γ)(y +

σ −
γp∗t ζ

2
k

4θσ(ζy+ζk)2 ), and Equation (A.42) reduces to f ≥ α(y + σ − γp∗t ζ
2
k

4θσ(ζy+ζk)2 )2. Thus, if

α(y+σ− γp∗t ζ
2
k

4θσ(ζy+ζk)2 )2 > (1−γ)(y+σ− γp∗t ζ
2
k

4θσ(ζy+ζk)2 ), or equivalently, y+σ− γp∗t ζ
2
k

4θσ(ζy+ζk)2 >
1−γ
α

,

the problem is infeasible. If y + σ − γp∗t ζ
2
k

4θσ(ζy+ζk)2 ≤
1−γ
α

, since Π is increasing in f , we

have

f ∗t = (1 − γ)(y + σ −
γp∗t ζ

2
k

4θσ(ζy + ζk)2 ), (A.43)

which also satisfies f ∗t ≥ α(y+σ− γp∗t ζ
2
k

4θσ(ζy+ζk)2 )2. Since p∗t =
f

1−γ , from Equation (A.43)

we have p∗t = y + σ − γp∗t ζ
2
k

4θσ(ζy+ζk)2 = q∗t . Therefore, p∗t is given by

p∗t =
4σθ(y + σ)(ζy + ζk)2

γζ2
k + 4σθ(ζy + ζk)2

,

and q∗t is given by

q∗t =
4σθ(y + σ)(ζy + ζk)2

γζ2
k + 4σθ(ζy + ζk)2

.
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Hence, the platform’s equilibrium utility is Π∗t = γp∗t =
4γσθ(y+σ)(ζy+ζk)2

γζ2k+4σθ(ζy+ζk)2 . Note that

if we let θt =
(ζy+ζk)2

ζ2k
θ, we can re-express the platform’s utility as Π∗t =

4γσθt(y+σ)
γ+4σθt

,

which is of the similar form as the main model with θ being replaced by θt.

Finally, we derive the threshold αct. Recall that the freelancer does not

initiate the dispute if U f ,1 − U f ,2 ≥ 0. As p∗t =
f ∗t

1−γ , if the freelancer ini-

tiates the dispute (i.e., choosing q < 4σθ(y+σ)(ζy+ζk)2

γζ2k+4σθ(ζy+ζk)2 ), the freelancer’s utility is

U f ,2 = −αq2 + h∗a(q)(1 − γ)p∗t − f ∗t = −αq2 − (1 − h∗a(q)) f ∗t ≤ 0. Therefore, the

condition U f ,1 − U f ,2 ≥ 0 is always satisfied by the freelancer’s individual ratio-

nality constraint (i.e., Equation (A.42)). Thus, the condition can be re-expressed

as α ≤ αct =
1−γ
q∗t
=

(1−γ)(γζ2+4σθ(ζy+ζk)2)
4σθ(y+σ)(ζy+ζk)2 .

(b) Recall from previous analyses that if α > αct, dispute occurs. The free-

lancer chooses quality q∗t =
(1−γ)p∗t

4σα and the client offers price p∗ based on Equation

(A.40). Hence, the platform’s optimization problem is as follows:

max
f≥0

h∗a(q∗t )γp∗t + f − θ(k∗t − y)2,

s.t. q∗t − h∗a(q∗t )p∗t ≥ 0, (A.44)

− α(q∗t )2 + h∗a(q∗t )(1 − γ)p∗t − f ≥ 0, (A.45)

where Equation (A.44) is the individual rationality constraint of the client, and

Equation (A.45) is the individual rationality constraint of the freelancer. Recall

that k∗t = y− γp∗ζk
4θσ(ζy+ζk) . Thus, Π can be equivalently expressed as Π( f ) = h∗a(q∗t )γp∗t +

f − γ2(p∗t )2ζ2k
16θσ2(ζy+ζk)2 .

Recall from Stage 2(b) that if f
ct
≤ (1 − γ)(q∗t ) − α(q∗t )2, Uc ≥ 0. Since ∂Uc

∂ f

∣∣∣
p=p̄ct
=

∂Uc
∂p

∣∣∣
p= p̄ct

∂ p̄ct
∂ f < 0, Uc is decreasing in f . Thus, there exists a threshold f̄ct, where

f̄ct > f
ct

, such that Uc ≥ 0 if and only if f ≤ f̄ct. Moreover, we have shown

previously that Uc = 0 if f = (1 − γ)(q∗t ) − α(q∗t )2, and thus, f̄ct = (1 − γ)q∗t − α(q∗t )2.
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Therefore, there are three possible cases of f , which are defined as follows:

Case b.1: f ≤ f
ct
< f̄ct ⇒ U f ≥ 0 and Uc ≥ 0,

Case b.2: f
ct
< f ≤ f̄ct ⇒ U f = 0 and Uc ≥ 0,

Case b.3: f > f̄ct ⇒ No contracting occurs.

Under Case b.1, since f ≤ f
ct

, p∗t = p̂ct and q∗t are both constant in f . This

implies that the platform’s utility Π is increasing in f . As such, f ∗t = f
ct

, under

which U f = 0 and Uc > 0. Under Case b.2, since f > f
ct

and f ≤ f̄ct, p∗t = p̄ct and

q∗t both depend on f . The derivative of h∗a(q∗t ) with respect to f is given by

∂h∗a(q∗t )
∂ f

=
∂h∗a(q∗t )
∂q∗t

∂q∗t
∂ f
+
∂h∗a(q∗t )
∂ p̄ct

∂ p̄ct

∂ f

=

[
∂h∗a(q∗t )
∂q∗t

∂q∗t
∂ p̄ct
+
∂h∗a(q∗t )
∂p̄ct

]
∂ p̄ct

∂ f

=

(
1 − γ
8σ2α

+
γζ2

k

8θσ2(ζy + ζk)2

)
∂p̄ct

∂ f
, (A.46)

where the second step follows from applying the chain rule to ∂q∗t
∂ f , and the last

step follows from differentiating Equation (A.38) and differentiating Equation

(A.36). The derivative of Πwith respect to f is given by

∂Π

∂ f
= γ

[
∂h∗a(q∗t )
∂ f

p̄ct + h∗a(q∗t )
∂p̄ct

∂ f

]
+ 1 −

γ2 p̄ctζ
2
k

8θσ2(ζy + ζk)2

∂ p̄ct

∂ f

= γ

[(
1 − γ
8σ2α

+
γζ2

k

8θσ2(ζy + ζk)2

)
∂ p̄ct

∂ f
p̄ct + h∗a(q∗t )

∂p̄ct

∂ f

]
+ 1 −

γ2 p̄ctζ
2
k

8θσ2(ζy + ζk)2

∂p̄ct

∂ f

= γ

[
(1 − γ) p̄ct

8σ2α
+ h∗a(q∗t )

]
∂ p̄ct

∂ f
+ 1

> 0,

where the second step follows from substituting ∂h
∗
a(q∗t )
∂ f with Equation (A.46), and

the last step follows from ∂p̄ct
∂ f > 0 based on Equation (A.39). SinceΠ is increasing

in f throughout Case b.1 and Case b.2, the optimal dispute fee is f ∗t = f̄ct, under

which U∗f = U∗c = 0. Consequently, the optimal dispute fee is

f ∗t = (1 − γ)q∗t − α(q∗t )2, (A.47)
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and from the binding individual rationality constraint of the client in Equation

(A.44), we obtain the client’s equilibrium the offer price is p∗t =
q∗t

h∗a(q∗t ) . From

Equation (A.38), we obtain q∗t =
(1−γ)p∗t

4ασ . Substituting q∗t into Equation (A.44), we

have

q∗t − h∗a(q∗t )p∗t = 0

⇔ q∗t −
(
q∗t − y + σ

2σ
+

γp∗t ζ
2
k

8θσ2(ζy + ζk)2

)
p∗t = 0

⇔
(1 − γ)p∗t

4ασ
−

 (1−γ)p∗t
4ασ − y + σ

2σ
+

γp∗t ζ
2
k

8θσ2(ζy + ζk)2

 p∗t = 0

⇔ p∗t =
2σθ(2α(y − σ) + (1 − γ))(ζy + ζk)2

γαζ2
k + (1 − γ)θ(ζy + ζk)2

,

where the first step follows substituting in Equation (A.36) and the second step

follows from q∗t =
(1−γ)p∗t

4ασ . Therefore, from Equation (A.38), we have

q∗t =
(1 − γ)θ(2α(y − σ) + (1 − γ))(ζy + ζk)2

2α
(
γαζ2

k + (1 − γ)θ(ζy + ζk)2
) ,

and from Equation (A.11), we have

f ∗t =
1

4α(γαζ2
k + (1 − γ)θ(ζy + ζk)2)2

[
(1 − γ)2θ(ζy + ζk)2(2α(y − σ)

+ (1 − γ))(2α(γζ2
k − θ(y − σ)(ζy + ζk)2) + (1 − γ)θ(ζy + ζk)2)

]
. (A.48)

Therefore, the platform’s utility is

Π∗ =h∗a(q∗t )γp∗t + f ∗t −
γ2(p∗t )2ζ2

k

16θσ2(ζy + ζk)2

=
1

4α(γαζ2
k + (1 − γ)θ(ζy + ζk)2)2

[
θ(ζy + ζk)2(2α(y − σ) + (1 − γ))

(
− 2γ2α2(y − σ)ζ2

k

− α(1 − γ)
(
ζ2

k (γ(γ + 2σθ − 2) + 2(1 − γ)θy − 2σθ) + 4(1 − γ)θζkζy(y − σ)

+ 2(1 − γ)θζ2
y (y − σ)

)
− (1 − γ)2(γ + 1)θ(ζy + ζk)2

)]
=

1
4α(γα + (1 − γ)θt)2

[
θt(2α(y − σ) + (1 − γ))

(
− 2γ2α2(y − σ)

+ (1 − γ)α((2 − γ)γ − 2γσθt − 2(1 − γ)θty + 2σθt) + (1 + γ)(1 − γ)2θt
)]
,
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where the second step follows from substituting in q∗t , p∗t and f ∗t , and the third

step follows from letting θt =
(ζy+ζk)2

ζ2k
θ. Thus, Π∗t can be expressed in a similar

form as the main model with θ being replaced by θt.

Moreover, since f ∗t = q∗t ((1 − γ) − αq∗t ) ≥ 0 for contracting to occur, if σ > y,

f ∗t = 0 at α = 1−γ
2(σ−y) . If σ ≤ y − γζ2k

θ(ζy+ζk)2 , from Equation (A.12), f ∗t = 0 at α =
(1−γ)θ(ζy+ζk)2

2(θ(y−σ)(ζy+ζk)2−γζ2k ) . If y − γζ2k
θ(ζy+ζk)2 < σ ≤ y, f ∗t ≥ 0 for all α. Therefore, if dispute

occurs, there exists a threshold, α̂ct, such that f ∗t ≥ 0 if and only if α ≤ α̂ct, where

α̂ct is given by

α̂ct =



(1−γ)θ(ζy+ζk)2

2(θ(y−σ)(ζy+ζk)2−γζ2k ) if σ ≤ y − γζ2k
θ(ζy+ζk)2 ,

∞ if y − γζ2k
θ(ζy+ζk)2 < σ ≤ y,

1−γ
2(σ−y) if σ > y.

If α > α̂ct, since the dispute fee has to be non-negative, setting f ∗t = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱct = max(αct, α̂ct). Contracting occurs in equilibrium if and only if α ≤ ᾱct.

Thus, given that contracting occurs, dispute occurs in equilibrium if and only if

αct < α ≤ ᾱct.

Finally, we compare the thresholds to the main model. Comparing αct with

αc, We have αct − αc =
(1−γ)γζy(ζy+2ζk)
4σθ(y+σ)(ζy+ζk)2 ≤ 0 and thus, αct ≤ αc. To compare ᾱct and ᾱc,

we compare α̂ct and α̂c as ᾱcd = max(αcd, α̂c) and ᾱc = max(αc, α̂c). Since α̂ct = α̂c

if σ > y − γζ2k
θ(ζy+ζk)2 , we just need to compare under the case of σ ≤ y − γζ2k

θ(ζy+ζk)2 . If

y − γ
θ
< σ ≤ y − γζ2k

θ(ζy+ζk)2 , since α̂c → ∞ and α̂ct =
(1−γ)θ(ζy+ζk)2

2(θ(y−σ)(ζy+ζk)2−γζ2k ) , we have α̂ct < α̂c.

If σ ≤ y − γ
θ
< σ, we have α̂ct − α̂c = −

(1−γ)γθζy(ζy+2ζk)
2(θ(y−σ)−γ)(θ(y−σ)(ζy+ζk)2−γζ2k ) ≤ 0. Therefore,

combining all cases, we have ᾱct = max(αcd, α̂c) ≤ max(αc, α̂c) = ᾱc. □

Proof of Theorem 1.5 Following the proof of Proposition 1.4, we note that if

we let θt =
(ζy+ζk)2

ζ2k
θ, the platform’s utility under the centralized dispute system

with third-party arbitration remains the same as the main model with θ being
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replaced by θt. In this case, the comparison of Π∗t from Proposition 1.4 and Π+

from Proposition 1.3 follows directly from the proof of Theorem 1.3 with θ being

replaced by θt. Let σ̄t =

√
(γ+2θty)2+16γθty−γ+2θty

12θt
and ¯̄αt be the solution of Equation

(A.31) with θ being replaced by θt. Thus, we have Π+ ≥ Π∗t if and only if α ≤ ᾱt,

where

ᾱt =


ᾱd if σ ≤ σ̄t,

min(ᾱd,max(αct, ¯̄αt)) if σ̄t < σ ≤ y.

Finally, we derive some properties of ᾱt with respect to τ. Notice that ᾱt is

constant in τ if ᾱt = ᾱd. Hence, we only need to examine the properties of αct

and ¯̄αt. Note that the ratio τ = ζk
ζy+ζk

is increasing in ζk since ∂τ
∂ζk
=

ζy
(ζy+ζk) > 0. Thus,

it is sufficient to examine ᾱt with respect to ζk.

If ᾱt = αct, differentiating ᾱt with respect to ζk, we have ∂ᾱt
∂ζk
=

(1−γ)γζkζy
2σθ(y+σ)(ζy+ζk)3 ≥ 0.

Thus, ᾱt is increasing in ζk and τ.

If ᾱt = ¯̄αt, differentiating ᾱt with respect to θt, we have

∂ᾱt

∂θt
= −

−
2(σ−y)(γ(3γ2+6(3γ−4)σθ−7γ+2)−2(2−3γ)2θy+8σθ)√

24(γ−1)γ2θ(σ−y)+(γ2−6γσθ+6γθy+γ+4σθ−4θy)2
+ 6γ(σ − y) + 4(y − σ)

4γ(y − σ)

Differentiating again with respect to θt, we have

∂2ᾱt

∂θ2t
=

24(1 − γ)γ2(1 − 2γ)(y − σ)(
24(γ − 1)γ2θ(σ − y) +

(
γ2 − 6γσθ + 6γθy + γ + 4σθ − 4θy

)2
)3/2

> 0,

where the last step follows from γ ≤ 1
3 and σ ≤ y. We next show that ∂ᾱt

∂θt
< 0 for

large θt, and thus, ∂ᾱt
∂θt
< 0 for all θt. Since ¯̄αt is the solution of Equation (A.31)

with θ being replaced by θt, we have

−2γᾱ2
t (y − σ) + ᾱt

(
γ2 + γ(1 − 6σθt + 6θy) − 4θt(y − σ)

)
+ 3(1 − γ)γθt = 0.
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Let H = −2γᾱ2
t (y−σ)+ ᾱt

(
γ2 + γ(1 − 6σθt + 6θy) − 4θt(y − σ)

)
+ 3(1− γ)γθt. Differ-

entiating H with respect to θt, we have

∂H
∂θt
= 3γ(1 − γ) − ᾱt(4 − 6γ)(y − σ)

≤ 3γ(1 − γ) +
(1 − γ)(4 − 6γ)(y − σ)

(y + σ)

= −
(1 − γ)((−4 + γ)σ + (4 − 9γ)y)

y + σ

≤ −
4(1 − γ)(y − σ)

y + σ

≤ 0,

where the second step follows from the expression being the biggest at ᾱt = αd

(i.e., the threshold where dispute starts to occur under the decentralized dispute

system) since ∂
∂ᾱt

(3γ(1 − γ) − α(4 − 6γ)(y − σ)) = −(4 − 6γ)(y − σ) < 0 as γ ≤ 1
3

and σ ≤ y, the third step follows from re-arranging the terms, the fourth step

follows from the term (−4 + γ)σ + (4 − 9γ)y being the biggest at γ = 0 since

∂
∂α

((−4+γ)σ+ (4−9γ)y) = 3σ−9y < 0, and the last step follows from σ ≤ y. Next,

differentiating H with respect to ᾱt, we have

∂H
∂ᾱt
= γ(1 + γ) − 2γ(2ᾱt − 3θt)(y − σ) − 4θt(y − σ)

≤ γ(1 + γ) − 2γ(2
1 − γ
y + σ

− 3θt)(y − σ) − 4θt(y − σ)

=
2
9

(
−2 − 9θt(y − σ) +

8σ
y + σ

)
< 0,

where the second step follows from the expression being the biggest at ᾱt = αd

since ∂
∂ᾱt

(γ(1 + γ) − 2γ(2ᾱt − 3θ)(y − σ) − 4θt(y − σ)) = −4γ(y − σ) < 0 as σ ≤ y,

the third step follows from re-arranging the terms, and the last step follows

from θt >
2(3σ−y)
9(y2−σ2) , which can be re-expressed as θ ≥ 2(3σ−y)ζ2k

9(y2−σ2)(ζy+ζk)2 . Hence, if θ >
2(3σ−y)ζ2k

9(y2−σ2)(ζy+ζk)2 , using the Implicit Function Theorem, we have ∂ᾱt
∂θt
= −

∂H
∂θt
∂H
∂ᾱt

< 0. Since
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∂2ᾱt
∂θ2t
> 0 and ∂ᾱt

∂θt
< 0 for large θt, ∂ᾱt

∂θt
< 0 for all θt. Moreover, as ∂θt

∂ζk
= −

2θζy(ζk+ζy
ζ3k

< 0,

we have ∂ᾱt
∂ζk
= ∂ᾱt
∂θt

∂θt
∂ζk
> 0. Thus, combining all cases, ᾱt is increasing in ζk and τ.

□

A.7 Proofs of Section 1.9.2 (Price-Dependent Industry Stan-

dard)

Proof of Proposition 1.5 The analysis for Stages 3 to 6 follows from the Proof

of Proposition 1.1 since the utilities of the freelancer and the client remain the

same with y being replaced by y = y0+ηp. Hence, at Stage 3, if h∗(q)(1−γ)p− f ≥ 0,

the freelancer’s optimal quality level is

q∗p =


y0 + ηp + σ − γp

4θσ if α ≤ αcp,

(1−γ)p
4σα if α > αcp.

Moreover, the freelancer participates if U f ≥ 0 and does not participate if U f < 0.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint.

(a) If α ≤ αcp and h∗(q∗)(1 − γ)p − f ≥ 0, we have h∗(q∗p) = 1 and q∗p = y0 + ηp +

σ − γp
4θσ . As dispute does not occur in this case, the client’s problem is

max
p≥0

q∗p − p,

s.t. − α(q∗p)2 + (1 − γ)p ≥ 0.

Since the client’s utility is decreasing in p, p is chosen such that (1 − γ)p − f ≥ 0

and −α(q∗p)2 + (1 − γ)p ≥ 0 for the freelancer to participate. Therefore, p∗p =

max(
α(y0+ηp∗p+σ−

γp∗p
4θσ )2

1−γ , f
1−γ ).
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(b) If α > αcp and h∗(q∗)(1 − γ)p − f ≥ 0, we have h∗(q∗p) < 1 and q∗p =
(1−γ)p

4σα . As

dispute occurs in this case, the client’s problem is

max
p≥0

q∗p − h∗(q∗p)p,

s.t. − α(q∗p)2 + h∗(q∗p)(1 − γ)p − f ≥ 0.

We first consider the case where the individual rationality constraint of the

freelancer is binding. Let p̄cp be the price at which the individual rational-

ity constraint of the freelancer is binding, i.e., p̄cp is the solution of U f (q∗p) =

−α(q∗p)2 + h∗(q∗p)(1 − γ) p̄cp − f = 0. Using the Envelope Theorem, ∂U f

∂ p̄cp
> 0 and

∂U f

∂ f < 0. As such, using the Implicit Function Theorem, ∂ p̄cp

∂ f = −

∂U f
∂ f
∂U f
∂ p̄cp

> 0. We

next define p̂cp as the solution to the unconstrained client’s problem. Since p̄c

is increasing in f and p̂cp is constant in f , there exists a threshold f
cp

such that

p̂cp = p̄cp and

p∗p =


p̂cp if f ≤ f

cp
,

p̄cp if f > f
cp
.

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αcp, dispute does not occur.

The freelancer chooses quality q∗p = y0 + ηp∗ + σ −
γp∗p
4θσ and the client offers price

p∗p = max(
α(y0+ηp∗p+σ−

γp∗p
4θσ )2

1−γ , f
1−γ ). Thus, the platform will achieve a utility of Π( f ) =

γp∗p = γmax(α(y0+ηp∗+σ−
γp∗p
4θσ )2

1−γ , f
1−γ ). Thus, the platform’s optimization problem is as
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follows:

max
f≥0

γmax

α(y0 + ηp∗p + σ −
γp∗p
4θσ )2

1 − γ
,

f
1 − γ

 ,
s.t.

(
y0 + ηp∗p + σ −

γp∗p
4θσ

)
−max

α(y0 + ηp∗p + σ −
γp∗p
4θσ )2

1 − γ
,

f
1 − γ

 ≥ 0, (A.49)

− α

(
y0 + ηp∗p + σ −

γp∗p
4θσ

)2

+ (1 − γ) max

α(y0 + ηp∗p + σ −
γp∗p
4θσ )2

1 − γ
,

f
1 − γ

 ≥ 0,

(A.50)

where Equation (A.49) is the individual rationality constraint of the client, and

Equation (A.50) is the individual rationality constraint of the freelancer. Notice

that this platform’s problem is similar to the platform’s problem in solving for

the optimal dispute fee under the centralized dispute system in the main model.

Thus, we have f ∗p = (1 − γ)p∗p and p∗p = q∗p. Therefore, q∗p is given by

q∗p = y0 + ηq∗p + σ −
γq∗p
4θσ

⇔q∗p =
4σθ(y0 + σ)
γ + 4σθ(1 − η)

.

Moreover, from the individual rationality constraint of the freelancer, we obtain

αcp =
(1−γ)(γ+4σθ(1−η))

4σθ(y0+σ) . Hence, if α ≤ αcp, the platform’s equilibrium utility is Π∗p =

γp∗p = γq
∗
p =

4γσθ(y0+σ)
γ+4σθ(1−η) .

(b) Recall from previous analyses that if α > αcp, dispute occurs. The plat-

form’s optimization problem is as follows:

max
f≥0

h∗(q∗p)γp∗p + f − θ(k∗ − y)2,

s.t. q∗p − h∗(q∗p)p∗p ≥ 0, (A.51)

− α(q∗p)2 + h∗(q∗p)(1 − γ)p∗p − f ≥ 0, (A.52)

where Equation (A.51) is the individual rationality constraint of the client, and

Equation (A.52) is the individual rationality constraint of the freelancer. Notice
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that the analysis for the equilibrium outcome follows from the proof of Proposi-

tion 1.1. Thus, the platform’s expected utility is increasing in f and the platform

chooses the optimal f such that both Equations (A.51) and (A.52) are binding.

Substituting q∗p into Equation (A.51), we have

q∗p − h∗p(q∗p)p∗p = 0

⇔ q∗p −
(q∗p − y0 − ηp∗p + σ

2σ
+
γp∗p
8θσ2

)
p∗p = 0

⇔
(1 − γ)p∗p

4ασ
−

 (1−γ)p∗p
4ασ − y − ηp∗p + σ

2σ
+
γp∗p
8θσ2

 p∗p = 0

⇔ p∗p =
2σθ(2α(y0 − σ) + (1 − γ))
α(γ − 4σθη) + (1 − γ)θ

,

and

q∗p =
(1 − γ)θ(2α(y0 − σ) + (1 − γ))

2α(α(γ − 4σθη) + (1 − γ)θ)
,

and from Equation (A.52), we obtain

f ∗p = − α(q∗p)2 + h∗p(q∗p)(1 − γ)p∗p

=
(1 − γ)2θ(2α(y0 − σ) + (1 − γ))(2α(γ + θ(σ − 4ση − y0)) + (1 − γ)θ)

4α(α(γ − 4σθη) + (1 − γ)θ)2 .

Therefore, the platform’s utility is

Π∗p =h∗(q∗p)γp∗p + f ∗p −
γ2(p∗p)2

16θσ2

=
1

4α(α(γ − 4σθη) − γθ + θ)2

[
θ(2α(y0 − σ) + 1 − γ)

(
2α2γ2(σ − y0)

+ α(γ − 1)
(
γ2 + 2γ(σθ − θy0 − 1) + 2θ(4ση − σ + y0)

)
+ (γ + 1)(γ − 1)2θ

)]
.

Moreover, since dispute fee has to be non-negative for contracting to occur, if

σ > y0, f ∗p = 0 at α = 1−γ
2(σ−y0) . If σ ≤ y0 −

γ

θ(1−4η) , f ∗p = 0 at α = (1−γ)θ
2(θ(y0+4ση−σ)−γ) . If

y0 −
γ

θ(1−4η) < σ ≤ y0, f ∗p ≥ 0 for all α. Therefore, if dispute occurs, there exists a
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threshold, α̂cp, such that f ∗p ≥ 0 if and only if α ≤ α̂cp, where α̂cp is given by

α̂cp =



(1−γ)θ
2(θ(y0+4ση−σ)−γ) if σ ≤ y0 −

γ

θ(1−4η) ,

∞ if y0 −
γ

θ(1−4η) < σ ≤ y0,

1−γ
2(σ−y0) if σ > y0.

If α > α̂cp, since the dispute fee has to be non-negative, setting f ∗p = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱcp = max(αcp, α̂cp). Contracting occurs if and only if α ≤ ᾱcp. Thus, given

that contracting occurs, dispute occurs in equilibrium if and only if αcp < α ≤

ᾱcp. □

Proof of Proposition 1.6 Similar to the proof of Proposition 1.6, the analysis for

Stages 3 to 6 follows from the Proof of Proposition 1.3 since the utilities of the

freelancer and the client remain the same with y being replaced by y = y0 + ηp.

Hence, at Stage 3, if h+(q)(1−γ)p− f ≥ 0, the freelancer’s optimal quality level is

q+p =


y0 + ηp + σ if α ≤ αdp,

(1−γ)p
4σα if α > αdp.

Moreover, the freelancer participates if U f ≥ 0 and does not participate if U f < 0.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint.

(a) If α ≤ αdp and h+(q+p)(1−γ)p− f ≥ 0, we have h+(q+p) = 1 and q+p = y0+ηp+σ.

As dispute does not occur in this case, the client’s problem is

max
p≥0

q+p − p,

s.t. − α(q+p)2 + (1 − γ)p ≥ 0.
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Since the client’s utility is decreasing in p, p is chosen such that (1 − γ)p − f ≥ 0

and −α(q+p)2 + (1 − γ)p ≥ 0 for the freelancer to participate. Therefore, p+p =

max(
α(y0+ηp+pσ)2

1−γ , f
1−γ ).

(b) If α > αdp and h+(q+p)(1 − γ)p − f ≥ 0, we have h+(q+p) < 1 and q+p =
(1−γ)p

4σα .

As dispute occurs in this case, the client’s problem is

max
p≥0

q+p − h+(q+p)p,

s.t. − α(q+p)2 + h+(q+p)(1 − γ)p − f ≥ 0.

We first consider the case where the individual rationality constraint of the

freelancer is binding. Let p̄dp be the price at which the individual rational-

ity constraint of the freelancer is binding, i.e., p̄dp is the solution of U f (q+p) =

−α(q+p)2 + h+(q+p)(1 − γ) p̄dp − f = 0. Using the Envelope Theorem, ∂U f

∂p̄dp
> 0, and

∂U f

∂ f < 0. As such, using the Implicit Function Theorem, ∂p̄dp

∂ f = −

∂U f
∂ f
∂U f
∂ p̄dp

> 0. We

next define p̂dp as the solution to the unconstrained client’s problem. Since p̄dp

is increasing in f and p̂dp is constant in f , there exists a threshold f
dp

such that

p̂dp = p̄dp and

p+p =


p̂dp if f ≤ f

dp
,

p̄dp if f > f
dp
.

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αdp, dispute does not occur.

The freelancer chooses quality q+p = y0 + ηp+ + σ and the client offers price p+p =

max(
α(y0+ηp+p+σ)2

1−γ , f
1−γ ). Thus, the platform will achieve a utility of Π( f ) = γp+p =
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γmax(
α(y0+ηp+p+σ)2

1−γ , f
1−γ ). Thus, the platform’s optimization problem is as follows:

max
f≥0

γmax
α(y0 + ηp+p + σ)2

1 − γ
,

f
1 − γ

 ,
s.t. (y0 + ηp+p + σ) −max

α(y0 + ηp+p + σ)2

1 − γ
,

f
1 − γ

 ≥ 0,

− α(y0 + ηp+p + σ)2 + (1 − γ) max
α(y0 + ηp+p + σ)2

1 − γ
,

f
1 − γ

 ≥ 0,

Notice that this is similar to the platform’s problem in solving for the optimal

dispute fee under the decentralized dispute system in the main model. Thus,

we have f +p = (1 − γ)p+p and p+p = q+p . Therefore, q+p is given by

q+p = y0 + ηq+p + σ

⇔q+p =
y0 + σ

1 − η
.

Moreover, from the individual rationality constraint of the freelancer, we obtain

αdp =
(1−γ)(1−η)

y0+σ
. Hence, if α ≤ αdp, the platform’s equilibrium utility is Π+p =

γ(y0+σ)
1−η .

(b) Recall from previous analyses that if α > αdp, dispute occurs. The plat-

form’s optimization problem is as follows:

max
f≥0

h+(q+p)γp+p + f ,

s.t. q+p − h+(q+p)p+p ≥ 0, (A.53)

− α(q+p)2 + h+(q+p)(1 − γ)p+p − f ≥ 0, (A.54)

where Equation (A.53) is the individual rationality constraint of the client, and

Equation (A.54) is the individual rationality constraint of the freelancer. Notice

that the analysis for the equilibrium outcome follows from the proof of Proposi-

tion 1.3. Thus, the platform’s expected utility is increasing in f and the platform

chooses the optimal f such that both Equations (A.53) and (A.54) are binding.
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Substituting q+p into Equation (A.53), we have

q+p − h+(q+p)p+p = 0

⇔ q+p −
(q+p − y0 − ηp+p + σ

2σ

)
p+p = 0

⇔
(1 − γ)p+p

4ασ
−


(1−γ)p+p

4ασ − y − ηp+p + σ

2σ

 p+p = 0

⇔ p+p =
2σ(2α(y0 − σ) + (1 − γ))

1 − γ − 4αση
,

and

q+p =
(1 − γ)(2α(y0 − σ) + (1 − γ))

2α(1 − γ − 4αση)
,

and from Equation (A.54), we obtain

f +p = − α(q+p)2 + h+(q+p)(1 − γ)p+p

=
(1 − γ)2(2α(y0 − σ) + 1 − γ)(2α(σ − 4ση − y0) + 1 − γ)

4α(−4αση + 1 − γ)
.

Therefore, the platform’s utility is

Π+p =h+(q+p)γp+p + f +p

=
(1 − γ)(2α(y0 − σ) + 1 − γ)(1 − γ2 + 2αγ(y0 − σ) + 2α(σ − 4ση − y))

4α(−4αση + 1 − γ)2 .

Moreover, since dispute fee has to be non-negative for contracting to occur, if

σ > y0, f +p = 0 at α = 1−γ
2(σ−y0) . If σ ≤ y, f +p = 0 at α = 1−γ

2(y0−σ+4ση) . Therefore, if dispute

occurs, there exists a threshold, α̂d, such that f +p ≥ 0 if and only if α ≤ α̂dp, where

α̂dp is given by

α̂dp =


1−γ

2(y0−σ+4ση) if σ ≤ y0

1−γ
2(σ−y0) if σ > y0.

If α > α̂dp, since the dispute fee has to be non-negative, setting f +p = 0 would

cause the individual rationality constraint of the freelancer to be violated. We
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define ᾱdp = max(αdp, α̂dp). Contracting occurs if and only if α ≤ ᾱdp. Thus, given

that contracting occurs, dispute occurs in equilibrium if and only if αdp < α ≤

ᾱdp. □

Proof of Theorem 1.6 Following Propositions 1.5 and 1.6, we compare the

platform’s equilibrium utilities under the centralized and decentralized dispute

systems. We first compare the α thresholds under the different dispute systems.

Since the α thresholds under the different dispute systems are similar to those

in the main model, following the proof of Theorem 1.1, we obtain that αdp ≤ αcp

and ᾱdp ≤ ᾱcp. Thus, we next compare the platform’s equilibrium utilities be-

tween the centralized and decentralized dispute systems under three different

cases.

(a) If α ≤ αdp, dispute does not occur under either system. In this case, under

the centralized dispute system, Π∗p =
4γσθ(y0+σ)
γ+4σθ(1−η) ; under the decentralized dispute

system, Π+p =
γ(y0+σ)

1−η . Therefore, it is easy to see that Π+p ≥ Π∗p since 4σθ
γ+4σθ ≤ 1.

(b) If αdp < α ≤ αcp, we first check if ᾱdp ≤ αcp. Under σ ≤ σ̄p, where

σ̄p =

√
γ2(1−4η)2+4γθ(2η(4η−7)+5)y0+4θ2(1−2η)2y2

0+γ(4η−1)+2θ(1−2η)y0

4θ(2η(4η−5)+3) , we have

αcp − ᾱdp =
1
4

(1 − γ)
(
γ − 4σθη + 4σθ
σ2θ + σθy0

+
2

−4ση + σ − y0

)
≥ 0,

where the last step follows fromσ ≤
√
γ2(1−4η)2+4γθ(2η(4η−7)+5)y0+4θ2(1−2η)2y2

0+γ(4η−1)+2θ(1−2η)y0

4θ(2η(4η−5)+3) .

Recall that since dispute occurs under the decentralized dispute system, Π+p =

h+(q+p)γp+p + f +p = γq
+
p + f +p . Thus, it is sufficient to compare q+p with q∗p in order to

compare between Π+p and Π∗p since Π∗p = γp∗p = γq
∗
p. Taking the difference of the

two quality levels, we have

q+p − q∗p =
(1 − γ)(2α(σ − y0) + γ − 1)

2α(4αση + γ − 1)
−

4σθ(σ + y0)
γ − 4σθ(η − 1)

.

Since ∂
∂α

(q+p − q∗p) = (γ−1)(γ(8αση−2)+8αση(α(σ−y0)−1)+γ2+1)
2α2(4αση+γ−1)2 < 0, q+p − q∗p is the most negative
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at αcp. At α = αcp, the difference q+p − q∗p becomes

q+p − q∗p =
θ(σ + y0)(γ(−4ση + σ − y0) + 2σθ(2η − 1)(σ(4η − 3) + y0))

(γ − 4σθ(η − 1))
(
γη − θ

(
σ(1 − 2η)2 + y0

)) ,

which is positive if σ ≤
√
γ2(1−4η)2+4γθ(2η(4η−7)+5)y0+4θ2(1−2η)2y2

0+γ(4η−1)+2θ(1−2η)y0

4θ(2η(4η−5)+3) . There-

fore, since q+p ≥ q∗p, Π+p ≥ Π∗p if α ≤ ᾱdp. Recall from Proposition 1.6 that

ᾱdp = max( (1−γ)(1−η)
y0+σ

, 1−γ
2(y0−σ+4ση) ). Thus, we can alternatively express the condi-

tion α ≤ ᾱdp as η ≤ η̄, where η̄ = max( 1−γ−α(y0+σ)
1−γ , 1−γ−2α(y0−σ)

8ασ ). We now derive

some properties with regards to η̄. If η̄ = 1−γ−α(y0+σ)
1−γ , we have ∂η̄

∂α
= −

y0+σ

1−γ < 0. If

η̄ = 1−γ−2α(y0−σ)
8ασ , we have ∂η̄

∂α
= −

1−γ
8α2σ
< 0. Therefore, η̄ is decreasing in α. □

A.8 Proofs of Section 1.9.3 (Double-Sided Dispute Fees)

Proof of Proposition 1.7 Proposition 1.7 can be proven by backward induction

based on the decision tree in Figure 1.5.

At Stage 7, the platform makes the decision on the dispute, which will only

occur if the client has rejected the freelancer’s work and the freelancer has initi-

ated the dispute. If the client does not pay the dispute fee, the freelancer wins

by default. If the client pays the dispute fee, the platform makes a decision on

the dispute, and the freelancer wins with probability h∗(q).

At Stage 6, the client makes the decision on whether to pay the dispute fee,

which will only occur if the client has previously rejected the freelancer’s work

and the freelancer has initiated the dispute. Thus, the client’s utility is

Uc(p) =


q − h∗(q)p − f if client pays the dispute fee,

q − p if client does not pay the dispute fee.

As such, the client pays the dispute fee if −h∗(q)p − f > p, which can be rear-

ranged as (1 − h∗(q))p > f , and does not pay the dispute fee otherwise.
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At Stage 5, the freelancer makes the decision on whether to initiate the dis-

pute, which will only occur if the client has rejected the freelancer’s work. The

freelancer’s utility is

U f (q) =



−αq2 + h∗(q)(1 − γ)p − f if freelancer initiates dispute and (1 − h∗(q))p > f ,

−αq2 + (1 − γ)p − f if freelancer initiates dispute and (1 − h∗(q))p ≤ f ,

−αq2 if freelancer does not initiate dispute.

Therefore, the freelancer initiates the dispute if f ≥ (1−h∗(q))p and (1−γ)p− f ≥ 0,

or if f < (1 − h∗(q))p and h∗(q)(1 − γ)p − f ≥ 0. He does not initiate the dispute

otherwise.

At Stage 4, the client decides whether to accept or reject the freelancer’s

work. If the client accepts the freelancer’s work, her utility is

Uc = q − p.

If the client rejects the freelancer’s work, her utility is

Uc(p) =



q − p if f ≥ (1 − h∗(q))p and (1 − γ)p − f ≥ 0,

q − h∗(q)p − f if f < (1 − h∗(q))p and h∗(q)(1 − γ)p − f ≥ 0,

q otherwise.

Therefore, the client accepts if f ≥ (1 − h∗(q))p and (1 − γ)p − f ≥ 0, and rejects

otherwise.

At Stage 3, the freelancer decides whether to participate or not and chooses

his quality level if he participates. Given that the freelancer participates, his

utility is given by

U f (q) =



−αq2 + (1 − γ)p if f ≥ (1 − h∗(q))p and (1 − γ)p − f ≥ 0,

−αq2 + h∗(q)(1 − γ)p − f if f < (1 − h∗(q))p and h∗(q)(1 − γ)p − f ≥ 0,

−αq2 otherwise.
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If f ≥ (1 − h∗(q))p, the freelancer’s utility is −αq2 + (1 − γ)p, which is decreasing

in q, and hence his optimal quality level is

(1 − h∗(q))p − f = 0

⇔ q∗d = y + σ −
2σ f

p
−
γp

4σθ
(A.55)

where the last step follows from h∗(q) = q−y+σ
2σ +

γp
8θσ2 . Therefore, the freelancer’s

utility is U f ,1 = −α(y+σ− 2σ f
p −

γp
4σθ )

2 + (1− γ)p. If f < (1− h∗(q))p, the freelancer’s

utility is −αq2 + h∗(q)(1 − γ)p − f and his optimal quality level is

q∗d =
(1 − γ)p

4σα
. (A.56)

Therefore, the freelancer’s utility is U f ,2 = −α( (1−γ)p
4σα )2+h∗( (1−γ)p

4σα )(1−γ)p− f . Hence,

following the proof of Proposition 1.1, the freelancer’s optimal quality level is

q∗d =


y + σ − 2σ f

p −
γp

4σθ if α ≤ αcd,

(1−γ)p
4σα if α > αcd,

where αcd is the α threshold such that U f ,1 = U f ,2 when the dispute fee is double-

sided.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint.

(a) If α ≤ αcd and (1 − γ)p − f ≥ 0, dispute does not occur and q∗d = y + σ −

2σ f
p −

γp
4σθ . Thus, the client’s problem is

max
p≥0

q∗d − p,

s.t. − α(q∗d)2 + (1 − γ)p ≥ 0.

Since the client’s utility is decreasing in p, p is chosen such that (1 − γ)p − f ≥ 0

and −α(q∗d)2 + (1 − γ)p ≥ 0 for the freelancer to participate. Therefore, p∗d =

max(α(q∗d)2

1−γ ,
f

1−γ ).
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(b) If α > αcd and h∗(q∗d)(1 − γ)p − f ≥ 0, dispute occurs and q∗d =
(1−γ)p

4σα . The

client’s problem is

max
p≥0

q∗d − h∗(q∗d)p − f ,

s.t. − α(q∗d)2 + h∗(q∗d)(1 − γ)p − f ≥ 0.

Notice that under this scenario, since the client’s expected utility is of a similar

form as our main model, the analysis for the client’s optimal p∗d follows from the

proof of Proposition 1.1.

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αcd, dispute does not occur.

The client offers price p∗d = max(α(q∗d)2

1−γ ,
f

1−γ ) and the freelancer chooses quality

q∗d = y + σ − 2σ f
p∗d
−
γp∗d
4σθ . Thus, the platform will achieve utility Π = γp∗d. Thus, the

platform’s problem is as follows:

max
f≥0

γmax
(
α(q∗d)2

1 − γ
,

f
1 − γ

)
,

s.t. q∗d −max
(
α(q∗d)2

1 − γ
,

f
1 − γ

)
≥ 0,

− α(q∗d)2 + (1 − γ) max
(
α(q∗d)2

1 − γ
,

f
1 − γ

)
≥ 0.

Notice that this is similar to the platform’s problem in solving for the optimal

dispute fee under the centralized dispute system in the main model. Thus, we

have f ∗d = (1 − γ)p∗d and p∗d = q∗d. Therefore, from Equation (A.55), q∗f is given by

q∗d = y + σ −
2(1 − γ)σq∗d

q∗d
−
γq∗d

4θσ2

⇔ q∗d =
4σθ(y + σ − 2(1 − γ)σ)

γ + 4σθ
.

Moreover, from the individual rationality constraint of the freelancer, we obtain
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αcd =
(1−γ)(γ+4σθ)

4σθ(y+σ−2(1−γ)σ) . Therefore, if α ≤ αcd, the platform’s equilibrium utility is

Π∗d = γ
4σθ(y + σ − 2(1 − γ)σ)

γ + 4σθ
.

(b) Recall from previous analyses that if α > αcd and h∗(q∗d)(1 − γ)p∗d − f ≥ 0,

dispute is initiated by the freelancer and the client pays the dispute fee. The

platform’s problem is

max
f≥0

h∗(q∗d)γp∗d + 2 f −
γ2(p∗d)2

16θσ2 ,

s.t. q∗d − h∗(q∗d)p∗d − f ≥ 0, (A.57)

− α(q∗d)2 + h∗(q∗d)(1 − γ)p∗d − f ≥ 0. (A.58)

where Equation (A.57) is the individual rationality constraint of the client, and

Equation (A.58) is the individual rationality constraint of the freelancer. Notice

that the analysis for the equilibrium outcome follows the proof of Proposition

1.1. Thus, the platform’s expected utility is increasing in f and the platform

chooses the optimal f such that both Equations (A.57) and (A.58) are binding,

resulting in

−α(q∗d)2 + h∗(q∗d)(1 − γ)p∗d − q∗d + h∗(q∗d)p∗d = 0.

Substituting Equation (A.56) and h(q∗d) = q∗d−y+σ
2σ +

γp∗d
8θσ2 into the above equation,

we have

p∗d =
4σθ(2(2 − γ)α(y − σ) + (1 − γ))

(3 − γ)(1 − γ)θ + 2(2 − γ)γα
. (A.59)

Consequently, substituting Equation (A.59) into Equation (A.56), we have

q∗d =
(1 − γ)θ(2(2 − γ)α(y − σ) + (1 − γ))
α((3 − γ)(1 − γ)θ + 2(2 − γ)γα)

,

and from the binding Equation (A.57), we have

f ∗d =
(1 − γ)2θ(2(2 − γ)α(y − σ) + (1 − γ))(2α(γ − θ(y − σ)) + (1 − γ)θ)

α((3 − γ)(1 − γ)θ + 2(2 − γ)γα)2 .

179



The platform’s expected utility is then

Π∗d =h∗(q∗d)γp∗d + 2 f ∗d −
γ2(p∗d)2

16θσ2

=
θ(2(2 − γ)α(y − σ) + (1 − γ))
α((3 − γ)(1 − γ)θ + 2(2 − γ)γα)2

(
(−2α2(2 − γ)γ2(y − σ)

+ α(1 − γ)(γ(4 − 3γ) − 2(3 − γ)γσθ − 2(2 − γ)(1 − γ)θy + 4σθ) + 2(1 − γ)2θ
)
.

Moreover, since dispute fee has to be non-negative for contracting to occur, if

σ > y, f ∗d = 0 at α = (1−γ)θ
2(2−γ)(σ−y) . If σ ≤ y − γ

θ
, f ∗d = 0 at α = (1−γ)θ

2(θ(y−σ)−γ) . If y − γ
θ
< σ ≤ y,

f ∗d ≥ 0 for all α. Therefore, if dispute occurs, there exists a threshold, α̂cd, such

that f ∗d ≥ 0 if and only if α ≤ α̂cd, where α̂cd is given by

α̂cd =



(1−γ)θ
2(θ(y−σ)−γ) if σ ≤ y − γ

θ
,

∞ if y − γ
θ
< σ ≤ y.

(1−γ)θ
2(2−γ)(σ−y) if σ > y.

If α > α̂cd, since the dispute fee has to be non-negative, setting f ∗d = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱcd = max(αcd, α̂cd). Contracting occurs if and only if α ≤ ᾱcd. Thus, given

that contracting occurs, dispute occurs in equilibrium if and only if αcd < α ≤

ᾱcd.

Finally, we compare the thresholds to the main model under σ ≤ y. Com-

paring αcd with αc, We have αcd − αc =
(1−γ)(γ+4σθ)

4σθ ( 1
y+σ−2(1−γ)σ −

1
y+σ ) ≥ 0 and

thus, αcd ≥ αc. Comparing ᾱcd with ᾱc, since α̂cd = α̂c if σ ≤ y, we have

ᾱcd = max(αcd, α̂c) ≥ max(αc, α̂c) = ᾱc. □

Proof of Proposition 1.8 Proposition 1.8 can be proven by backward induction

based on the decision tree in Figure 1.5.

At Stage 7, the dispute decision is made, which will only occur if the client

has rejected the freelancer’s work and the freelancer has initiated the dispute.
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If the client does not pay the dispute fee, the freelancer wins by default. If the

client pays the dispute fee, the tribunal makes a decision on the dispute, and the

freelancer wins with probability h+(q).

At Stage 6, the client makes the decision on whether to pay the dispute fee,

which will only occur if the client has rejected the freelancer’s work and the

freelancer has initiated the dispute. Therefore, the client’s utility is

Uc(p) =


q − h+(q)p − f if client pays the dispute fee,

q − p if client does not pays the dispute fee.

As such, the client pays the dispute fee if −h+(q)p − f > −p, which simplifies to

f < (1 − h+(q))p, and does not pay the dispute fee otherwise.

At Stage 5, the freelancer makes the decision on whether to initiate the dis-

pute, which will only occur if the client has rejected the freelancer’s work. The

freelancer’s utility is

U f (q) =



−αq2 + (1 − γ)p − f if f ≥ (1 − h+(q))p and initiates dispute,

−αq2 + h+(q)(1 − γ)p − f if f < (1 − h+(q))p and initiates dispute,

−αq2 if dispute is not initiated.

Therefore, the freelancer initiates the dispute if f ≥ (1−h+(q))p and (1−γ)p− f ≥ 0,

or if f < (1 − h+(q))p and h+(q)(1 − γ)p − f ≥ 0. He does not initiate the dispute

otherwise.

At Stage 4, the client decides whether to accept or reject the freelancer’s

work. If the client accepts the freelancer’s work, her utility is

Uc(p) = q − p.
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If the client rejects the freelancer’s work, her utility is

Uc(p) =



q − p if f ≥ (1 − h+(q))p and (1 − γ)p − f ≥ 0,

q − h+(q)p − f if f < (1 − h+(q))p and h+(q)(1 − γ)p − f ≥ 0,

q otherwise.

Therefore, the client accepts if f ≥ (1 − h+(q))p and (1 − γ)p − f ≥ 0, and rejects

otherwise.

At Stage 3, the freelancer decides whether to participate or not and chooses

his quality level if he participates. Given that the freelancer participates, his

utility is given by

U f (q) =



−αq2 + (1 − γ)p if f ≥ (1 − h+(q))p and (1 − γ)p − f ≥ 0,

−αq2 + h+(q)(1 − γ)p − f if f < (1 − h+(q))p and h+(q)(1 − γ)p − f ≥ 0,

−αq2 otherwise.

If f ≥ (1 − h+(q))p, the freelancer’s utility is −αq2 + (1 − γ)p, which is decreasing

in q, and hence his optimal quality level is

q+d = h−1(1 −
f
p

)

= 2σ(1 −
f
p

) + y − σ. (A.60)

Therefore, the freelancer’s utility is U f ,1 = −α(2σ(1 − f
p ) + y − σ)2 + (1 − γ)p. If

f < (1 − h+(q))p, the freelancer’s utility is −αq2 + h+(q)(1 − γ)p − f and following

from Proposition 1.3, his optimal quality level is

q+d =
(1 − γ)p

4σα
. (A.61)

Therefore, the freelancer’s utility is U f ,2 = −α( (1−γ)p
4σα )2+h+( (1−γ)p

4σα )(1−γ)p− f . Hence,
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following the proof of Proposition 1.3, the freelancer’s optimal quality level is

q+d =


2σ(1 − f

p ) + y − σ if α ≤ αdd,

(1−γ)p
4σα if α > αdd,

where αdd is the α threshold such that U f ,1 = U f ,2 when the dispute fee is double-

sided.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint. Given that the client participates, her utility is

given by

Uc(p) =


(2σ(1 − f

p ) + y − σ) − p if α ≤ αdd and (1 − γ)p − f ≥ 0,

q+d − h(q+d )p − f if α > αdd and h(q+d )(1 − γ)p − f ≥ 0.

(a) If α ≤ αdd and (1− γ)p− f ≥ 0, q+d = 2σ(1− f
p )+ y−σ and from Stage 4, the

client accepts the freelancer’s work. Thus, the client’s problem is

max
p≥0

q+d − p,

s.t. − α(q+d )2 + (1 − γ)p ≥ 0.

Since the client’s utility is decreasing in p, p is chosen such that (1 − γ)p − f ≥ 0

and −α(q+d )2 + (1 − γ)p ≥ 0 for the freelancer to participate. Therefore, p+d =

max(α(q+d )2

1−γ ,
f

1−γ ).

(b) If α > αdd and h(q+d )(1 − γ)p − f ≥ 0, q+d =
h′(q+d )(1−γ)p

2α and from Stage 4, the

client rejects the freelancer’s work. Thus, the client’s problem is

max
p≥0

q+d − h(q+d )p − f ,

s.t. − α(q+d )2 + h(q+d )(1 − γ)p − f ≥ 0.
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Notice that under this scenario, the analysis for the client’s optimal p+d follows

from the proof of Proposition 1.3.

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αdd, dispute does not occur.

Moreover, we have q+d = 2σ(1 − f
p+d

) + y − σ and p+d = max(α(q+d )2

1−γ ,
f

1−γ ). Thus, the

platform’s problem is

max
f≥0

γmax
(
α(q+d )2

1 − γ
,

f
1 − γ

)
,

s.t. q+d −max
(
α(q+d )2

1 − γ
,

f
1 − γ

)
≥ 0, (A.62)

− α(q+d )2 + (1 − γ) max
(
α(q+d )2

1 − γ
,

f
1 − γ

)
≥ 0, (A.63)

where Equation (A.62) is the individual rationality constraint of the client, and

Equation (A.63) is the individual rationality constraint of the freelancer. Notice

that this is similar to the platform’s problem in solving for the optimal dispute

fee under the decentralized dispute system in the main model. Thus, as the

platform’s utility is increasing in f , it increases f until the individual rationality

constraint of the client is binding. Thus, p+d =
f

1−γ . From the binding Equation

(A.62), we have

f +d = (1 − γ)(y − σ + 2γσ),

and from p+d =
f +d

1−γ we have,

p+d = (y − σ + 2γσ).

The condition α ≤ αdd can then be simplified to α ≤ 1−γ
q+d
=

1−γ
y−σ+2γσ = αdd. There-

fore, if α ≤ αdd, the platform’s utility is

Π+d = γ(y − σ + 2γσ).
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(b) Recall from previous analyses that if α > αdd and h(q+d )(1 − γ)p − f ≥ 0,

dispute is initiated by the freelancer and the client pays the dispute fee. The

platform’s problem is

max
f≥0

h(q+d )γp+d + 2 f

s.t. q+d − h(q+d )p+d − f ≥ 0, (A.64)

− α(q+d )2 + h(q+d )(1 − γ)p+d − f ≥ 0, (A.65)

where Equation (A.64) is the individual rationality constraint of the client, and

Equation (A.65) is the individual rationality constraint of the freelancer. Notice

that the analysis for the equilibrium outcome follows the proof of Proposition

1.3. Thus, the platform’s expected utility is increasing in f and the platform

chooses the optimal f such that both Equations (A.64) and (A.65) are binding,

resulting in

−α(q+d )2 + h(q+d )(1 − γ)p+d − q+d + h(q+d )p+d = 0.

Substituting Equation (A.61) and h(q+d ) = q+d−y+σ
2σ into the above equation, we have

p+d =
4σ(2(2 − γ)α(y − σ)γ + (1 − γ))

γ2 − 4γ + 3
. (A.66)

Consequently, substituting Equation (A.66) into Equation (A.61), we have

q+d =
(1 − γ)(2(2 − γ)α(y − σ)γ + (1 − γ))

α(γ2 − 4γ + 3)
,

and from the binding Equation (A.64), we have

f +d =
(−2α(y − σ) + (1 − γ))(2(2 − γ)α(y − σ) − (1 + γ))

α(3 − γ)2 . (A.67)

The platform’s expected utility is

Π+d = h(q+d )γp+d + 2 f +d

=
2(−(2 − γ)α(y − σ)+)(2(2 − γ)α(y − σ) + (1 − γ))

α(3 − γ)2 .
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Moreover, since dispute fee has to be non-negative for contracting to occur, if

σ > y, f +d = 0 at α = 1−γ
2(2−γ)(σ−y) . If σ ≤ y, f +d = 0 at α = 1−γ

2(y−σ) . Therefore, if dispute

occurs, there exists a threshold α̂dd, which is the solution of f +d = 0, such that

f +d ≥ 0 if and only if α ≤ α̂dd, where α̂dd is given by

α̂dd =


1−γ

2(y−σ) if σ ≤ y,

1−γ
2(2−γ)(σ−y) if σ > y.

If α > α̂dd, since the dispute fee has to be non-negative, setting f +d = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱdd = max(αdd, α̂dd). Contracting occurs if and only if α ≤ ᾱdd. Thus, given

that contracting occurs, dispute occurs in equilibrium if and only if αdd < α ≤

ᾱdd.

Finally, we compare the thresholds to the main model under σ ≤ y. Com-

paring αdd with αd, we have αdd − αd = (1 − γ)( 1
y+σ−2(1−γ)σ −

1
y+σ ) ≥ 0 and

thus, αdd ≥ αd. Comparing ᾱdd with ᾱd, since α̂dd = α̂d if σ ≤ y, we have

ᾱdd = max(αdd, α̂d) ≥ max(αd, α̂d) = ᾱd. □

Proof of Theorem 1.7 Let Π∗d be the platform’s equilibrium utility under the

centralized dispute system with double-sided dispute fees, and Π∗ be the plat-

form’s equilibrium utility under the centralized dispute system with a single-

sided dispute fee. Similarly, let Π+d be the platform’s equilibrium utility under

the decentralized dispute system with double-sided dispute fees, and Π+ be the

platform’s equilibrium utility under the decentralized dispute system with a

single-sided dispute fee.

First, we compare the equilibrium utilities under the decentralized dispute

system with a single-sided dispute fee and the centralized dispute system with

double-sided dispute fees. Recall that αcd − αd ≥ 0. Thus, there is no dispute

over a greater range of α under the centralized dispute system. If dispute does
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not occur under both systems (i.e., α ≤ αd), the difference Π+ − Π∗d is given by

Π+ − Π∗d = γ(y + σ) − γ
4σθ(y + σ − 2(1 − γ)σ)

γ + 4σθ

≥ γ(y + σ) − γ
4σθ(y + σ)
γ + 4σθ

> 0,

where the last step follows from γ > 0 and θ > 0. If dispute does not occur under

the centralized dispute system with double-sided dispute fees and occurs under

the decentralized dispute system with single-sided dispute fees (i.e., αd < α ≤

αcd), the difference q+d − q∗d is given by

q+ − q∗d =
1 − γ

2α
+ y − σ −

4σθ(y + σ − 2(1 − γ)σ)
γ + 4σθ

≥
1 − γ

2α
+ y − σ −

4σθ(y + σ)
γ + 4σθ

≥ 0,

where the last step follows from σ ≤ σ̄. Moreover, we note that if σ ≤ σ̄,

ᾱd ≤ αc ≤ αcd. Therefore, since Π+ = γq+ + f + and Π∗d = γq
∗
d, Π+ ≥ Π∗d if and only

if α ≤ ᾱd.

Second, we compare the equilibrium utilities under the decentralized dis-

pute system with double-sided dispute fees and under the decentralized dis-

pute system with a single-sided dispute fee. Note that αdd−αd =
1−γ

y−σ+2γσ−
1−γ
y+σ ≥ 0.

If dispute does not occur (i.e., α ≤ αd), the difference Π+ − Π+d is given by

Π+ − Π+d = γ(y + σ) − γ(y − σ + 2γσ)

= 2γ(1 − γ)σ

≥ 0.

If dispute does not occur under the decentralized dispute system with double-

sided dispute fees and occurs under the decentralized dispute system with
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single-sided dispute fee (i.e., αd < α ≤ αdd), the difference q+ − q+d is given by

q+ − q+d =
1 − γ

2α
+ y − σ − (y − σ + 2γσ)

≥ 0,

if α ≤ 1−γ
4σγ . Comparing this α threshold with αd, we have

1 − γ
4σγ

− αd =
1 − γ
4σγ

−
1 − γ
y + σ

=
(1 − γ)(y + (1 − 4γ)σ)

4σγ(y + σ)

≥
(1 − γ)(y − 1

3σ)
4σγ(y + σ)

≥ 0,

where the third step follows from γ ≤ 1
3 and the last step follows from σ ≤ σ̄.

Therefore, q+ − q+d ≥ 0 and Π+ − Π+d = γq
+ + f + − γq+d ≥ 0 if dispute only occurs

under the decentralized dispute system with single-sided dispute fee. More-

over, recall from the proof of Theorem 1.2 that dispute does not occur under the

decentralized dispute system with single-sided dispute fee if σ ≤ y
3 . In this case,

ᾱd = αd and we have Π+d ≥ Π
+ if α > ᾱd.

If dispute occurs under decentralized dispute system with double-sided fees

(i.e., αdd < ᾱdd, which implies that y
1+2γ < σ ≤ y), dispute will also occur under

decentralized dispute system with a single-sided fee since y
3 ≤

y
1+2γ < σ. Further-

more, in this case, ᾱdd = ᾱd =
1−γ

2(y−σ) . Thus, if dispute occurs under both systems

(i.e., αdd < α), the difference Π+ − Π+d is given by

Π+ − Π+d =
−(1 − γ)(−2α(y − σ) + (1 − γ))(2(7 − 3γ)α(y − σ) + ((γ − 4)γ − 1))

4α(3 − γ)2 .

(A.68)

Since α ≤ ᾱd =
1−γ

2(y+σ) , (1 − γ − 2α(y − σ)) ≥ 0 and so Equation (A.68) is negative

only if (2α(7 − 3γ)(y − σ) + ((γ − 4)γ − 1)) ≥ 0. Thus, Π+ − Π+d ≥ 0 if α ≥ (1−4γ−γ2)
2(7−3γ)(y−σ) .
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Moreover, 1−γ
2(y−σ) −

(1−4γ−γ2)
2(7−3γ)(y−σ) =

3(1−γ)+2γ2

(7−3γ)(y−σ) ≥ 0 for γ ≤ 1
3 and σ ≤ y. Therefore,

Π+d ≥ Π
+ if max(αdd,

(1−4γ−γ2)
2(7−3γ)(y−σ) ) ≤ α ≤

1−γ
2(y−σ) , which can be equivalently expressed

as max(αdd,
(1−4γ−γ2)

2(7−3γ)(y−σ) ) ≤ α ≤ ᾱd for σ > y
3 . Furthermore, since Π+ is always

greater than Π∗d and Π∗, Π+d will also be greater than Π∗d and Π∗ in this case.

Third, we compare the equilibrium utilities under the decentralized dispute

system with double-sided dispute fees and under the centralized dispute sys-

tem with a single-sided dispute fee. If dispute does not occur under both sys-

tems, (i.e., α ≤ min(αdd, αc)), the difference Π+d − Π
∗ is given by

Π+d − Π
∗ = γ(y + σ − 2(1 − γ)σ) − γ

4σθ(y + σ)
γ + 4σθ

,

which is positive if σ ≤
√

(1−2γ)2γ2+32(1−γ)γθy−(1−2γ)γ
16(1−γ)θ since the other root ofΠ+d−Π

∗ = 0

is negative. Note that as θ → 0,
√

(1−2γ)2γ2+32(1−γ)γθy−(1−2γ)γ
16(1−γ)θ → ∞ and thus,

√
(1−2γ)2γ2+32(1−γ)γθy−(1−2γ)γ

16(1−γ)θ can be greater than σ̄.

If dispute occurs under the decentralized dispute system with double-sided

dispute fees and does not occur under the centralized dispute system with a

single-sided dispute fee (i.e., αdd < α ≤ αc), the difference q+d − q∗ is given by

q+d − q∗ =
(1 − γ)(2(2 − γ)α(y − σ)γ + (1 − γ))

α(γ2 − 4γ + 3)
−

4σθ(y + σ)
γ + 4σθ

.

and is decreasing in α as ∂
∂α

(q+d − q∗) = − 1−γ
α2(3−γ) < 0. At αc, the difference becomes

q+d − q∗ =
2(2 − γ)(γ(y − σ) + 2σθ(y − 3σ))

(3 − γ)(γ + 4σθ)
,

which is positive if σ ≤ σ̄. Moreover, if dispute occurs, ᾱdd =
1−γ

2(y−σ) = ᾱd and we

know that 1−γ
2(y−σ) ≤

(1−γ)(γ+4σθ)
4σθ(y+σ) = αc from Theorem 1.2. Therefore, if σ ≤ σ̄, q+d ≥ q∗

and Π+d − Π
∗ = γq+d + 2 f +d − γq

∗ ≥ 0 if αdd < α ≤ ᾱd.

Finally, since the decentralized dispute system only occurs under the sce-

nario where dispute does not occur under the centralized dispute systems if

σ ≤ σ̄, we only need to compare the equilibrium utilities under the scenario
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where dispute does not occur under both centralized dispute systems to de-

termine which centralized dispute system is better, when contracting can take

place under both decentralized dispute systems. If dispute does not occur, the

difference Π∗ − Π∗d = γ
4σθ(y+σ)
γ+4σθ − γ

4σθ(y+σ−2(1−γ)σ)
γ+4σθ ≥ 0.

Hence, the comparison is summarized as follows: Define

σ̃ = max

y
3
,min

σ̄, √(1 − 2γ)2γ2 + 32(1 − γ)γθy − (1 − 2γ)γ
16(1 − γ)θ

 ,
α̃dd =


1−γ
y+σ if σ ≤ y

3 ,

max
(

1−γ
y−σ+2γσ ,

(1−4γ−γ2)
2(7−3γ)(y−σ)

)
if y

3 < σ ≤ σ̃,

and rewrite ᾱd as α̃d. If γ ≤ 1
3 and σ ≤ σ̃, we have

(a) Π+ ≥ Π+d ≥ max(Π∗,Π∗d) if α ≤ α̃dd,

(b) Π+d ≥ Π
+ ≥ max(Π∗,Π∗d) if α̃dd < α ≤ α̃d,

(c) Π+d ≥ max(Π∗,Π∗d) ≥ Π+if α̃d < α ≤ ᾱdd,

(d) Π∗,Π∗d > max(Π+,Π+d ) if α > ᾱdd.

Therefore, the results given in Theorem 1.7 follow. □

A.9 Proofs of Section 1.9.4 (Task Failure)

Proof of Proposition 1.9 Proposition 1.9 can be proven by backward induction

based on the decision tree in Figure 1.1.

At Stage 6, the platform makes the decision on the dispute, which will only

occur if the client has rejected the freelancer’s work and the freelancer has ini-

tiated the dispute. Given the realized quality q̃, the freelancer wins with prob-

ability h∗(q̃) and loses with probability 1-h∗(q̃), where each h∗(q̃) follows from

Lemma 1.1.

At Stage 5, the freelancer makes the decision on whether to initiate the dis-

pute, which will only occur if the client has rejected the freelancer’s work. We
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need to analyze the freelancer’s dispute decision under the two different possi-

ble realized quality levels, q̃ = q or q̃ = 0. For both quality levels, the analysis

follows from the proof of Proposition 1.1. Therefore, for q̃ = q, the freelancer

initiates the dispute if h∗(q)(1 − γ)p − f ≥ 0, and does not initiate the dispute if

h∗(q)(1 − γ)p − f < 0. Likewise, for q̃ = 0, the freelancer initiates the dispute if

h∗(0)(1 − γ)p − f ≥ 0, and does not initiate the dispute if h∗(0)(1 − γ)p − f < 0.

At Stage 4, the client decides whether to accept or reject the freelancer’s

work. For q̃ = q, Uc = q − p if the client accepts. If the client rejects, her utility is

Uc(p) =


q − h∗(q)p if h∗(q)(1 − γ)p − f ≥ 0,

q otherwise.

Therefore, the client accepts if (1−γ)p− f ≥ 0 and h∗(q) = 1. She rejects otherwise.

For q̃ = 0, Uc = −p if the client accepts. If the client rejects, her utility is

Uc(p) =


−h∗(0)p if h∗(0)(1 − γ)p − f ≥ 0,

0 otherwise.

Therefore, the client always rejects.

At Stage 3, the freelancer decides whether to participate or not and chooses

his quality level if he participates. If freelancer chooses q∗f , such that the client

accepts (i.e., h∗(q∗f ) = 1), then q∗f is given by

q∗f = y + σ −
γp

4θσ
.

If (1 − γ)p − f ≥ 0 and h∗(0)(1 − γ)p − f ≥ 0, the freelancer’s expected utility is

U f ,1 = −α(q∗f )
2 + β(1 − γ)p + (1 − β)[h∗(0)(1 − γ)p − f ]

= −α(q∗f )
2 + (β + (1 − β)h∗(0))(1 − γ)p − (1 − β) f .

If (1 − γ)p − f ≥ 0 and h∗(0)(1 − γ)p − f < 0, the freelancer’s expected utility is

U f ,1 = −α(q∗f )
2 + β(1 − γ)p.
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Therefore,

U f ,1 =


−α(q∗f )

2 + (β + (1 − β)h∗(0))(1 − γ)p − (1 − β) f if h∗(0)(1 − γ)p − f ≥ 0,

−α(q∗f )
2 + β(1 − γ)p if h∗(0)(1 − γ)p − f < 0.

If the freelancer chooses q∗f such that the client always rejects (i.e., h∗(q∗f ) < 1),

the freelancer’s expected utility is

U f ,2 =


−αq2 + (βh∗(q) + (1 − β)h∗(0))(1 − γ)p − f if h∗(0)(1 − γ)p − f ≥ 0,

−αq2 + βh∗(q)(1 − γ)p − β f if h∗(0)(1 − γ)p − f < 0.

Based on the first order condition, the freelancer’s optimal quality level is

q∗f =
β(1 − γ)p

4σα
. (A.69)

Therefore, the freelancer’s optimal quality level is

q∗f =


y + σ − γp

4θσ if U f ,1 − U f ,2 ≥ 0,

β(1−γ)p
4σα if U f ,1 − U f ,2 < 0.

Following the proof of Proposition 1.1 ,U f ,1 − U f ,2 ≥ 0 can be represented as

α ≤ αc f , where αc f is the α threshold such that U f ,1 = U f ,2 when the freelancer

faces the risk of task failure. Therefore, the freelancer’s optimal quality level is

q∗f =


y + σ − γp

4θσ if α ≤ αc f ,

β(1−γ)p
4σα if α > αc f .

After the freelancer has completed the work, the actual work quality q̃ is real-

ized. Hence, q̃ = q with probability β, and q̃ = 0 with probability 1 − β.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint.
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(a) If α ≤ αc f , the client’s expected utility is given by

Uc(p) =


βq∗f − (β + (1 − β)h∗(0))p if h∗(0)(1 − γ)p − f ≥ 0,

β(q∗f − p) if h∗(0)(1 − γ)p − f < 0.

Since the client’s utility is decreasing in p and β(q∗f − p) ≥ βq∗f − (β+ (1−β)h∗(0))p,

she chooses p such that (1−γ)p− f ≥ 0, h∗(0)(1−γ)p− f < 0 and −α(q∗f )
2+β(1−γ)p ≥

0 for the freelancer to participate. In this case, the client’s utility is β(q∗f − p).

Hence, her optimal price is p∗f = max(
α(q∗f )2

β(1−γ) ,
f

1−γ ) and p∗f <
f

h∗(0)(1−γ) . If q∗f − p∗f ≥ 0,

the client participates. If q∗f − p∗f < 0, the client does not participate. Therefore,

the client accepts with probability β.

(b) If α > αc f , then the client’s utility is given by

Uc(p) =


βq∗f − (βh∗(q∗f ) + (1 − β)h∗(0))p if h∗(0)(1 − γ)p − f ≥ 0,

β(q∗f − h∗(q∗f )p) if h∗(0)(1 − γ)p − f < 0.

Note that the client’s optimal contract price depends on the dispute fee and

the client can always perform better under β(q∗f − h∗(q∗f )p). Under both cases of

h∗(0)(1 − γ)p − f ≥ 0 and h∗(0)(1 − γ)p − f < 0, the analysis for Stage 2 to obtain

p∗f follows from the proof of Proposition 1.1.

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) If α ≤ αc f , recall from previous analyses that if both the client and the free-

lancer participate, the client offers price p∗f = max(
α(q∗f )2

β(1−γ) ,
f

1−γ ) and p∗f <
f

h∗(0)(1−γ) ,

and the freelancer chooses quality q∗f = y + σ −
γp∗f
4θσ . Thus, the platform will

achieve a utility of Π( f ) = βγp∗f = βγmax(
α(q∗f )2

β(1−γ) ,
f

1−γ ). The platform’s optimiza-
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tion problem is as follows:

max
f≥0

βγmax

 α(q∗f )
2

β(1 − γ)
,

f
1 − γ

 ,
s.t. β

q∗f −max

 α(q∗f )
2

β(1 − γ)
,

f
1 − γ

 ≥ 0, (A.70)

− α(q∗f )
2 + β(1 − γ) max

 α(q∗f )
2

β(1 − γ)
,

f
1 − γ

 ≥ 0, (A.71)

where Equation (A.70) is the individual rationality constraint of the client, and

Equation (A.71) is the individual rationality constraint of the freelancer.

Notice from the above problem formulation that the case of f
1−γ ≤

α(q∗f )2

β(1−γ) is

equivalent to f
1−γ =

α(q∗f )2

β(1−γ) . We thus focus on f
1−γ ≥

α(q∗f )2

β(1−γ) , or equivalently, f ≥
α(q∗f )2

β
.

In this case, the platform’s utility reduces to Π = β γ f
1−γ , Equation (A.70) reduces

to f ≤ (1− γ)q∗f , and Equation (A.71) reduces to f ≥
α(q∗f )2

β
. Thus, if

α(q∗f )2

β
>

(1−γ)βq∗f
β

,

or equivalently, αq∗f > (1 − γ)β, the problem is infeasible. If αq∗f ≤ (1 − γ)β, since

Π is increasing in f , f ∗f = (1 − γ)q∗f , which also satisfies f ∗f ≥
α(q∗f )2

β
. Since p∗f =

f ∗f
1−γ ,

we have q∗f = p∗f and p∗f <
f ∗f

h∗(0)(1−γ) is also satisfied. Therefore, q∗f =
4σθ(y+σ)
γ+4σθ and

p∗f =
4σθ(y+σ)
γ+4σθ . Hence, we have Π∗f = βγ

4σθ(y+σ)
γ+4σθ if α ≤ αc f =

β(1−γ)(γ+4σθ)
4σθ(y+σ) .

(b) If α > αc f , the client rejects the freelancer’s work. In this case, the platform

faces two sub-problems, which depends on whether h∗(0)(1−γ)p∗f ≥ f or h∗(0)(1−

γ)p∗f < f . We define problem (i) as the scenario where h∗(0)(1 − γ)p∗f ≥ f , and

problem (ii) as the scenario where h∗(0)(1 − γ)p∗f < f . Thus, if h∗(0)(1 − γ)p∗f ≥ f

(i.e., the freelancer initiates dispute when the realized quality level is 0), the

platform’s problem (i) is

max
f≥0

(βh∗(q∗f ) + (1 − β)h∗(0))γp∗f + f −
γ2(p∗f )

2

16θσ2 ,

s.t. βq∗f − (βh∗(q∗f ) + (1 − β)h∗(0))p∗f ≥ 0, (A.72)

− α(q∗f )
2 + (βh∗(q∗f ) + (1 − β)h∗(0))(1 − γ)p∗f − f ≥ 0, (A.73)

where Equation (A.72) is the individual rationality constraint of the client, and
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Equation (A.73) is the individual rationality constraint of the freelancer. Second,

if h∗(0)(1−γ)p∗f < f (i.e., the freelancer does not initiate dispute when the realized

quality level is 0), the platform’s problem (ii) is instead

max
f≥0

βh∗(q∗f )γp∗f + β f − β
γ2(p∗f )

2

16θσ2 ,

s.t. βq∗f − βh
∗(q∗f )p∗f ≥ 0, (A.74)

− α(q∗f )
2 + βh∗(q∗f )(1 − γ)p∗f − β f ≥ 0, (A.75)

where Equation (A.74) is the individual rationality constraint of the client, and

Equation (A.75) is the individual rationality constraint of the freelancer. Similar

to the proof of Proposition 1.1, Π is increasing in f in both problems.

(i) In the first problem, f ∗f is chosen such that constraints (A.72) and (A.73)

are binding. Thus, from the binding Equation (A.72), we have

βq∗f −
(
βq∗f − y + σ

2σ
+
γp∗f
8θσ2

)
p∗f = 0

⇔
β2(1 − γ)

4ασ
−


β2(1−γ)p∗f

4ασ − y + σ
2σ

+
γp∗f
8θσ2

 = 0

⇔ p∗f =
2σθ(2α(y − σ) + β2(1 − γ))

γα + β2(1 − γ)θ
,

where the first step follows from h∗(q∗f ) =
q∗f−y+σ

2σ +
γp∗f
8θσ2 and the second step follows

from Equation (A.69). Consequently, from Equation (A.69), we have

q∗f =
β(1 − γ)θ(2α(y − σ) + β2(1 − γ))

2α(γα + β2(1 − γ)θ)
.

Substituting p∗f and q∗f into the binding Equation (A.73), we obtain

f ∗f =
β2(1 − γ)2θ

(
2α(y − σ) + β2(1 − γ)

) (
2α(γ − θ(y − σ)) + β2(1 − γ)θ

)
4α

(
γα + β2(1 − γ)θ

)2 .

Finally, we check that h∗(0)(1 − γ)p∗f ≥ f ∗f is always true in this case. We

have h∗(0)(1 − γ)p∗f − f ∗f = −
β2(1−γ)2θ2(2α(y−σ)+β2(1−γ))2

4α(γα+β2(1−γ)θ)2 < 0 for β > 0. Therefore,
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the condition is violated and the platform chooses f ∗f = h∗(0)(1 − γ)p∗f instead,

such that the freelancer is indifferent between initiating the dispute and not

initiating the dispute if the client rejects his work when the realized quality level

is 0. In this case, the freelancer’s utility from Equation (A.73) is U f = −α(q∗f )
2 −

βh∗(q∗f )(1 − γ)p∗f − β f ∗f . Recall that client’s utility from Stage 2 is always higher if

she optimizes under the utility Uc = βq∗f − βh
∗(q∗f )p than the utility Uc = βq∗f −

(βh∗(q∗f ) + (1 − β)h∗(0))p. Thus, since her optimization problem is subject to U f =

−α(q∗f )
2 − βh∗(q∗f )(1 − γ)p∗f − β f ∗f ≥ 0, which is the same as the second problem

(ii), the platform is better off maximizing the second problem where it is able to

extract more surplus.

(ii) As the platform is better off maximizing the second problem, where the

freelancer does not initiate the dispute when the realized quality level is 0, we

proceed to analyze problem (ii). f ∗f is chosen such that Equations (A.74) and

(A.75) are binding. From the binding Equation (A.74), we have

βq∗f − β
(q∗f − y + σ

2σ
+
γp∗f
8θσ2

)
p∗f = 0

⇔
β(1 − γ)

4ασ
−


β(1−γ)p∗f

4ασ − y + σ
2σ

+
γp∗f
8θσ2

 = 0

⇔ p∗f =
2σθ(2α(y − σ) + β(1 − γ))

γα + β(1 − γ)θ
,

where the first step follows from h∗(q∗f ) =
q∗f−y+σ

2σ +
γp∗f
8θσ2 and the second step follows

from Equation (A.69). Consequently, from Equation (A.69), we have

q∗f =
β(1 − γ)θ(2α(y − σ) + β(1 − γ))

2α(γα + β(1 − γ)θ)
.

Substituting p∗f and q∗f into the binding Equation (A.75), we obtain

f ∗f =
β(1 − γ)2θ(2α(y − σ) + β(1 − γ))(2α(γ − θ(y − σ)) + β(1 − γ)θ)

4α(γα + β(1 − γ)θ)2 .
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Therefore, we have

Π∗f =
1

4α(γα − β(1 − γ)θ)2

[
βθ(2α(y − σ) + β(1 − γ))(−2γ2α2(y − σ) + αβ(1 − γ)((2 − γ)γ

− 2γσθ − 2(1 − γ)θy + 2σθ) + β2(1 + γ)(1 − γ)2θ)
]
.

Moreover, since dispute fee has to be non-negative for contracting to occur, if

σ > y, f ∗f = 0 at α = β(1−γ)
2(σ−y) . If σ ≤ y − γ

θ
, f ∗f = 0 at α = β(1−γ)θ

2(θ(y−σ)−γ) . If y − γ
θ
< σ ≤ y,

f ∗f ≥ 0 for all α. Therefore, if dispute occurs, there exists a threshold, α̂c f , such

that f ∗f ≥ 0 if and only if α ≤ α̂c f , where α̂c f is given by

α̂c f =



β(1−γ)θ
2(θ(y−σ)−γ) if σ ≤ y − γ

θ
,

∞ if y − γ
θ
< σ ≤ y,

β(1−γ)
2(σ−y) if σ > y.

If α > α̂c f , since the dispute fee has to be non-negative, setting f ∗f = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱc f = max(αc f , α̂c f ). Contracting occurs if and only if α ≤ ᾱc f . Thus, given

that contracting occurs, dispute occurs in equilibrium if and only if αc f < α ≤

ᾱc f .

Finally, we compare the thresholds to the main model. Comparing αc f with

αc, we have αc f − αc =
β(1−γ)(γ+4σθ)

4σθ(y+σ) (β − 1) < 0 and thus, αc f ≤ αc. Comparing ᾱc f

with ᾱc, since α̂c f = βα̂c and ᾱc f = max(αc f , α̂c f ) and ᾱc = max(αd, α̂c), we have

ᾱc f ≤ ᾱc. □

Proof of Proposition 1.10 Proposition 1.10 can be proven by backward induc-

tion based on the decision tree in Figure 1.1.

At Stage 6, the tribunal makes the decision on the dispute, which only occurs

if the client has rejected the freelancer’s work and the freelancer has initiated the

dispute. Given the realized quality q̃, the freelancer wins with probability h+(q̃)

and loses with probability 1-h+(q̃), where each h+(q̃) follows from Lemma 1.2.
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Similar to the proof of Proposition 1.9, the analysis for Stages 2 to 5 to obtain

q+f and p+f follows from the proof of Proposition 1.3, where if α ≤ αd f , q+f = y +σ.

If α > αd f , q+f is given by the solution of

q+f =
β(1 − γ)p+f

4σα
. (A.76)

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) If α ≤ αd f , following the proof of Proposition 1.3, Π+f = βγp+f = βγ(y + σ)

and αd f =
β(1−γ)

y+σ .

(b) If α > αd f , dispute occurs and the platform’s problem, following the sim-

ilar steps as the proof of Proposition 1.9 with h∗(q) being replaced by h+(q), is

max
f≥0

βh+(q+f )γp+f + f

s.t. βq+f − βh
+(q+f )p+f ≥ 0, (A.77)

− α(q+f )2 + βh+(q+f )(1 − γ)p+f − β f ≥ 0, (A.78)

where Equation (A.77) is the individual rationality constraint of the client, and

Equation (A.78) is the individual rationality constraint of the freelancer. Similar

to the proof of Proposition 1.3, Π is increasing in f . Therefore, f +f is chosen such

that U+c = U+f = 0. Thus, from the binding Equation (A.77), we have

p+f =
q+f

h+(q+f )
. (A.79)

Substituting Equation (A.79) into Equation (A.76), we have

q+f =
β(1 − γ)

2α
+ y − σ.

Consequently, from Equation (A.76), we have

p+f =
4ασ(y − σ)
β(1 − γ)

+ 2σ.
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Substituting p+f and q+f into the binding Equation (A.78), we obtain

f +f =
(2α(y − σ) + β(1 − γ))(−2α(y − σ) + β(1 − γ − 1))

4αβ
.

Therefore, we have

Π+f =
(2α(y − σ) + β(1 − γ))(−2α(y − σ) + β(1 + (2β − 1)γ))

4αβ
.

Moreover, since dispute fee has to be non-negative for contracting to occur, if

σ > y, f +f = 0 at α = β(1−γ)
2(σ−y) . If σ ≤ y, f +f = 0 at α = β(1−γ)

2(y−σ) . Therefore, if dispute

occurs, there exists a threshold α̂d f , which is the solution of f +f = 0, such that

f +f ≥ 0 if and only if α ≤ α̂d f , where α̂d f is given by

α̂d f =


β(1−γ)
2(y−σ) if σ ≤ y,

β(1−γ)
2(σ−y) if σ > y.

If α > α̂d f , since the dispute fee has to be non-negative, setting f +f = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱd f = max(αd f , α̂d f ). Contracting occurs if and only if α ≤ ᾱd f . Thus, given

that contracting occurs, dispute occurs in equilibrium if and only if αd f < α ≤

ᾱd f .

Finally, we compare the thresholds to the main model under σ ≤ y. Compar-

ing αd f with αd, we have αd f −αd =
1−γ
y+σ (β− 1) ≤ 0 and thus, αd f ≤ αd. Comparing

ᾱd f with ᾱd, since α̂d f = βα̂d and ᾱd f = max(αd f ,
β(1−γ)
2(y−σ) ) and ᾱd = max(αd,

1−γ
2(y−σ) ), we

have ᾱd f ≤ ᾱd. □

Proof of Theorem 1.8 Following Propositions 1.9 and 1.10 , we compare the

platform’s equilibrium utilities under the centralized and decentralized dispute

systems. Following Propositions 1.9 and 1.10, we know that αc f = βαc and αd f =

βαd and thus, αd f ≤ αc f . Similarly, ᾱc f = βᾱc and ᾱd f = βᾱd and thus, ᾱd f ≤ ᾱc f .

Therefore, if σ ≤ σ̄, from the proof of Theorem 1.3, ᾱd f ≤ ᾱc f as ᾱd ≤ ᾱc. Thus,
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there are two cases for comparisons (i.e., α ≤ αd f or αd f < α ≤ αc f ). If dispute

does not occur under either system (i.e., α ≤ αd f ), p+f = β(y + γ) ≥
4σθ(y+σ)
γ+4σθ = p∗f .

Therefore, Π+f = βγp+ ≥ βγp∗ = Π∗f .

If dispute occurs under the decentralized dispute system and does not occur

under the centralized dispute system (i.e., αd f < α ≤ αc f ), recall from Proposi-

tion 1.9 that q∗f =
4σθ(y+σ)
γ+4σθ and from Proposition 1.10 that q+f =

β(1−γ)
2α + y − σ. It is

easy to see that the difference q+f − q∗f is decreasing in α. Taking the difference

between the two quality levels at αc f , we have q+f − q∗f =
β(1−γ)
2αc f
+ y − σ − 4σθ(y+σ)

γ+4σθ =

−
2σθ(σ+y)
γ+4σθ − σ + y ≥ 0 if σ ≤ σ̄, following the proof in Theorem 1.2. Therefore,

q+f ≥ q∗f . Consequently,Π+f = βh(q+f )γp+f + f +f = βγq
+
f + f +f ≥ βγq

∗
f = Π

∗
f as q+f −q∗f ≥ 0.

Thus, the decentralized dispute system is only better than the centralized dis-

pute system as long as contracting occurs for the decentralized dispute system

(i.e., Π+f ≥ Π
∗
f if and only if α ≤ max(αd f ,

β(1−γ)
2(y−σ) ) = ᾱd f ). We can alternatively ex-

press the condition α ≤ ᾱd f as β ≥ α
ᾱd

since ᾱd f = βᾱd. Therefore, there exists a

threshold β̄, where β̄ = α
ᾱd

, such that Π+f ≥ Π
∗
f if and only if β ≥ β̄. □

A.10 Proofs of Section 1.9.5 (Differential Subjectivity between

Platform and Voters)

Proof of Theorem 1.9 Let σc denote the degree of subjectivity under the cen-

tralized dispute system and σd denote the degree of subjectivity under the de-

centralized dispute system, where σc ≤ σd. Thus, the respective equilibrium

outcomes follow directly from Proposition 1.1 and 1.3 with σ being replaced by

σc under the centralized dispute system and σ being replaced by σd under the

decentralized dispute system.

We first prove there exists a threshold ᾱs such that Π+s ≥ Π∗s if α ≤ ᾱs. To
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prove this, we first compare the platform’s equilibrium utilities between the

centralized and decentralized dispute systems if dispute does not occur under

either system (i.e., α ≤ min(αcs, αds)). In this case, under the centralized dispute

system, Π∗s =
4γσcθ(y+σc)
γ+4σcθ

; under the decentralized dispute system, Π+s = γ(y + σd).

Therefore, it is easy to see that Π+s ≥ Π∗s if α ≤ min(αcs, αds). Hence, there exists a

threshold ᾱs, where ᾱs ≥ min(αcs, αds), such that Π+s ≥ Π∗s if α ≤ αs.

We now prove that if γ ≤ 1
3 , σc ≤ y, σd ≤ y and σc ≥ Zσd, where

Z = max( 1
1+ γ
σcθ
, 2(1−2γ)θy+γ(γ−1)

2σd(1−γ)θ +
γ

1−γ ), the platform’s equilibrium utility is higher

under the decentralized dispute system (i.e., Π+s ≥ Π∗s) if and only if α ≤ ᾱs.

To prove this, we first compare the α thresholds under the different dispute

systems. Under the centralized dispute system, αcs =
(1−γ)(γ+4σcθ)

4σcθ(y+σc) ; under the de-

centralized dispute system, αds =
1−γ

y+σd
. Thus, the difference between αds and

αcs is αds − αcs =
1−γ

y+σd
−

(1−γ)(γ+4σcθ)
4σcθ(y+σc) ≤

1−γ
y+σc
−

(1−γ)(γ+4σcθ)
4σcθ(y+σc) = −

γ(1−γ)2

4σcθ(y+σc) ≤ 0, where

the second step follows from σc ≤ σd. Hence, αds ≤ αcs. We next compare

the α thresholds beyond which contracting does not occur between the central-

ized and decentralized dispute systems. Under the centralized dispute system,

ᾱcs = max(αc,
(1−γ)θ

2(θ(y−σc)−γ) ) if σc ≤ y − γ
θ

and ᾱcs → ∞ if y − γ
θ
< σc ≤ y; under

the decentralized dispute system, ᾱds = max(αds,
1−γ

2(y−σd) ). If y − γ
θ
< σc ≤ y, we

can obtain f ∗ ≥ 0 for all α under the centralized dispute system from Equa-

tion (A.12), and thus, ᾱcs ≥ ᾱds. If σc ≤ y − γ
θ
, as we know from the above that

αds ≤ αcs, we now compare the case where ᾱds =
1−γ

2(y−σd) with ᾱcs =
(1−γ)θ

2(θ(y−σc)−γ) . We

obtain ᾱds − ᾱcs =
(1−γ)(θ(σd−σc)−γ)
2(θ(y−σc)−γ)(y−σd) , which is negative if σc ≥

1
1+ γ
σcθ
σd. Therefore, if

σc ≥
1

1+ γ
σcθ
σd, we have ᾱds ≤ ᾱcs.

After comparing the thresholds, we now compare the platform’s equilibrium

utilities between the centralized and decentralized dispute systems under the

different regions of α.
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(a) If α ≤ αds, dispute does not occur under either system. In this case, as

proven earlier, Π+s ≥ Π∗s.

(b) If αds < α ≤ αcs, taking the derivative of Π∗s with respect to σc, we have
∂Π∗s
∂σc
=

4γθ(4σ2
cθ+γ(y+2σc))

(γ+4σcθ)2 > 0. Thus, since we know from Theorem 1.2 that when

σc = σd = σ, Π+s ≥ Π∗s as long as contracting can occur within αd < α ≤ αc, if σc

decreases such that σc ≤ σd, Π∗s remains smaller than Π+s since Π+s is constant in

σc and Π∗s is increasing in σc. Hence, Π+s ≥ Π∗s as long as contracting can occur

within αds < α ≤ αcs. Moreover, ∂
∂σd

(Π+s − Π
∗
s) ≤ 0 for α ≤ αcs.

(c) If α > αcs, dispute occurs under both systems. In this case, under the

centralized dispute system,

Π∗s =
θ(2α(y−σc)+(1−γ))(−2γ2α2(y−σc)+(1−γ)α((2−γ)γ−2γσcθ−2(1−γ)θy+2σcθ)+(1+γ)(1−γ)2θ)

4α(γα+(1−γ)θ)2 ; under the

decentralized dispute system, Π+s =
(2α(y−σd)+(1−γ))(−2α(y−σd)+(1+γ))

4α . Thus, taking the

derivative of Π+s − Π∗s with respect to σd, we have

∂Π∗c
∂σc
=
θ
(
2α2γ2(y − σc) + α(1 − γ)2(−γ + 2θ(y − σc)) − γ(1 − γ)2ϕθ

)
(αγ − γθ + θ)2

≥ 0,

if α ≥ γθ

2θ(y−σc)−γ . Comparing γθ

2θ(y−σc)−γ with ᾱd, we have γθ

2θ(y−σc)−γ − ᾱd =
γθ

2θ(y−σc)−γ −

1−γ
2(y−σd) ≥ 0 if σc ≥

2(1−2γ)θy+γ(γ+2σdθ−1)
2(1−γ)θ =

2(1−2γ)θy+γ(γ−1)
2(1−γ)θ +

γ

1−γσd. Thus, if σc ≥

( 2(1−2γ)θy+γ(γ−1)
2σd(1−γ)θ +

γ

1−γ )σd, ∂Π
∗
s

∂σc
> 0. Since ∂

∂σd
(Π+s −Π

∗
s) ≤ 0 ifσc ≥ ( 2(1−2γ)θy+γ(γ−1)

2σd(1−γ)θ +
γ

1−γ )σd,

and we know from Theorem 1.2 that when σc = σd = σ, Π+s ≥ Π∗s if and only if

α ≤ ᾱ,Π+s −Π∗s still crosses zero once as σc increases. Thus, the above relationship

is preserved if σc ≥ max( 1
1+ γ
σcθ
, 2(1−2γ)θy+γ(γ−1)

2σd(1−γ)θ +
γ

1−γ )σd = Z. Hence, combining all

cases, if σc ≥ Zσd, there exists a threshold ᾱs such that Π+s ≥ Π∗s if and only if

α ≤ ᾱs. □
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A.11 Proofs of Section 1.9.6 (Client’s Reputation Loss)

Proof of Proposition 1.11 Proposition 1.11 can be proven by backward induc-

tion based on the decision tree in Figure 1.1. The analysis for Stages 5 and 6

follows from the proof of Proposition 1.1 since the freelancer’s utility remains

unchanged. Therefore, the freelancer initiates the dispute if h∗(q)(1−γ)p− f ≥ 0,

and does not initiate the dispute otherwise.

At Stage 4, the client decides whether to accept or reject the freelancer’s

work. If the client accepts the freelancer’s work, her utility is

Uc(p) = q − p.

If the client rejects the freelancer’s work, she incurs a cost of ϕq if dispute is

initiated. Thus, her utility is

Uc(p) =


(1 − ϕ)q − h∗(q)p if h∗(q)(1 − γ)p − f ≥ 0,

q if h∗(q)(1 − γ)p − f < 0.

Therefore, if h∗(q)(1 − γ)p − f ≥ 0, the client accepts if

q − p ≥ q − h∗(q)p − ϕq

⇔h∗(q) ≥ 1 −
ϕq
p
.

If h∗(q)(1 − γ)p − f < 0, since dispute is not initiated, the client always reject.

Thus, the client’s utility is then given by

Uc(p) =



q − p if h∗(q) ≥ 1 − ϕqp and h∗(q)(1 − γ)p − f ≥ 0,

q − h∗(q)p − ϕq if h∗(q) < 1 − ϕqp and h∗(q)(1 − γ)p − f ≥ 0,

q if h∗(q)(1 − γ)p − f < 0.

At Stage 3, the freelancer decides whether to participate or not and chooses

his quality level if he participates. Given that the freelancer participates, his
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utility is given by

U f (q) =



−αq2 + (1 − γ)p if h∗(q) ≥ 1 − ϕqp and h∗(q)(1 − γ)p − f ≥ 0,

−αq2 + h∗(q)(1 − γ)p − f if h∗(q) < 1 − ϕqp and h∗(q)(1 − γ)p − f ≥ 0,

−αq2 otherwise.

If h∗(q) ≥ 1 − ϕqp and h∗(q)(1 − γ)p − f ≥ 0, the freelancer’s utility is decreasing in

q, and hence his optimal quality level is

h∗(q) = 1 −
ϕq
p

⇔q − y +
γp

4θσ
+ σ = 2σ −

2σϕq
p

⇔q∗l =
p(4σθ(y + σ) + γp)

4σθ(p + 2ϕσ)
.

If h∗(q) < 1 − ϕqp and h∗(q)(1 − γ)p − f ≥ 0, the freelancer’s optimal quality is

q∗l =
(1−γ)p

4σα . Hence, following the proof of Proposition 1.1, if h∗(q)(1 − γ)p − f ≥ 0,

the freelancer’s optimal quality level is

q∗l =


p(4σθ(y+σ)+γp)

4σθ(p+2ϕσ) if α ≤ αcl,

(1−γ)p
4σα if α > αcl,

where αcl is the α threshold to determine when dispute occurs.

At Stage 2, the client decides whether to participate or not and if she partic-

ipates, she chooses the price to offer to the freelancer, subject to the freelancer’s

individual rationality constraint.

(a) If α ≤ αcl and (1−γ)p− f ≥ 0, dispute does not occur and q∗l =
p(4σθ(y+σ)+γp)

4σθ(p+2ϕσ) .

Thus, the client’s problem is

max
p≥0

q∗l − p,

s.t. − α(q∗l )2 + (1 − γ)p ≥ 0.
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Since the client’s utility is decreasing in p, p is chosen such that (1 − γ)p − f ≥ 0

and −α(q∗l )2 + (1 − γ)p ≥ 0 for the freelancer to participate. Therefore, p∗l =

max(α(q∗l )2

1−γ ,
f

1−γ ).

(b) If α > αcl and h∗(q∗l )(1 − γ)p − f ≥ 0, dispute occurs and q∗l =
(1−γ)p

4σα . The

client’s problem is

max
p≥0

q∗l − h∗(q∗l )p − ϕq∗l ,

s.t. − α(q∗l )2 + h∗(q∗l )(1 − γ)p − f ≥ 0.

Notice that under this scenario, since the client’s expected utility is of a similar

form as our main model, the analysis for the client’s optimal p∗l follows from the

proof of Proposition 1.1.

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αcl, dispute does not occur.

The freelancer chooses quality q∗l =
p∗l (4σθ(y+σ)+γp∗l )

4σθ(p∗l +2ϕσ) and the client offers price

p∗l = max(α(q∗l )2

1−γ ,
f

1−γ ). Thus, the platform will achieve a utility of Π( f ) = γp∗l =

γmax(α(q∗l )2

1−γ ,
f

1−γ ). Based on Equation (1.4), since Π is increasing in f , we have

f ∗l = (1 − γ)
p∗l (4σθ(y + σ) + γp∗l )

4σθ(p∗l + 2ϕσ)
,

and

p∗l = q∗l =
4σθ(y + σ − 2ϕσ)

γ + 4σθ
.

Hence, the platform’s equilibrium utility is Π∗l = γp∗l =
4γσθ(y+σ−2ϕσ)

γ+4σθ .

Finally, we derive the threshold αcl. The condition can be re-expressed as

α ≤ αcl =
1−γ
q∗l
=

(1−γ)(γ+4σθ)
4σθ(y+σ−2ϕσ) . Thus, αcl increases as ϕ increases. Notice that if ϕ = 1,

dispute does not occur.
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(b) Recall from previous analyses that if α > αcl, dispute occurs. Based on

Equation (1.4), the platform’s optimization problem is as follows:

max
f≥0

h∗(q∗l )γp∗l + f − θ(k∗ − y)2,

s.t. q∗l − h∗(q∗l )p∗l − ϕq
∗
l ≥ 0, (A.80)

− α(q∗l )2 + h∗(q∗l )(1 − γ)p∗l − f ≥ 0, (A.81)

where Equation (A.82) is the individual rationality constraint of the client and

Equation (A.81) is the individual rationality constraint of the freelancer. Note

that the analysis for the equilibrium outcome follows from the proof of Proposi-

tion 1.1. Thus, Π is increasing in f and the platform chooses the optimal f such

that both Equations (A.80) and (A.81) are binding, resulting in

(1 − ϕ)q∗l − h∗(q∗l )p∗l = 0

⇔ (1 − ϕ)q∗l −
(
q∗l − y + σ

2σ
+
γp∗l

8θσ2

)
p∗l = 0

⇔ p∗l =
2σθ(2α(y − σ) + (1 − γ)(1 − ϕ))

γα + (1 − γ)θ
,

where the first step follows from h∗(q∗l ) = q∗l −y+σ
2σ +

γp∗l
8θσ2 and the second step follows

from q∗l =
(1−γ)p∗l

4ασ . Therefore, from q∗l =
(1−γ)p

4σα , we have

q∗l =
(1 − γ)θ(2α(y − σ) + (1 − γ)(1 − ϕ))

2α (γα + (1 − γ)θ)
,

and

f ∗l = (1 − γ)(1 − ϕ)q∗l − α(q∗l )2

=
(1 − γ)2θ(2α(y − σ) + (1 − γ)(1 − ϕ))(2α(γ(1 − ϕ) − θ(y − σ)) + (1 − γ)ϕθ)

4α(γα + (1 − γ)θ)2 .
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Therefore, the platform’s utility is

Π∗l =h∗(q∗l )γp∗l + f ∗l −
γ2(p∗l )2

16θσ2

=
q∗l − y + σ

2σ
γp∗l + f ∗l +

γ2(p∗l )2

16θσ2

=
1

4α(γα + (1 − γ)θ)2

[
θ(2α(y − σ) + (1 − γ)(1 − ϕ))

(
− 2γ2α2(y − σ)

+ (1 − γ)α((2 − γ)γ(1 − ϕ) − 2γσθ − 2(1 − γ)θy + 2σθ)

+ (1 + γ)(1 − γ)2(1 − ϕ)θ
)]
.

Moreover, since dispute fee has to be non-negative for contracting to occur, if

σ > y, f ∗l = 0 at α = (1−γ)(1−ϕ)
2(σ−y) . If σ ≤ y − γ

θ
, f ∗l = 0 at α = (1−γ)(1−ϕ)θ

2(θ(y−σ)−γ(1−ϕ)) . If

y − γ
θ
< σ ≤ y, f ∗l ≥ 0 for all α. Therefore, if dispute occurs, there exists a

threshold, α̂cl, such that f ∗l ≥ 0 if and only if α ≤ α̂cl, where α̂cl is given by

α̂cl =



(1−γ)(1−ϕ)θ
2(θ(y−σ)−γ(1−ϕ)) if σ ≤ y − γ

θ
,

∞ if y − γ
θ
< σ ≤ y.

(1−γ)(1−ϕ)
2(2−γ)(σ−y) if σ > y.

If α > α̂cl, since the dispute fee has to be non-negative, setting f ∗l = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱcl = max(αcl, α̂cl). Contracting occurs if and only if α ≤ ᾱcl. Thus, given

that contracting occurs, dispute occurs in equilibrium if and only if αcl < α ≤ ᾱcl.

Finally, we compare the threshold where dispute does not occur to the main

model. Comparing αcl with αc, We have αcl −αc =
(1−γ)(γ+4σθ)

4σθ(y+σ−2ϕσ) −
(1−γ)(γ+4σθ)

4σθ(y+σ) ≥ 0 and

thus, αcl ≥ αc. □

Proof of Proposition 1.12 Proposition 1.12 can be proven by backward induc-

tion based on the decision tree in Figure 1.1.

The analysis for Stages 2 to 6 to obtain q+l and p+l respectively follows from

the proof of Proposition 1.11 with h∗(q) being replaced by h+(q) since the utilities
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of the freelancer and the client are similar. Thus, there exists a threshold αdl such

that dispute does not occur if α ≤ αdl and dispute occurs if α > αdl. q+l is then

given by

q+l =


p(y+σ)
p+2ϕσ if α ≤ αd,

(1−γ)p
4σα if α > αd,

and p+l = max(α(q+l )2

1−γ ,
f

1−γ ) if α ≤ αdl, and

p+l =


p̂dl if f ≤ f

dl
,

f
d
+α(q+l )2

h+(q+l )(1−γ) if f > f
dl
,

where p̂dl is the solution to the unconstrained client’s problem, and f
dl

is the

threshold such that p̂dl =
f

dl
+α(q+l )2

h+(q+l )(1−γ) .

At Stage 1, the platform chooses the dispute fee f while satisfying the indi-

vidual rationality constraints of the client and the freelancer.

(a) Recall from previous analyses that if α ≤ αdl, dispute does not oc-

cur. The freelancer chooses quality q+l =
p+l (y+σ)
p+l +2ϕσ and the client offers price

p+l = max(α(y+σ)2

1−γ ,
f

1−γ ). Thus, the platform will achieve a utility of Π( f ) = γp+l =

γmax(α(y+σ)2

1−γ ,
f

1−γ ). Since Π is increasing in f , we have

f +l = (1 − γ)(y + σ − 2ϕσ),

and p+l = q+l = y + σ − 2ϕσ. Hence, the platform’s equilibrium utility is Π+l =

γ(y+σ−2ϕσ). Consequently, following the proof of Proposition 1.3, αdl =
1−γ

y+σ−2ϕσ .

(b) Recall from previous analyses that if α > αdl, dispute occurs. Based on

Equation (1.6), the platform’s optimization problem is as follows:

max
f≥0

h+(q+l )γp+l + f ,

s.t. q+l − h+(q+l )p+l − ϕq
+
l ≥ 0, (A.82)

− α(q+l )2 + h+(q+l )(1 − γ)p+l − f ≥ 0, (A.83)
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where Equation (A.82) is the individual rationality constraint of the client and

Equation (A.83) is the individual rationality constraint of the freelancer. Note

that the analysis for the equilibrium outcome follows from the proof of Proposi-

tion 1.3. Thus, Π is increasing in f and the platform chooses the optimal f such

that both Equations (A.82) and (A.83) are binding, resulting in

p+l =
2σ(2α(y − σ) + (1 − γ)(1 − ϕ))

1 − γ
,

and

q+l =
(1 − γ)(1 − ϕ)

2α
+ y − σ,

and

f +l =
(2α(y − σ) + (1 − γ)(1 − ϕ))(−2α(y − σ) + (1 − γ)(1 − ϕ))

4α
.

Therefore, the platform’s utility is

Π+l = h+(q+l )γp+l + f +l

=
(2α(y − σ) + (1 − γ)(1 − ϕ))(−2α(y − σ) + (1 + γ)(1 − ϕ))

4α
.

Moreover, since f +l ≥ 0 for contracting to occur, if σ > y, f +l = 0 at α = (1−γ)(1−ϕ)
2(σ−y) . If

σ ≤ y, f +l = 0 at α = (1−γ)(1−ϕ)
2(y−σ) . Therefore, if dispute occurs, there exists a threshold

α̂dl, which is the solution of f +l = q+l ((1 − γ)(1 − ϕ) − α̂dlq+l ) = 0, such that f +l ≥ 0 if

and only if α ≤ α̂dl, where α̂dl is given by

α̂dl =


(1−γ)(1−ϕ)

2(y−σ) if σ ≤ y,

(1−γ)(1−ϕ)
2(σ−y) if σ > y.

If α > α̂dl, since the dispute fee has to be non-negative, setting f + = 0 would

cause the individual rationality constraint of the freelancer to be violated. We

define ᾱdl = max(αdl, α̂dl). Contracting occurs in equilibrium if and only if α ≤ ᾱdl.
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Thus, given that contracting occurs, dispute occurs in equilibrium if and only if

αdl < α ≤ ᾱdl.

Finally, we compare the threshold where dispute does not occur to the main

model. Comparing αdl with αd, We have αdl − αd =
1−γ

y+σ−2ϕσ −
1−γ
y+σ ≥ 0 and thus,

αdl ≥ αd. □

Proof of Theorem 1.10 Following Propositions 1.11 and 1.12, we first compare

the α thresholds under the different dispute systems. Under the centralized

dispute system, αcl =
(1−γ)(γ+4σθ)

4σθ(y+σ−2ϕσ) ; under the decentralized dispute system, αdl =

1−γ
y+σ−2ϕσ . Thus, the difference between αdl and αcl is αdl−αcl =

1−γ
y+σ−2ϕσ−

(1−γ)(γ+4σθ)
4σθ(y+σ−2ϕσ) ≤

0. Hence, αdl ≤ αcl. We next compare the α thresholds beyond which contract-

ing does not occur between the centralized and decentralized dispute systems.

Under the centralized dispute system, ᾱcl = max(αcl,
(1−γ)(1−ϕ)θ

2(θ(y−σ)−γ(1−ϕ)) ) if σ ≤ y − γ
θ

and ᾱcl → ∞ if y − γ

θ
< σ ≤ y; under the decentralized dispute system,

ᾱdl = max(αdl,
(1−γ)(1−ϕ)

2(y−σ) ). If y − γ
θ
< σ ≤ y, we can obtain f ∗l ≥ 0 for all α un-

der the centralized dispute system, and thus, ᾱcl ≥ ᾱdl. If σ ≤ y − γ
θ
, as we know

from the above that αdl ≤ αcl, we now compare the case where ᾱdl =
(1−γ)(1−ϕ)

2(y−σ)

with ᾱcl =
(1−γ)(1−ϕ)θ

2(θ(y−σ)−γ(1−ϕ)) . We obtain ᾱdl − ᾱcl ≥ 0. Therefore, we have ᾱdl ≤ ᾱcl.

We now compare the platform’s equilibrium utilities between the centralized

and decentralized dispute systems under the different regions of α.

(a) If α ≤ αdl, dispute does not occur under either system. In this case, under

the centralized dispute system, Π∗l =
4γσθ(y+σ−2ϕσ)

γ+4σθ ; under the decentralized dis-

pute system, Π+l = γ(y + σ − 2ϕσ). Therefore, taking the difference Π+l − Π
∗
l , we

have Π+l − Π
∗
l =

γ(y+σ−2ϕσ)
γ+4σθ . Thus, Π+l ≥ Π

∗
l for ϕ ≤ 1.

(b) If αdl < α ≤ αcl, recall from Proposition 1.11 that q∗l =
4σθ(y+σ−2ϕσ)
γ+4σθ and from

Proposition 1.12 that q+l =
(1−γ)(1−ϕ)

2α + y − σ. It is easy to see that the difference

q+l − q∗l is decreasing in α as only q+l is decreasing in α. Taking the difference
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between the two quality levels at αcl, we have q+l − q∗l =
γ(y−σ)+2(ϕ−1)σθ((2ϕ+3)σ−y)

γ+4σθ ≥ 0

if σ ≤
√

(γ+2(ϕ−1)θy)2−8γ(2ϕ2+ϕ−3)θy−γ+2(1−ϕ)θy

4(3−2ϕ2−ϕ)θ . Let σ̄l =

√
(γ+2(ϕ−1)θy)2−8γ(2ϕ2+ϕ−3)θy−γ+2(1−ϕ)θy

4(3−2ϕ2−ϕ)θ .

Therefore, if σ ≤ σ̄l, q+l ≥ q∗l . Consequently, Π+l = h(q+l )γp+l + f +l = γq
+
l + f +l ≥

γq∗l = Π
∗
l as q+l − q∗l ≥ 0. Thus, combining all cases, there exists a threshold ᾱl,

where ᾱl = ᾱdl, such that Π+l ≥ Π
∗
l if and only if α ≤ ᾱl. □
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APPENDIX B

APPENDIX OF CHAPTER 2

B.1 Proofs

Proof of Proposition 2.1 We use backward induction to analyze the equilib-

rium utility of a firm. We first derive the number of workers xit to adjust for

each period after the total absenteeism is realized. et the total adjusted man-

power be xt = mt(ht − H). From Equation (2.1), the firm solves the following

maximization problem:

max
xt

p min[λ, γitLi + xit] − wγitLi − xit(w + c1)1xit≥0 + xit(w − c2)1xit<0,

s.t. xt ≤ γLi, (B.1)

where Equation (B.1) represents the available manpower constraint. From the

above problem, it is easy to see that if p−w− c1 < 0, xt = 0. If p−w− c1 ≥ 0, then

xit =



λ − γitLi if λLi
< γit ≤ 1 (Cancelling some shifts),

λ − γitLi if λ
2Li
< γit ≤

λ
Li

(Sufficient workers for adding shifts),

γitLi if γit ≤
λ

2Li
(Insufficient workers for adding shifts).

Therefore, the realized firm’s per period profit is given by

πit =



[2(p − w) − c1]γitLi if γit ≤
λ

2Li
,

(p − w − c1)λ + c1γitLi if λ
2Li
< γit ≤

λ
Li
,

(p − w + c2)λ − c2γitLi if λLi
< γit ≤ 1,

(B.2)

and the total profit is given by Πi = −cv
Li+L̄

M Li+E[
∑∞

t=1 δ
tπt]. Since the firm always

hire sufficient workers to meet the future demand, i.e., Li ≥ λ, to analyze the
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expected profit per period E[πt], we take the expectation with respect to γit:

E[πit] =
∫ λ

2Li

0
[2(p − w) − c1]γLi dγ +

∫ λ
Li

λ
2Li

(p − w − c1)λ + c1γLi dγ

+

∫ 1

λ
Li

(p − w + c2)λ − c2γLi dγ

= −
λ(λ(c1 + p − w) + 4Li(w − p)) + 2c2(λ − Li)2

4Li
. (B.3)

Therefore, the total expected firm’s profit at period 0 is

Πi = −cv
Li + L̄

M
L +

∞∑
t=1

δt

(
−
λ(λ(c1 + p − w) + 4Li(w − p)) + 2c2(λ − Li)2

4Li

)
= −cv

Li + L̄
M

L +
λ(λ(c1 + p − w) + 4Li(w − p)) + 2c2(λ − Li)2

4Li(1 − δ)
,

where the last step follows from
∑∞

t=1 δ
t = 1

1−δ . Thus, to decide on the number

of workers L to hire at period 0, we take the derivative of Πi with respect to Li,

which yields

∂Πi

∂Li
= −
λ2M(c1 + p − w) + 2c2M

(
λ2 − L2

i

)
+ 4cv(δ − 1)L2

i (2L + L̄)

4(δ − 1)L2
i M

,

and the second derivative yields

∂2Πi

∂L2
i

=
λ2(c1 + 2c2 + p − w)

2(δ − 1)L3
i

−
2cv

M
< 0.

Since ∂
2Πi
∂L2

i
< 0, Π is concave in Li and the optimal L∗i is given by the first order

condition below

λ2M(c1 + p − w) + 2c2M
(
λ2 − (L∗i )2

)
+ 4cv(δ − 1)(L∗i )2(2Li + L̄) = 0. (B.4)

As all the firms are homogeneous, L̄ = L∗i (N − 1). Thus, from Equation (B.4), we

have

λ2M(c1 + p − w) + 2c2M
(
λ2 − (L∗i )2

)
+ 4cv(δ − 1)(L∗i )3(N + 1) = 0. (B.5)

Hence, L∗i is given by the solution of Equation (B.5).
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Next, we derive some comparative statics for L∗i . Differentiating Equation

(B.5) with respect to c1, we have

∂L∗i
∂c1
=

λ2M
4L∗i (c2M + 3cv(1 − δ)(1 + N)L∗i )

> 0.

Differentiating Equation (B.5) with respect to c2, we have

∂L∗i
∂c2
=

M(λ2 − (L∗i )2)
2HL∗i (c2M + 3cv(1 − δ)(1 + N)L∗i )

=
4cv(1 − δ)(L∗i )3(N + 1) − λ2M(c1 + p − w)

4HL∗i c2(c2M + 3cv(1 − δ)(1 + N)L∗i )

< 0,

where the second step follows from re-arranging the terms. Thus, L∗i is increas-

ing in c1 and decreasing in c2. If c1 = c2 = c,

∂L∗

∂c
=

M
(
3λ2 − 2(L∗)2

)
4L∗(cM − 3cv(δ − 1)L∗(N + 1))

.

Thus, L∗i is increasing in c if 3λ2 ≥ 2(L∗)2 and decreasing in c otherwise. Differ-

entiating Equation (B.5) with respect to M, we have

∂L∗i
∂M
=
λ2(c1 + 2c2 + p − w) − 2c2(L∗i )2

4L∗i (c2M − 3cv(δ − 1)L∗(N + 1))

=
4cv(1 − δ)(L∗i )3(N + 1)

4ML∗i (c2M − 3cv(δ − 1)L∗i (N + 1))

> 0,

where the second step follows from re-arranging the terms. Note that since ∂L
∗
i

∂M >

0, there exists a threshold M̄ such that 3λ2 = 2(L∗i )2 if M ≤ M̄ and 3λ2 < 2(L∗i )2 if

M > M̄. Therefore, L∗i is increasing in c if and only if M ≤ M̄. □

Proof of Proposition 2.2 Let Wwages denotes the expected wages paid per pe-
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riod for a firm. From the proof of Proposition 2.1, we have

Wwages =

∫ λ
L∗i

λ
2L∗i

((c1 + w)(λ − γL∗i ) + γL∗i w) dγ +
∫ λ

2L∗i

0
(γL∗i (c1 + w) + γL∗i w) dγ

+

∫ 1

λ
L∗i

(γL∗i w − (w − c2)(γL∗i − λ)) dγ

=
λ(c1λ + 4L∗i w − λw) + 2c2(λ − L∗i )2

4L∗i
,

The expected wages earned by a worker in a single period is then given by

E[uit] =
Wwage

L∗i
=
λ(c1λ+4L∗i w−λw)+2c2(λ−L∗i )2

4(L∗i )2 . Therefore, we have

∂Wwage

∂L∗i
=
λ(2L∗i (c2 − w) + λ(w − 2c2 − c1))

2(L∗i )3 ,

which is negative if w ≤ 2c2 + c1. Thus, ∂Wwage

∂L∗i
< 0 if w ≤ 2c2 + c1.

∂Wwages

∂c1
=
∂Wwages

∂L∗i

∂L∗i
∂c1
−
λ

2(L∗i )3 < 0,

where the last step follows from ∂Wwages

∂L∗i
< 0 and ∂L∗i

∂c1
> 0 from Proposition 2.1.

Moreover,

∂Wwages

∂c2
=
∂Wwages

∂L∗i

∂L∗i
∂c2
+
λ(2L∗i − 2λ)

2(L∗i )3 > 0,

where the last step follows from ∂Wwages

∂L∗i
< 0 and ∂L∗i

∂c2
< 0 from Proposition 2.1.

Thus, the expected wages earned by a worker per period is decreasing in c1 and

increasing in c2. In this case, if c1 = c2 = c,

∂Wwages

∂c
=

2λL′i(2L∗i (c − w) + λ(w − 3c)) + L∗i
(
2(L∗i )2 − 3λ2

)
4(L∗i )3 , (B.6)

where L′i is the derivative of L∗i with respect to c. Since L′i is positive if and only

if 3λ2 ≥ 2(L∗)2, if w ≤ 3c, Equation (B.6) is negative if and only if 3λ2 ≥ 2(L∗)2.

Therefore, Wwages is decreasing in c if and only if M ≤ M̄. □
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