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W e study the provision of collaborative services under online reviews, where the service outcome depends on the
effort of both the service provider and the client. The provider decides not only her own effort but also the client’s,

at least to some extent. The client gives the review based on his net utility upon service completion. We develop a signal-
jamming model in which the provider’s inherent capability or type is unobservable, and the market infers the provider
type through observable signals such as the service outcome, the client review, or both. We show that compared to the
benchmark case when the service outcome is observed as a signal, the client review generally leads to less effort of both
the provider and the client. The review hence tends to sacrifice the service effectiveness in favor of the efficiency of the
client’s effort input. Nevertheless, when clients incorporate private information about the provider type into their reviews,
service providers are better motivated to devote effort. Interestingly, we find the provider’s effort choices may be either
strategic complements or substitutes. With a reasonable level of informativeness, online reviews could lead to favorable
performance in service effectiveness, client effort efficiency, and provider type distinguishability. Surprisingly, we demon-
strate that when both the review and the outcome are available, the provider may lack sufficient incentive to devote effort,
resulting in inferior distinguishability of provider types. It thus illustrates that richer information may not necessarily gen-
erate favorable strategic outcomes.
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1. Introduction

Online reviews of services, in which customers rate
and recommend various service providers (e.g., per-
sonal tutors, professional consultants), have become
pervasive in recent years, as various ecommerce web-
sites, user-generated-content platforms, and social
networks all facilitate customers to review their ser-
vice experiences (e.g., nextdoor.com, kudzu.com,
elance.com). Thanks to the advancement of informa-
tion systems and the ubiquitous access to the Internet,
online repositories of customer reviews enable these
otherwise hard-to-observe information to disseminate
across spatial and temporal boundaries to become
available to the general public, generating profound
influences on business. Nevertheless, although a large
volume of literature has been devoted to studying
online reviews of products, surprisingly, online
reviews of services have been left mostly untouched

in the existing literature. We hence aim to fill this gap
by taking an early step to theoretically explore how
online reviews could impact service provision.
Within the huge service industry, one type of ser-

vices that particularly draws our research interest is
the educational and tutoring services (e.g., coaching
students for standardized tests, teaching ice skating).
As a rapidly growing industry, it is estimated that the
global private tutoring market will reach $200 billion
by 2020 (GIA 2014). Given the sophistication of educa-
tional activities and their lasting impacts, it is espe-
cially critical to distinguish superior providers of this
type of services. A recent study shows empirical evi-
dence that a good teacher can increase the present
value of students’ lifetime income by hundreds of
thousands of dollars (Chetty et al. 2014). Naturally,
we see a proliferation of online review platforms (e.g.,
nextdoor.com, myedu.com) that serve to help users
identify and recommend high-quality providers of
such services.
Apart from the industrial importance, the nature of

the educational and tutoring services makes it espe-
cially intriguing to study the associated strategic

[Correction added on 31 May 2018, after first online
publication: the affiliation and email address of Haoying
Sun have been changed.]

1960

Vol. 27, No. 11, November 2018, pp. 1960–1977 DOI 10.1111/poms.12592
ISSN 1059-1478|EISSN 1937-5956|18|2711|1960 © 2016 Production and Operations Management Society



interplay under online reviews. First, this type of ser-
vices is collaborative, because the outcome of the ser-
vice depends on not only the effort of the service
provider but the effort of the client as well. Moreover,
the service provider not only decides her own effort
input but also determines the effort level of the client,
at least to a certain extent (e.g., a tutor typically speci-
fies the amount of exercise a student is required to
take). As both effort levels are not directly observable
to outsiders, two-dimensional moral hazard exists,
and the service provider’s strategic choice of these
two hidden actions is thus a key issue to explore.
Considering that the effort level set for the client
directly affects the client’s utility, will the service pro-
vider intentionally allow the client to shirk in
exchange for a higher level of “happiness” and thus a
better review? Consequently, will online reviews lead
to strategic deterioration of the service performance?
Furthermore, given the collaborative nature, the
strategic correlation between the two effort decisions
is another question of interest. With the client review
in consideration, will the service provider invest
excessive effort herself in place of the effort required
from the client, or will the service provider choose to
shirk as a result of the limitation on pushing the client
to work diligently enough? In this sense, will the two
effort choices strategically substitute or complement
each other under online reviews? This study is
intended to shed light on these questions.
Besides the unobservable actions, the inherent

capability of a service provider to effectively deliver
the service is also unobservable, making distinguish-
ing the superior provider another important question
worth examining. Different from the usual case of sig-
naling game in which a provider can signal her supe-
riority through observable actions, in this context,
prospective clients (more generally, the market) can
infer the capability of a service provider only through
certain observable signals, which, in turn, can be
manipulated by the hidden actions strategically cho-
sen by the service provider. Meanwhile, the market
should rationally anticipate such strategic plays and
properly adjusts the belief in equilibrium. It thus con-
stitutes the classical signal-jamming problem (Fuden-
berg and Tirole 1986). Being informative about the
inherent capability of the provider, online reviews
can certainly serve as such a signal, whose effects on
service provision hence deserve careful analysis.
Another natural candidate for such a signal is the out-
come of the service itself.1 Depending on their avail-
ability, either the service outcome or the client review,
or both, can be observed by the market. We thus use
the service outcome as a benchmark case to contrast
with the cases when the market observes the client
review either alone or along with the service outcome.
We are interested in comparing the resulting

performance of the strategic service provision and the
distinguishability of the service provider’s underlying
capability.
While motivated from the context of educational

and tutoring services, our model and results have
general implications for other types of services with
similar features, as long as the service is collaborative
in nature, the service provider can determine (at least
to a certain extent) the effort level of the client, and
the service outcome is objective. Examples include
consulting services (e.g., IT consulting projects requir-
ing collaboration from both parties), professional ser-
vices (e.g., taxation and auditing, legal services), and
health care services (e.g., rehabilitation and physical
therapy).
In this study, we develop a signal-jamming model

and compare the equilibrium effort levels when the
service outcome is observed as a signal and when
the client review serves as a signal. We find that the
review generally leads to a lower effort level for the
client, as the provider is concerned about the client’s
disutility of exerting effort to be negatively reflected
in the review. Meanwhile, the review does lead to an
efficient effort level for the client, that is, the same
effort level the client would have chosen for himself.
For the provider’s own effort decision, we identify
two effects determining the provider’s incentive for
effort investment, namely, the affirmative effect and
the informative effect. The former refers to how likely
the effort input can result in a positive signal,
whereas the latter means how convincingly a positive
signal implies the superiority of the provider. We
show that under online reviews, two factors—the
additional uncertainty of the review and the lower
effort from the client—weaken both affirmative and
informative effects, resulting in a lower effort level of
the provider. In this sense, the client review results in
a sacrifice of the service outcome in favor of the cli-
ent’s utility, which leads to a lower degree of distin-
guishability of the provider type in equilibrium.
We further extend the analysis by allowing the cli-

ent to observe private information about the provider
type upon service completion and to incorporate such
information into his review. As a result, the informa-
tive effect is strengthened, and the provider is better
motivated to work diligently. Interestingly, when the
review is highly informative, the provider’s two-
dimensional effort decisions may be strategic substi-
tutes in that the provider requires less effort from the
client compared to the benchmark case, yet she
invests excessive effort of her own. As we show, with
a reasonable level of informativeness, online reviews
could lead to favorable equilibrium performance in
multiple dimensions: higher service effectiveness,
more efficient effort level for the client, and better dis-
tinguishability of the provider type.
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We also investigate the case in which the client
review is observable along with the service outcome.
Counterintuitively, we demonstrate that richer infor-
mation may not necessarily generate favorable results
as an outcome of strategic interplay. When both the
review and the outcome are observable to the market,
the service provider surprisingly lacks sufficient
incentive to devote effort, simply because the bivari-
ate signal structure makes a successful service out-
come no longer rewarding if the review is negative.
As a result, both signals being available at the same
time could lead to inferior distinguishability of provi-
der types.
To the best of our knowledge, this study is the first

theoretical study connecting online reviews with col-
laborative services. From modeling perspective, a
distinctive aspect of our study is that we introduce
the signal-jamming framework into the context of
online reviews and service management, which
enables us to explicitly model the review generating
and information updating processes and to endoge-
nously incentivize effort input without external
agency contracts. Our results also enrich the infor-
mation economics by illustrating how strategic inter-
play under a complex information structure can lead
to surprising economic consequences. On the sub-
stantive front, the findings in this study provide rich
implications for various stakeholders, including
information systems designers, top management and
authorities, service providers, and clients who write
reviews, as we discuss in detail in the end of the
article.

2. Literature Review

As we study the unique information structure associ-
ated with online reviews in the context of collabora-
tive services, our modeling approach is rooted in the
classical signal-jamming framework (Fudenberg and
Tirole 1986, Holmstrom 1999). The problem we study
and the modeling approach we adopt are thus distinct
from what is typically found in the existing literature
on both online reviews and collaborative services, as
we briefly review below.
The existing literature on online reviews predomi-

nantly focuses on customer reviews of products.
There is a large volume of literature empirically inves-
tigating how different aspects of online reviews affect
the sales of various products such as books (e.g., Che-
valier and Mayzlin 2006), movies (e.g., Liu 2006),
video games (e.g., Zhu and Zhang 2010), and digital
cameras (e.g., Gu et al. 2012). Meanwhile, theoretical
studies develop analytical models to examine how
product reviews could affect product sales (e.g., Li
and Hitt 2010), firm strategies (e.g., Chen and Xie
2008), and market competition (e.g., Kwark et al.

2014). Recent literature (e.g., Jiang and Guo 2015) fur-
ther explores the optimal design of review systems
with endogenous consideration of product features
such as product mainstream level and consumer mis-
fit cost. Studying reviews of services, we thus differ
from the extant literature in the research context and
the main focus.
In modeling the role of online reviews, the afore-

mentioned theoretical papers typically view it as con-
veying product information and generally take one of
the two approaches. One class of approach (e.g., Chen
and Xie 2005, 2008, Kwark et al. 2014) considers
reviews as an exogenous information source provid-
ing additionally accurate information about product
quality and/or fit, where the review generating pro-
cess is left exogenous. Another class of approach (e.g.,
Hao et al. 2011, Jiang and Guo 2015, Sun 2012) models
the generation of reviews as a deterministic function
of customer utility involving observable information
(e.g., price) and individual reviewer heterogeneity.
As a result, rational prospective customers can back
out the product information (e.g., quality, fit) based
on the observable information (e.g., valence and vari-
ance of reviews, price). Differently, we not only
endogenously model the review generating and infor-
mation updating processes, but also account for the
effects of hidden strategic actions and possible noises.
In consequence, how accurately the review can con-
vey information about the latent provider ability is a
strategic outcome endogenously dependent on the
information structure, and reviews may not necessar-
ily lead to more accurate information in equilibrium.
In this sense, our modeling approach is close to Kuk-
sov and Xie (2010). They consider a two-period model
of product reviews conveying information about the
latent product quality, which both the firm and cus-
tomers are unsure of. The firm strategically decides
the price and the “frill”, both unobservable to the sec-
ond-period customers, to influence the reviews given
by the first-period customers. Besides the different
research context, the information structure studied in
our study is also different from theirs in that we intro-
duce an additional layer of uncertainty into the
review, so it depends on another random variable
(i.e., the service outcome). Consequently, we can fur-
ther study the effects when both signals are observ-
able and discover interesting equilibrium results.
More broadly, our study is also related to another

stream of literature on reputation (e.g., Bakos and
Dellarocas 2011, Kreps and Wilson 1982, Milgrom
and Roberts 1982), which takes the view that reputa-
tion is built and maintained as an indication of credi-
ble commitment (i.e., being locked into playing a
certain strategy) in repeated games. In contrast, simi-
lar to the aforementioned theoretical papers on pro-
duct reviews, our study emphasizes the role of
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reviews as revealing additional information about
underlying key characteristics (i.e., ability). In addi-
tion to the different fundamental views, other distinc-
tions include: we endogenously model the generation
of reviews, which depend on service outcomes and
strategic actions as well, whereas reputation is typi-
cally considered as a direct collection or an externally-
specified transformation of past performances; we
compare equilibrium results under different signals,
which, in a broad sense, provides richer implications
for the effects of different reputation mechanisms;
moreover, we link online reviews to collaborative ser-
vices, filling a gap between these two important areas.
Starting from Karmarkar and Pitbladdo (1995), col-

laborative (or coproductive) services have been attract-
ing increasing research interest in the literature of
operations management (e.g., Plambeck and Taylor
2006, Roels et al. 2010, Spohrer and Maglio 2008, Xue
and Field 2008) as well as information technology out-
sourcing (e.g., Bhattacharya et al. 2014, Demirezen
et al. 2013). The extant literature in this domain pre-
dominantly follows the principal-agent contract-
design framework. In contrast, as we study a new
problem in this context, we build upon the theories of
career concerns (Holmstrom 1999) and allow the ser-
vice provider to be incentivized endogenously without
externally stipulated agency contracts or in the face of
possible incomplete contracts. Another difference is
that the service provider also determines the client’s
effort in addition to her own in our context, which
increases the dimension of the provider’s strategy
space and leads to interesting strategic correlation.

3. The Baseline Model

3.1. Model Setup
We consider one service provider and one client in
the market.2 The service is collaborative, and the out-
come of the service depends on the effort levels of
both the service provider and the client. We denote
the effort level of the service provider as x and that of
the client as y, where both are bounded and normal-
ized such that x, y 2 [0, 1]. In addition, the service
outcome is also influenced by the innate ability of the
service provider to deliver the service effectively,
which we refer to as the type of the provider. We
assume there are two types of the service provider,
high (H) type or low (L) type, where a high-type pro-
vider is more likely to deliver the service effectively
than a low-type provider given the same effort levels.
Besides these focal factors, many other factors not
directly pertinent to our interest may also affect the
outcome. Therefore, the outcome is probabilistic by
its nature. We hence model the outcome of the ser-
vice, V, as a random variable taking a binary value, 0
or 1, where 1 represents success (e.g., passing a

standardized test, achieving the preset goal) and 0
represents failure. The value of V depends on a latent
variable m, which represents the combination of all
possible factors affecting the service outcome. If m > 0,
we have V = 1; if m ≤ 0, we have V = 0. Specifically, m
is modeled as follows.

m n; h; x; yð Þ ¼ lh xþ yð Þ þ n; h 2 H; Lf g: ð1Þ
Here, lh reflects the innate ability of the h-type pro-
vider, and 0\ lL \ lH. Without loss of generality,
we normalize lH ¼ 1 and let lL ¼ l 2 ð0; 1Þ. The
term (x + y) represents the combined effort from
both parties, which captures the collaborative nature
of the service and is commonly used in the literature
(e.g., Karmarkar and Pitbladdo 1995). The last term
in (1), ξ, represents other idiosyncratic factors that
could possibly affect the service outcome. It is a ran-
dom variable with the cumulative distribution func-
tion (cdf) G(ξ). To derive clean analytical results, we
let ξ follow a uniform distribution over the support
[�2, 0], so GðnÞ ¼ nþ 2

2 . The support is chosen such
that when the deterministic term lhðx þ yÞ takes its
minimum value 0, we have m(ξ) ≤ 0 for any possible
ξ; when lhðx þ yÞ takes its maximum value 2, we
have m(ξ) ≥ 0 for all ξ ’s. Notice that neither the dis-
tribution nor the support of ξ is critical for our
results to hold. As we show in Appendix S2, under
different distributions (e.g., beta distribution, normal
distribution) or expanded supports (either finite or
infinite), our main results remain robust.

As a result, the probability of the outcome being a
success, given the true type of the service provider
and the effort levels of both parties, can be derived as

Pr V ¼ 1jh; x; yf g ¼ Pr m nð Þ[ 0jh; x; yf g
¼ 1� G �lh xþ yð Þð Þ
¼ 1

2
lh xþ yð Þ; h 2 H; Lf g:

ð2Þ

After exerting the effort y and observing the rea-
lized outcome V, the client derives net utility
UðV; yÞ ¼ u1V¼1 � wy2, where 1V¼1 is an indicator
function such that 1V¼1 ¼ 1 if V = 1, and 1V¼1 ¼ 0
otherwise. In other words, the client derives positive
utility gain u if the outcome turns out a success and
zero utility gain if a failure; meanwhile, the utility cost
from exerting effort is wy2. Here, w is the client’s effort
cost coefficient (0 < w < u), and the convex functional
form captures the increasing marginal disutility as the
effort level increases. Without loss of generality, we
normalize u = 1, and thus w 2 (0, 1).
Given the realized utility, the client then writes an

online review of the service provider. Considering
that various latent factors could all affect the review
(e.g., leniency, preference), we adopt a similar
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structure as the outcome and model the review, R, as
a random variable taking a binary value: R = 1 means
the client recommends the service provider, and R = 0
means he does not recommend. The binary structure
reflects the commonly observed rating mechanism
used in online reviews and is also common in the
literature (e.g., Kuksov and Xie 2010). For easy refer-
ence, we refer to R = 1 as a positive review and R = 0 a
negative review. The value of R depends on a latent
variable ϱ, which can be interpreted as the client’s
overall recommendation intention. If ϱ > 0, we have
R = 1; if ϱ ≤ 0, we have R = 0. As theories and evi-
dences on rater behavior suggest, reviews depend on
the net utility of the reviewers along with other
idiosyncratic factors.3 We hence model ϱ as follows.

. e;V; yð Þ ¼ U V; yð Þ þ e; ð3Þ
where ɛ stands for possible idiosyncratic factors that
could affect the review. It is a random variable with
cdf F(ɛ). Similarly, for neat analytical results, we let
ɛ follow a uniform distribution over the support
[�1, w], so FðeÞ ¼ eþ 1

wþ 1. The support is chosen under
the same rationale as the case of ξ: when the client’s
utility U(V, y) takes its minimum value �w (i.e.,
when V = 0 and y = 1), ϱ(ɛ) ≤ 0 for any possible ɛ;
when U(V, y) takes its maximum value 1 (i.e., when
V = 1 and y = 0), ϱ(ɛ) ≥ 0 for all ɛ’s. Again, neither
the distribution nor the support of ɛ is critical. Our
main results remain robust when extended to differ-
ent distributions or expanded supports, as we show
in detail in Appendix S2.
As a result, the probability of the client writing a

positive review, given the outcome V and the client’s
effort y, can be derived as

Pr R ¼ 1jV; yf g ¼ Pr . eð Þ[ 0jV; yf g
¼ 1� F �U V; yð Þð Þ

¼ 1V¼1 � wy2 þ w

1þ w
:

ð4Þ

In determining the payoff of the service provider,
we model it endogenously in a general approach. We
let the market form a rational belief about the true
type of the service provider and reward the provider
accordingly. After observing the available signal(s)
(e.g., the outcome V, the review R), the market forms
a posterior belief a, which equals the posterior proba-
bility of the service provider being a high type given
the observed signal(s). We will articulate the forma-
tion of a in detail in subsection 3.2. Given the belief a,
the market rewards the provider with a payoff equal
to amH þ ð1� aÞmL, where mL \mH so it is more
rewarding to be viewed as a high-type provider.
Notice that the payoff from the market is thus an
abstract form of the present value of the provider’s

future payoff. It can be interpreted broadly, for exam-
ple, as the monetary benefit rationally offered by a
third-party authority, or as the willingness-to-pay of
future clients. Additionally, we let the service provi-
der’s utility cost of exerting effort take the similar con-
vex form as that of the client, that is, cx2, where c is
the provider’s effort cost coefficient (0\ c\mH).
Once again, to simplify notation, we normalize
mH ¼ 1 and mL ¼ 0 without loss of generality. As a
result, the service provider’s net payoff, given the
market belief a, can be written as

p x; að Þ ¼ amH þ 1� að ÞmL � cx2 ¼ a� cx2: ð5Þ

3.2. Equilibrium Concept
As this study focuses on the type of collaborative ser-
vices that the service provider not only determines
her own effort but also the effort level of her client,
we consider that the provider decides both effort
levels x and y. (In subsection 6.1, we extend the model
to the general case that both the provider and the cli-
ent jointly determine the client’s effort level y, and
each has a varying degree of influence. As we show,
the main results continue to hold.) As a result, the
actual strategic players in the model are the service
provider and the market. From the market’s stand-
point, the effort levels x and y chosen by the service
provider are not observable.4 Instead, the market can
infer the true type of the provider only through
observable information, such as the outcome V, the
review R, or both, which, in turn, depends on the hid-
den actions taken by the provider. Such an informa-
tion structure constitutes a typical signal-jamming
game (Fudenberg and Tirole 1986). Following this
framework, we let the market and the provider share
common knowledge about all model parameters,
including the prior belief about the true provider
type. In other words, the true type of the provider,
which is essentially her underlying capability to deli-
ver the service effectively, is not directly observable to
either the market or the provider herself, whereas
they share a common prior (probabilistic) belief about
it. It is common in the classical literature on job per-
formance and career concerns to assume that a player
cannot observe her latent characteristic and share the
same prior belief with the market (e.g., Holmstrom
1999). For simplicity, we use the uninformative prior
such that the prior probability of the service provider

being a high type is 1
2, that is, Prfh ¼ Hg ¼ 1

2. Never-

theless, choosing a different prior other than 1
2 will not

qualitatively change our main results.
The equilibrium concept we use is perfect Bayesian

equilibrium. In equilibrium, on one hand, the service
provider’s choice of effort levels are optimal given the
market’s belief; on the other hand, the market’s belief
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is rational (according to Bayes’ rule) given the provi-
der’s effort choice. In the subsequent analysis, we will
study separate scenarios in which the market can
observe the outcome V only, the review R only, or
both the outcome and the review. We use S to repre-
sent the signal that the market can observe. Depend-
ing on different scenarios, S can be V, R, or {V,R}.
Note that S is thus a random variable (or a pair of ran-
dom variables) taking binary values.
Upon observing the realized value of S, the market

rationally forms posterior belief about the true type of
the service provider. Specifically, the market’s belief
a�S equals the posterior probability of the service pro-
vider being a high type, conditional on the observed
value of signal S and given the provider’s equilibrium
effort levels x� and y�. By Bayes’ rule,

a�S ¼ Pr h ¼ HjS; x�; y�f g
¼ Pr Sjh ¼ H; x�; y�f g � Pr h ¼ Hf g=�

Pr Sjh ¼ H; x�; y�f g � Pr h ¼ Hf g

þ Pr Sjh ¼ L; x�; y�f g � Pr h ¼ Lf g
�
:

ð6Þ

Meanwhile, anticipating the market belief a�S, the
service provider makes an upfront decision of
the optimal effort levels such that x� and y� maximize
the ex ante expectation of her net payoff (i.e., taking
expectation over the possible realization of the signal
S conditional on the effort levels). Specifically,

x�; y�ð Þ ¼ arg max
0� x;y� 1

Eh ES p x; a�S
� �jh; x; y� �� 	

¼ arg max
0� x;y� 1

Eh ES a�Sjh; x; y
� �� 	� cx2; ð7Þ

where the second equality holds by substituting in
(5). Notice that although the effort level of the client
y does not directly enter the provider’s payoff func-
tion (5), it does affect the provider’s expected payoff
by influencing the realization of the signal S. There-
fore, the service provider needs to optimize both x
and y altogether, which introduces the strategic
interaction between these two decisions.
Altogether, a perfect Bayesian equilibrium of this

signal-jamming game is hence a fixed point
fx�; y�; a�Sg that solves (6) and (7) simultaneously.

4. Analysis and Results

In this section, we first solve the equilibrium under
separate scenarios in which (i) the market observes
the outcome V alone as a signal, (ii) the market
observes the review R alone as a signal, or (iii) the
market observes both the outcome and the review.
We then derive formal results comparing the equilib-
rium effort levels under these different scenarios,
which further allow us to examine the equilibrium
outcomes in various dimensions such as the

effectiveness of service, the efficiency of the effort
choice, and the distinguishability of the true type of
the service provider.

4.1. Outcome as a Signal
We first examine the benchmark scenario in which
the market can observe the outcome V, whereas the
review R is unavailable, so S = V. To differentiate
from the other two scenarios, we use the superscript
V to indicate the equilibrium solutions in this scenario
instead of asterisk.
In equilibrium, anticipating the equilibrium effort

levels chosen by the service provider, xV and yV, the
market rationally updates its posterior belief accord-
ing to (6), which can be derived as

aV1 ¼ Prfh ¼ HjV ¼ 1; xV; yVg ¼ 1
1þl and aV0 ¼

Prfh ¼ HjV ¼ 0; xV; yVg ¼ 2�ðxV þ yVÞ
4�ð1þlÞðxV þ yVÞ. Given

the market belief, the service provider optimizes the
effort levels to maximize her expected payoff, Ep,
according to (7), where Ep ¼ aV0 þ 1þl

4 ðaV1 � aV0 Þ �
ðx þ yÞ � cx2. Notice that the market forms its belief
without observing the actual effort, so the equilibrium

concept requires that aV1 and aV0 , and hence all xV’s

and yV’s included, be treated as constants when the
provider optimizes x and y. Denote

DaVðxV; yVÞ � aV1 � aV0 , we can write the first deriva-
tive with respect to x and y as

@Ep
@x

¼ 1þ l
4

DaV xV; yV
� �� 2cx; ð8Þ

@Ep
@y

¼ 1þ l
4

DaV xV; yV
� �

: ð9Þ

Notice that @Ep
@y is a constant, and it is easy to show

that this constant is always positive, that is,
DaVðxV; yVÞ [ 0 for 8xV; yV (see Lemma A.1 in
Appendix S1 for the proof). Therefore, the provider’s
expected payoff strictly increases in y. As a result, the
optimal choice of y is the upper bound of the client’s
effort range, that is, yV ¼ 1. Consequently, the opti-
mal choice of the service provider’s own effort level,
xV, is the fixed-point solution to the first order condi-
tion 1þl

4 DaVðxV; 1Þ � 2cxV ¼ 0 by (8), whenever such
an interior solution exists within [0, 1].
Following the procedure outlined above, we can

formally derive the equilibrium effort levels when the
outcome is observed as a signal, as follows.

PROPOSITION 1. When the market observes the outcome V
alone as a signal, for c [ 1

8, there is a unique equilibrium in
which the service provider’s effort

xV ¼ 3� l
2ð1þ lÞ �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð3� lÞ2
4ð1þlÞ2 � 1�l

4cð1þ lÞ

r
and the client’s effort

yV ¼ 1.
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PROOF. All proofs are detailed in Appendix S1. h

Proposition 1 shows that when only the outcome
is used as a signal, in equilibrium, the service pro-
vider sets the highest possible effort level for the
client. Note that aV1 [ aV0 , which means a successful
outcome gives the market more confidence to
believe the service provider is a high type and is
thus more rewarding to the provider. Hence, when
the review is unavailable and the provider does not
need to take account of the client’s utility, she
pushes the client’s effort to the maximum in order
to maximize the probability of getting a successful
outcome. For the provider’s own effort, she trades
off between the expected gain from market recogni-
tion and the utility cost of exerting effort. As a
result, the optimal effort level of her own, xV, is an
interior solution between 0 and 1.
It is worth emphasizing that we prove in Proposi-

tion 1 that there exists a unique equilibrium for the
proposed signal-jamming game generically (i.e., as
long as c [ 1

8). In the extreme case when the service
provider’s effort cost coefficient is very small (i.e.,
c\ 1

8), multiple equilibria could arise, among which
xV ¼ yV ¼ 1 is always an equilibrium. We find
similar results for the other scenarios as well. The
multiple equilibria yield no closed-form full charac-
terization and involve discussion on equilibrium
refinement, whereas the main results remain the
same, as we can show. Therefore, to deliver neat
results with clear implications and to avoid techni-
cal distraction, in the main body of the study, we
focus on the generic cases when the service provi-
der’s effort cost coefficient is not too small. In
Appendix S3, we characterize the equilibria for
small c’s in detail and show the main results extend
robustly.

COROLLARY 1. The equilibrium effort level of the service
provider, xV, is decreasing in her effort cost coefficient c,
and increasing in the difference between the two types of
providers 1 � l (i.e., decreasing in l).

Corollary 1 shows some interesting comparative
statics of the equilibrium effort. For example, as l
decreases and hence the capability gap between the
two types of providers enlarges, the service provider
is willing to work more diligently. This is because as
the gap between the two types of providers increases,
the outcome becomes more revealing, so a successful
(or failed) outcome signals more convincingly to the
market that the service provider is a high (or low)
type. As a result, the marginal return for the service
provider to devote more effort to increase the proba-
bility of a successful outcome also goes up, which
leads to a higher equilibrium effort level xV.

4.2. Review as a Signal
We next analyze the scenario in which the review R is
available, whereas the outcome V, although still
observable to the service provider and the client, is
unobservable to the market. Thus, S = R. Again, to
differentiate from the other scenarios, we use the
superscript R to indicate the equilibrium solutions in
this scenario instead of asterisk.
The equilibrium can be derived following a similar

approach as described in subsection 4.1. A main dif-
ference lies in formulating the likelihood function,
PrfRjh; xR; yRg. Taking the expectation of the (condi-
tional) probability of receiving a positive review
(given the outcome V) in (4) over V, we have

Pr Rjh;xR;yR� 	¼ Pr RjV¼ 1;yR
� 	

Pr V¼ 1jh;xR;yR� 	
þPr RjV¼ 0;yR

� 	
Pr V¼ 0jh;xR;yR� 	

:

ð10Þ
Substituting (2) and (4) into (10), we can derive the
likelihood function, which leads to the equilibrium
market belief, aR1 ðxR; yRÞ and aR0 ðxR; yRÞ, according to
the Bayes’ rule in (6). Given the market belief, simi-
lar as in subsection 4.1, the service provider
optimizes both x and y, and the equilibrium effort
levels are the fixed-point solution. Denoting
DaRðxR; yRÞ ¼ aR1 � aR0 , we can summarize the equi-
librium effort levels when the review is observed as
a signal as follows.

PROPOSITION 2. When the market observes the review R
alone as a signal, for c [ 1

2Mð1Þ, there is a unique equi-
librium in which the client’s effort yR ¼ minf1þl

8w ; 1g
and the service provider’s effort xR is the unique solution
to M(x) = 2cx within the range of x 2 [0, 1], where
MðxÞ � 1þl

4ð1þwÞDa
Rðx; yRÞ.

Note that the function M(x) defined in Proposition
2 originates from the first-order condition with
respect to x such that MðxRÞ ¼ 2cxR. As detailed in
Lemma A.2 in Appendix S1, the monotonicity of M(x)
and @2

@x2 MðxÞ results in a single crossing of M(x) and
2cx for x 2 [0, 1] when c is not too small, which
ensures the existence and uniqueness of the equilib-
rium effort xR.
As Proposition 2 implies, when the review is

observed as the signal, the service provider no longer
always chooses the maximum effort level for the cli-
ent. As long as the client’s cost coefficient w is not too
small (i.e., w [ 1þ l

8 ), the optimal effort of the client
yR is set as an interior solution less than 1.

COROLLARY 2. The equilibrium effort of the service pro-
vider, xR, is decreasing in her effort cost coefficient c and
the client’s effort cost coefficient w; the equilibrium effort
of the client, yR, is (weakly) decreasing in w and
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independent of c. While yR is (weakly) increasing in l,
xR is decreasing in l when w � 1þl

8 and may change
non-monotonically in l when w [ 1þ l

8 .

Corollary 2 shows the comparative statics of the
equilibrium effort. An interesting result is that as the
client’s effort becomes more costly, not only the cli-
ent’s equilibrium effort yR decreases, the provider’s
equilibrium effort xR also decreases. It thus implies
some degree of complementarity between the equilib-
rium efforts of the provider and the client, as we will
further explore. The possible non-monotonicity of xR

in l is also worth discussing. When w � 1þl
8 (so

yR ¼ 1), xR is decreasing in l, similar to Corollary 1.

When w [ 1þ l
8 (so yR ¼ 1þl

8w \ 1), on one hand, a

higher l reduces the difference between the two pro-
vider types and thus the informational value of a pos-
itive signal, which lowers the provider’s effort
incentive; on the other hand, the provider can require
a higher effort level from the client as l increases,
which, in turn, strengthens the provider’s own effort
incentive. The two counteracting factors hence cause

the possible non-monotonicity, and xR may first
increase and then decrease in l as l goes up.

4.3. Outcome and Review as Signals
When the market can observe both the outcome V
and the review R, both pieces of information will be
incorporated into the rational expectation about the
true type of the service provider. Under the baseline
model, because the review does not convey additional
information regarding the true type of the provider
beyond what is already conveyed by the outcome, the
equilibrium when both V and R are observable turns
out to be the same as when only V is available as the
signal (i.e., the equilibrium in subsection 4.1).
Formally, such an equivalence originates from the

conditional independence of R on h given V, that is,
Pr{R|V, h, x, y} = Pr{R|V, y}. In other words, given
the realization of the outcome V, the probability of
receiving a positive review no longer depends on the
true type of the provider. As a result, Pr{V, R|
h, x, y} = Pr{R|V, y}�Pr{V|h, x, y}, and in Bayesian
updating according to (6), the term Pr{R|V, y} cancels
out, and we have Pr{h = H|V, R, x, y} = Pr{h = H|
V, x, y}. It means the posterior market belief when
both V and R are observed will be the same as when
only V is observed, independent of the value of R. As
a result, the equilibrium effort will be exactly the
same as the xV and yV derived in Proposition 1.
In Section 5, we will extend the baseline model to

incorporate additional information regarding the true
type of the provider into the review. In that case,
observing both signals will lead to different equilib-
rium effort, which can deliver richer implications

regarding how client reviews could affect collabora-
tive service provision.

4.4. Equilibrium Comparison
Having obtained the equilibrium in the two scenarios
where either the outcome or the review is observed as
a signal, we next examine how the equilibrium effort
differs across the two scenarios. We also compare the
equilibrium performance of the service in terms of
effectiveness, efficiency, and distinguishability.

PROPOSITION 3. The equilibrium effort levels of both the
service provider and the client are lower when the review
is observed as a signal than when the outcome is observed
as a signal. Specifically, for c [ 1

8, xR \ xV, and
yR � yV with strict inequality when w [ 1þl

8 .

Proposition 3 shows that with the review observed
as a signal, the service provider generally sets a lower
effort level for the client and devotes less effort her-
self as well, in comparison to the case when the out-
come is observed as a signal. To understand the
result that yR � yV, recall that the client gives the
review based on his net utility, which is increased by
a successful outcome and decreased by his disutility
from exerting effort. Therefore, to maximize the prob-
ability of receiving a positive review, the provider
faces the trade-off between a higher success probabil-
ity and elevated effort disutility of the client. The
result in Proposition 3 shows that the disutility con-
cern generally dominates the success motivation, so
the provider typically requires lower effort from the
client compared to the case when only the outcome
matters. Therefore, yR \ yV unless the client’s effort is
most costless (i.e., w is small).
The comparison regarding the equilibrium effort of

the provider’s own is more subtle and intriguing to
explain. When optimizing her own effort, the service
provider faces the trade-off between convincing the
market of her capability and exerting costly effort. In
determining the marginal benefit of improving market
recognition from effort investment, two effects come
into play: The first is the affirmative effect, that is, how
greatly an increased level of effort could improve the
chance of attaining a positive signal. The second is the
informative effect, that is, how much information a posi-
tive signal conveys to the market regarding the provi-
der being a high type. When the review serves as a
signal, there are two factors that reduce both the affir-
mative and the informative effects. First, compared to
the outcome, the review is influenced by additional
factors such as the client’s effort cost and many other
unobservables, all of which bring more uncertainty
and noise into the realization of the review value. Sec-
ond, the equilibrium effort level of the client is lower
when the review serves as a signal, as just discussed.
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Less effort from the client reduces the difference
between the two types of providers in terms of the
probability of attaining a positive signal. Driven by
these two factors (i.e., additional uncertainty and less
effort from the client), when the review serves as a sig-
nal, the provider’s effort is less rewarding in generat-
ing a positive signal, and moreover, a positive signal
becomes less informative about the true type of the
provider. As a result, both the affirmative and the
informative effects are reduced, so the marginal bene-
fit of the provider’s effort investment decreases, lead-
ing to a lower level of xR in equilibrium.
It is worth noting that in the baseline model, both

the affirmative and the informative effects change in
the same direction across the two scenarios, causing
a decisive comparison result. In addition, compared
to the outcome, the review leads to lower effort
levels of both the provider and the client. In this
sense, the effort choices exhibit a strategic-comple-
ment pattern in equilibrium. In Section 5, when we
introduce additional information about the provider
type into the review, interestingly, the review may
change the affirmative and informative effects in the
opposite directions, and the provider’s and the
client’s equilibrium effort levels may be strategic
substitutes instead.
Now that the review leads to less equilibrium effort

of both the provider and the client, we can immedi-
ately compare the effectiveness of service, which we
measure using the expected outcome in equilibrium,
defined as

EV x�; y�ð Þ ¼ Eh E Vjh; x�; y�½ �f g: ð11Þ

PROPOSITION 4. The effectiveness of service is lower when
the review is observed as a signal than when the outcome is
observed as a signal in that EVðxR; yRÞ\EVðxV; yVÞ.

We are also interested in investigating the efficiency
of the equilibrium effort the provider sets for the cli-
ent in different scenarios.5 We define the efficient effort
level of the client, ye, as the one that maximizes the cli-
ent’s expected net utility, that is, the optimal effort
level from the client’s own perspective. Specifically,

ye ¼ arg max
0� y� 1

Eh;V U V; yð Þ½ �
¼ arg max

0� y� 1
EV x; yð Þ � wy2; ð12Þ

where EV is defined in (11) (Recall that the client’s
utility gain from a successful outcome, u, is normal-
ized to 1 for simplicity). It is easy to solve that
ye ¼ minf1þ l

8w ; 1g, which is independent of the pro-
vider’s effort x. Interestingly, the equilibrium effort
level set for the client when the review is observed
as a signal, yR, turns out to be efficient.

PROPOSITION 5. The client’s effort is at the efficient level
when the review is observed as a signal, whereas the cli-
ent’s effort generally exceeds the efficient level when the
outcome is observed as a signal, that is, yR ¼ ye � yV

with strict inequality when w [ 1þ l
8 .

Combining the results of Propositions 4 and 5, it
becomes clear that when the review serves as a signal,
the equilibrium output is less success oriented;
instead, it caters to the client to optimize his effort
input by sacrificing the effectiveness to a certain
degree. In contrast, when the outcome serves as a sig-
nal, the client is pushed to work beyond his efficient
effort level.
Another dimension we are interested in exploring

is the distinguishability of provider types. We want to
examine how accurately the market can tell the true
type of the provider in equilibrium under different
signals. The natural means to measure the accuracy of
the market’s posterior belief is the usual type I and
type II errors. In our context, we define the equilib-
rium type I error, q�1, as the ex ante probability of mis-
takenly believing a high-type provider as a low type,
given the equilibrium effort levels. The equilibrium
type II error, q�2, is thus the ex ante probability of mis-
takenly believing a low-type provider as a high type.
By ex ante, we mean taking the expectation over possi-
ble realized values of the signal S. We can formulate
the two types of errors as follows.

q�1 ¼ ES 1� a�Sjh ¼ H; x�; y�
� � ð13Þ

q�2 ¼ ES a�Sjh ¼ L; x�; y�
� � ð14Þ

It is noteworthy that because the prior belief is sym-
metric and the posterior belief is formed rationally
based on the Bayes’ rule, it can be shown that the
equilibrium type I and type II errors happen to be the
same in our context. This coincidence leads to a sim-
ple and neat measure of the equilibrium distinguisha-
bility of provider types, which we refer to as the
equilibrium judgment error q�, where q� ¼ q�1 ¼ q�2.

6

Figure 1 illustrates the equilibrium judgment errors
under different signals with different parameter val-
ues. As we can see, qR [ qV in general, which means
the review leads to a higher equilibrium judgment
error than the outcome. This result can be explained
by the aforementioned two factors that reduce the
informative effect: the review brings in additional
uncertainty and also causes a lower equilibrium effort
level of the client. It can be clearly seen from Figure 1
how less effort from the client drives a higher equilib-
rium judgment error: as the client’s effort cost coeffi-
cient w goes up, the client’s effort yR decreases, and
qR increases in consequence. Another noteworthy pat-
tern in Figure 1 is the increase of judgment error in l.
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As l increases and gets closer to 1, the low-type provi-
der is closer to the high-type provider in terms of the
innate ability of successfully delivering the service.
As a result, it becomes more difficult to tell apart the
two types of providers, leading to a higher judgment
error in equilibrium.

5. Review with Private Information

In the baseline model, the review R does not contain
any additional information about the provider type
beyond what has already been included in the out-
come V. As discussed in subsection 4.3, this property
leads to unchanged equilibrium results when the
review is observed along with the outcome. In this
section, we extend the baseline model by letting the
review contain additional information beyond the
outcome. The purpose of this extension is twofold.
First, we want to show to what extent the main results
from the baseline model are robust and if any new
results with richer implications will arise. Second, we
are interested in shedding light on how the review
can further impact the collaborative service provision
when the outcome is already observable as a signal.
Following the same setup of the baseline model,

now we assume that upon the completion of the ser-
vice, the client can observe a private signal, ~h, that
suggests the true type of the service provider. This
signal is noisy in that it may correctly reflect the true
provider type only with certain probability. Let
Prf~h ¼ Hjh ¼ Hg ¼ rH, and Prf~h ¼ Hjh ¼ Lg ¼
rL, rH; rL 2 ð0; 1�. In other words, the client may per-
ceive a high-type (or low-type) provider as a high
type with probability rH (or rL). We consider this
noisy signal (weakly) informative so that rH � rL,
that is, a high-type provider is more likely to be per-
ceived by the client as a high type than a low-type
provider. It is then reasonable to assume that the

client will recommend the service provider only if he
perceives her as a high type. Thus, we can modify the
probability of the client giving a positive review, pre-
viously defined in (4), as

Pr R ¼ 1jh;V; yf g ¼ rh
1V¼1 � wy2 þ w

1þ w
: ð15Þ

Equation (15) implies that if the client receives a
positive signal suggesting the provider is a high
type, he then gives a positive review with a proba-
bility that is increasing in his net utility as modeled
previously. In this sense, the baseline model is a
special case with rH ¼ rL ¼ 1.
Apparently, the change in the model does not affect

the equilibrium results when only the outcome is
observed by the market. Therefore, the results in sub-
section 4.1 continue to hold under this extended
model. On the other hand, it may affect the equilib-
rium results when the review alone is available as the
signal and when both the review and the outcome are
observable to the market. In what follows, we present
the results in these two scenarios under this extended
model. Throughout this section, we add a tilde (	 )
to indicate the equilibrium solutions under this
extended model.

5.1. Review as a Signal
The equilibrium efforts can be derived following the
same approach outlined in subsection 4.2. Denoting
D~aRð~xR; ~yRÞ ¼ ~aR1 � ~aR0 , we are able to solve the equi-
librium under this extended model as follows.

PROPOSITION 6. When the market observes the review R
alone as a signal, for any 0\ rL � rH � 1, if
c [ 1

2
~Mð1Þ, there is a unique equilibrium in which the

client’s effort ~yR ¼ minf rH þ rLl
4wðrH þrLÞ ; 1g and the service

provider’s effort ~xR is the unique solution to ~MðxÞ ¼ 2cx

within the range of x 2 [0, 1], where ~MðxÞ
� rH þ rLl

4ð1þwÞ D~a
Rðx; ~yRÞ.

Proposition 6 shows that the same structure of the
equilibrium solution from the baseline model contin-
ues to hold in this extended model. In particular, for
any 0\ rL � rH � 1, we can prove the similar prop-
erties on the shape of the ~MðxÞ function, which ensure
a single crossing of ~MðxÞ and 2cx, and hence establish
the existence and uniqueness of ~xR.
Proposition 6 lays the foundations for the robust-

ness of the main results in subsection 4.4 when
extended here. Next, we compare the equilibrium
effort ~xR and ~yR and the service effectiveness, mea-
sured by EVð~xR; ~yRÞ, with their counterparts when V
is observed as a signal. We summarize all the results
in Table 1, and discuss the key findings in more detail
afterward.
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Figure 1 Illustration of Equilibrium Judgment Error (c = 0.15)
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PROPOSITION 7. Comparing the equilibrium effort and
the service effectiveness ~xR, ~yR, and EVð~xR; ~yRÞ with xV,
yV, and EVðxV; yVÞ, we have the following results as
summarized in Table 1.

As Table 1 (the first row) shows, we first compare
the equilibrium effort of the client (~yR and yV) under
general values of rH and rL. The result that the
review as a performance signal leads to a lower, yet
more efficient, effort level for the client remains
robust. In particular, when rH ¼ rL, ~yR reaches the
efficient level of effort ye, which is consistent with the
result under the baseline model (i.e., Proposition 5).
Interestingly, when the client’s private signal
becomes informative (i.e., rH [ rL), we have
~yR [ ye. With an informative private signal, the cli-
ent’s review is more likely to reflect the true type of
the provider and less sensitive to the client’s utility. It
hence reduces the incentive of the provider to cater to
the client by prescribing a lower effort level in
exchange for higher satisfaction. As a result, the pro-
vider requires the client to put in more effort than the
most efficient level for him. Nevertheless, as long as
the provider is still concerned about the client’s util-
ity when the review serves as a performance signal,
~yR remains more efficient than yV in general.
We next compare the equilibrium efforts of the pro-

vider (~xR and xV) in two special cases, which allow us
to derive formal results with representative and gener-
alizable implications. The first case is when the client’s
private signal is not informative so that rH ¼ rL � r,
which subsumes the baseline model as r = 1. The sec-
ond case is when the client’s private signal is informa-
tive and symmetric so that rH ¼ c and rL ¼ 1 � c,
c 2 ½12 ; 1�. Recall that rh ¼ Prf~h ¼ Hjhg. In this sense,
the symmetric structure indicates that with probability
c, the client’s private signal correctly reflects the true
type of the service provider. Note that c � 1

2 so that

rH � rL, meaning that the client’s private signal is
informative or “correct” to a large extent.
As Table 1 (the second row) shows, the result that

the review as a performance signal leads to less equi-
librium effort of the provider continues to hold in
general: ~xR \ xV holds for all r’s in the first case, and
in most regions in the second case. An interesting
aspect worth highlighting is that ~xR increases with the
precision of the client’s private signal c, and once c is
large enough, it is possible that ~xR exceeds xV. This
new result can be well understood based on the inter-
action of the two effects that govern the provider’s
incentive of effort investment. As the client’s private
signal becomes more precise (i.e., as c increases), the
affirmative effect is partially weakened because a low
type will be less likely to get a positive review any-
how, even if the outcome is successful. On the con-
trary, with precise private observation embedded in
the review, a positive review becomes highly informa-
tive about the provider type. Hence, the informative
effect significantly increases. As c becomes large
enough, the increase of the informative effect domi-
nates the reduction of the affirmative effect, leading to
higher marginal benefit for the provider’s effort
investment and hence higher equilibrium effort.
Recall that in the baseline model, the review brings

down both the affirmative and the informative effects
along the same direction. In contrast, when the review
contains additional information about the provider
type, it may change the two effects in the opposite
directions, which drives the relative magnitude of the
equilibrium effort one way or another. It is also worth
emphasizing that because ~yR � yV holds for any
rL � rH, when the review is highly informative, it
could be the case that ~xR compares to xV in the oppo-
site direction as ~yR compares to yV. In other words,
with the review rather than the outcome as the
performance signal, the provider strategically lowers

Table 1 Equilibrium Comparison When Review Contains Private Information (c > 1
8)

Uninformative private signal
rH ¼ rL ¼ r ðr 2 ð0; 1�)

Informative symmetric private signal
rH ¼ c, rL ¼ 1 � c ðc 2 ½12 ; 1�)

y� yV � ~yR � ye for any 0\ rL � rH � 1
(The last inequality holds strictly if and only if rH [ rL)

x�
(i) ~xR is increasing in r; (i) ~xR is increasing in c;

(ii) ~xR \ xV , ∀r2(0, 1] (ii) ~xR [ xV if l [ ~l and c [ ~c;y
~xR � xV otherwise

EV ðx �; y �Þ EV ð~xR ; ~yR Þ\ EV ðxV ; yV Þ, ∀r2(0, 1] EV ð~xR ; ~yR Þ [ EV ðxV ; yV Þ if w \ ŵ , l [ l̂, and c [ ĉ;z

EV ð~xR ; ~yR Þ � EV ðxV ; yV Þ otherwise

Notes: yThere exist such thresholds ~lðw ; cÞ 2 ð0; 1Þ and ~cðl; w ; cÞ 2 ð12 ; 1Þ.zThere exist such thresholds ŵðcÞ 2 ð0; 1Þ, l̂ðw ; cÞ 2 ð0; 1Þ and ĉðl; w ; cÞ 2 ð12 ; 1Þ.
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the effort level required for the client, but she works
more diligently herself in compensation. In this sense,
the collaborative effort decisions could exhibit a
strategic-substitute pattern when the client review is
highly informative, which enriches the strategic-
complement pattern found under the baseline model.
We further compare the service effectiveness,

EVð~xR; ~yRÞ and EVðxV; yVÞ. As Table 1 (the third row)
shows, we find the similar result that the review gen-
erally leads to less effectiveness of service compared to
the outcome, that is, EVð~xR; ~yRÞ\EVðxV; yVÞ in gen-
eral. Nevertheless, such a relationship can be reversed
when the review contains highly precise private obser-
vation of the client (i.e., in the second case with c suffi-
ciently large), just like the comparison between ~xR and
xV as discussed above. As Figure 2a (the dark grey
region) plots, when w is small (i.e., the client’s effort is
not too costly) and l is large (i.e., the ability gap
between the two types of providers is small enough),
EVð~xR; ~yRÞ could exceed EVðxV; yVÞ for large c’s.
To demonstrate that the results derived from the

two special cases shown in Table 1 are representative
and general, we further solve the equilibrium numeri-
cally for all different values of rH and rL
(0\ rL � rH � 1). Figure 2b depicts the comparison
result of ~xR versus xV over the plane of rH and rL.
Notice that the two special cases correspond to the two
diagonals. When moving from the center towards the
lower right corner of the figure, rH increases and rL
decreases, representing that the client’s private signal
becomes more and more informative or accurate. As
can be clearly seen from Figure 2b, ~xR exceeds xV only
around the lower right corner, which is consistent with
the implications from the two special cases in Table 1.

5.2. Outcome and Review as Signals
Under this extended model, when both the outcome
V and the review R are observable to the market as

performance signals, the equilibrium solution will be
different from when only V is available. The reason is
that the conditional independence of R on h given V
as in (4) no longer holds under this extended model.
According to (15), the probability of receiving a posi-
tive or negative review, even given the outcome V,
still depends on the provider type h. Thus, Pr{V,
R|h, x, y} = Pr{R|V, h, y}�Pr{V|h, x, y}. Substitute this
likelihood function into (6), and we can easily see that
the posterior belief does depend on the realized val-
ues of both V and R.
We can follow the same approach described previ-

ously to derive the equilibrium solution here. The
only challenge lies in that the first-order conditions no
longer separate the optimal solution of y from the
optimal solution of x as in the previous scenarios.
Instead, we need to solve two simultaneous equations
of higher order involving both x and y, which yields
no closed-form analytical solution. Nevertheless, we
can solve the equilibrium numerically under different
parameter values. Figure 3 illustrates the equilibrium
efforts, ~xVR and ~yVR, in the case of symmetric informa-
tive signal such that rH ¼ c and rL ¼ 1 � c
(c 2 ½12 ; 1�), in comparison to the equilibrium efforts
under the other two scenarios. Consistently, we use
the superscript VR to denote the equilibrium solution
when both V and R are available as signals.
As Figures 3a and b show, when c is relatively

small, ~yVR takes the corner solution so that
~yVR ¼ 1 ¼ yV and ~xVR ¼ xV. The most surprising
result revealed in Figures 3a and b is that both ~xVR

and ~yVRdecrease as c becomes larger, changing in the
opposite direction as ~xR and ~yR. In other words, when
both the outcome and the review are observable by
the market, as the review itself is more informative
about the true provider type, there is less incentive for
the service provider to devote effort herself and to
require the client to work diligently—in fact,

Equilibrium Comparison with γ = 1(a) (b)

μ

(w =

Figure 2 Equilibrium Comparison When Review Contains Private Information (c = 0.15)
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achieving a successful outcome is less desirable for
the service provider in this case. This counterintuitive
result originates from the non-monotonicity of the
informative effect under a bivariate signal structure.
When the market signal is univariate (i.e., either V or
R alone is observed), a positive signal is always posi-
tively informative in that it suggests the service provi-
der is more likely to be a high type than a low type;
however, with a bivariate signal structure (i.e., both V
and R are observed), this may not always be the case.
For example, if the service provider turns out to be a
low type, with a highly accurate private signal of the
client (i.e, c close to 1), the provider will most likely
receive a negative review; in this case, the provider
might be even better off with a failed outcome than a
successful outcome. This is because the combination
of {V = 1, R = 0} could convey a stronger message
that the provider is a low type than the combination
of {V = 0, R = 0}, considering that receiving a nega-
tive review despite a successful outcome suggests to
the market that the client might have observed a nega-
tive private signal, which is supposedly accurate.
Because of such non-monotonicity, the overall
expected benefit of achieving a successful outcome
through costly effort investment significantly reduces
when c increases under the bivariate signal structure,
resulting in the interesting decreasing pattern of both
~xVR and ~yVR found in Figures 3a and b.
Given that the equilibrium effort levels ~xVR and ~yVR

both decrease as the review becomes more informa-
tive, it can be expected that the effectiveness of ser-
vice, measured as EVð~xVR; ~yVRÞ, also decreases in c
when c is large, as we show in Figure 3c. In fact, when
the review contains accurate information about the
provider type, the scenario with both the outcome
and the review as signals leads to the lowest outcome
expectation among all three scenarios.
We further plot the equilibrium judgment error ~qVR,

together with ~qR and qV in Figure 4, where 4a shows
how they change in l, and 4b in c. Surprisingly, con-
trary to the intuition that more information typically
leads to better distinguishability, as Figure 4 shows,

with two pieces of information observable (i.e., both V
and R), ~qVR could end up higher than ~qR, the equilib-
rium judgment error when only one piece of informa-
tion is observable. The reason is the lower effort levels
strategically chosen by the service provider in equilib-
rium, as discussed previously. This interesting result
thus serves as a good illustration of how strategic
interplay could garble the information effectively con-
veyed under a complex information structure.
As we can also see in Figure 4, qV is low when l is

small, indicating that the outcome leads to a high
degree of distinguishability only when the inherent
ability gap between the two types of providers is
large. Recall the results in Figure 1 that the review
generally leads to a greater error. In contrast, as
shown in Figure 4, with additional information about
the provider type, the review alone can result in the
lowest equilibrium judgment error among all three
scenarios, especially when l and c are large. Along
this line, summarizing the analysis in this section
sheds light on the effects of client reviews on service
performance: with reasonably accurate extra informa-
tion about the provider type, client reviews could lead
to superior performance of collaborative services with
better distinguishability of provider types, greater ser-
vice effectiveness, and relatively more efficient effort
requirement for the client.

6. Extensions

6.1. Client’s Effort Jointly Determined
In this section, we extend the model to relax the
assumption that the service provider solely determi-
nes the effort level of the client in the collaborative
service. We now consider the general case that both
the provider and the client jointly determine the
effort level of client, and we allow the two parties
to have their respective degrees of influence, which
can vary as a model parameter. Such a generaliza-
tion thus subsumes the two special cases when
either the provider or the client alone fully determi-
nes the client’s effort.

(a) (b) (c)

Figure 3 Equilibrium Comparison with rH ¼ c and rL ¼ 1 � c (c = 0.15, w = 0.25, l = 0.7)
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Specifically, we let the overall effort level the client
eventually exerts, y, be jointly determined by a level
required by the service provider, y1, and a level cho-
sen by the client himself, y2, as follows.

y ¼ �y1 þ 1� �ð Þy2; �; y1; y2 2 0; 1½ �: ð16Þ
Here, k 2 [0, 1] captures the relative strength of influ-
ence of the two parties. If k = 1, y ¼ y1, so the service
provider fully determines y, and it hence reduces to
the original model. When k = 0, y ¼ y2, so it is totally
up to the client to decide his own effort, which is
another special case of our interest. The service provi-
der first decides y1, and the client chooses y2 after
observing the required level y1. As previously, both
y1 and y2 are decided and invested upfront before the
outcome realizes. To differentiate from the previous
sections, we add a hat (^) to indicate the equilibrium
solutions in this extended model.
In determining his optimal effort choice ŷ�2, the cli-

ent maximizes the ex ante expectation of his net utility
UðV; yÞ ¼ 1V¼1 � wy2, and therefore,

ŷ�2 y1ð Þ ¼ arg max
0� y2 � 1

Eh E Vjh; x̂�; �y1 þ 1� �ð Þy2½ �f g
� w �y1 þ 1� �ð Þy2ð Þ2: ð17Þ

The service provider sets the optimal ŷ�1 by maxi-
mizing her expected payoff according to (7), where
y ¼ �y1 þ ð1� �Þŷ�2ðy1Þ. Notice that the optimal
overall effort level y for the client (if he could fully
decide) would be the efficient effort level ye as
defined by (12); the optimal y for the service provi-
der (if she could fully decide) would simply be
what is derived from the original model, y�. Hence,

the resulting overall effort level of the client in this
extended model, ŷ�, is a balance between y� and ye,
depending on the two parties’ relative strength of
influence, k. When the provider has strong influ-
ence, for example, if � [ y� [ ye, the provider will
set ŷ�1 ¼ y�=�, anticipating that the client will try to
lower the overall effort as close to ye as possible by
setting ŷ�2 ¼ 0; consequently, ŷ� ¼ y�. When the cli-
ent has strong influence, for example, if
�\ ye \ y�, the provider could actually set ŷ�1 as
any value between maxfye þ�� 1

� ; 0g and 1, because
the client will choose ŷ�2 ¼ 1

1�� ðye � �ŷ�1Þ to always
bring the overall effort level ŷ� equal to ye eventu-
ally. In other cases, for example, if ye \ �\ y�, ŷ�

will simply be equal to k as a result of ŷ�1 ¼ 1 and
ŷ�2 ¼ 0.
We first extend the baseline model to incorporate

the jointly determined effort structure. The equilib-
rium effort when either the outcome or the review is
observable as a signal is summarized in Table 2 (the
first two columns). When the review is observed as a
signal, recall that Proposition 5 shows the optimal y
chosen by the service provider, yR , turns out to be
exactly the same as the efficient effort level the client
himself would choose, ye. In this case, the provider’s
and the client’s strategies completely align. Therefore,
in this extended model, regardless of the value of k,
the overall level of the client’s effort remains the same
as the one derived from the baseline model, that is,
ŷR ¼ yR ¼ ye ¼ minf1þ l

8w ; 1g. When the outcome is
observed as a signal, however, the provider’s and the
client’s optimal choices of y differ, and ŷV depends on
the value of k. If k = 1, ŷV reduces to a constant 1,
which equals yV in the baseline model. If k = 0, the

(a) (b)

Figure 4 Comparison of Equilibrium Judgment Errors (c = 0.15, w = 0.25)
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client himself fully determines his effort and hence
chooses the efficient effort level. As a result, ŷV

reduces to yeð¼ ŷR ¼ yRÞ. On the other hand, the
equilibrium effort levels of the provider in this
extended model (i.e., x̂V and x̂R characterized in
Table 2) extend naturally from the baseline model.
While the value of x̂� could change as ŷ� differs from
the baseline model in some cases, the functional rela-
tionship between x̂� and ŷ� remains the same. Com-
paring x̂V and x̂R (ŷV and ŷR) in this extended model,
we can show that the same result derived from the
baseline model continue to hold, as summarized by
the following proposition.

PROPOSITION 8. In the extended model with the client’s
effort jointly determined by both parties, for c [ 1

8,
x̂R \ x̂V for any k 2 [0, 1], and ŷR � ŷV with strict
inequality when � [ 1þ l

8w .

We further apply the jointly determined effort
structure to the case when the client incorporates
symmetric private signal into the reivew, as discussed
in Section 5. As shown in the rightmost column of

Table 2, when k = 1, ~̂yR reduces to

~yR ¼ minfcþð1� cÞl
4w ; 1g as expected; when k = 0, ~̂yR

reduces to ye ¼ minf1þl
8w ; 1g. Moreover, ~̂xR extends

naturally from Section 5. The results regarding the
comparison between ~̂xR and x̂V ð~̂yR and ŷV) continue
to hold under this extended model, as follows.

PROPOSITION 9. In the extended model with the client’s
effort jointly determined by both parties, when the client
incorporates symmetric private information into the
review (i.e., rH ¼ c and rL ¼ 1 � c), (i) ~̂yR � ŷV with
strict inequality when � [ cþð1� cÞl

4w ; (ii) for c [ 1
8,

there exists (c, w, l, k) such that for a certain threshold
~cðc; w; l; �Þ 2 ð12 ; 1Þ, ~̂xR � x̂V when c � ~c, and ~̂xR [
x̂V when c [ ~c.

In sum, the analysis in this section shows that when
extended to allow the client to determine his effort
input jointly with the service provider, our main
results continue to hold. In the extreme case when the
client solely determines his own effort (i.e., k = 0), all
the main results with respect to the provider’s effort,
x̂�, remain robust; meanwhile, the equilibrium effort
of the client, ŷ�, reduces to a simple case in which it
always equals the efficient effort level, no matter what
signal is observed by the market. In this sense, study-
ing the general case that the provider (at least to some
extent) decides the client’s effort level in collaborative
services allows us to further examine how different
signals could affect the client’s effort and to explore
the additional strategic correlation between the two
effort decisions.

6.2. Client’s Effort Observable
Thus far, we consider the client’s effort as unobserv-
able to the market. There is another possible

Table 2 Equilibrium Effort under Jointly Determined y

V as a signal
R as a signal

(w/o private information)
R as a signal

(w/ private information, rH ¼ c, rL ¼ 1 � c)

ŷV ¼

1 if 1þl
8w � 1

1þl
8w if �\ 1þl

8w \1

� if 1þl
8w ��

8>>><
>>>:

ŷR ¼
1 if 1þl

8w � 1

1þl
8w if 1þl

8w \1

8<
:

~̂yR ¼

1 if w� 1þl
8

1þl
8w if 1þl

8 \w� 1þl
8�

� if 1þl
8� \w� cþð1�cÞl

4�

cþð1�cÞl
4w if w[ cþð1�cÞl

4�

8>>>>>>>><
>>>>>>>>:

x̂ � is the unique solution within [0, 1] to the following equations (c > 1/8)

K ðx̂ V ; ŷ V Þ ¼ 2cx̂V Mðx̂ R ; ŷ R Þ ¼ 2cx̂R ~Mð~̂xR ; ~̂yR Þ ¼ 2c ~̂xR

where

Kðx; yÞ ¼ 1� l
2½4� ð1þ lÞðxþ yÞ� :

Mðx; yÞ ¼ ðxþ yÞ þ 2wð1� y2Þ
ð1þ lÞðxþ yÞ þ 4wð1� y2Þ �

2ð1þ wÞ � ðxþ yÞ � 2wð1� y2Þ
4ð1þ wÞ � ð1þ lÞðxþ yÞ � 4wð1� y2Þ

1þ l
4ð1þ wÞ :

��

~Mðx; yÞ ¼ cðxþ yÞ þ 2cwð1� y2Þ
ðcþ ð1� cÞlÞðxþ yÞ þ 2wð1� y2Þ �

2ð1þ wÞ � cðxþ yÞ � 2cwð1� y2Þ
4ð1þ wÞ � ðcþ ð1� cÞlÞðxþ yÞ � 2wð1� y2Þ

cþ ð1� cÞl
4ð1þ wÞ :

��
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scenario that the client may convey information
about his effort in his review, and as a result, the cli-
ent’s effort could be observable to the market when
the review is available as a signal. In order to show
that our model can accommodate such possibility
and the main results remain robust, we conduct an
extension along this direction. Due to page limita-
tion, we include the detailed analysis and results in
Appendix S4. We briefly discuss the intuition below.
To differentiate from the original results, we add a
dot on top of the equilibrium solutions under this
extended model.
We follow the baseline model with the only dif-

ference that the client’s effort y is now observed by
the market when the review R serves as a signal.
This difference leads to a major change in the equi-
librium concept: Now that y is directly observed,
the market incorporates this information in forming
its rational belief about the provider type and “fig-
uring out” the provider’s equilibrium effort _x�.
Specifically, given any choice of y, a perfect Baye-
sian equilibrium is a pair f _x�ðyÞ; _a�ðyÞg such that
_x�ðyÞ is optimal for the provider given the market
belief _a�ðyÞ, while _a�ðyÞ is rational according to
Bayes’ rule given the provider’s chosen effort _x�ðyÞ.
Anticipating such equilibrium outcomes, the service
provider chooses _y� that maximizes his expected
payoff ex ante, which leads to his own equilibrium
effort _x�ð _y�Þ.
As we find, the equation defining _xR given y

remains the same as previously, and therefore, _xR and
_yR follow the same functional relationship. The provi-
der’s optimization of y results in _yR that minimizes
her own effort input _xRðyÞ among all possible y’s. As a
result, _xRð _yRÞ � _xRðyRÞ ¼ xR, that is, the equilibrium
effort of the provider in this extended model _xR is no
greater than that in the original model xR. Notice that
the equilibrium when the outcome V serves as a sig-
nal is unaffected in this extension. Comparing _xR and
xV ( _yR and yV), we can show that _yR � yVð� 1Þ and
_xRð� xRÞ\ xV continue to hold.
We further extend the case when the client incorpo-

rates private information into the review to allow the
possibility of y being observable. As we find, similar
results continue to hold: when the client’s private
information is precise enough (i.e., when c is suffi-
ciently large), it is possible that _~xR [ xV, whereas
_~yR � yV always holds, resulting in a strategic-substi-
tute pattern between the two effort decisions.

7. Conclusion

In this study, we take the first step to study the provi-
sion of collaborative services under online reviews.
Utilizing a signal-jamming model, we endogenously
analyze how effectively the client review conveys

information about the underlying capability of the
service provider and examine the interplay between
such endogenous informativeness and the strategic
actions of the provider. Our modeling results provide
rich managerial implications for information systems
designers, top management and authorities, service
providers, and clients as well.
A key implication to information systems designers

is that the information being collected and made
available changes the strategic behavior of system
users and hence impacts the performance the systems
aim to achieve, especially in the context of service
management. In fact, the common wisdom that more
information is better may not always hold. As we
show, when both the client review and the service
outcome are observable to the public, the motivation
for service providers to devote effort could be unex-
pectedly hurt. As a result, two pieces of information
may lead to lower effort levels and hence inferior per-
formance (i.e., effectiveness of service, distinguisha-
bility of provider types) than one piece of
information alone. Therefore, our findings under-
score the crucial importance of endogenously exam-
ining the strategic consequences of the proposed
information structure in designing information sys-
tems for service management.
For top management and authorities (e.g., man-

agers of private tutoring companies, administrators
of a school district) to deploy evaluation systems to
incentivize subordinate service providers to
improve their service provision, our study empha-
sizes that such decisions need to be context specific
and could differ greatly depending on the service
characteristics. In general, two dimensions of the
service characteristics are particularly important to
consider: the ability difference among service provi-
ders, and how accurately clients can tell the differ-
ence among providers after the service. Our results
show that reviews serve as a satisfactory perfor-
mance indicator when the difference among service
providers are not too large (e.g., for industries when
all service providers need to pass relatively strict
qualification or certification processes); otherwise,
service outcomes would be a better choice in gen-
eral. For services in which clients are able to rela-
tively accurately tell the difference among providers
(e.g., mature adults, experienced learners), client
reviews could lead to superior effects in multiple
dimensions; in contrast, the effects of reviews may
be significantly impaired if, for example, the clients
are mainly young children.
Our modeling results provide further guidelines

for collaborative service providers in determining
their effort strategies. We suggest that effort input is
the most rewarding when reviews are available and
clients incorporate accurate private observations into
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their reviews. In this case, it is wise for service provi-
ders to refrain from pushing clients to overwork and
meanwhile to compensate with excessive effort them-
selves. Finally, our study also provides implications
for clients who review their service providers. As we
show, reviews with more informative private signals
generally lead to more desirable results in various
dimensions. In this sense, as clients write reviews,
whenever possible, they should also rely on their per-
sonal observations about the provider’s capability
than merely their utility based on the service outcome
and their effort.
As an initial attempt, this study is not without limi-

tations, which point to interesting directions for
future research. First, we focus only on the services in
which the service outcome is beyond the manipula-
tion of the service provider. Once the provider can
strategically manipulate the service outcome per-
ceived by the client, this additional strategic decision
will naturally lead to interesting new findings. Sec-
ond, we do not model the pricing decision of the ser-
vice provider. As the motivating example of our
study, the industry of educational and tutoring ser-
vices consists of mostly small service providers, and
there is usually a prevailing price rate for providing a
certain type of service in each particular geographic
area (Franchisehelp 2016). Therefore, service provi-
ders typically act as price takers. Besides, in many
occasions, the clients who write reviews do not incur
the service cost directly,7 so the price of the service
does not enter the client’s utility function to affect the
review. Based on these considerations, we choose to
leave the pricing of the service as exogenous in order
to focus on the strategic interplay between the effort
levels chosen for both the provider and the client.
Nevertheless, allowing the provider to price endoge-
nously will be an important and interesting future
research direction. Third, we show that a bivariate
signal structure may lead to counterintuitive equilib-
rium outcomes through numerical analysis. A general
modeling study on the strategic interplay under mul-
tivariate signal structure in a signal-jamming game
would thus be a challenging yet intriguing direction
with theoretical significance to information eco-
nomics.
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Notes

1In this study, we focus on the case in which the outcome
of the service is objective and beyond the manipulation of
service providers (e.g., passing a standardized test, achiev-
ing preset goals). Other cases in which service providers
may be able to manipulate the service outcome (e.g., by
lowering the difficulty of the test) involve additional
strategic interplay beyond the scope of this study and are
therefore left for future research.
2The client can be viewed as the representative of a group.
Our model can also be extended to the case of a finite
number of clients, and the main results will continue to
hold qualitatively.
3For example, Wherry and Bartlett (1982) develop a psy-
chological theory decomposing rating into a systematic
component and a random component. Kane (1994) identi-
fies multiple idiosyncratic factors (e.g., halo effect, assimi-
lation or contrast effects, primacy or recency effects) that
could bias ratings. Li and Hitt (2010) find empirical evi-
dence that customer ratings are correlated more closely
with the net utility that customers derive from the product
than with product quality itself. Net utility-based rating is
commonly adopted in theoretical work (e.g., Jiang and
Guo 2015, Kuksov and Xie 2010).
4Our results can be further extended to the case when y is
observable to the market along with online reviews, as we
discuss in subsection 6.2.
5It would also be interesting to examine the efficiency of
the provider’s own effort choice. Nevertheless, the defini-
tion of the efficient effort level of the service provider is
indecisive in our context. It depends on how to interpret
the market rewards so as to define the overall social wel-
fare. The result will also depend on the values of mH and
mL (which are normalized for simplicity) relative to other
model parameters. For these reasons, we choose to leave
out this part of analysis to avoid sidetracked discussions.
6If the prior belief is not symmetric, the equilibrium type I
and type II errors themselves may differ. However, the
general trend regarding the comparison result across the
two scenarios will remain the same.
7For example, in professional training or consulting projects,
while companies pay for the services, their employees deal
with the details and evaluate the service providers. Simi-
lar examples exist in the education industry: for instance,
U.S. federal government established the Supplemental Edu-
cational Services (SES) to provide free after-school tutoring
to low-income students who struggle academically.
Through SES, parents choose any private providers on the
state’s vendor lists and the school districts pay the costs of
tutoring.
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