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Abstract

This paper studies the interaction between a firm and consumers under the consideration of corporate

social responsibility. The firm can be either socially responsible or socially irresponsible; however, the

consumers cannot observe the firm’s exact type, which is private information. The firm can try to signal

its type through pricing and other information sharing mechanisms (e.g., issue sustainability reports and

obtain third-party certifications). We find that due to the existence of asymmetric information, increas-

ing consumer awareness of corporate social responsibility does not necessarily help promote responsible

corporate behaviors. Specifically, when a larger fraction of consumers become socially concerned or

when the consumers have stronger willingness to reward (punish) the responsible (irresponsible) firm,

the responsible firm could be worse off whereas the irresponsible firm could be better off. This is because

the seemingly attractive trend in consumer behavior will affect the responsible firm’s signaling cost as

well as its equilibrium strategy (separating vs. pooling). In addition, we find that improving the sig-

naling accuracy will always benefit the responsible firm but may or may not hurt the irresponsible firm.

Our results suggest that addressing the information asymmetry issue is the key in promoting corporate

social responsibility. In particular, concerned parties should first exert efforts to create transparency

in firms’ sustainability practices before making investments to educate consumers and influence their

purchasing behaviors.
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1 Introduction

Corporate social responsibility (CSR) has become an increasingly important and challenging issue

faced by companies in today’s business world. According to Financial Times, corporate social respon-

sibility is “a business approach that contributes to sustainable development by delivering economic,
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social and environmental benefits for all stakeholders”. Recognizing its vital role for long-term suc-

cess, many firms have attempted to integrate CSR into their business strategies. Examples include

Starbucks’ commitment to the environment through the “Shared Planet” program (Starbucks, 2006),

and Patagonia’s initiative to ensure that products are produced under safe, fair, and humane work-

ing conditions throughout its supply chain (Patagonia, 2014). At the same time, however, scandals

caused by irresponsible and incompetent corporate behaviors abound in recent media. For instance,

Greenpeace (2011) profiles the serious problem of toxic water pollution that results from the release

of hazardous chemicals by the textile industry in China. The report also identifies the global brands

that source from the polluting Chinese textile suppliers, including Abercrombie & Fitch, Calvin

Klein, Converse, H&M, etc. These companies have implemented neither comprehensive chemical

management policies nor clear measures to restrict the release of hazardous substances into water

beyond local regulations. In 2013, the clothing factory building collapse near Dhaka, Bangladesh,

killed as many as 800 workers, mainly due to the lack of safety requirements from brand-name re-

tailers such as Walmart, which sources from these garment factories (Husock, 2013). This negligence

of corporate responsibilities has not only led to serious social and environmental consequences, but

has also drawn wide public attention and generated discussion about firms’ roles in society.

There has been growing consumer awareness of corporate social responsibility across the globe.

In 2015, Cone Communications and Ebiquity jointly conducted a survey of 9,709 consumers in nine of

the largest countries in the world by GDP1 to learn about their perceptions and behaviors related to

CSR. The survey indicates that the majority of consumers have strong accountability to address so-

cial and environmental issues and are primed for participation in CSR efforts with the understanding

that corporate should do more than just making a profit (CONE-Communication/Ebiquity, 2015).

Specifically, the survey finds that about 31% of the participants would reward a company for operat-

ing responsibly (e.g., pay a higher price), 19% would punish a company with irresponsible behavior

(e.g., boycott the product), 40% would equally reward or punish a company based on how it op-

erates, and the rest of 10% would not care about CSR in making their decisions. The consumers’

CSR awareness and strong intentions regarding reward/punishment provide firms with incentives

and opportunities to behave responsibly and collaborate with consumers to push the boundaries of

corporate responsibility for a better society. For example, after launching the “Shared Planet” pro-

gram, Starbucks began using multi-media channels (e.g., online websites and sustainability reports)

to publicize the details of the program and educate consumers on the importance of CSR to the whole

community (Starbucks, 2006). As estimated by De Pelsmacker et al. (2005), 10% of consumers are

1The nine countries are United States, Canada, Brazil, United Kingdom, Germany, France, China, India, and Japan.
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willing to pay a small premium for fair traded coffee. Such multi-media advertising and education

could help Starbucks to better serve the consumer segment with CSR awareness.

Even though consumers’ growing concern about CSR would incentivize firms to behave respon-

sibly, there are potential barriers that prevent consumers from observing whether a firm is truly

responsible. First, CSR is a broad concept and covers many aspects of a firm’s business activities;

as a result, consumers may have limited information regarding a firm’s responsibility type. Second,

even though many firms voluntarily disclose their sustainability activities, there is great variation in

their reports due to the lack of consistent reporting standards (see Boersma, 2013, for an example of

disclosure discrepancies in Australia). Finally, since consumers are unable to verify firms’ practices,

they may not fully believe the information disclosed by firms (Ghosh and Galbreth, 2013). The survey

above shows that 48% of participants view companies with blind optimism, i.e., assuming they oper-

ate as responsibly as possible, unless they hear otherwise; whereas, 52% assume a company is not act-

ing responsibly until they see or hear evidence to prove otherwise (CONE-Communication/Ebiquity,

2015). Consequently, it is possible that consumers may treat an irresponsible firm as responsible and

vice versa. Such information asymmetry may distort consumers’ willingness to reward or punish firm

activities, and thus lead to ambiguous implications of consumer responsibility awareness for firms.

Many firms have realized the importance of creating transparency about their social responsibility

practices (Kraft et al., 2016). There are a variety of ways for a firm to communicate its CSR efforts

with consumers. A firm may try to apply for certifications to manifest its CSR standards, such as ISO

26000, SA8000, or Fairtrade certification (see Chen and Lee, 2016). A firm may also use public reports

(e.g., the Global Reporting Initiative) and media coverage to advertise its sustainability activities. For

example, as indicated by Chen and Slotnick (2015), following California law’s requirement regarding

supply chain disclosure on slavery, Safeway issues public reports to disclose its supplier requirements,

supplier inspections, etc. In 2005, after the scandal of using child labor, Nike was the first company

in its industry to create transparency by disclosing information about its contract factories, including

detailed pay scales, and working conditions in those factories (Newell, 2015).

The government may also play a significant role in promoting transparency of firms’ CSR prac-

tices. In fact, around the world governments are introducing laws that require, encourage, and

support sustainability reporting (UNEP, 2013). According to a study by Hauser Center for Non-

profit Organizations (Lydenberg, 2012), at least twenty countries across six continents require or

strongly encourage sustainability reports or similar disclosure, and more than a dozen countries

mandate varying levels of corporate sustainability disclosure. More countries are at the crossroads

of adopting stricter regulations and developing new solutions to improve sustainability reporting.
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Motivated by the above observations, in this paper we study the interaction between a firm and

consumers under the presence of social responsibility consideration and asymmetric information. The

purpose is to obtain a better understanding of the CSR issue and provide useful insights for both the

firm and the government. Specifically, we focus on the following research questions. First, how does

consumer awareness affect the firm’s pricing decision and profit performance? Over time the number

of socially concerned consumers has been growing across the globe. We would like to examine

the implication of this trend for different types of firms. Second, is it always desirable to induce

consumers to reward socially responsible firms while punishing irresponsible firms? Intuitively, more

pressure from the consumer side (e.g., higher reward/punishment levels for responsible/irresponsible

firms) would encourage firms to pursue socially responsible practices. Third, what is the impact

of increasing the signaling accuracy? As discussed above, the firm may use various mechanisms to

signal its responsibility type to consumers. The answer to this question may help the firm understand

the value of creating transparency in sustainability practices; it may also provide guidance for the

government when making policies to improve sustainability reporting.

To address the above questions, we develop a signaling game framework, in which a monopoly

firm sells a product with exogenous quality to the market. The firm has private information about

its CSR type, i.e., either responsible or irresponsible. A fraction of consumers have social responsi-

bility awareness and would reward (punish) the responsible (irresponsible) firm. Although the firm’s

CSR type is not observable to consumers, the firm may signal its type through pricing and other

communication mechanisms. Due to the previously discussed reasons, the firm’s signal is imperfect

and may suffer from the type I and type II errors. Take the certification signaling mechanism for

example: A type I error means that a socially responsible firm fails to obtain the certification while

a type II error means that a socially irresponsible firm obtains the certification. After observing the

firm’s price and signal, consumers make purchasing decisions based on their updated belief about

the firm’s type.

We use the case with symmetric information as a benchmark (i.e., the consumers can observe the

firm’s type). We find that under symmetric information, increasing the fraction of socially responsible

consumers or enhancing their reward/punishment levels always benefits the responsible firm and hurts

the irresponsible firm, which is quite intuitive. Therefore, in an ideal world without information

asymmetry, to promote responsible corporate behaviors, both the government and responsible firms

should exert effort to educate consumers so a larger portion of the population is aware of CSR and

is willing to increase financial reward/punishment levels.

However, the introduction of asymmetric information complicates the problem because socially
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oriented consumers can no longer observe the firm’s type and apply their punishment/reward ac-

cordingly. In this case, the irresponsible firm has incentives to mimic the responsible firm whereas

the responsible firm may need to signal its true type at a cost. We highlight the main findings from

the asymmetric information case as follows. First, the firm’s profit is not monotonic in the fraction

of socially responsible consumers, regardless of the firm’s type. In particular, increasing the fraction

of socially responsible consumers may benefit the irresponsible firm but hurt the responsible firm

under asymmetric information. This unexpected result can be explained as follows. On one hand,

as the fraction of socially responsible consumers increases, the irresponsible firm will have a stronger

incentive to mimic the responsible firm; as a result, the responsible firm may need to incur a higher

signaling cost to separate itself from the irresponsible firm. On the other hand, if the two types of

firm pool together, the consumers may punish the pooling firm as they are unable to distinguish

between the two types. In addition, the firm’s equilibrium pricing strategy may change according to

the fraction of responsible consumers as well (it may switch between a separating equilibrium and a

pooling equilibrium).

Second, for the socially responsible firm, its profit always increases in the consumers’ reward

level; but interestingly, its profit always decreases in the consumers’ punishment level. In contrast,

the profit of an irresponsible firm is not monotonic in the reward/punishment levels. In particular,

a more severe punishment may actually improve the profit of the socially irresponsible firm, which

is counterintuitive. Again these results are driven by the signaling cost and the fact that the firm’s

equilibrium pricing strategy may change as the reward/punishment levels vary. The above two results

indicate that without transparent information regarding firms’ type, one should be careful about

promoting the awareness of CSR and inducing higher reward/punishment levels from consumers, as

they may hurt the socially responsible firm while benefiting the socially irresponsible firm. Due to

the existence of information asymmetry, haphazard efforts to promote CSR by influencing consumer

behavior may lead to the opposite of the desired outcome.

Third, a higher signaling accuracy always benefits the socially responsible firm, and it may

either hurt or benefit the irresponsible firm. Intuitively, a socially irresponsible firm wants to hide

its true type and thus should be worse off under a higher signaling accuracy. Contrary to the

intuition, we find that the socially irresponsible firm sometimes prefers a higher signaling accuracy

for the following reason. When the type II error probability (i.e., the irresponsible firm obtains

the certification) is high, the irresponsible firm may benefit from accurate signaling because once it

passes the certification, it would be more difficult for consumers to discern its true type. Note such

a result hinges upon the existence of the type II error. It suggests that if the government wants
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to mandate information disclosure from firms (e.g., require firms to file sustainability reports or go

through the certification process), it should carefully design the disclosure process to ensure accurate

signaling; particularly, minimizing the type II error would make the information disclosure policy

more effective because it reduces the chance of benefiting the irresponsible firms.

The remainder of the paper is organized as follows. Section 2 reviews the related literature.

Section 3 describes the model. We characterize the equilibrium outcomes for the symmetric and

asymmetric information cases in Sections 4 and 5, respectively. Then we conduct sensitivity analysis

to investigate the impact of key model parameters in Section 6. Section 7 concludes the paper. All

proofs and additional discussions are presented in Appendices A-C.

2 Literature Review

There has been an emerging literature on managing social responsibility in recent years (see Lee

and Tang, 2017, for a discussion of more opportunities in this field). This research stream mainly

focuses on designing and evaluating firms’ strategies to induce socially responsible behaviors in value

chains. Such strategies include, but are not limited to, sourcing, process improvement, auditing,

etc. Agrawal and Lee (2015) study the effect of sourcing policies on the adoption of a sustainable

production process in a bilateral supply chain. Huang et al. (2015) consider a three-tier supply chain

and investigate the downstream manufacturer’s control vs. delegation decisions on the upstream

supplier’s social responsibility improvement. Cho et al. (2016) analyze various mechanisms to prevent

the use of child labor. Plambeck and Taylor (2016) study the mechanisms to induce suppliers to

comply with social responsibility standards. Chen and Lee (2016) design incentive contracts to

motivate suppliers to behave responsibly. Chen et al. (2016) investigate the supplier-certification

collusion issue. Iyer and Singh (2017) discuss the incentives for firms to seek voluntary product

safety certifications. Kim (2015) studies a firm that randomly experiences violations and designs the

inspection policies to induce self-reporting. From both the firm’s and the NGO’s points of views,

Kraft et al. (2013a,b) discuss how to provide incentives for competing firms to remove potentially

toxic substances from their products. All of the above papers center around designing operational

mechanisms/incentives to prevent irresponsible behaviors under the potential presence of information

asymmetry between the value chain members. Our work differs from the above stream in that we

consider a monopoly firm selling to consumers with different awareness levels of social responsibility.

Under information asymmetry with respect to the firm’s social responsibility type, we adopt the

signaling game methodology to investigate the impact of consumer responsibility concerns on the
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firm’s pricing decision and the associated profit implications. Our results suggest that, contrary to

the conventional wisdom, increasing consumers’ social responsibility awareness (via advertising or

education) may backfire, which hurts the responsible firm but benefits the irresponsible firm.

Guo et al. (2016) investigate the impact of consumers’ social responsibility concern on a firm’s

sourcing and pricing decisions. There are two suppliers, one responsible and one irresponsible. It

has been found that more socially responsible consumers may drive the firm to source more from

the irresponsible supplier. Their results are driven by the cost and reliability tradeoffs. Different

from Guo et al. (2016) where the firm’s sourcing decision is endogenous and is public information,

we consider the situation when the firm’s social responsibility type is exogenously given but not

observable to consumers. We show that due to information asymmetry, more socially responsible

consumers may hurt the socially responsible firm and benefit the socially irresponsible firm; also, as

consumers’ punishment level for irresponsibility increases, the socially responsible firm may be worse

off and the socially irresponsible firm may be better off. Our work complements Guo et al. (2016) by

providing a comprehensive discussion on how information asymmetry alters the conventional wisdom

regarding CSR.

There is an extensive literature that studies the impact of CSR activities on firm profitability and

market value. Mixed results have been found on the relation between firm value and CSR activities

(see Berman et al., 1999, for a review of the literature). Thus it is not clear whether the costs of

pursuing CSR can always outweigh the benefits. There are papers that look deeper into when and how

CSR activities help improve firm profitability. For example, Sen and Bhattacharya (2001) identify

important company-specific and individual-specific factors that affect how CSR actions influence

consumer reactions. Du et al. (2010) discuss strategies on how to more effectively communicate firms’

CSR practices to stakeholders, including consumers. Servaes and Tamayo (2013) show that high

advertising intensity helps improve the impact of CSR activities on firm value, because advertising

increases consumer awareness of the firm, including its CSR actions. The majority of these studies

adopt the empirical approach. In fact, there is a lack of theoretical studies that help understand the

mechanism underlying how consumer awareness of CSR affects firm profitability, especially with the

presence of asymmetric information. Our paper helps to bridge this gap in the literature.

Finally, our paper adopts the signaling game framework, which has many applications to various

operations and marketing settings. Lai et al. (2011) study the channel-stuffing phenomenon and

show that firms might strategically inflate reported sales by stuffing the downstream channels with

inauthentic orders when there is asymmetric information and short-term interest in the stock price.

Lai et al. (2012) and Lai and Xiao (2016) further study the signaling of demand uncertainty to
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investors within supply chain and single firm settings, respectively. Li et al. (2014) examine the sup-

plier encroachment issue under asymmetric information and show that with the ability to encroach,

the supplier may prefer to sell to either a better informed or a totally uninformed reseller in different

scenarios. In the marketing literature, Moorthy and Srinivasan (1995) analyze a firm’s strategy to

signal quality via money-back guarantees. Desai and Srinivasan (1995) study a franchiser’s effort to

signal demand through two- or three- part tariffs. Desai (2000) investigates a manufacturer’s demand

signaling to downstream retailers through multiple messages. Jiang et al. (2014) analyze the pricing

strategies and the market outcome in service markets where the provider has private information

about its own type and consumer’s condition. Guo and Jiang (2016) study a firm’s cost signaling

strategy using price and quality to consumers with fairness concerns. Jiang et al. (2016) focus on

demand signaling within a distribution channel under wholesale price contract and investigate the

impact of forecast accuracy on firms’ demand information sharing. Jiang and Yang (2017) analyze a

two dimensional signaling game with experience goods and study the impact of consumer informa-

tion sharing on a firm’s pricing and quality decisions. Our work differs from the above literature by

considering the signaling of firm responsibility type to consumers; the purpose is to understand the

effect of consumers’ CSR awareness under information asymmetry.

3 Model

We consider a single firm who sells a product to consumers. There are two possible types for the

firm: either socially responsible (denoted as R) or not responsible (denoted as N). The R-type

firm conducts business in a responsible way, e.g., it respects environmental standards, sources from

sustainable suppliers, and takes care of the social issues in its community. In contrast, the N-type

firm does not behave in a responsible way and may break social or environmental standards. The

R-type firm incurs a unit production cost cR while the N-type firm incurs a unit production cost cN .

We assume 0 ≤ cN < cR, i.e., the N-type firm enjoys a cost advantage. Nature decides the firm’s type,

which is private information and not observable to consumers. The firm is R-type with probability

γ and N-type with probability 1− γ, where γ ∈ [0, 1]. Since this research focuses on corporate social

responsibility, we assume that the product quality q is exogenously given and independent of the

firm’s type. The firm can set the retail price p.

In reality, a firm may exert efforts to communicate its type to consumers. For example, the firm

may apply for a certification from a reputable third-party agent (e.g., the International Organization

for Standardization, or ISO), utilize media channels to advertise its activities, or issue corporate
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sustainability reports to the public. For expositional convenience, we will focus on the example

where the firm may apply for an ISO certification; however, the model setting and results also apply

to general situations where the firm can use any of the above means to signal its type to consumers. In

the base model, we assume there is no cost for the certification; the case with a positive certification

cost will be discussed in Section 6.3. The signal can potentially reveal the firm’s type, but the

outcome of the signal is not always perfectly accurate. This could be due to random factors in the

certifying process (e.g., it may require complex statistical tests). As a result, two types of errors may

occur: The R-type firm may not pass the certification process (type I error), while the N-type firm

may pass the process (type II error).

Specifically, the signal S has two possible values: S = 1 and S = 0, corresponding to the

case that the firm successfully obtains the certification and the case that the firm fails to do so,

respectively. Let ρR, ρN ∈ [0, 1] measure the accuracy of the signal, then the signaling mechanism

can be constructed as follows. Assume the R-type firm can successfully obtain the certification with

probability Pr(S = 1|R) = γ+ρR(1−γ) and may fail with probability Pr(S = 0|R) = (1−ρR)(1−γ);

and the N-type firm may obtain the certification with probability Pr(S = 1|N) = (1−ρN )γ and may

fail with probability Pr(S = 0|N) = (1− γ) + ρNγ.2 Note that Pr(S = 1|R) ≥ Pr(S = 1|N) always

holds, which indicates that the R-type firm is always more likely to obtain the certification than the

N-type firm. One can easily derive Pr(R|S = 1) = γ+ρR(1−γ)
1+(ρR−ρN )(1−γ) , Pr(R|S = 0) = γ(1−ρR)

1+γ(ρN−ρR) ,

Pr(N |S = 1) = (1−γ)(1−ρN )
1+(ρR−ρN )(1−γ) , and Pr(N |S = 0) = 1−γ(1−ρN )

1+γ(ρN−ρR) . Let γS := Pr(R|S) denote

the updated probability of the firm being R-type for a given signal S ∈ {0, 1}. When S = 1,

γ1 := Pr(R|S = 1); when S = 0, γ0 := Pr(R|S = 0).

As ρR increases, both Pr(S = 1|R) and γ1 increases, which means the R-type firm is more likely

to obtain the certification (i.e., the type I error is reduced) and a firm who has the certification is more

likely to be R-type. As ρN increases, both Pr(S = 1|N) and γ0 decrease, which means the N-type

firm is less likely to obtain the certification (i.e., the type II error is reduced) and a firm who does not

have the certification is more likely to be N-type. Therefore, the accuracy of the certification signal

increases in both ρR and ρN . Only when ρR = ρN = 1, the certification process is perfectly accurate

and both type I and type II errors no longer exist, i.e., the certification signal can perfectly reveal

the firm’s type (Pr(R|S = 1) = 1 and Pr(N |S = 0) = 1). When ρR = ρN = 0, the certification is

completely useless and uninformative, i.e., the signal S has no effect on the prior probability of the

firm’s type (Pr(R|S = 1) = Pr(R|S = 0) = γ and Pr(N |S = 1) = Pr(N |S = 0) = 1− γ).

2An alternative way to model the certification errors is directly assuming that Pr(S = 1|R) = ρR and Pr(S =
1|N) = 1− ρN , where ρR, ρN ∈ [0, 1] and ρR ≥ 1− ρN , which is a generalization of the certification model used in Iyer
and Singh (2017). All of our results continue to hold under this alternative assumption.
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Notice that since sending the signal is costless, each type of firm will find it optimal to send the

signal. To see this, consider the following two possible situations: First, the consumers do not know

whether the firm chooses to send the signal or not, and not sending the signal is equivalent to S = 0

from their perspective (i.e., the firm will not obtain the certification if it does not apply). Second,

the consumers can observe whether the firm tries to send the signal or not and let S = ∅ denote the

case that the firm does not send the signal. In the former situation, it is easy to verify that both

types of firm will find it optimal to send the signal. In the later situation, one can show that the

R-type firm always finds it optimal to send the signal and, thus, a firm who does not send the signal

(S = ∅) must be N-type (i.e., Pr(R|S = ∅) = 0 and Pr(N |S = ∅) = 1). Given this, it is trivial to

see that the N-type firm also prefers to send the signal. Therefore, in the following discussion, we

omit the case where the firm does not send the signal, which is always off the equilibrium.

The total number of consumers is normalized to one. Each consumer’s valuation for the product

is θq, where θ represents the consumer’s willingness-to-pay for quality. The consumers are heteroge-

neous in θ and we assume that θ is uniformly distributed on [0, 1]. There are two types of consumers:

A fraction τ of consumers care about social responsibility (denoted as R) and others do not (denoted

as N). An N-type consumer’s utility of purchasing the product is given by uN = θq− p, regardless of

the firm’s type. A R-type consumer’s utility of purchasing from the R-type firm is uRR = θq−p+δR

and that from the N-type firm is uRN = θq−p−δN , where δR ≥ 0 represents the socially responsible

consumers’ reward for social responsibility and δN ≥ 0 represents the punishment for irresponsibility.

The consumers do not know the firm’s true type, but they can observe the signal S ∈ {0, 1} and price

p. Thus an N-type consumer’s expected utility is the same as uN ; an R-type consumer’s expected

utility can be written as

uR(µ(R|p, S)) = µ(R|p, S)uRR+(1−µ(R|p, S))uRN = θq−p+(µ(R|p, S)δR−(1−µ(R|p, S))δN ), (1)

where µ(R|p, S) ∈ [0, 1] is the consumer’s updated belief about the probability of the firm being

R-type.

The sequence of the events is as follows. First, the firm’s type j ∈ {R,N} is determined by a

random draw. Then the j-type firm chooses whether to send a signal S by applying for certification.3

The realized signal will be S = 1 with Pr(S = 1|j) and S = 0 with Pr(S = 0|j). After the signal

S is revealed, the firm sets the retail price p. After observing the signal S and the price p, each

consumer updates her belief about the firm’s type and decides to buy if and only if her expected

utility is non-negative. Table 1 summarizes the notations used in this paper. We make two additional

3As mentioned previously, since there is no cost for sending the signal, both types of firm will choose to send.
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assumptions for ease of exposition: Assumption 1. 0 ≤ δR ≤ min{q−cR, (q+cN )/2}, and Assumption

2. 0 ≤ δN ≤ q. These assumptions imply that the R-type consumers’ reward and punishment levels

are not too high, which helps rule out some trivial cases in analysis. They are not restrictive in

practice. For example, De Pelsmacker et al. (2005) estimate that 10% of consumers are willing to

pay a small premium for fair traded coffee. Also the qualitative results in this paper will hold even

if we relax these assumptions.

4 Symmetric Information

We first analyze the benchmark with symmetric information, i.e., the firm’s type is observable to

consumers. In this case, the signal S is irrelevant. We use “ ˆ ” over a variable to indicate the

symmetric information case. For any given p, each type of firm’s profit is as below:

π̂N (p) =


(p− cN )(τ(1− p+δN

q ) + (1− τ)(1− p
q )), if p ≤ q − δN

(p− cN )(1− τ)(1− p
q ), if q − δN < p ≤ q

0, if p > q

, and (2a)

π̂R(p) =



(p− cR)(τ + (1− τ)(1− p
q )), if p ≤ δR

(p− cR)(τ(1− p−δR
q ) + (1− τ)(1− p

q )), if δR < p ≤ q

(p− cR)τ(1− p−δR
q ), if q < p ≤ q + δR

0, if p > q + δR

. (2b)

Each type of firm chooses the price p to maximize its profit. Proposition 1 characterizes the

j-type (j ∈ {R,N}) firm’s optimal price decision and the corresponding profit under symmetric

information.

Proposition 1. Consider the symmetric information case where the firm type is observable to con-

sumers.

(a) The N-type firm’s optimal price decision and the corresponding profit are given by:

p̂∗N =


q+cN−δN τ

2 , if δN < (q−cN )(1−
√
1−τ)

τ

q+cN
2 , otherwise

, and (3a)

π̂∗N =


(q−cN−δN τ)2

4q , if δN < (q−cN )(1−
√
1−τ)

τ

(1− τ) (q−cN )2

4q , otherwise

; (3b)
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Table 1: Summary of Notations

Notation Description

q Quality of product

p Price of product

θ Consumers’ willingness-to-pay for quality, follows U [0, 1]

γ Prior probability of the firm being socially responsible

τ Fraction of consumers concerned about social responsibility

cR R-type firm’s unit production cost

cN N-type firm’s unit production cost, 0 ≤ cN < cR

δR R-type consumer’s reward for the R-type firm, δR ≥ 0

δN R-type consumer’s punishment for the N-type firm, δN ≥ 0

ρR Measure of the type I error, i.e., the higher the ρR, the higher the probability
for the R-type firm to obtain the certification

ρN Measure of the type II error, i.e., the higher the ρN , the lower the probability
for the N-type firm to obtain the certification

uN N-type consumer’s utility of purchasing the product

uRR R-type consumer’s utility of purchasing from the R-type firm

uRN R-type consumer’s utility of purchasing from the N-type firm

πR R-type firm’s profit

πN N-type firm’s profit

S Firm’s signal, S = 0 or 1, indicating whether the firm obtains the certification
or not

γS γS = Pr(R|S), i.e., the posterior probability of the firm being R-type given
signal S ∈ {0, 1};

µ(R|p, S) R-type consumers’ posterior belief about the probability of the firm being R-
type after observing signal S and price p
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(b) The R-type firm’s optimal price decision and the corresponding profit are given by:

p̂∗R =



q+cR+δRτ
2 , if δR ≤ δ3

δR, if δ3 < δR ≤ δ2 and cR ≤
q(τ+

√
τ−2)

2

τ2−5τ+4

q+cR−cRτ
2(1−τ) , if δ2 < δR ≤ δ1 and τ ≤ 1

2 and cR ≤
q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

q+cR+δR
2 , otherwise

, and (4a)

π̂∗R =



(q−cR+δRτ)2

4q , if δR ≤ δ3

(δR − cR)(τ + (1− τ)(1− δR
q )), if δ3 < δR ≤ δ2 and cR ≤

q(τ+
√
τ−2)

2

τ2−5τ+4

(q−cR(1−τ))2

4q(1−τ) , if δ2 < δR ≤ δ1 and τ ≤ 1
2 and cR ≤

q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

τ (q+δR−cR)2

4q , otherwise

,

(4b)

where δ1 = max{cR + q−cR(1−τ)√
τ(1−τ)

− q,
2
√

(τ−1)(c2R(τ−1)−cRq(τ−2)+q2(τ−1))−τ(cR+q)+2(cR+q)

4−3τ , q−cR√
τ
}, δ2 =

min{ q+cR(1−τ)
2(1−τ) ,

2
√

(τ−1)(c2R(τ−1)−cRq(τ−2)+q2(τ−1))−τ(cR+q)+2(cR+q)

4−3τ }, and δ3 = min{ q+cR2−τ ,
q−cR√

τ
}.

Proposition 1 can be explained as follows. When the R-type consumers’ punishment for the

N-type firm is not too high (i.e., δN < (q−cN )(1−
√
1−τ)

τ ), the N-type firm will set a relatively low

price to serve both types of consumers; otherwise the N-type firm will set a relatively high price to

only serve the N-type consumers. When the R-type consumers’ reward for the R-type firm is large

(i.e., δR > δ1), the R-type firm will set a relatively high price to only serve the R-type consumers;

when the R-type consumers’ reward is low (i.e., δR < δ3), the R-type firm will set a relatively low

price to serve a portion of the R-type and N-type consumers; otherwise, the R-type firm will set

an intermediate price to serve all R-type consumers and part of N-type consumers. One can easily

verify that p̂∗N < p̂∗R, i.e., the N-type firm always charges a lower price than the R-type firm.

Next, we investigate how the fraction of socially responsible consumers and their reward/punishment

level affect the firm’s optimal price and profit. The result is given in Proposition 2.

Proposition 2. For the symmetric information case, it can be shown:

(a) The N-type firm’s optimal price and profit are decreasing in the fraction of R-type consumers

(i.e., τ) and their punishment level (i.e., δN ).

(b) The R-type firm’s optimal price and profit are increasing in the fraction of R-type consumers

(i.e., τ) and their reward level (i.e., δR).

Under symmetric information, the N-type firm is always worse off when there are more socially
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responsible consumers or when they exhibit stronger punishment behaviors. In contrast, the R-

type firm always benefits from a larger socially responsible consumer base and their stronger reward

behaviors. As a consequence, both the R-type firm and the government should focus on raising

consumers’ CSR awareness and educating them to enhance their reward/punishment activities to

effectively warn the firms with non-ethical and irresponsible behaviors. However, the effectiveness of

the above strategies depends critically on the assumption that consumers know the firm’s responsi-

bility type. Without such information transparency, as we will show next, these strategies may not

work as desired.

5 Asymmetric Information

In this section, we analyze the situation where the firm’s type is not observable to consumers, i.e.,

there is asymmetric information between the firm and consumers. Since an R-type consumer’s

willingness-to-pay for the R-type firm is higher than that for the N-type firm, the R-type firm has

an incentive to reveal its true type whereas the N-type firm has an incentive to mimic the R-type

firm. The R-type consumers form their belief about the firm’s type based on the signal S and price

p, and their expected utility is then given by Equation (1) in the previous section. In the following

subsections, we analyze the Perfect Bayesian Equilibria (PBE) for the asymmetric information case.

There are two types of equilibria: separating and pooling. In a separating equilibrium, different

types of firms choose different prices, from which consumers can infer the firm’s type. In a pooling

equilibrium, both types of firm choose the same price and thus the consumers cannot infer the firm’s

type and their posterior belief is determined by the signal S (i.e., µ(R|S) = γS). There is a continuum

of Perfect Bayesian Equilibria depending on the consumer’s off-equilibrium-path beliefs about the

firm’s type. We will refine the multiple equilibria by using the lexicographically maximum sequential

equilibrium (LMSE) concept, which is formalized by Mailath et al. (1993) and has been applied in

various marketing and operations management studies (see, e.g., Jiang et al. 2016; Guo and Jiang

2016; Schmidt et al. 2015, etc).4

In our setting, the LMSE refinement selects the unique and the most profitable outcome for

the R-type firm. The only separating equilibrium that could survive the LMSE refinement is the

4We remark that the Intuitive Criterion, introduced by Cho and Kreps (1987), is another widely adopted refinement
tool in signaling game. However, as discussed in the related literature (see Mailath et al., 1993; Schmidt et al., 2015; Guo
and Jiang, 2016; Jiang et al., 2016; Schmidt and Buell, 2017, etc.), the Intuitive Criterion sometimes eliminates plausible
pooling equilibrium and may select a separating equilibrium with unrealistic off-equilibrium beliefs. In Appendix C,
we will discuss the Intuitive Criterion as the equilibrium refinement tool and demonstrate that the main driving forces
in our model are robust.
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least-cost separating outcome from the R-type firm’s perspective. The only pooling equilibrium

that could be the LMSE is the R-type firm’s most efficient pooling equilibrium among all pooling

outcomes. If the least-cost separating equilibrium provides a higher profit for the R-type firm than

the most-efficient pooling equilibrium, then the LMSE refinement selects this separating equilibrium

as the unique outcome; otherwise, the most-efficient pooling equilibrium is the unique LMSE. The

underlying intuition for such refinement can be explained as follows: Given that the R-type firm has

a strong incentive to reveal its true type, if the R-type firm finds the pooling outcome more profitable

than the separating outcome, the pooling outcome should be selected and vice versa. The detailed

technical analysis and proofs are given in the appendix.

In the rest of this section, we first characterize the unique separating equilibrium and the unique

pooling equilibrium that could be the LMSE in Section 5.1 and Section 5.2, respectively. Then we

discuss which type of equilibrium will be selected by the LMSE refinement in different parameter

regions in Section 5.3.

5.1 Separating Equilibrium

In a separating equilibrium, the two types of firm choose different prices, from which the consumers

can infer the firm’s type after observing the price. The unique separating equilibrium that could be

the LMSE is the least-cost separating equilibrium as characterized in Lemma 1.

Lemma 1. Under asymmetric information, the least-cost separating equilibrium must satisfy: (a)

the N-type firm chooses price p∗N,sep = p̂∗N and its profit is π∗N,sep = π̂∗N ; (b) the R-type firm chooses

price

p∗R,sep =

p̂
∗
R, if cN ≤ c̄N

p̃R,sep, otherwise

, (5)

and its profit is

π∗R,sep =

π̂
∗
R, if cN ≤ c̄N

π̃R,sep, otherwise

, (6)

where c̄N , p̃R,sep, and π̃R,sep are given in the appendix.

In the least-cost separating equilibrium, the N-type firm’s price and profit are the same as those

under symmetric information. When the N-type firm’s production cost is lower than a threshold (i.e.,

cN ≤ c̄N ), it is more profitable for the N-type firm to charge a low price rather than to mimic the

R-type firm’s high pricing strategy (p̂∗R > p̂∗N ). Thus, the R-type firm can choose its first-best pricing
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strategy as in the symmetric-information case and costlessly separate himself from the N-type (i.e.,

p∗R,sep = p̂∗R). We call this type of equilibrium “costless separating”. In contrast, when the N-type

firm is not very cost-efficient (i.e.,cN > c̄N ), it has a strong incentive to mimic the R-type firm so that

it can take advantage of the R-type consumers’ high willingness-to-pay. Thus, in order to credibly

separate from the N-type firm, the R-type firm has to deviate from the first-best pricing strategy

and incur a signaling cost; we call such an equilibrium “costly separating”. The R-type firm can

achieve the least-cost separation by choosing a higher-than-first-best price (i.e., p∗R,sep = p̃R,sep > p̂∗R)

to ensure that the N-type firm finds it unprofitable to mimic. One can easily verify that π̃R,sep < π̂∗R

due to the signaling cost. Next, we investigate how the key parameters, τ , δR, and δN , affect the

firm’s price and profit in the least-cost separating equilibrium. The results are given in Lemma 2.

Lemma 2. In the least-cost separating equilibrium: (a) The R-type firm’s price is increasing in τ ,

δN and δR; its profit is increasing in δR, decreasing in δN , but not monotonic in τ ; (b) the N-type

firm’s price and profit are decreasing in τ and δN , and are independent of δR.

Recall from the symmetric information case, the R-type firm’s profit increases in the fraction of

R-type consumers (i.e., τ) and their reward level (i.e., δR), and it is independent of R-type consumers’

punishment level for the N-type firm (i.e., δN ). However, under asymmetric information, the R-type

firm’s profit might even decrease in τ and δN in the least-cost separating equilibrium. As more

consumers become socially responsible or their punishment level for the N-type firm increases, the

N-type firm has a stronger incentive to mimic the R-type firm. Hence, the R-type firm has to incur

a higher signaling cost to separate from the N-type firm, which leads to a lower profit.

5.2 Pooling Equilibrium

In a pooling equilibrium, both types of firm choose the same price, hence the consumer’s poste-

rior belief about the firm’s type only depends on the signal S (i.e., µ(R|S)). The unique pooling

equilibrium that could be the LMSE is the most-efficient pooling equilibrium as given in Lemma 3.

Lemma 3. In the most-efficient pooling equilibrium, for a given signal S ∈ {0, 1}, both types of firm
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choose the same price p∗pool,S and the j-type firm earns a profit π∗j,pool,S:

p∗pool,S =

pL(δ̄S), if δ̄S < 0

pH(δ̄S), if δ̄S ≥ 0

, (7a)

π∗R,pool,S =

πR,L(δ̄S), if δ̄S < 0

πR,H(δ̄S), if δ̄S ≥ 0

, (7b)

π∗N,pool,S =

πN,L(δ̄S), if δ̄S < 0

πN,H(δ̄S), if δ̄S ≥ 0

, (7c)

where δ̄S = γSδR − (1 − γS)δN is the R-type consumers’ expected punishment/reward, and the ex-

pressions of pi(δ̄S) and πj,i(δ̄S), i = H,L and j = R,N , are given in the appendix.

For a given signal S ∈ {0, 1}, in the most-efficient pooling equilibrium, the consumers’ posterior

belief is the same as the prior belief conditional on signal S, i.e., the firm is R-type with probability

γS and N-type with probability 1−γS . If δ̄S < 0, then the R-type consumers would punish a pooling

firm; otherwise they would reward a pooling firm. One can verify that the pooling price is always

lower than the R-type firm’s first-best price under symmetric information (i.e., p∗pool,S < p̂∗R), but

could be higher or lower than the N-type firm’s first-best price p̂∗N . Next, we investigate how the key

model parameters, τ , δR, δN , and γS , affect the firm’s price and profit in the most-efficient pooling

equilibrium.

Lemma 4. In the most-efficient pooling equilibrium, for a given signal S: (a) Each type of firm’s

price and profit are decreasing in δN , but increasing in both γS and δR; (b) each type of firm’s price

and profit are decreasing in τ when δ̄S < 0 and increasing in τ when δ̄S > 0.

In the most-efficient pooling equilibrium, as the R-type consumers’ expected rewards/punishment

(i.e., δ̄S) increases, the pooling firm can charge a higher price and earn more profit. δ̄S is higher as

the R-type consumers’ reward level for the R-type firm (i.e., δR) increases, their punishment level

for the N-type firm (i.e., δN ) decreases, or the consumers’ belief about the probability of the firm

being R-type (i.e., γS) increases. Thus in the pooling equilibrium, each type of firm’s price and profit

decrease in δN , but increase in γS and δR.

Part (b) of Lemma 4 indicates that in the most-efficient pooling equilibrium, as the fraction of

R-type consumers (i.e., τ) increases, each type of firm is worse off if the R-type consumers would

punish the firm on expectation (i.e., δ̄S < 0) and is better off if the R-type consumers would reward
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the firm on expectation (i.e., δ̄S > 0). Recall that under symmetric information, as τ increases, the

R-type firm is always better off and the N-type firm is always worse off. In the pooling outcome,

however, the R-type consumers may punish the R-type firm (when δ̄S < 0) or reward the N-type firm

(when δ̄S > 0) since they are unable to infer the firm’s true type. This leads to the interesting result

that the R-type firm might be worse off while the N-type firm might be better off as τ increases.

Note that the rationale that the R-type firm’s profit may decrease in τ in the pooling equilibrium

is different from that in the separating equilibrium. The latter is due to the fact that more R-type

consumers may cause a higher signaling cost for the R-type firm.

5.3 Equilibrium Outcome

We have characterized both the least-cost separating equilibrium and the most-efficient pooling

equilibrium. Now, we apply the LMSE refinement tool to select the unique equilibrium outcome.

Proposition 3 specifies the conditions under which the outcome is separating or pooling.

Proposition 3. Under asymmetric information, there exists a unique γ∗ ∈ [0, 1], such that: (a) The

unique LMSE outcome is the least-cost separating equilibrium as characterized in Lemma 1 given

that the signal is S ∈ {0, 1} and γS < γ∗; (b) the unique LMSE outcome is the most-efficient pooling

equilibrium as characterized in Lemma 3 given that the signal is S ∈ {0, 1} and γS > γ∗.

Figure 1: Illustration of the Equilibrium Outcome under Asymmetric Information

Proposition 3 fully characterizes the final equilibrium outcome for any given signal S. When the

R-type consumers’ belief about the probability of the firm being R-type conditional on the signal
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S is high (i.e., γS > γ∗), then their expected reward/punishment for a pooling firm (i.e., δ̄S) is

more significant. Thus, the R-type firm finds the pooling strategy more profitable than incurring

a signaling cost to separate from the N-type firm, which leads to the pooling outcome. On the

other hand, when γS is low (i.e., γS < γ∗), the R-type consumers’ expected reward/punishment for

a pooling firm (i.e., δ̄S) is less significant, which makes the pooling strategy less profitable for the

R-type firm, thus leading to the separating outcome. In addition, in the separating region, there are

two possible outcomes: costless separating and costly separating, as discussed in Section 5.1. When

the N-type firm is cost-efficient (i.e., cN ≤ c̄N ), the costless separating arises as the N-type firm

sets a low price and sells more products instead of mimicking the R-type firm. When the N-type

firm is not cost-efficient (i.e., cN > c̄N ), the costly separating arises as the N-type firm has a strong

incentive to mimic the R-type firm, who needs to incur a signaling cost to separate. Figure 1 shows

the equilibrium outcome defined by the values of consumers’ belief conditional on signal S (i.e., γS)

and the N-type firm’s production cost cN .5

5.3.1 Ex-Ante Profit Before Signal

We have characterized the equilibrium outcome for any given signal S, and the j-type firm’s ex-post

profit in the equilibrium is given by

π∗j,S =

π
∗
j,sep if γS < γ∗

π∗j,pool,S if γS > γ∗
. (8)

Before the signal is revealed, the j-type firm’s signal could be either S = 1 (e.g., it successfully obtains

the certification) with probability Pr(S = 1|j) or S = 0 (i.e., it fails to obtain the certification) with

probability Pr(S = 0|j). Thus, the j-type firm’s ex-ante expected profit in the equilibrium is given

by

E[π∗j ] = Pr(S = 1|j) · π∗j,1 + Pr(S = 0|j) · π∗j,0. (9)

We present the ex-ante equilibrium outcome in Corollary 1 based on consumers’ belief about the

firm’s type conditional on the signal S = 1 and the signal S = 0 (i.e., γ0 and γ1). Note that hereafter

we refer to separating as the least-cost separating and pooling as the most-efficient pooling.

Corollary 1. (a) If γ0 < γ1 < γ∗, the equilibrium outcome is separating for any signal S ∈ {0, 1}.
5We remark that the threshold γ∗ is independent of the certification signal S, but it has a complicated expression

involving cN , cR, δN , δR, and τ . In fact, we find that γ∗ is decreasing in cN and thus Proposition 3 could also be
written in terms of cN . That is, there exists a c∗N such that the unique LMSE outcome is the least-cost separating
equilibrium if cN < c∗N and is the most-efficient pooling equilibrium otherwise.
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(b) If γ∗ < γ0 < γ1, the equilibrium outcome is pooling for any signal S ∈ {0, 1}.

(c) If γ0 < γ∗ < γ1, the equilibrium outcome is pooling when the signal S = 1 and is separating

when S = 0.

(a) γ > γ∗ (b) γ < γ∗

Figure 2: Illustration of the Ex-Ante Equilibrium Outcome

Figure 2 depicts the results of Corollary 1. Note that γ is the consumers’ prior belief of the firm’s

type before the signal S is revealed and one can easily verify that γ0 ≤ γ ≤ γ1. When both γ1 and γ0

are small enough (i.e., smaller than γ∗), then the R-type will separate himself from the N-type firm

regardless of the realized signal S; when both γ1 and γ0 are large enough (i.e., greater than γ∗), then

the N-type firm is able to pool with the R-type firm regardless of the realized signal S; otherwise,

the equilibrium will depend on the realized signal S, i.e., the equilibrium outcome is pooling if S = 1

and is separating if S = 0. In the last case, if the N-type firm can obtain the certification, then it is

able to pool with the R-type firm; and if the R-type firm does not obtain the certification, then it

will deviate to the high pricing strategy to separate himself from the N-type firm.

6 Impact of Key Parameters

In this section, we conduct comparative statics analysis to understand how the key model parameters

affect the firm’s profit under asymmetric information. More specifically, our analysis will focus on

the impact of (1) the fraction of social responsible consumers (i.e., τ); (2) the responsible consumers’

reward/punishment level (i.e., δR and δN ); and (3) the accuracy of the signal (i.e., ρR and ρN ).
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The purpose is to derive useful insights into how information asymmetry challenges and alters the

conventional understanding of corporate social responsibility.

It is worth noting that all the comparative statics analysis in this section is on the entire feasible

range of a given parameter. That is, as the chosen parameter changes, the final equilibrium type

may change accordingly, i.e., our analysis endogenizes such equilibrium changes.

6.1 Fraction of R-type Consumers

First, we analyze the effect of the fraction of the R-type consumers (i.e., τ) on the equilibrium

outcome. Intuitively, one might think that as the total number of socially responsible consumers

increases, the N-type firm should be worse off and the R-type firm should be better off since these

consumers would reward the R-type firm while punishing the N-type firm. This is true when the

consumers can observe the firm’s type (i.e., in the symmetric information case) or the signal is perfect

(i.e., ρN = ρR = 1). However, when the firm’s type is not observable to consumers and the signal

is not perfect, this intuition may not hold. The formal result is given in Proposition 4. Note that

Proposition 4 holds for both the ex-post profit given the signal S = 1 or 0 (see Equation 8) and the

ex-ante profit before the signal S is revealed (see Equation 9).

Proposition 4. For each type of firm, both the ex-ante and ex-post profits are not monotonic in τ .

Within each equilibrium region, the R-type firm might be worse off as more consumers become

socially responsible. As shown in Lemma 2, in the separating equilibrium region, as more consumers

become aware of socially responsibility, the N-type firm has a stronger incentive to mimic the R-type

firm, and thus, the R-type firm has to incur a higher signaling cost to separate from the N-type firm,

which hurts the R-type firm. When the signaling cost is too high for the R-type to separate, the

pooling equilibrium will arise. According to Lemma 4, for the pooling equilibrium region, if the R-

type consumers punish a pooling firm (i.e., δ̄S < 0), then more socially responsible consumers would

also make the R-type firm suffer. Combining the above arguments explains the result that the R-

type firm’s profit may decrease in τ within each equilibrium region. As τ increases, the equilibrium

type may switch from separating to pooling or from pooling to separating, which also leads the

non-monotonicity of the R-type firm’s profit with respect to τ .

Intuition suggests that more socially responsible consumers should make the N-type firm worse

off. However, in the pooling equilibrium region, if the R-type consumers would reward a pooling firm

(i.e., δ̄S > 0), then the N-type firm could take advantage of the R-type consumers’ high willingness-

to-pay and benefit from more R-type consumers, as shown in Lemma 4. Even when the R-type
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consumers would punish a pooling firm (i.e., δ̄S < 0), there also exists a situation where the N-type

firm could benefit from a higher τ . As τ increases, the equilibrium type may switch from separating

to pooling since the R-type has to incur a higher separating cost to prevent the mimicking from the

N-type. When τ increases from the separating region to the pooling region, the N-type enjoys a

higher profit no matter δ̄S > 0 or δ̄S < 0. This is because the R-type consumers’ punishment level

for the N-type firm in the separating outcome is always stronger than that for the N-type firm in

the pooling outcome (i.e., −δN < δ̄S). These arguments together explain the result that the N-type

firm’s profit may increase in τ . Figure 3 shows how each type of firm’ ex-post profit changes in τ .

In addition, each type firm’s ex-ante profit is not monotonic in τ , either, as both Pr(S = 1|j) and

Pr(S = 0|j) are independent of τ , j = R,N . We remark that each type firm’s ex-ante or ex-post

price is also non-monotonic with respect to τ .

(a) Ex-Post Profit Given Signal S and δ̄S < 0 (b) Ex-Post Profit Given Signal S and δ̄S > 0

Figure 3: Effect of τ on Firm’s Ex-Post Profit
Note q = 1, γS = 0.5, cR = 0.5, cN = 0.2, and δR = 0.4; δN = 0.6 in Figure 3 (a); δN = 0.2 in Figure 3 (b).

When the information is transparent or the signal is perfectly accurate, more socially responsible

consumers will always benefit socially responsible firms and make socially irresponsible firms suffer.

This suggests that both the government and the socially responsible firm should advocate consumers’

CSR awareness and educate more consumers to be responsible. Such efforts can reward the socially

responsible firms and punish socially irresponsible firms so as to pressure firms to be responsible and

hence benefit the whole society.

However, in reality, information asymmetry usually exists and the signaling mechanisms are not

perfect. Should the government or firms make efforts to increase the fraction of socially responsible

22



consumers? Our results from Proposition 4 show that with information asymmetry, more consumers

becoming socially responsible may hurt a socially responsible firm while benefiting a socially irre-

sponsible firm. Consequently, without information transparency, both the government and socially

responsible firms should be cautious about promoting consumers’ awareness of social responsibility,

since doing so may work against the desired objective. Instead, they may need to focus on eliminating

the information asymmetry first.

6.2 Reward and Punishment Levels

Next, we analyze the impact of the R-type consumers’ reward (δR) and punishment (δN ) on the

equilibrium outcome. The results are given in Proposition 5 and Figure 4. Similar to Proposition

4, we remark that Proposition 5 holds for both the ex-post profit given the signal S = 1 or 0 (see

Equation 8) and the ex-ante profit before the signal is revealed (see Equation 9).

Proposition 5. (a) The R-type firm’s profit (both ex-ante and ex-post) is increasing in δR and

decreasing in δN ; (b) the N-type firm’s profit (both ex-ante and ex-post) is not monotonic in δR and

δN .

(a) Effect of δR on Ex-Post Profit for Given S (b) Effect of δN on Ex-Post Profit for Given S

Figure 4: Effect of δN and δR on Firm’s Ex-Post Profit
Note q = 1, γS = 0.368, cR = 0.325, cN = 0.197, and τ = 0.287; there is δN = 0.579 in Figure 4 (a) and

δR = 0.3 in Figure 4 (b).

Similar to the symmetric information case, the R-type firm’s profit increases in the reward level

δR under asymmetric information. Differently, the R-type firm’s profit is independent of the R-type

consumers’ punishment level for the N-type firm (i.e., δN ) under symmetric information, while the
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R-type firm is worse off as the punishment becomes stronger under asymmetric information. In the

separating equilibrium region, as δN increases, the N-type firm has a stronger incentive to mimic the

R-type firm and, thus, the R-type firm may have to incur a higher signaling cost to separate, which

leads to a lower profit for the R-type firm. While in the pooling equilibrium region, since the R-type

consumers cannot infer the firm’s type, their stronger punishment will hurt both the N-type firm

and the R-type firm.

Intuitively, one might think that the N-type firm should always be worse off as the consumers’

punishment level increases, which holds under the symmetric information. However, interestingly,

Proposition 5(b) indicates that the N-type firm may benefit from a stronger punishment when the

firm’s type is not observable to consumers. This result can be explained as follows. As δN increases,

the N-type firm has a stronger incentive to mimic the R-type firm, which leads to a higher signaling

cost for the R-type firm. When the signaling cost becomes too high, the R-type firm may switch

from the separating strategy to the pooling strategy. Consequently, the N-type firm enjoys a higher

profit as the equilibrium type switches from separating to pooling, since the R-type consumers’

punishment for the N-type firm in the separating equilibrium is always stronger than that in the

pooling equilibrium (i.e., −δN < δ̄S). Therefore, although within each equilibrium type region, the

N-type firm’s profit decreases in δN , it may increase in δN as the equilibrium type switches from

separating to pooling. Figure 4 provides an illustrational example.

Part (b) of Proposition 5 also shows that as the consumers’ rewards level for a R-type firm (i.e.,

δR) increases, the N-type firm could be either worse off or better off. Within the separating region,

the N-type firm’s profit is independent of δR; while within the pooling region, it is increasing in

δR since the R-type consumers’ willingness-to-pay for a pooling firm increases. As δR increases,

it will also alter the R-type firm’s incentive to separate or pool. The N-type firm enjoys a profit

increase when the equilibrium switches from separating to pooling and suffers a profit loss when the

equilibrium switches from pooling to separating. See Figure 4 for an example. The effects of δN and

δR on each type firm’s ex-ante profit has a similar pattern to that for the ex-post profit, since both

Pr(S = 1|j) and Pr(S = 0|j) are independent of δR and δN , j = R,N . Note that each type firm’s

ex-ante or ex-post price is not monotonic in δR and δN , either.

Proposition 5 has the following implications. When a firm’s responsibility type is observable to

the public, inducing consumers to punish more on socially irresponsible activities or reward more

on socially responsible activities would serve as an effective mechanism to contain non-ethical and

irresponsible behaviors and promote the concept of CSR. However, in a market without information

transparency, efforts spent on raising consumers’ punishment toward socially irresponsible firms or
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their rewards’ toward socially responsible firms could potentially backfire as a socially responsible

firm may be hurt whereas a socially irresponsible firm may benefit from such a change. This suggests

that the government and socially responsible firms should be careful regarding enhancing consumers’

response to socially responsible/irresponsible activities. Information asymmetry may significantly

distort the consumers’ goodwills for CSR, and eliminating the information asymmetry is critical to

resolving such issues.

6.3 Signal Accuracy

We proceed to examine the effects of the signal accuracy. As ρR or ρN increases, the signal is more

accurate for consumers to infer whether a firm is socially responsible or not. We start our analysis

with the ex-post scenario (i.e., after the signal S is given) and then we analyze the ex-ante scenario

(i.e., before the signal is revealed). The effects of ρN and ρR on the firm’s ex-post profit for given

signal S (see Equation 8) are summarized in Proposition 6.

Proposition 6. (a) Given the signal S = 1, the j-type firm’s ex-post profit π∗j,1 is increasing in ρN

and ρR, for j ∈ {R,N}.

(b) Given the signal S = 0, the j-type firm’s ex-post profit π∗j,0 is decreasing in ρR and ρN , for

j ∈ {R,N}.

Given the signal S = 1, the probability of the firm being R-type (i.e., γ1) increases in ρR and ρN ;

given the signal S = 0, the probability of the firm being R-type (i.e., γ0) decreases in ρR and ρN .

This implies that as the signal accuracy improves, the R-type consumers believe that the firm who

has obtained the certification is more likely to be the R-type and the firm without the certification

is less likely to be the R-type. Within the separating region, the signal is irrelevant and thus each

type firm’s profit is independent of ρN and ρR. While within the pooling region, as the R-type

consumers’ belief about the probability of the firm being R-type (i.e., γS) increases, their expected

reward/punish level will increase. Therefore, in the pooling region, when S = 1 (i.e., the firm has

the certification), a higher accuracy level (i.e., larger ρR or ρN ) leads to a higher probability of the

firm being the R-type, which benefits the firm regardless of its true type; in contrast, when S = 0

(i.e., the firm does not have the certification), a higher accuracy level (i.e., larger ρR or ρN ) leads to

a lower probability of the firm being the R-type, which hurts the firm regardless of its true type. See

Figure 5 for an illustration. Note that when S = 1, as ρR or ρN increases, the equilibrium type may

change from separating to pooling (see Figures 5(a) and (b)); when S = 0, the opposite happens (see

Figures 5(c) and (d)).
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(a) Effect of ρR on Ex-Post Profit π∗
j,1 (b) Effect of ρN on Ex-Post Profit π∗

j,1

(c) Effect of ρR on Ex-Post Profit π∗
j,0 (d) Effect of ρN on Ex-Post Profit π∗

j,0

(e) Effect of ρR on Ex-Ante Profit E(π∗
j ) (f) Effect of ρN on Ex-Ante Profit E(π∗

j )

Figure 5: Effects of ρR and ρN on Equilibrium Outcome
Note q = 1, cR = 0.4, cN = 0.2, δN = 0.6, δR = 0.4, and τ = 0.4 in Figure 5; ρN = 0.6 in Figure 5 (a) and
(c), ρN = 0.3 in Figure 5 (e), and ρR = 0.2 in Figure 5 (b), (d), and (f); γ = 0.2 in Figure 5 (a), γ = 0.3 in

Figure 5 (b) and (f), γ = 0.9 in Figure 5 (c) and (d), and γ = 0.6 in Figure 5 (e).
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Proposition 6 indicates that the firm who successfully obtains the certification can benefit from

the higher accuracy, and the firm who fails to get such certification will be worse off regardless of

the firm’s social responsibility type. That is, a socially responsible firm, who fails to obtain the

certification due to the type I error, will suffer from the higher accuracy of the signal; and a socially

irresponsible firm, who obtains the certification due to the type II error, will benefit from the higher

accuracy of the signal. Next, we study the effects of ρR and ρN on a firm’s ex-ante profit before the

signal is revealed (see Equation 9). The results are summarized in Proposition 7.

Proposition 7. (a) The R-type firm’s ex-ante profit E[π∗R] is increasing in ρR and ρN .

(b) The N-type firm’s ex-ante profit E[π∗N ] is not monotonic in ρR and ρN .

Increasing ρR will reduce the probability of the type I error, i.e., the R-type firm sends a signal

S = 0 (he fails to obtain the certification); increasing ρN will reduce the probability of the type II

error, i.e., the N-type firm sends a signal S = 1 (he successfully obtains the certification). In other

words, as ρR increases, the R-type firm is more likely to obtain the certification (i.e., Pr(S = 1|R)

increases) and the consumers also believe that a firm with the certification is more likely to be the

R-type (i.e., γS = Pr(R|S = 1) increases). As ρN increases, the N-type firm is less likely to obtain

the certification (i.e., Pr(S = 1|N) decreases) and also the consumers believe that a firm with the

certification is more likely to be the R-type (i.e., γS = Pr(R|S = 1) increases). Consequently, the

R-type firm can always benefit from the increased signal accuracy, as shown by Proposition 7(a).

One may intuit that the N-type firm should be worse off as the signal accuracy increases. However,

part (b) of Proposition 7 indicates that under certain situations the N-type firm may also be better

off as the signal accuracy increases. The intuition for this unexpected result is as follows. On one

hand, as ρN increases, the N-type firm has a smaller chance to obtain the certification; and if it fails

to obtain the certification (i.e., S = 0), its profit will be worse off for higher ρR or ρN , as explained

in Proposition 6 (b). However, on the other hand, if the type II error occurs, i.e., the N-type firm

obtains the certification and sends the signal S = 1, the N-type firm can enjoy the benefit from higher

ρR or ρN , as explained in Proposition 6 (a). Therefore, combining these two counteracting effects

in the N-type firm’s ex-ante profit, we find that when ρN is not large enough (i.e., the probability

of N-type obtaining the certification is high), increasing the signal accuracy may benefit the N-type

firm. Such a result of Proposition 7 can be illustrated by Figure 5(e) and (f).

Although the N-type firm could benefit from increased signal accuracy, when ρN = 1 (i.e., type II

error does not exist), the N-type firm is never able to get the certification and its ex-ante profit is the

same as the ex-post profit when S = 0, which decreases in the signal accuracy ρR. Moreover, when
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the signal is perfect (i.e., ρR = ρN = 1), the N-type achieves the lowest profit among all regions.

That is, if the type II error can be eliminated, increasing the signal accuracy will always make the

N-type firm worse off.

Proposition 7 implies that socially responsible firms always have the incentive to improve the

accuracy of the signal, regardless of the signal’s formats, e.g., applying for a certification, issuing

a public report, etc. It also suggests the government should encourage or even mandate firms to

obtain the certification, and at the same time exert efforts to help improve the accuracy of the

certification process. This will reward the socially responsible firms and in most cases punish the

irresponsible firms. In addition, the government and socially responsible firms should be aware that

the irresponsible firms may exploit the advantage of higher certification accuracy when there is a

good chance to deceive the consumers (e.g., pass the certification tests). Making the certification

process more reliable to reduce the type II error can help avoid this issue.

At last, we discuss the value of sending the signal S = 1 (i.e., obtaining a certification) and the

value of sending a signal (i.e., applying for the certification). One can easily verify that π∗j,1 ≥ π∗j,0

for j ∈ {R,N}, i.e., holding the certification is always valuable for each type of firm. Let ∆j =

π∗j,1−π∗j,0 ≥ 0 denote the ex-post value of having the certification; let E[∆j ] = E[π∗j ]−π∗j,0 = Pr(S =

1|j) ·∆j ≥ 0 denote the ex-ante value of applying for the certification. Proposition 8 characterizes

the impact of signal accuracy on both the ex-ante and ex-post values of certification.

Proposition 8. (a) The ex-post value of certification, ∆j, is increasing in ρR and ρN , for j ∈

{R,N};

(b) The ex-ante value of certification for the R-type firm, E[∆R], is increasing in ρR and ρN ; the

ex-ante value for N-type firm, E[∆N ], is increasing in ρR but is not monotonic in ρN ;

Part (a) of Proposition 8 shows that the ex-post value of certification becomes greater for each

type of firm as the accuracy increases. As the signal accuracy (i.e., ρR and ρN ) increases, the

consumers believe that the firm with the certification (i.e, S = 1) is more likely to be the R-type and

the firm without the certification (i.e., S = 0) is less likely to be the R-type. Therefore, as shown in

Proposition 6, each type of firm’s ex-post profit will be higher given S = 1 and will be lower given

S = 0 as the accuracy increases. Hence, having the certification becomes more valuable as the signal

accuracy increases.

Part (b) shows that as the accuracy increases, the ex-ante value of certification becomes higher

for the R-type firm, which is due to two reasons: First, the value of having the certification (i.e.,

∆R) becomes higher; second, the probability of the R-type firm obtaining the certification (i.e.,
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Pr(S = 1|R)) becomes higher. While for the N-type firm, the ex-ante value of the certification

increases as ρR increases, but might decrease or increase as ρN increases. Similarly, as ρR or ρN

increases, the value of having the certification for the N-type firm (i.e., ∆N ) is higher. However,

the probability of the N-type firm obtaining the certification (i.e., Pr(S = 1|N)) is lower as ρN

increases. Moreover, when ρN = 1, i.e., the type II error is completely eliminated, then E[∆N ] = 0

and pursuing the certification has no value for the N-type firm.

When there is no cost for sending the signal (e.g., it is free to go through the certification process),

each type of firm will choose to send the signal since E[∆j ] ≥ 0. However, when it is costly, the

firm may or may not choose to send a signal, depending on the cost-benefit trade-off. When the

probability of the N-type firm obtaining the certification is low enough (i.e, ρN is large enough), the

ex-ante value of the certification for the N-type firm is small enough; when the probability of the

R-type firm obtaining the certification is high enough (i.e, ρR is large enough), the ex-ante value

of the certification for the R-type firm is large enough. In this situation, charging an appropriate

fee for applying the certification may help prevent the N-type firm from applying, and thus make

it easier for the R-type firm to separate from the N-type. This suggests that a potential way to

resolve the information asymmetry issue is to impose an appropriate signaling cost for the firm (e.g.,

a certification fee).

The above results yield some useful implications. On one hand, the government should encourage

or even mandate firms to apply for the certification, and try to tighten the standards to improve the

accuracy of the process to reduce the type I error and especially the type II error. On the other hand,

when it is difficult to fully resolve the type I or type II error, the government should also carefully

price the certification to prevent irresponsible firms’ opportunistic behaviors. Such a strategy could

help restore information transparency even if the signal is not perfect. In particular, if only the

R-type firm goes through the certification process while the N-type firm does not, and ρR = 1, i.e.,

the R-type firm can always pass the certification process, then the two types of firm can be credibly

separated and consumers can identify the firm’s type based on whether it holds the certification or

not.

7 Conclusion

This paper studies the interaction between a firm and consumers under the presence of corporate

social responsibility consideration and asymmetric information. The firm can be either the socially

responsible type or the irresponsible type; however, the consumers cannot observe the firm’s exact
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type, which is private information. The firm may attempt to reveal its type through various signaling

mechanisms, but these mechanisms may not be perfectly accurate. The purpose of this research is to

obtain a better understanding of the social responsibility issue and provide useful insights for both

the firm and the government.

We find that information asymmetry plays a critical role in the above problem setting. Due to

the existence of information asymmetry, there are some interesting findings regarding the impact

of key problem parameters on the firm’s pricing strategy and profit performance. Specifically, in-

creasing consumer awareness of corporate social responsibility (i.e., increasing the fraction of socially

concerned consumers) may hurt the socially responsible firm while benefiting the irresponsible firm.

In addition, a stronger consumer punishment for the irresponsible firm always hurts the responsible

firm, but it may lead to a higher profit for the irresponsible firm under certain conditions. Finally,

the irresponsible firm may also prefer a higher signaling accuracy, which is contrary to the intuition

that the irresponsible firm should try to hide its type. All these counterintuitive findings are driven

by the fact that the consumers cannot observe the firm’s true type, and as a result, the firm may

want to reveal or mimic the responsible type through pricing and signaling. As certain problem

parameters vary, they may change the signaling cost for the firm as well as the equilibrium outcome

of the game between the firm and the consumers.

The findings from this research have useful implications for the government and firms. In par-

ticular, they indicate that with the presence of information asymmetry, some intuitive strategies to

encourage socially responsible corporate behaviors may not work as desired. For example, simply

promoting consumer awareness through advertising and educational programs may actually lead to

the opposite of the intended outcome. Thus, both the government and the socially responsible firms

should first exert efforts to minimize the information asymmetry regarding the firms’ activities. This

corroborates with the evidence that more and more firms have tried to create transparency about

their production and supply chain practices (Kraft et al., 2016), and more and more governments

have started to encourage or mandate sustainability reports from firms (UNEP, 2013). Indeed, by

restoring information transparency, one can align the socially responsible consumers’ goodwills with

firms’ incentives to pursue business activities that are responsible for the society and the environment.
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Appendix

This appendix is divided into three parts. Part A presents the proofs for the symmetric information

case; part B presents the equilibrium analysis for the asymmetric information case; and part C

discusses the Intuitive Criterion.

A. Symmetric Information

Proof of Proposition 1. We first derive the N-type firm’s optimal price and then the R-type firm’s

optimal price when the firm’s type j ∈ {R,N} is observable to consumers.

A R-type consumer will purchase from the N-type firm if and only if (iff) uRN = θq−p− δN ≥ 0,

i.e., θ ≥ (p + δN )/q; an N-type consumer will purchase from the N-type firm iff uN = θq − p ≥ 0,

i.e., θ ≥ p/q. Thus the N-type firm’s demand is given as below:

dN (p) =


τ(1− p+δN

q ) + (1− τ)(1− p
q ), if p ≤ q − δN

(1− τ)(1− p
q ), if q − δN < p ≤ q

0, if p > q

.

The N-type firm’s problem can be written as:

max
p≥0

π̂N (p) =


(p− cN )(τ(1− p+δN

q ) + (1− τ)(1− p
q )), if p ≤ q − δN

(p− cN )(1− τ)(1− p
q ), if q − δN < p ≤ q

0, if p > q

.

Solving the above optimization problem, we obtain the N-type firm’s optimal price as follows:

p̂∗N =


q+cN−δN τ

2 , if δN < (q−cN )(1−
√
1−τ)

τ

q+cN
2 , otherwise

.

The N-type firm’s optimal profit is given by:

π̂∗N =


(q−cN−δN τ)2

4q , if δN < (q−cN )(1−
√
1−τ)

τ

(1− τ) (q−cN )2

4q , otherwise

.

Next, we analyze the R-type firm’s problem. A R-type consumer will purchase from the R-type

firm iff uRR = θq − p + δR ≥ 0, i.e., θ ≥ (p − δR)/q; an N-type consumer will purchase from the

R-type firm iff uN = θq − p ≥ 0, i.e., θ ≥ p/q. Thus the R-type firm’s demand is given as below:
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dR(p) =



τ + (1− τ)(1− p
q ), if p ≤ δR

τ(1− p−δR
q ) + (1− τ)(1− p

q ), if δR < p ≤ q

τ(1− p−δR
q , if q < p ≤ q + δR

0, if p > q + δR

.

The R-type firm’s problem can be written as:

max
p≥0

π̂R(p) =



(p− cR)(τ + (1− τ)(1− p
q )), if p ≤ δR

(p− cR)(τ(1− p−δR
q ) + (1− τ)(1− p

q )), if δR < p ≤ q

(p− cR)τ(1− p−δR
q ), if q < p ≤ q + δR

0, if p > q + δR

.

Solving the above optimization problem, we obtain the R-type firm’s optimal price decision and the

corresponding profit as follows:

p̂∗R =



q+cR+δRτ
2 , if δR ≤ δ3

δR, if δ3 < δR ≤ δ2 and cR ≤
q(τ+

√
τ−2)

2

τ2−5τ+4

q+cR−cRτ
2(1−τ) , if δ2 < δR ≤ δ1 and τ ≤ 1

2 and cR ≤
q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

q+cR+δR
2 , otherwise

, and

π̂∗R =



(q−cR+δRτ)2

4q , if δR ≤ δ3

(δR − cR)(τ + (1− τ)(1− δR
q )), if δ3 < δR ≤ δ2 and cR ≤

q(τ+
√
τ−2)

2

τ2−5τ+4

(q−cR(1−τ))2

4q(1−τ) , if δ2 < δR ≤ δ1 and τ ≤ 1
2 and cR ≤

q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

τ (q+δR−cR)2

4q , otherwise

,

where

δ1 =


q−cR√

τ
, if cR >

q(τ+
√
τ−2)

2

τ2−5τ+4

cR + q−cR(1−τ)√
τ(1−τ)

− q, if τ < 1/2 and cR <
q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

2
√

(τ−1)(c2R(τ−1)−cRq(τ−2)+q2(τ−1))−τ(cR+q)+2(cR+q)

4−3τ , otherwise

,

(10a)

δ2 =

 q+cR(1−τ)
2(1−τ) , if τ < 1/2 and cR <

q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

2
√

(τ−1)(c2R(τ−1)−cRq(τ−2)+q2(τ−1))−τ(cR+q)+2(cR+q)

4−3τ , otherwise

, and

(10b)

δ3 = min{q + cR
2− τ

,
q − cR√

τ
} =


q+cR
2−τ , if cR <

q(τ+
√
τ−2)

2

τ2−5τ+4

q−cR√
τ
, if cR >

q(τ+
√
τ−2)

2

τ2−5τ+4

. (10c)

This completes the proof of Proposition 1.
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Poof of Proposition 2. Taking derivative of p̂∗N with respect to τ and δN , we can show that:

∂p̂∗N
∂τ

=


−δN

2 , if δN < (q−cN )(1−
√

1−τ)
τ

0, otherwise
≤ 0, and

∂p̂∗N
∂δN

=


−τ
2 , if δN < (q−cN )(1−

√
1−τ)

τ

0, otherwise
≤ 0.

Taking derivative of π̂∗N with respect to τ and δN , we can show that:

∂π̂∗N
∂τ

=

−
2(q−cN−δNτ)δN

4q , if δN < (q−cN )(1−
√

1−τ)
τ

0, otherwise
≤ 0, and

∂π̂∗N
∂δN

=

−
2(q−cN−δNτ)τ

4q , if δN < (q−cN )(1−
√

1−τ)
τ

0, otherwise
≤ 0.

Taking derivative of p̂∗R with respect to τ and δR, we can show that:

∂p̂∗R
∂τ

=



δR
2 , if δR ≤ δ3

0, if δ3 < δR ≤ δ2 and cR ≤
q(τ+

√
τ−2)

2

τ2−5τ+4

q
2(1−τ)2 , if δ2 < δR ≤ δ1 and τ ≤ 1/2 and cR ≤

q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

0, otherwise

≥ 0, and

∂p̂∗R
∂δR

=



τ
2 , if δR ≤ δ3

1, if δ3 < δR ≤ δ2 and cR ≤
q(τ+

√
τ−2)

2

τ2−5τ+4

0, if δ2 < δR ≤ δ1 and τ ≤ 1/2 and cR ≤
q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

1
2 , otherwise

≥ 0.

Taking derivative of π̂∗R with respect to τ and δR, we can show that:

∂π̂∗R
∂τ

=



δR(q−cR+δRτ)
2q , if δR ≤ δ3

δR(δR−cR)
q , if δ3 < δR ≤ δ2 and cR ≤

q(τ+
√
τ−2)

2

τ2−5τ+4

(q2−c2R(1−τ)2)
4q(1−τ)2 , if δ2 < δR ≤ δ1 and τ ≤ 1/2 and cR ≤

q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

(q+δR−cR)2

4q , otherwise

≥ 0, and

∂π̂∗R
∂δR

=



τ(q−cR+δRτ)
2q , if δR ≤ δ3

q+cR(1−τ)−2δR(1−τ)
q , if δ3 < δR ≤ δ2 and cR ≤

q(τ+
√
τ−2)

2

τ2−5τ+4

0, if δ2 < δR ≤ δ1 and τ ≤ 1/2 and cR ≤
q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

τ (q+δR−cR)
2q , otherwise

≥ 0.

This completes the proof of Proposition 2.
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B. Asymmetric Information

Separating Equilibrium

Proof of Lemma 1. We prove Lemma 1 in three steps. Step 1, we show that in any separating equilibrium,

the N-type firm chooses price p∗N,sep = p̂∗N . Step 2, we identify the price set Φ to which the R-type firm’s

separating equilibrium price pR,sep must belong. Step 3, among all possible separating equilibria, we find one

that is most profitable (least-cost) to the R-type firm and provide a supporting belief system, µ∗sep.

Step 1. Note that under asymmetric information, the N-type firm has an incentive to hide its type.

In any separating equilibrium, the consumers will correctly infer the firm’s type. Thus, in any separating

equilibrium, the N-type firm should choose its first-best strategy p∗N,sep = p̂∗N (see Equation (3a)) and make a

profit π∗N,sep = π̂∗N (see Equation (3b)) as it does under symmetric information.

Step 2. In any separating equilibrium, the N-type firm must not be able to profitably deviate to the

R-type firm’s strategy pR,sep; that is,

π̂∗N ≥ πN (pR,sep|µ(R|pR,sep, S) = 1), (11)

where πN (p|µ(R|p, S)) represents the N-type firm’s profit when it chooses price p and is believed to be R-type

with probability µ(R|p, S) and πN (p|µ(R|p, S) = 1) is given by

πN (p|µ(R|p, S) = 1) =



(p− cN )(τ + (1− τ)(1− p
q )), if p ≤ δR

(p− cN )(τ(1− p−δR
q ) + (1− τ)(1− p

q )), if δR < p ≤ q

(p− cN )τ(1− p−δR
q ), if q < p ≤ q + δR

0, if p > q + δR

.

Let Φ = {p : π̂∗N ≥ πN (p|µ(R|p, S) = 1)} denote the set of prices that are equilibrium-dominated for the

N-type firm regardless of the consumers’ belief (even under the most favorable belief that the firm is R-type

with probability one). In any separating equilibrium, the condition for no profitable deviation by the N-type
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firm requires pR,sep ∈ Φ. One can show that π̂∗N ≥ πN (p|µ(R|p, S) = 1) iff p ≥ p̄ or p ≤ p, where

p =



1
2

(
cN + δRτ + q −

√
τ(δN + δR)(2q − 2cN − δNτ + δRτ)

)
, if δN < min{ (q−cN )(1−

√
1−τ)

τ , δ̂N}
q+cN (1−τ)−

√
τ(c2N (τ−1)+2cNδN (τ−1)+δ2N (τ−1)τ+q2−2δNq(τ−1))

2(1−τ) , if δ̂N ≤ δN < (q−cN )(1−
√

1−τ)
τ

1
2

(
cN + δRτ + q −

√
τ(c2N + q2 + 2qδR − 2cN (q + δR) + δ2

Rτ)
)
, if δN ≥ (q−cN )(1−

√
1−τ)

τ and τ ≤ τ̂
q+cN (1−τ)−

√
τq(q(2−τ)−2cN (1−τ))

2(1−τ) , if δN ≥ (q−cN )(1−
√

1−τ)
τ and τ > τ̂

,

(12a)

p̄ =



p̄1, if δN < min{ (q−cN )(1−
√

1−τ)
τ ,

q−cN−2
√
τδR(q−cN )

τ }

p̄2, if
q−cN−2

√
τδR(q−cN )

τ ≤ δN < (q−cN )(1−
√

1−τ)
τ

p̄3, if δN ≥ (q−cN )(1−
√

1−τ)
τ and δR <

(q−cN )(1−τ)
4τ

p̄4, if δN ≥ (q−cN )(1−
√

1−τ)
τ and δR ≥ (q−cN )(1−τ)

4τ

, (12b)

δ̂N =


q−cN−2

√
(δR−cN )(q−(1−τ)δR)

τ , if cN < δR

q−δR
τ , if cN ≥ δR

, (12c)

τ̂ =


c2N+2cNq+q

2−4cNδR−4qδR+4δ2R
c2N+q2−2cNq−4cNδR+4δ2R

, if cN < δR

1, if cN ≥ δR
, (12d)

p̄1 =
1

2

(
cN + δRτ + q +

√
τ(δN + δR)(2q − 2cN − δNτ + δRτ)

)
, (12e)

p̄2 =

(√
c2N (τ − 1)− 2cN (τ(δN + δR) + q(τ − 1)) + τ (δ2

R − δ2
Nτ) + q2(τ − 1) + 2qτ(δN + δR)

τ
+ cN + δR + q

)
/2,

(12f)

p̄3 = (q + cN + τδR +
√
τ(q2 + c2N + 2qδR + τδ2

R − 2cN (q + δR)))/2, and (12g)

p̄4 =

(√
2qτδR + δ2

Rτ + c2N (2τ − 1) + q2(2τ − 1)− 2cN (δRτ + q(2τ − 1))

τ
+ cN + δR + q

)
/2. (12h)

Thus, we have identified the price set Φ = {p : p ≥ p̄, or p ≤ p} to which the R-type firm’s separating

equilibrium price pR,sep must belong.

Step 3. Let p∗R,sep ∈ Φ be the R-type firm’s price from the most profitable (or least-cost) separating

equilibrium, i.e., p∗R,sep = argmaxp∈Φ πR,sep(p), where πR,sep(p) is the R-type firm’s profit in a separating

equilibrium with price p and it is the same as the profit under the symmetric information, i.e., πR,sep(p) = π̂R(p)

(see Equation (2b)). Solving the optimization problem maxp∈Φ πR,sep(p) leads to:

p∗R,sep =

p̂
∗
R, if cN ≤ c̄N

p̃R,sep, otherwise
,
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where

c̄N = max{c̄N,1, c̄N,2}, (13a)

c̄N,1 = cR − τ(δN + δR)−
√

2τ(δR + δN )(q + δRτ − cR), (13b)

c̄N,2 =
cR −

√
τ (c2R − 2cR(δR + q)− δ2

R(τ − 2)τ + q2 + 2δRq)− δRτ − qτ
1− τ

, (13c)

p̃R,sep =



p̄1, if c̄N < cN ≤ ˆ̄cN and δN < (q−cN )(1−
√

1−τ)
τ

p̄2, if cN > ˆ̄cN and δN < (q−cN )(1−
√

1−τ)
τ

p̄3, if c̄N < cN ≤ ˆ̄cN and δN ≥ (q−cN )(1−
√

1−τ)
τ

p̄4, if cN >ˆ̄cN and δN ≥ (q−cN )(1−
√

1−τ)
τ

, (13d)

ˆ̄cN = max{ˆ̄cN,1, ˆ̄cN,2}, (13e)

ˆ̄cN,1 = q − 2τ
√
δR(δN + δR)− δNτ − 2δRτ, (13f)

ˆ̄cN,2 =
q(1− τ)− 4τδR

1− τ
, (13g)

and p̄1, p̄2, p̄3, and p̄4 are given in Equation (12e) to (12h)

The R-type firm’s corresponding profit in the most profitable separating equilibrium is given by:

π∗R,sep =

π̂
∗
R, if cN ≤ c̄N

π̃R,sep, otherwise
, (14)

where

π̃R,sep =

(p̃R,sep,1 − cR)(τ(1− p̃R,sep,1−δR
q ) + (1− τ)(1− p̃R,sep,1

q )), if c̄N < cN ≤ ˆ̄cN

(p̃R,sep,1 − cR)τ(1− p̃R,sep,1−δR
q ), if cN > ˆ̄cN

. (15)

Many belief systems can support the above separating equilibrium and one example is as follows:

µ∗sep(R|p, S) =

1, if p = p∗R,sep

0, otherwise
. (16)

This completes the proof of Lemma 1.

Proof of Lemma 2. Taking derivative of p∗R,sep with respect to τ , δN and δR and after some simplifi-

cations, we can show that
∂p∗R,sep
∂τ ≥ 0,

∂p∗R,sep
∂δR

≥ 0, and
∂p∗R,sep
∂δN

≥ 0. Taking derivative of π∗R,sep with respect

to τ , δN and δR and after some simplifications, we can show that
∂π∗

R,sep

∂δR
≥ 0,

∂π∗
R,sep

∂δN
≤ 0, and

∂π∗
R,sep

∂τ could

be either ≤ 0 or ≥ 0. We omit the details for conciseness.

On the other hand, in the separating equilibrium, the N-type firm’s price and profit are the same as those

under symmetric information. Thus, the proof of Lemma 2(b) follows directly from the proof of Proposition

2(a).
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Pooling Equilibrium

Proof of Lemma 3. For a given signal S, in any pooling equilibrium, the consumers’ posterior belief is the

same as γS , i.e., µ(R|p, S) = γS . An N-type consumer’s utility in a pooling equilibrium is uN = θq − p. A

R-type consumer’s utility in a pooling equilibrium is given by uR = γSuRR + (1 − γS)uRN = θq − p + δ̄S ,

where δ̄S = γSδR − (1− γS)δN . Thus, in a pooling equilibrium, there are two cases to consider:

(a) if δ̄S ≥ 0, each type of firm’s demand is given by:

dpool,S(p) =



τ + (1− τ)(1− p
q ), if p ≤ δ̄S

τ(1− p−δ̄S
q ) + (1− τ)(1− p

q ), if δ̄S < p ≤ q

τ(1− p−δ̄S
q ), if q < p ≤ q + δ̄S

0, if p > q + δ̄S

;

(b) if δ̄S < 0, each type of firm’s demand is given by:

dpool,S(p) =


τ(1− p−δ̄S

q ) + (1− τ)(1− p
q ), if p ≤ q + δ̄S

(1− τ)(1− p
q ), if q + δ̄S < p ≤ q

0, if p > q

.

Therefore, in a pooling equilibrium, a j-type firm’s profit is given by πj,pool,S(p) = (p − cj)dpool,S(p), for

j ∈ {R,N}.

Next, among all pooling outcomes, we identify the most profitable pooling equilibrium for the R-type firm.

The price p∗pool,S that maximizes πR,pool,S is given as below:

(a) if δ̄S ≥ 0,

p∗pool,S = pH(δ̄S) =



q+cR+δ̄Sτ
2 , if δ̄S ≤ δ3

δ̄S , if δ3 < δR ≤ δ2 and cR ≤
q(τ+

√
τ−2)

2

τ2−5τ+4

q+cR−cRτ
2(1−τ) , if δ2 < δ̄S ≤ δ1 and τ < 1/2 and cR <

q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

q+cR+δ̄S
2 , otherwise

,

where δ1, δ2, and δ3 are given in Equations (10);

(b) if δ̄S < 0,

p∗pool,S = pL(δ̄S) =


q+cR+δ̄Sτ

2 , if − (q−cR)(1−
√

1−τ)
τ < δ̄S ≤ 0

q+cR
2 , if δ̄S ≤ − (q−cR)(1−

√
1−τ)

τ

.

In the R-type firm’s most profitable pooling equilibrium, the R-type and N-type firm’s corresponding
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profits are given as below:

π∗R,pool,S =

πR,L(δ̄S), if δ̄S < 0

πR,H(δ̄S), if δ̄S ≥ 0
, (17a)

π∗N,pool,S =

πN,L(δ̄S), if δ̄S < 0

πN,H(δ̄S), if δ̄S ≥ 0
, (17b)

where

πR,H(δ̄S) =



(q−cR+δ̄Sτ)2

4q , if δ̄S ≤ δ3

(δ̄S − cR)(τ + (1− τ)(1− δ̄S
q )), if δ3 < δ̄S ≤ δ2 and cR ≤

q(τ+
√
τ−2)

2

τ2−5τ+4

(q−cR(1−τ))2

4q(1−τ) , if δ2 < δ̄S ≤ δ1 and τ ≤ 1/2 and cR ≤
q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

τ (q+δ̄S−cR)2

4q , otherwise

,

πN,H(δ̄S) =



(−cR+δ̄Sτ+q)(cR−2cN+δ̄Sτ+q)
4q , if δ̄S ≤ δ3

(δ̄S − cN )(τ + (1− τ)(1− δ̄S
q )), if δ3 < δ̄S ≤ δ2 and cR ≤

q(τ+
√
τ−2)

2

τ2−5τ+4

(cR(τ−1)+q)(2cN (τ−1)+cR(1−τ)+q)
4q(1−τ) , if δ2 < δ̄S ≤ δ1 and τ ≤ 1/2 and cR ≤

q
(

2τ2−7τ+4
τ−1 +4

√
(1−τ)τ

)
5τ−4

τ(−cR+δ̄S+q)(−2cN+cR+δ̄S+q)
4q , otherwise

,

πR,L(δ̄S) =


(q−cR+δ̄Sτ)2

4q , if − (q−cR)(1−
√

1−τ)
τ < δ̄S ≤ 0

(1− τ) (q−cR)2

4q , if δ̄S ≤ − (q−cR)(1−
√

1−τ)
τ

, and

πN,L(δ̄S) =


(q+cR+δ̄Sτ−2cN )(q−cR+δ̄τ)

4q , if − (q−cR)(1−
√

1−τ)
τ < δ̄S ≤ 0

(1− τ) (q−cR−2cN )(q−cR)
4q , if δ̄S ≤ − (q−cR)(1−

√
1−τ)

τ

.

At last, we provide a supporting belief system. Many belief systems can support the above pooling

equilibrium and one example is as follows:

µ∗pool(R|p, S) =

γS , if p = p∗pool,S

0, otherwise
. (18)

This completes the proof of Lemma 3.

Proof of Lemma 4. We prove Lemma 4 for δ̄S ≥ 0 and δ̄S < 0, respectively.

(a) δ̄S ≥ 0: Taking derivative of p∗pool,S with respect to τ , γS , δR, and δN , we can show that
∂p∗pool,S
∂τ ≥ 0,

∂p∗pool,S
∂γS

≥ 0,
∂p∗pool,S
∂δR

≥ 0, and
∂p∗pool,S
∂δN

≤ 0; taking derivative of π∗R,pool,S with respect to τ , γS , δR, and

δN , we can show that
∂π∗

R,pool,S

∂τ ≥ 0,
∂π∗

R,pool,S

∂γS
≥ 0,

∂π∗
R,pool,S

∂δR
≥ 0, and

∂π∗
R,pool,S

∂δN
≤ 0; taking derivative of

π∗N,pool,S with respect to τ , γS , δR, and δN , we can show that
∂π∗

N,pool,S

∂τ ≥ 0,
∂π∗

N,pool,S

∂γS
≥ 0,

∂π∗
N,pool,S

∂δR
≥ 0,
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and
∂π∗

N,pool,S

∂δN
≤ 0. The detailed expressions can be obtained via cumbersome calculations, which we omit

for brevity.

(b) δ̄S < 0: Taking derivative of p∗pool,S with respect to τ , γS , δR, and δN , we can show that
∂p∗pool,S
∂τ ≤ 0,

∂p∗pool,S
∂γS

≥ 0,
∂p∗pool,S
∂δR

≥ 0, and
∂p∗pool,S
∂δN

≤ 0; taking derivative of π∗R,pool,S with respect to τ , γS , δR, and

δN , we can show that
∂π∗

R,pool,S

∂τ ≤ 0,
∂π∗

R,pool,S

∂γS
≥ 0,

∂π∗
R,pool,S

∂δR
≥ 0, and

∂π∗
R,pool,S

∂δN
≤ 0; taking derivative of

π∗N,pool,S with respect to τ , γS , δR, and δN , we can show that
∂π∗

N,pool,S

∂τ ≤ 0,
∂π∗

N,pool,S

∂γS
≥ 0,

∂π∗
N,pool,S

∂δR
≥ 0,

and
∂π∗

N,pool,S

∂δN
≤ 0. The detailed expressions can be obtained via cumbersome calculations, which we omit

for brevity.

This completes the proof of Lemma 4.

Equilibrium Outcome

Definition of LMSE. There are two types of perfect Bayesian equilibrium (PBE) in our setting: separating

and pooling. Since the PBE concept does not impose any restrictions on the out-of-equilibrium beliefs, there

may exist multiple PBE. We adopt the Lexicographically Maximum Sequential Equilibrium (LMSE), which

is proposed and formalized by Mailath et al. (1993), to refine the equilibrium outcomes. We provide the

definition of LMSE for our setting below.

Definition. (Lexicographically Maximum Sequential Equilibrium) In a signaling game G, we denote the set

of pure-strategy perfect Bayesian equilibria by PBE(G). We denote the set of types by {R,N} and the

j-type player’s payoff by πj(σ) under strategy profile σ ∈ PBE(G). The strategy profile σ ∈ PBE(G)

lexicographically dominates (l-dominates) σ′ ∈ PBE(G) if πR(σ) > πR(σ′), or πR(σ) = πR(σ′) and πN (σ) >

πN (σ′). The profile σ ∈ PBE(G) is an LMSE if there does not exist σ′ ∈ PSE(G) that l − dominates σ.

The LMSE refinement chooses the unique, most-efficient outcome from the perspective of the type that

has the most incentives to reveal its identity, i.e., the R-type firm in our setting. In our model, a PBE is an

LMSE if it is the R-type firm’s most profitable outcome among all PBE. If there are multiple most profitable

outcomes for the R-type firm, a PBE is also the N-type firm’s most profitable outcome.

Lemma 1 and Lemma 3 have characterized the most profitable (least-cost) separating and most profitable

(most-efficient) pooling equilibrium outcomes for the R-type firm, respectively. We can use the LMSE re-

finement to show that other separating and pooling equilibrium outcomes will be l − domianted by the most

profitable separating and pooling equilibrium outcomes; therefore other equilibria cannot be LMSE. In the

following proof of Proposition 3, we use the LMSE refinement to show the unique equilibrium outcome.

Proof of Proposition 3. Let σ∗sep = (p∗R,sep, p
∗
N,sep, µ

∗
sep) denote the least-cost separating equilibrium as

characterized in Lemma 1 with the belief µ∗sep given in Equation (16), and σ∗pool = (p∗pool,S , µ
∗
pool) denote the

most-efficient pooling equilibrium as characterized in Lemma 3 with the belief µ∗pool given in (18).

We complete the proof of Proposition 3 in five steps. Step 1, we define γ∗. Step 2, we show that when

γS < γ∗, the least-cost separating equilibrium σ∗sep exists. Step 3, we show that when γS < γ∗, σ∗sep is the

42



unique LMSE. Step 4, we show that when γS > γ∗, σ∗pool exists. Step 5, we show that when γS > γ∗, σ∗pool is

the unique LMSE.

Step 1. One can easily verify that the R-type firm’s profit in the least-cost separating equilibrium,

π∗R,sep (see Equation (14)), is independent in γS , while the R-type firm’s profit in the most-efficient pooling

equilibrium, π∗R,pool,S (see Equation (17a)) is strictly increasing in γS or first independent of γS and then

strictly increasing in γS . Moreover, one can verify that when γS = 1, π∗R,pool ≥ π∗R,sep; when γS = 0,

π∗R,pool < π∗R,sep. Thus, there exists a unique γ∗ ∈ [0, 1] such that π∗R,pool,S > π∗R,sep when γS > γ∗ and

π∗R,pool,S < π∗R,sep when γS < γ∗. Moreover, one can also verify that when γS > γ∗, then π∗N,pool,S > π∗N,sep.

Step 2. To show that the least-cost separating equilibrium σ∗sep exists when γS < γ∗, we just need to

show the following:

(1) Given the belief system µ∗sep(R|p, S) , the R-type firm cannot be strictly better off by deviating from

strategy p∗R,sep to any other strategy p, i.e.,

π∗R,sep ≥ max
p 6=p∗R,sep

πR(p|µ∗sep(R|p, S)). (19)

By the definition of γ∗ in Step 1, we have π∗R,sep > π∗R,pool,S when γS < γ∗. By the definition of π∗R,pool,S

in Lemma 3, π∗R,pool,S = maxp πR(p|µ(R|p, S) = γS). Since πR(p|µ(R|p, S)) increases in µ(R|p, S), we have

π∗R,sep > π∗R,pool,S = maxp πR(p|µ(R|p, S) = γS) ≥ maxp πR(p|µ(R|p, S) = 0) ≥ maxp 6=p∗R,sep πR(p|µ∗sep(R|p, S)).

Thus, Equation (19) holds.

(2) Given the belief system µ∗sep(R|p, S), the N-type firm cannot be strictly better off by deviating from

strategy p∗N,sep to any other strategy p, i.e.,

π∗N,sep ≥ max
p 6=p∗N,sep

πN (p|µ∗sep(R|p, S)). (20)

By the definition of Φ and p∗R,sep in the proof of Lemma 1, π∗N,sep ≥ πN (p∗R,sep|µ∗sep(R|p∗R,sep, S) =

1) since p∗R,sep ∈ Φ. For any p 6= p∗R,sep, we have π∗N,sep = π̂∗N = maxp πN (p|µ(R|p, S) = 0) ≥

maxp 6=p∗N,sep πN (p|µ∗sep(R|p, S) = 0). Thus, Equation (20) holds.

Therefore, when γS < γ∗, the least-cost separating equilibrium σ∗sep exists.

Step 3. In this step, we show that when γS < γ∗, the least-cost separating equilibrium σ∗sep is the unique

LMSE. Based on the definition of LMSE in our setting, a PBE is LMSE iff it is the R-type firm’s most

profitable outcome among all PBE, and, conditional on it being the most profitable for the R-type firm, it is

also the N-type firm’s most profitable outcome.

Given the definition of γ∗ in Step 1, and the definitions of the least-cost separating equilibrium σ∗sep and

the most-efficient pooling equilibrium σ∗pool in Lemma 1 and Lemma 3, respectively, when γS < γ∗, the least-

cost separating equilibrium is the unique most profitable equilibrium outcome for the R-type firm and thus it

is the unique LMSE.

Step 4. To show that the most-efficient pooling equilibrium σ∗pool exists when γS > γ∗, we just need to

show the following:
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(1) Given the belief system µ∗pool(R|p, S), the R-type firm cannot be strictly better off by deviating from

strategy p∗pool,S to any other strategy p, i.e.,

π∗R,pool,S ≥ max
p6=p∗pool,S

πR(p|µ∗pool(R|p, S)). (21)

By the definition of π∗R,pool,S in the proof of Lemma 3, we have π∗R,pool,S = maxp πR(p|µ(R|p, S) =

γS). Since πR(p|µ(R|p, S)) increases in µ(R|p, S), we have π∗R,pool,S = maxp πR(p|µ(R|p, S) = γS) ≥

maxp 6=p∗pool,S πR(p|µ∗pool(R|p, S) = 0). Thus, Equation (21) holds.

(2) Given the belief system µ∗pool(R|p, S), the N-type firm cannot be strictly better off by deviating from

strategy p∗pool,S to any other strategy p, i.e.,

π∗N,pool,S ≥ max
p 6=p∗pool,S

πN (p|µ∗pool(R|p, S)). (22)

In Step 1, we have shown that when γS > γ∗, π∗N,pool,S > π∗N,sep = π̂∗N = maxp πN (p|µ(R|p, S) = 0) ≥

maxp 6=p∗pool,S πN (p|µ∗pool(R|p, S) = 0). Thus, Equation (22) holds.

Therefore, when γS > γ∗, the most-efficient pooling equilibrium σ∗pool exists.

Step 5. In this step, we show that when γS > γ∗, the most-efficient pooling equilibrium σ∗pool is the

unique LMSE. Based on the definition of LMSE in our setting, a PBE is LMSE iff it is the R-type firm’s most

profitable outcome among all PBE, and if conditional on it being the most profitable for the R-type firm, it

is also the N-type firm’s most profitable outcome.

Given the definition of γ∗ in Step 1, and the definitions of the least-cost separating equilibrium σ∗sep and

the most-efficient pooling equilibrium σ∗pool in Lemma 1 and Lemma 3, respectively, when γS > γ∗, the most-

efficient pooling equilibrium σ∗pool is the unique most profitable equilibrium for the R-type firm and thus it is

the unique LMSE.

Combining all the above steps completes the proof of Proposition 3.

Proof of Corollary 1. One can easily verify that γ0 < γ1. Note Proposition 3 shows that given the

signal S ∈ {0, 1}, by applying the LMSE refinement, when γS < γ∗, the equilibrium type is the least-cost

separating; when γS > γ∗, the equilibrium type is the most-efficient pooling.

Thus, if γ0 < γ1 < γ∗, the equilibrium type is separating when the signal S = 0 or S = 1; if γ∗ < γ0 < γ1,

the equilibrium outcome is pooling when the signal S = 0 or S = 1; if γ0 < γ∗ < γ1, the equilibrium outcome

is pooling when the signal S = 1 and is separating when S = 0.

Proof of Proposition 4. Given the signal S, the j-type firm’s ex-post profit in the equilibrium is given

by

π∗j,S =

π
∗
j,sep if γS < γ∗

π∗j,pool,S if γS > γ∗
.
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Before the signal is revealed, the j-type firm’s ex-ante expected profit in the equilibrium is given by

E[π∗j ] = Pr(S = 1|j) · π∗j,1 + Pr(S = 0|j) · π∗j,0.

Recall from Lemma 2 that in the separating equilibrium, the R-type firm’s ex-post profit is not monotonic

in τ , and from Lemma 4 that in the pooling equilibrium, the R-type firm’s ex-post profit increases in τ when

δ̄S > 0 and decreases in τ when δ̄S < 0. Thus, the R-type firm’s ex-post profit π∗R,S is not monotonic in τ for

any signal S ∈ {0, 1}. One can easily verify that the R-type firm’s ex-ante profit E[π∗R] is not monotonic in τ ,

either.

Recall from Lemma 2 that in the separating equilibrium, the N-type firm’s ex-post profit decreases in

τ , and from Lemma 4 that in the pooling equilibrium, the N-type firm’s ex-post profit increases in τ when

δ̄S > 0 and decreases in τ when δ̄S < 0. Moreover, at the equilibrium type switching point (i.e., γS = γ∗,

which is a function of τ), the N-type firm’s profit in the pooling equilibrium is strictly higher than that in

the separating equilibrium (i.e., πN,pool,S > π∗N,sep), so there exists a discontinuous upward jump when the

equilibrium switches from separating to pooling as τ increases. Thus, the N-type firm’s ex-post profit π∗N,S is

not monotonic in τ for any signal S ∈ {0, 1}. One can easily verify that the N-type firm’s ex-ante profit E[π∗N ]

is not monotonic in τ , either.

Proof of Proposition 5. Recall from Lemma 2 that in the separating equilibrium, the R-type firm’s

ex-post profit increases in δR and decreases in δN , and from Lemma 4 that in the pooling equilibrium, the

R-type firm’s ex-post profit increases in δR and decreases in δN . Moreover, the R-type firm’s ex-post profit

in the equilibrium is continuous in both δR and δN . Thus, the R-type firm’s ex-post profit in the equilibrium

π∗R,S increases in δR and decreases in δN for any signal S ∈ {0, 1}. Given the definition of ex-ante profit in

Equation (9), the R-type firm’s ex-ante profit E[π∗R] also increases in δR and decreases in δN .

Recall from Lemma 2 that in the separating equilibrium, the N-type firm’s ex-post profit decreases in

δN and is independent of δR, and from Lemma 4 that in the pooling equilibrium, the N-type firm’s ex-post

profit increases in δR and decreases in δN . At the equilibrium type switching point (i.e., γS = γ∗, which is a

function of δN and δR), the N-type firm’s profit in the pooling equilibrium is strictly higher than that in the

separating equilibrium (i.e., πN,pool,S > π∗N,sep), that is, there exists a discontinuous upward jump from sepa-

rating to pooling. As δR or δN increases, the equilibrium type may switch from separating to pooling or from

pooling to separating (see Figure 4). Thus, the N-type firm’s ex-post profit π∗N,S is not monotonic in δR and

δN . One can easily verify that the N-type firm’s ex-ante profit E[π∗N ] is not monotonic in δR and δN , either.

Proof of Proposition 6. Recall from Lemma 2 that in the separating equilibrium, each type firm’s ex-

post profit is independent of γS , and that Lemma 4 shows that in the pooling equilibrium, each type of firm’s

ex-post profit increases in γS . Moreover, the R-type firm’s ex-post profit in the equilibrium is continuous in

γS . As γS increases from below γ∗ to above γ∗, the equilibrium type switches from separating to pooling,

and there exists a discontinuous upward jump for the N-type firm’s profit at γS = γ∗. Thus each type firm’s
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ex-post profit in the equilibrium increases in γS , i.e.,
∂π∗

j,S

∂γS
≥ 0 for j ∈ {R,N} and S ∈ {0, 1}.

Note that
∂π∗

j,S

∂ρR
=

∂π∗
j,S

∂γS
· ∂γS∂ρR

and
∂π∗

j,S

∂ρN
=

∂π∗
j,S

∂γS
· ∂γS∂ρN

for j ∈ {R,N} and S ∈ {0, 1}. Moreover, we have

∂γ1
∂ρR
≥ 0, ∂γ1

∂ρN
≥ 0, ∂γ0

∂ρR
≤ 0, and ∂γ0

∂ρN
≤ 0. Therefore,

∂π∗
j,1

∂ρR
≥ 0,

∂π∗
j,1

∂ρN
≥ 0,

∂π∗
j,0

∂ρR
≤ 0, and

∂π∗
j,0

∂ρN
≤ 0, for

j ∈ {R,N}. This completes the proof of Proposition 6.

Proof of Proposition 7. The R-type firm’s ex-ante profit is given by E[π∗R] = Pr(S = 1|R) · π∗R,1 + Pr(S =

0|R) · π∗R,0 = (γ + ρR(1 − γ))π∗R,1 + (1 − ρR)(1 − γ)π∗R,0. Taking derivative of E[π∗R] with respect to ρR and

ρN , we have:

∂E[π∗R]

∂ρN
= (γ + ρR(1− γ))

∂π∗R,1
∂ρN

+ (1− ρR)(1− γ)
∂π∗R,0
∂ρN

, and

∂E[π∗R]

∂ρR
= (1− γ)(π∗R,1 − π∗R,0) + (γ + ρR(1− γ))

∂π∗R,1
∂ρR

+ (1− ρR)(1− γ)
∂π∗R,0
∂ρR

.

Through tedious calculations, one can verify that
∂E[π∗

R]
∂ρN

≥ 0 and
∂E[π∗

R]
∂ρR

≥ 0. We omit the detailed expressions

for brevity. Thus, E[π∗R] increases in ρN and ρR.

The N-type firm’s ex-ante profit is given by E[π∗N ] = Pr(S = 1|N) · π∗N,1 + Pr(S = 0|N) · π∗N,0 =

(1− ρN )γπ∗N,1 + (1− γ + ρNγ)π∗N,0. Taking derivative of E[π∗N ] with respect to ρR and ρN , we have:

∂E[π∗N ]

∂ρN
= γ(π∗N,0 − π∗N,1) + (1− ρN )γ

∂π∗N,1
∂ρN

+ (1− γ + ρNγ)
∂π∗N,0
∂ρN

, and

∂E[π∗N ]

∂ρR
= (1− ρN )γ

∂π∗N,1
∂ρR

+ (1− γ + ρNγ)
∂π∗N,0
∂ρR

.

Again one can verify that
∂E[π∗

N ]
∂ρN

and
∂E[π∗

N ]
∂ρR

could be either positive or negative. We omit the detailed expres-

sions for brevity. Thus, E[π∗N ] may increase or decrease in ρN and ρR. This completes the proof of Proposition

7.

Proof of Proposition 8. Taking derivative of ∆j with respect to ρN and ρR, we have
∂∆j

∂ρN
=

∂π∗
j,1

∂ρN
− ∂π∗

j,0

∂ρN

and
∂∆j

∂ρR
=

∂π∗
j,1

∂ρR
− ∂π∗

j,0

∂ρR
. Recall that in Proposition 6, we have shown that

∂π∗
j,1

∂ρN
≥ 0,

∂π∗
j,0

∂ρN
≤ 0,

∂π∗
j,1

∂ρR
≥ 0, and

∂π∗
j,0

∂ρR
≤ 0. Thus,

∂∆j

∂ρN
≥ 0 and

∂∆j

∂ρR
≥ 0.

Taking derivative of E[∆R] with respect to ρN and ρR, we have ∂E[∆R]
∂ρN

= (γ + ρR(1 − γ))∂∆R

∂ρN
≥ 0 and

∂E[∆R]
∂ρR

= (γ + ρR(1− γ))∂∆R

∂ρR
+ (1− γ)∆R ≥ 0.

Taking derivative of E[∆N ] with respect to ρN and ρR, we have ∂E[∆N ]
∂ρN

= (1 − ρN )γ ∂∆N

∂ρN
− γ∆N and

∂E[∆N ]
∂ρR

= (1 − ρN )γ ∂∆N

∂ρR
≥ 0. One can easily verify that ∂E[∆N ]

∂ρN
could be either positive or negative. This

completes the proof of Proposition 8.

C. Discussion on Intuitive Criterion

In the main paper, we have applied the LMSE concept to refine the equilibrium outcome. Another commonly

used alternative is the Intuitive Criterion (Cho and Kreps, 1987). As to be shown later, the unique equilibrium

that survives the Intuitive Criterion is the least-cost separating equilibrium characterized in Lemma 1 and
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any pooling equilibrium will be eliminated by the Intuitive Criterion. The effects of δN , δR, and τ on the

equilibrium outcome are shown in Lemma 2.

As shown in Lemma 2, we know that the R-type firm’s profit is increasing in the consumers’ reward

level (i.e., δR), decreasing in their punishment level (i.e., δN ), but is not monotonic in the fraction of R-type

consumers (i.e., τ), whereas the N-type firm’s profit is decreasing in τ and δN , but is independent of δR.

Recall from the symmetric information case, the R-type firm’s profit always increases in τ and δR, and it is

independent of δN . The comparison indicates that under asymmetric information, the R-type firm’s profit

might even decrease in τ and δN in the equilibrium: As more consumers become socially responsible or their

punishment level for the N-type firm increases, the N-type firm has a stronger incentive to mimic the R-type

firm and thus, the R-type has to incur a higher signaling cost to separate from the N-type firm, which leads to

a lower profit. This indicates that the main driving forces and intuition in our model are fairly robust under

different equilibrium refinement tools.

In addition, in the least-cost separating equilibrium, the consumers’ posterior belief about the firm’s type

γS is irrelevant. Thus, obtaining the certification or not has no effect on the final equilibrium outcome. As a

result, the ex-ante and the ex-post outcomes are identical in the least-cost separating equilibrium.

Finally, we use the following four steps to show that the least-cost separating equilibrium is the unique

equilibrium that survives the Intuitive Criterion. Step 1, we show that all separating equilibria except the

least-cost separating equilibrium fail the Intuitive Criterion. Step 2, we show that all pooling equilibria fail

the Intuitive Criterion. Step 3, we show that the least-cost separating equilibrium exists. Step 4, we show

that the least-cost separating equilibrium survives the Intuitive Criterion.

Step 1. Let σsep = (pR,sep, pN,sep, µsep) denote any separating equilibrium in which the R-type firm’s

strategy is pR,sep ∈ Φ and pR,sep 6= p∗R,sep and the N-type firm’s strategy is pN,sep = p̂∗N . Let πR(σsep) denote

the R-type firm’s profit in the equilibrium σsep and π̂∗N is the N-type firm’s profit in σsep.

If σsep survives the Intuitive Criterion, then it must satisfy the following condition: If there exists any strat-

egy p such that π̂∗N > maxµ(R|p,S) πN (p|µ(R|p, S)) = πN (p|µ(R|p, S) = 1), then πR(σsep) ≥ πR(p|µ(R|p, S) =

1). However, in the proof of Lemma 1, we have shown that π̂∗N > πN (p∗R,sep|µ(R|p∗R,sep, S) = 1), and

πR(σsep) < π∗R,sep = πR(p∗R,sep|µ(R|p∗R,sep, S) = 1), which violates the condition and thus σsep fails the

Intuitive Criterion.

Step 2. Let σpool = (ppool, µpool) denote any pooling equilibrium in which each type of firm’s strategy

is ppool. Let πj(σpool) denote the j-type firm’s profit in the equilibrium σpool. If σpool survives the Intuitive

Criterion, then it must satisfy the following condition: If there exists any strategy p such that πN (σpool) >

maxµ(R|p,S) πN (p|µ(R|p, S)) = πN (p|µ(R|p, S) = 1), then πR(σpool) ≥ πR(p|µ(R|p, S) = 1).

Solving πN (σpool) > πN (p|µ(R|p, S) = 1) leads to p > ¯̃pN or p < p̃
N

; and solving πR(σpool) < πR(p|µ(R|p, S) =

1) leads to p̃
R
< p < ¯̃pR. One can verify that ¯̃pN < ¯̃pR. Thus, there exists a small enough ε > 0

such that p′ ≡ ¯̃pR − ε > max{ ¯̃pN , p̃R}. Thus, p′ > ¯̃pN and p′ ∈ (p̃
R
, ¯̃pR). When p = p′, we have

πN (σpool) > πN (p′|µ(R|p′, S) = 1) and πR(σpool) < πR(p′|µ(R|p′, S) = 1), which violates the condition

and thus σpool fails the Intuitive Criterion.
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Step 3. Let σ∗sep = (p∗R,sep, p
∗
N,sep, µ

∗
sep) denote the least-cost separating equilibrium as characterized in

Lemma 1 with the belief µ∗sep given in Equation (16). To show that the least-cost separating equilibrium σ∗sep

exists, we just need to show the following:

(1) Given the belief system µ∗sep(R|p, S), the R-type firm cannot be strictly better off by deviating from

strategy p∗R,sep to any other strategy p, i.e.,

π∗R,sep ≥ max
p 6=p∗R,sep

πR(p|µ∗sep(R|p, S)). (23)

One can verify that maxp πR(p|µ(R|p, S) = 0) =


(q−cR−δNτ)2

4q , if δN < (q−cR)(1−
√

1−τ)
τ

(1− τ) (q−cR)2

4q , otherwise
and π∗R,sep ≥

maxp πR(p|µ(R|p, S) = 0) always hold. Thus, Equation (23) holds.

(2) Given the belief system µ∗sep(R|p, S), the N-type firm cannot be strictly better off by deviating from

strategy p∗N,sep to any other strategy p, i.e.,

π∗N,sep ≥ max
p 6=p∗N,sep

πN (p|µ∗sep(R|p, S)). (24)

By the definition of Φ and p∗R,sep in the proof of Lemma 1, π∗N,sep ≥ πN (p∗R,sep|µ∗sep(R|p∗R,sep, S) =

1) since p∗R,sep ∈ Φ. For any p 6= p∗R,sep, we have π∗N,sep = π̂∗N = maxp πN (p|µ(R|p, S) = 0) ≥

maxp 6=p∗N,sep πN (p|µ∗sep(R|p, S) = 0). Thus, Equation (24) holds.

Therefore, the least-cost separating equilibrium σ∗sep exists.

Step 4. To show that σ∗sep survives the Intuitive Criterion, we only need to show the following:

(1) If there exists any strategy p such that π∗N,sep > maxµ(R|p,S) πN (p|µ(R|p, S)) = πN (p|µ(R|p, S) = 1), then

π∗R,sep ≥ πR(p|µ(R|p, S) = 1).

(2) If there exists any strategy p such that π∗R,sep > maxµ(R|p,S) πR(p|µ(R|p, S)) = πR(p|µ(R|p, S) = 1), then

π∗N,sep ≥ πN (p|µ(R|p, S) = 0).

In the proof of Lemma 1, we define π∗R,sep = maxp∈Φ πR(p|µ(R|p, S) = 1), where Φ = {p : π∗N,sep ≥

πN (p|µ(R|p, S) = 1)}. Thus, condition (1) holds. Since π∗N,sep = π̂∗N = maxp πN (p|µ(R|p, S) = 0), condition

(2) also holds. Therefore, the least-cost separating equilibrium σ∗sep survives the Intuitive Criterion.

Combining all the above steps confirms that the least-cost separating equilibrium is the unique equilibrium

that survives the Intuitive Criterion.
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