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Responsible Sourcing under Asymmetric Information:

Price Signaling vs. Supplier Disclosure

Abstract

Given the growth in socially conscious consumption, firms are increasingly concerned with

sourcing from responsible suppliers. However, a firm’s sourcing decisions are not always appar-

ent to consumers. Therefore, we investigate two mechanisms, signaling and disclosure, which a

firm can use to communicate its sourcing decisions to consumers in a setting where only some

consumers care about the firm’s sourcing practices. We develop a supplier selection model with

an embedded game in which the firm signals its supplier choice through price. Then, motivated

by the observation that some firms have begun to disclose their supplier information, we consider

a model in which the firm may voluntarily disclose information, but at a cost. We find that,

under signaling alone, a firm which sources from a more responsible supplier may distort its price

upward to signal its responsible sourcing. This leads to reduced profit, implying that the firm may

have an incentive to source from a less responsible supplier. However, if supplier disclosure is an

option, the firm will choose to source responsibly if the disclosure cost is small and the proportion

of socially conscious consumers is large. Our findings highlight the importance of transparency

and socially conscious consumption in driving responsible sourcing.

Keywords: Responsible sourcing, signaling game, voluntary disclosure, supply chain transparency



1 Introduction

Over the past few decades, firms in many industries have sought to enhance efficiency by procuring

inputs and manufacturing capacity from suppliers in lower-cost economies. For example, in the

apparel industry, more than 95 percent of today’s products are globally-sourced, with China and

Southeast Asia being the leading exporters (Ha-Brookshire, 2017). Such a low-cost sourcing strategy

enables firms to offer competitive prices. However, in today’s environment, price is not the only factor

that matters to consumers, and thus it is not sufficient for a firm to consider only procurement cost

when selecting its suppliers. In particular, to meet the demands of more socially conscious consumers,

firms must also consider social, ethical and environmental factors when selecting suppliers (Lee and

Tang, 2018). Unfortunately, suppliers in low-cost economies will sometimes cut corners and use

practices such as employing child labor, maintaining poor working conditions and using hazardous

substances. These practices can have negative consequences both for society and for the firms that

purchase from those suppliers. For example, the April 2013 collapse of the Rana Plaza building

in Bangladesh, which housed five garment factories, killed 1,132 workers and injured 2,500 others.

Some global apparel brands that were known to source from Bangladesh suffered significant economic

losses and reputation damage as a result of this disaster (Jacobs and Singhal, 2017).

In response to tragic events such as the Rana Plaza collapse, consumers are paying increased

attention to the sourcing practices of leading firms and brands (Guo et al., 2016). Socially conscious

consumption, in which consumers make active choices regarding the firms they support and the

practices they endorse, has been increasing (Nielson, 2014; Baker, 2015). In recent years, there

have been numerous organized boycotts of products that were found to be produced by irresponsible

or unethical suppliers (Makarem and Jae, 2016).1 In many respects, socially conscious consumers

are key drivers behind the move towards responsible sourcing, and they play a central role in the

development of responsible supply chains (OECD, 2008). As a result, the treatment of the labor force,

the safety of the production environment and the well-being of the communities where production

occurs, are of increasing concern to both global firms and their end-consumers (Lee and Tang, 2018).

When making sourcing decisions in the presence of socially conscious consumers, firms must

1The Ethical Consumer website produces a comprehensive list of current boycott calls from socially conscious
consumers (http://www.ethicalconsumer.org/boycotts/boycottslist), and the list is updated on a regular basis.
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evaluate the trade-off between cost savings and the potential negative consequences of sourcing from

low-cost suppliers. This trade-off is complicated by the fact that a firm’s sourcing practices are often

unobservable to consumers, even when the firm sources from responsible suppliers (Lee et al., 2017).

In other words, there may be information asymmetry between the firm and its consumers regarding

the degree of responsibility of the supplier. In that case, when a firm decides to invest in responsible

sourcing, it may also seek ways to communicate that decision to consumers. A number of different

mechanisms are available to a firm that seeks to communicate with consumers, e.g., advertising,

investing in its brand reputation, pricing, etc. See, for example, Kirmani and Rao (2000) for a

review of the mechanisms firms can use to communicate unobservable quality to consumers.

In this paper, we consider the two mechanisms that are most relevant in the context of responsible

sourcing. First, the firm may use selling price to signal its sourcing practices, where a high price

would indicate more responsible sourcing practices. Researchers in marketing have a long history of

studying the use of price to signal a product’s quality, and have found that signaling is particularly

useful when consumers have limited information regarding the product quality2. In our problem,

“quality” represents the degree of responsible sourcing, an attribute that is generally difficult for

consumers to directly observe. Alternatively, a firm may directly disclose its supplier information to

consumers. For example, in response to consumers’ demand for greater supply chain transparency,

a number of firms have disclosed their suppliers in recent years (New, 2010; Kraft et al., 2018b).

Apple released the names of its major suppliers in 2012, bringing the firm in line with other large

American corporations, including Hewlett-Packard, Intel and Nike (Wingfield and Duhiggjan, 2012).

In a recent survey by Oxfam, five of the top twelve fashion retailers in Australia have taken actions

to ensure the transparency of their supply chains, with the rest remaining secretive (Oxfam, 2016).

A firm that chooses to directly disclose its supplier information will often incur a cost to do so.

This disclosure cost may arise due to the fact that the firm not only needs to disclose the identity of

their supplier, but must also document the supplier’s degree of responsibility in a credible manner.

For example, the firm may need to obtain third-party certification of their supplier (Guo and Zhao,

2009), or use other forms of externally-validated product labeling (Pigors and Rockenbach, 2016), in

order to credibly communicate their supplier’s level of responsibility. This disclosure cost can also

2See, for example, https://www.psychologytoday.com/us/blog/the-science-behind-behavior/201802/when-high-
prices-attract-consumers-and-low-prices-repel-them, as well as the research articles cited therein.
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reflect the effort involved in “setting up, using and monitoring a transparent reporting system” to

share detailed supplier information (Marshall et al., 2016).

Motivated by these observations, we study a firm’s responsible sourcing decision in the presence

of socially conscious consumers with asymmetric information regarding supplier selection and we

seek to answer the following questions: (1) What is a firm’s optimal responsible sourcing decision?

(2) What are the factors that influence that decision? In particular, how do information asymmetry

and socially conscious consumption affect the firm’s decision? (3) What is the value to the firm of

the ability to disclose supplier information? The answers to these questions will shed light on the

impact of market transparency and socially conscious consumption on responsible sourcing practices.

We develop a framework that incorporates socially conscious consumption into a firm’s sourc-

ing decision. A firm chooses between a more responsible, but more expensive, supplier and a less

responsible, but less expensive, supplier. Consumers are heterogeneous in their valuation for social-

responsibility, i.e., there are two consumer segments. Socially conscious consumers care about the

firm’s sourcing practices, while non-socially conscious consumers obtain the same value from the

product regardless of which supplier is selected and whether that supplier experiences a violation.

Our model of consumer valuations is designed specifically for the responsible sourcing context and

reflects the fact that socially conscious consumers can drive responsible sourcing.

Given this framework, we consider two settings with asymmetric information, in which consumers

cannot observe the firm’s sourcing decision. In the first, the firm does not have the opportunity to

disclose its supplier choice. In this case, since the firm must communicate its supplier choice through

price, a signaling game is embedded into the sourcing model. In the second, the firm does have

the opportunity to disclose supplier information to consumers, but at a cost. For each setting, we

characterize the optimal sourcing decision for the firm, and evaluate how that decision changes with

the size of the socially conscious segment of consumers. We also compare the settings with and

without disclosure to examine the value of supplier information disclosure to the firm.

For both settings, we find that the firm selects the responsible supplier when the size of the socially

conscious segment and the penalty cost for a violation are sufficiently large. This result is consistent

with the conventional wisdom that more socially conscious consumption will drive more responsible

sourcing practices, as will more substantial violation penalties, e.g., the potential for significant
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reputational damage when a violation occurs. We also find that a firm is most likely to source

responsibly under symmetric information and least likely to source responsibly under asymmetric

information when there is no opportunity for disclosure. In the setting with signaling through price

and no opportunity for disclosure, the firm will source responsibly only when the size of the socially

conscious segment and the penalty cost for a violation are substantial. However, providing firms the

opportunity to disclose their supplier choice, even when disclosure incurs a cost, can increase the

degree of responsible sourcing. These results are due to the fact that, when disclosure is not an option,

a firm which sources responsibly must distort the price upward to distinguish itself from a firm which

does not source responsibly. This price distortion can be significant and the resulting decrease in

demand and lost revenue can outweigh the benefits of responsible sourcing. However, if the firm has

the opportunity to disclose, doing so can eliminate the price distortion, making responsible sourcing

more attractive.

Finally, the main insights and contributions of this paper can be summarized as follows. First,

we study a firm’s sourcing problem in a non-transparent market where consumers cannot observe

the sourcing decision, and we examine how this sourcing decision is influenced by socially conscious

consumption and the recently observed practice of disclosing supplier information. Thus, we study

the interplay between a firm’s sourcing decision and its communication strategy. Second, our results

have important practical implications for firms and other stakeholders who are concerned with supply

chain social responsibility. Our findings highlight the detrimental effect of information asymmetry

on the development of socially responsible supply chains. Third, we demonstrate that the recent

practice of supplier information disclosure can increase the degree of responsible sourcing in settings

with asymmetric information, particularly when the disclosure cost is not too large and the population

of socially conscious consumers is substantial. Taken together, our results imply that stakeholders,

such as governments and NGOs, should focus on both improving market transparency, by encourag-

ing firms to make their suppliers more visible, and promoting socially conscious consumption among

consumers. The latter can be achieved through education and training about the importance of

socially conscious consumption, while the former can be achieved by creating repositories or clearing

houses for supplier information or by serving as a source of independent monitoring and verification

of supplier disclosures. More transparency will help to reduce information asymmetry and ultimately
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drive firms to source in a more responsible manner. Critically, our findings highlight the fact that

either measure by itself may not achieve the desired outcome.

2 Literature Review

Several streams of literature are related to this research. First, there is a growing literature on

sustainable operations, a general discussion of which can be found in Lee and Tang (2018). We will

focus on reviewing papers relevant to responsible sourcing. Chen and Lee (2017) study a buyer’s

optimal contracting problem when the buyer has incomplete information regarding its supplier’s

ethical level. Unlike Chen and Lee (2017), we do not consider the buyer’s contract design decision

and instead focus on the buyer’s sourcing problem given that the buyer must signal its supplier choice

to consumers. Thus, we use a signaling framework, which is different from the screening framework

used in Chen and Lee (2017). Research in this area has also considered whether the buyer should

disclose its supplier selection. Chen et al. (2019) consider a setting in which a supplier may have either

high or low compliance, and the buyer is aware of the supplier’s type. The authors consider whether

the buyer should disclose the supplier’s identity in the presence of an NGO who may choose to audit

the supplier. This paper does not model the consumer’s decision-making or the impact of price

signaling. Kalkanci and Plambeck (2018) also study a buyer’s decision regarding whether to disclose

the supplier selection, but in a setting where two buyers may compete for supplier capacity. While

the supplier may have responsibility violations, those violations do not affect consumer preferences.

Thus, price signaling and the disclosure of suppliers to consumers are not considered. Kraft et al.

(2018a) consider a setting in which a buyer sources from a supplier whose level of social responsibility

(SR) is private. The buyer, endowed with an imperfect signal regarding the supplier’s SR level from

an audit, determines the level of investment in the supplier to increase its SR level. In Kraft et al.

(2018a), the consumers’ belief update, which is integral to price signaling and disclosure, is not

explicitly modeled. The authors show that the firm is least likely to disclose when the supplier

has average responsibility level, while we find that the high-responsibility firm may disclose (when

the disclosure cost is low) and the low-responsibility firm will never disclose. This result is due

to the fact that, in our signaling model, the low-responsibility firm always obtains the first-best

profit in equilibrium, which eliminates the need to reveal (at a cost) its supplier type, while the
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high-responsibility firm may distort its price, which makes direct disclosure a viable communication

channel.

In the responsible sourcing literature, the paper most closely related to ours is Guo et al. (2016),

who consider a model with two consumer segments, i.e., socially conscious and non-socially conscious

consumers, and a buyer who can source from two possible suppliers, i.e., a responsible supplier and a

non-responsible supplier. Guo et al. (2016) focus on characterizing the optimal sourcing strategy for

the buyer when consumers have complete information regarding responsibility violations. However,

Section 6 of Guo et al. (2016) also discusses a setting in which consumers do not observe the buyer’s

sourcing decision. While this resembles our model setting with asymmetric information, Guo et al.

(2016) assume that the buyer may “freely represent a product as ‘responsible’ or ‘not responsible’,

regardless of its sourcing decision, and consumers naively believe whatever the firm claims regarding

the responsibility of its product.” Therefore, since there is no belief updating by the consumers, price

signaling and supplier disclosure are not relevant. These model differences lead to some contrasting

findings between Guo et al. (2016) and our paper. First, Guo et al. (2016) find that an increase in

the number of socially conscious consumers may cause the firm to use less responsible sourcing due

to the firm’s strategic shift in targeting different segments of the market. In contrast, absent market

segmentation, we find that an increase in the number of socially conscious consumers will always lead

to more responsible sourcing even under asymmetric information. Second, while Guo et al. (2016)

find that the firm’s profit is increasing in the size of the socially conscious segment, we find that

the high-responsibility (low-responsibility) firm’s profit is non-monotone (decreasing) in the size of

the socially conscious segment. This non-monotone result is driven by the price distortion arising

from the high-responsibility firm’s signaling behavior, i.e., the price distortion is larger when there

are more socially conscious consumers. Further, we derive insights into the value of the disclosure

opportunity and how this value is affected by the key parameters, which are absent from Guo et al.

(2016).

Our paper is also related to the substantial literature on signaling games. See Kreps and Sobel

(1994) and Riley (2001) for comprehensive reviews. Here, we focus on the literature that is most

closely related to ours, which considers the signaling of private quality. Within this stream, various

mechanisms have been proposed, including price (Bagwell and Riordan, 1991; Jiang et al., 2014;
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Jiang and Yang, 2019; Judd and Riordan, 1994), advertising (Milgrom and Roberts, 1986; Erdem

et al., 2008), money-back guarantees (Moorthy and Srinivasan, 1995), warranty (Grossman, 1981),

specialization (Kalra and Li, 2008), scarcity (Stock and Balachander, 2005), and certification (Auriol

and Schilizzi, 2015). One of our models also uses price as an instrument to signal the responsibility

of the firm’s supplier. As noted by Jiang and Yang (2019), most of the signaling literature considers

settings in which quality is exogenously-specified. In contrast, Jiang and Yang (2019) consider quality

signaling in a two-period model with endogenous quality, where second-period consumers can learn

about quality from first-period consumers, given that the firm has private information regarding its

cost efficiency. Other works with endogenous quality include Judd and Riordan (1994), who examine

the price and quality decisions for a monopoly in a two-period model where the firm can improve

quality in the first period. They find that even a small amount of information derived from purchase

in the first period can justify using price to signal quality. Qian et al. (2015) study a brand’s quality

decisions along two dimensions (searchable and experiential) when competing with counterfeiters in

emerging markets. Since some consumers cannot differentiate between the brand and counterfeit

products, there exists information asymmetry between the counterfeiters and consumers. Etile and

Teyssier (2016) present an experimental study of signaling of corporate social responsibility, which

is endogenously determined, through certification and unsubstantiated claims.

Although our paper also considers signaling with endogenous quality (i.e., the firm’s supplier

selection is endogenous), the problem setting and research questions are different from the literature.

We use a signaling model to study how socially conscious consumption affects a firm’s sourcing

decision under asymmetric information, and shed light on the role of socially conscious consumers in

driving responsible supply chains. We use a model of consumer valuations designed specifically for the

responsible sourcing context. In addition to confirming that a similar price distortion occurs in our

signaling game, we find some results that are unique to our problem context. First, increasing the size

of the socially conscious segment aggravates the price distortion and, as a result, a high-responsibility

firm may not always benefit from the increasing popularity of socially conscious consumption. Second,

the value of disclosure is increasing in the size of socially conscious segment, and decreasing in the

low-responsibility firm’s compliance level and in the cost of the high-responsibility firm.3 Finally, we

3The value of disclosure is the difference between the high-responsibility firm’s profits under symmetric and asym-
metric information. Although it is intuitive that this value is non-negative, we characterize the conditions under which
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compare the firm’s sourcing decision under different communication mechanisms, which enables us

to develop unique insights regarding when responsible sourcing is most likely to occur.

Our paper is related to the vast literature on discretionary information disclosure of quality.

A well-known result of quality disclosure is “unraveling,” which refers to the process of the best

quality firm disclosing first in order to distinguish itself from lower quality firms. Once the best firm

discloses, the second best firm has the same incentive to disclose, and so forth until all but the worst

firm discloses (Grossman, 1981; Milgrom, 1981). Subsequent studies have identified various factors

that lead to partial disclosure or non-disclosure. These include positive disclosure cost (Verrecchia,

1983), uncertainty about information value (Jung and Kwon, 1988), naive inferences about non-

disclosure (Stivers, 2004) and competition in multiple markets (Arya et al., 2010). Relevant to

social responsibility, Doshi et al. (2013) examine how organizational characteristics moderate the

establishment’s responses to a prominent environmental information disclosure program and provide

empirical evidence characterizing heterogeneous responses by those mandated to disclose information.

Our paper differs from this literature in that we endogenize the firm’s sourcing decision and study

how the firm communicates that choice to consumers in the context of responsible sourcing (via price

signaling and direct disclosure).

Finally, our paper shares some similarity to a handful of papers that involve both signaling

and disclosure. Fishman and Hagerty (2003) study a seller’s disclosure and pricing decisions in a

setting in which not all consumers understand the disclosed information. While these “uninformed”

consumers cannot understand the information content, they may update their belief based on the

price, together with the fact that the seller has disclosed information. In contrast, the non-socially

conscious consumers in our model simply do not care about the type of the firm and hence do not

update their belief. Other notable differences include zero disclosure cost and zero production cost in

Fishman and Hagerty (2003), while we consider heterogeneous production costs for the suppliers, as

well as a positive disclosure cost. Our findings show that the disclosure cost plays an important role in

determining whether or not the firm discloses the supplier type, while Fishman and Hagerty (2003)

find that voluntary disclosure may not occur when the fraction of uninformed customers is high.

Daughety and Reinganum (2008a) develop a unified model of disclosure and signaling by considering

this value is positive and identify when disclosure has the most value.
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a continuum of firm types. Their focus is on examining the optimal communication strategy for each

type of the firm, and the authors show that high-type firms disclose while low-type firms signal. A

similar model is also developed by Daughety and Reinganum (2008b) to study a firm’s disclosure of

product safety information. This paper highlights the important role played by the firm’s liability

for a consumer’s harm in the firm’s optimal decisions. Guo (2009) considers a firm that may disclose

quality directly to consumers or indirectly through its retailers. In a special case of this model, the

author also analyzes a setting in which disclosure only reaches a subset of consumers, and thus price

may be used as a signal. Our paper differs from these papers in at least three respects. First, we

consider two segments of consumers (i.e., socially conscious and non-socially conscious consumers),

and we study the effect of the size of socially conscious segment of consumers on the firm’s decisions,

profit and the value of disclosure. Second, we endogenize the firm’s sourcing decision, while the

product quality in these previous models is exogenously given. Third, we examine how the value of

the disclosure opportunity is affected by the key parameters, such as the size of socially conscious

segment, the price premium for products sold by a socially responsible firm, and the compliance

level. These specific features of our model enable us to derive some unique, nontrivial insights for

the responsible sourcing context, as discussed in Section 1.

3 Problem Definition and Model Formulation

In this section, we present our problem definition, model assumptions and formulation. We first

describe the sourcing decision faced by the firm and our model of consumer valuations. We then

present our formulation of the profits earned by the firm as a function of price, and provide some

preliminary results that will be used throughout the paper.

Table 2 in Appendix A summarizes our notation. For the key model output, i.e., the equilibrium

prices, profits and thresholds that characterize the firm’s sourcing decision, we present results for

three settings. For a given output (e.g., x), we use overline (e.g., x̄) for the setting in which consumers

have perfect information regarding the supplier’s type, while we use the superscripts S (e.g., xS) and

D (e.g., xD) for the settings with price signaling and voluntary disclosure, respectively.

9



3.1 Sourcing Decision and Supplier Characteristics

The firm sources a product from an external supplier and sells that product to consumers. For

example, the firm may be a brand manufacturer (i.e., an OEM), while the supplier is a contract

manufacturer (CM). The firm has the opportunity to select a more responsible supplier or a less

responsible supplier. We interpret the supplier’s responsibility as the extent or degree of its compli-

ance with regulations or standards. We use θi to denote the probability that a supplier of type-i,

for i ∈ {l, h}, complies with regulations or standards, where 1 − θi represents the probability that

the supplier has a violation of regulations or standards. The type-h supplier always complies with

standards and regulations, i.e., θh = 1. The type-l supplier is less compliant, with 0 < θl < 1. Sourc-

ing from a type-h supplier is more costly than sourcing from a type-l supplier due to the additional

equipment, labor or other inputs needed to ensure compliance (McWilliams and Siegel, 2001). Thus,

we let ci denote the unit sourcing cost for the type-i supplier, where ch > cl. Further, we scale the

costs so that cl = 0. If the firm sources from the type-l supplier, violations may occur. We assume

that the firm incurs a fixed penalty cost, K > 0, if its supplier is found to have a violation. This cost

may be the result of interventions or mitigation efforts taken by the firm, e.g., internal investigations

or external publicity campaigns in response to reported labor violations by a supplier, or it may

represent a fine imposed by the government or other entity. Finally, if the firm sources from the

type-h (type-l) supplier, we refer to it as a high-responsibility (low-responsibility) firm.

3.2 Consumer Valuation Model

We assume that consumers are heterogeneous in terms of how much they care about or value supplier

responsibility. To model this heterogeneity, we consider two segments of consumers. The socially

conscious consumers care about the social responsibility of the supply chain, while the non-socially

conscious consumers are indifferent to social responsibility. The proportion of socially conscious

consumers is α, where 0 ≤ α ≤ 1, and that of non-socially conscious consumers is 1 − α. Without

loss of generality, we normalize the total number of consumers to be one.

To capture the differences in product valuation for socially conscious and non-socially conscious

consumers, we assume that each consumer has a base valuation for the product, denoted by ṽ, which

represents the consumer’s value, or willingness to pay, for the product’s functionality or basic quality.
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To capture heterogeneity in these base valuations across the population of consumers, we assume

that ṽ follows a standard uniform distribution. Thus, F (v) = Pr(ṽ ≤ v) = v for 0 ≤ v ≤ 1 is the

cumulative distribution function (CDF) of ṽ. Further, we let F̄ (v) = Pr(ṽ > v) = 1− v.

Since non-socially conscious consumers are indifferent to the firm’s sourcing practices, they make

their purchase decision based only on the product’s functionality or basic quality. In other words,

they have total valuations equal to ṽ, regardless of whether the supplier experiences a violation.

In contrast, socially conscious consumers also care about the firm’s sourcing practices. If the firm

sources from a supplier that does not experience a violation, the valuations of the socially conscious

consumers will be (1 + δ)ṽ, where δ ≥ 0 represents the additional value gained when no violation

occurs. On the other hand, if the firm sources from a supplier that experiences a violation, we assume

that the valuation is reduced to 0 for all socially conscious consumers4.

Consumers make their purchase decisions before they know whether a social responsibility viola-

tion has occurred. This assumption would apply, for example, in the case of the Rana Plaza building

collapse. As discussed above, the factories in the building manufactured apparel for a number of

US brands and many consumers purchased apparel from those brands before the tragedy occurred.

While violations of safety standards at those factories may have been ongoing for some time prior to

the tragedy, for the purposes of modeling consumer valuations, what matters is that those violations

are realized (i.e., become known) by consumers after their purchase decision. As a result, consumer

purchase decisions are based on expected utility, which depends on the probability that a viola-

tion will occur. Table 1 summarizes the valuations for socially conscious and non-socially conscious

consumers, and shows the expected valuations given the firm sources from a type-i supplier.

Table 1: Consumer valuations of the product from the type-i supplier
Socially conscious consumers Non-socially conscious consumers

Compliance (1 + δ)ṽ ṽ

Violation 0 ṽ

Expectation θi(1 + δ)ṽ ṽ

4In reality, it is possible that socially conscious consumers may still have a positive valuation for the base product if
a violation occurs. For example, the valuation given a violation could be written as (1−∆)ṽ for some 0 ≤ ∆ < 1, which
would imply that socially conscious consumers impose a lower penalty on the low-responsibility firm when violations
occur. Intuitively, this would imply that the two types of firm are less differentiated, which would make it more
difficult for the high-responsibility firm to separate itself from the low-responsibility firm. Thus, it is likely that socially
conscious consumption would play a smaller role in promoting responsible sourcing in this case.

11



We next consider what values of δ make sense in practice. We argue that two conditions should

hold to reflect the fact that the existence of socially conscious consumers promotes responsible

sourcing. First, for a high-responsibility firm, the expected valuation of socially conscious consumers

should be more than that of non-socially conscious consumers. This implies that θh(1 + δ)ṽ > ṽ,

where θh = 1, which implies δ > 0. Second, for a low-responsibility firm, the expected valuation

of socially conscious consumers should be less than that of non-socially conscious consumers. This

implies that θl(1 + δ)ṽ < ṽ, which implies δ < 1−θl
θl

. Thus, overall, we require 0 < δ < (1− θl)/θl.

3.3 Price, Demand and Profits

In addition to making the sourcing decision, the firm must select the selling price, p, to charge

to consumers. Given this price, we use unj (p) and ucj(p) to denote the expected net utility from

purchasing a unit of product when the consumer believes the firm sources from a type-j supplier,

for non-socially conscious and socially conscious consumers, respectively. Given Table 1, for non-

socially conscious consumers, we have unj (p) = ṽ−p, which is independent of supplier type, while for

socially conscious consumers, we have ucj(p) = θj(1 + δ)ṽ − p, which is dependent on supplier type.

Without loss of generality, we assume the reservation utility for all consumers is zero. Therefore, the

probability that non-socially conscious consumers purchase when the firm is believed to source from

the type-j supplier is Pr(unj (p) ≥ 0) = F̄ (p), while the probability that socially conscious consumers

purchase when the firm is believed to source from the type-j supplier is Pr(ucj(p) ≥ 0) = F̄
(

p
(1+δ)θj

)
.

Given the price p, the total demand function for a firm that is believed to source from a type-j

supplier, including demand from both types of consumers, can be written as:

dj(p) = αF̄

(
p

(1 + δ)θj

)
+ (1− α)F̄ (p). (1)

It is straightforward to show that dh(p) ≥ dl(p). Thus, for a given price, a firm that is believed to be

high-responsibility has a weakly higher demand than a firm that is believed to be low-responsibility.

Finally, we can write the profits for a firm that sources from a type-i supplier, charges price p,
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and is believed by consumers to source from a type-j supplier, denoted by Πij(p), as follows:

Πij(p) = (p− ci)dj(p)− (1− θi)K = (p− ci)
[
αF̄

(
p

(1 + δ)θj

)
+ (1− α)F̄ (p)

]
− (1− θi)K. (2)

3.4 Preliminary Results

Let p̄ij denote the maximizer of Πij(p) and let Π̄ij ≡ Πij(p̄ij) denote the optimal profit when a firm

that sources from the type-i supplier is believed to source from the type-j supplier. For notational

simplicity, when j = i, i.e., when consumers have perfect information regarding the supplier’s type,

we write p̄i ≡ p̄ii and Π̄i ≡ Π̄ii, for i = l, h. We can now state the following preliminary results:

Proposition 1 When ch < (1 + δ)θl

(
2− 1

α+(1−α)(1+δ)θl

)
, the following results hold:

(i) The optimal profits satisfy Π̄lh > Π̄hh > Π̄hl and Π̄lh > Π̄ll > Π̄hl.

(ii) When consumers have perfect information regarding the supplier’s type, Π̄h = Π̄hh increases

in α, while Π̄l = Π̄ll decreases in α, and the optimal sourcing decision can be characterized by

two thresholds on the fixed penalty cost, K̄L and K̄U , such that:

– If K > K̄U , then the firm should source from the type-h supplier for all α.

– If K̄L ≤ K ≤ K̄U , then there exists a threshold on α, denoted by ᾱ, such that the firm

should source from the type-h supplier for α > ᾱ and from the type-l supplier if α < ᾱ.

– If K < K̄L, then the firm should source from the type-l supplier for all α.

The assumption on ch in Proposition 1 is required to ensure that each type of firm sees positive

demand from socially conscious consumers, given the optimal price. We assume this condition holds

for the remainder of the paper. Part (i) of Proposition 1 indicates that the low-responsibility firm

earns the largest profit when it is believed to be a high-responsibility firm, which implies that the

low-responsibility firm has a strong incentive to mimic the high-responsibility firm. Part (ii) specifies

the optimal sourcing decision under symmetric information. When the penalty cost for a violation

is large (small), the firm sources from the more (less) responsible supplier. When the penalty cost is

moderate, that decision depends on the size of the socially conscious segment. When the proportion

of socially conscious consumers is large (small), the firm sources from the more (less) responsible
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supplier. Finally, K̄L can be negative (a closed form expression for K̄L can be found in the proof of

Proposition 1). When that happens, the final case in part (ii) of Proposition 1 will not occur.

We next consider two different problem settings in which the type of supplier selected by the

firm is unobservable to consumers. By comparing the results of these two settings, we will be able to

evaluate the benefit to the firm of having an opportunity to credibly reveal its supplier choice and

to characterize the impact of that opportunity on the firm’s responsible sourcing decision.

4 Signaling by Price

We next consider a model with signaling, in which the firm uses price as a signal to consumers of

its social responsibility level. The firm first determines which type of supplier to source from. In

doing so, the firm must balance cost efficiency, responsibility risk and potential efficiency loss due

to information asymmetry. Next, having chosen the type of supplier, the firm determines the price

charged to consumers. After observing the price, consumers form a belief about the type of the

supplier and make a purchase decision. Finally, if the selected supplier is type-l, the violation result

is realized, i.e., the firm and consumers observe whether or not the supplier has a violation.

We use the perfect Bayesian equilibrium (PBE) concept to characterize the equilibrium outcomes

for the game. In general, there are two types of PBE for a signaling game, i.e., separating equilibrium

and pooling equilibrium (Osborne and Rubinstein, 1994). In the former, different types of firm charge

different prices to consumers, and after observing the prices, consumers can correctly infer the type

of the firm. In the latter, both types of firm charge the same price and thus consumers cannot

distinguish the types. A common challenge when analyzing signaling games is the existence of

multiple equilibria. To identify reasonable outcomes, researchers have studied various equilibrium

refinement rules. The most commonly used is the intuitive criterion principle (Cho and Kreps, 1987),

which we apply in this paper. In Appendix B, we demonstrate that, under the intuitive criterion,

the result must be a separating equilibrium. Thus, in this section we only present results for the

separating equilibria.

We characterize the unique separating equilibrium that survives the intuitive criterion. To do

so, we define p to be the unique price satisfying Πlh(p) = Π̄l, with p > p̄lh. Intuitively, p is the
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price for the low-responsibility firm such that the firm is indifferent between consumers correctly

and incorrectly inferring its type, i.e., the low-responsibility firm earns a profit of Πlh(p) = Π̄l by

charging a price p even when this price leads consumers to believe it is a high-responsibility firm.

Charging a higher price, i.e., p > p, makes the low-responsibility firm worse off. Further, we know

from Proposition 1 that the low-responsibility firm has an incentive to mimic the high-responsibility

firm. Thus, in a separating equilibrium, the high-responsibility firm needs to separate itself from the

low-responsibility firm by charging a high price so that the low-responsibility firm will not find it

worthwhile to mimic the high-responsibility firm. Formally, we have the following result:

Proposition 2 In the presence of asymmetric information, the unique separating equilibrium that

survives the intuitive criterion satisfies the following:

(i) For the low-responsibility firm, pSl = p̄l and ΠS
l = Π̄l.

(ii) For the high-responsibility firm, pSh = max{p, p̄h} > pSl , where p satisfies Πlh(p) = Π̄l, with

p > p̄lh. Further, there exists a threshold on α, denoted by αPD, where αPD < ᾱ, such that

– If α ≤ αPD, pSh = p̄h and ΠS
h = Π̄h. In this case, there is no price distortion.

– If α > αPD, pSh = p > p̄h and ΠS
h ≤ Π̄h. The price distortion, p− p̄h, increases in α.

In the proof of Proposition 2, we first demonstrate that there exists a continuum of separating

equilibria for our signaling game. In these equilibria, the low-responsibility firm always charges

the first-best price, i.e., pSl = p̄l, while the high-responsibility firm charges a price that is at least

max{p, p̄h}. These equilibria are supported by the consumer belief that if the price is high, i.e.,

p ≥ pSh , then the firm is high-responsibility. Otherwise, if the price is low, the firm is believed to

be low-responsibility. Proposition 2 goes further and indicates that there is a unique separating

equilibrium that survives the intuitive criterion, in which the high-responsibility firm charges the

price pSh = max{p, p̄h}.

The unique equilibrium identified in Proposition 2 is the most efficient among all separating equi-

libria because it has the highest profit for the high-responsibility firm. Further, when the proportion

of socially conscious consumers is small (i.e., α < αPD), the high-responsibility firm charges the first-

best price, i.e., pSh = p̄h, which implies ΠS
h = Π̄h. However, when the size of the socially conscious
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segment of consumers is large, i.e., when α > αPD, there will be upward price distortion for the

high-responsibility firm, i.e., pSh > p̄h, which leads to efficiency loss for the high-responsibility firm,

i.e., ΠS
h ≤ Π̄h. This price distortion increases with the proportion of socially conscious consumers

because a larger proportion of socially conscious consumers implies that the low-responsibility firm

has a greater incentive to mimic the high-responsibility firm.5 As a result, to separate itself from the

low-responsibility firm, the high-responsibility firm must make it difficult for the low-responsibility

firm to mimic it by charging a price that is higher than the first-best price.

We next characterize the impact of socially conscious consumption on the firm’s price and profit.

Proposition 3 Consider the equilibrium characterized in Proposition 2. We obtain:

(i) pSl and ΠS
l decrease in α.

(ii) pSh increases in α, while ΠS
h has the following behavior:

– If ch >
1−(1+δ)θl√

1−θl
, then ΠS

h increases in α.

– If ch <
1−(1+δ)θl√

1−θl
, then there exists a threshold on α, denoted by α̃ > αPD, such that ΠS

h

increases in α for α < α̃ and decreases in α for α > α̃.

While the price and profit of the low-responsibility firm decrease as the proportion of socially

conscious consumers (α) increases, the high-responsibility firm’s price always increases in α. The

implication for consumers is that, with growing awareness of socially responsible sourcing, they must

prepare to pay a higher price for products from a high-responsibility firm. The impact of α on the

profit of the high-responsibility firm depends on the unit sourcing cost, ch. When the cost is large,

that profit increases as the proportion of socially conscious consumers increases. However, when the

cost is small, that profit first increases and then decreases in α. The decrease in profit is due to the

fact that the price distortion becomes more severe as α increases.

Although not shown analytically, from numerical analysis we find that δ also affects the behav-

ior of the high-responsibility firm’s profits. Specifically, as shown in Figure 1, the impact of the

proportion of socially conscious consumers on the high-responsibility firm’s profit depends on δ,

5To see this result, we can show that Π̄lh− Π̄l increases in α; that is, the low-responsibility firm’s incentive to mimic
the high-responsibility firm becomes stronger as the proportion of socially conscious consumers increases.
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Figure 1: Effect of α and δ on high-responsibility firm’s profit under signaling

which represents the extent to which the value obtained by socially conscious consumers from com-

pliance exceeds the value obtained by non-socially conscious consumers. When socially conscious

consumers obtain no additional value (i.e., δ = 0), the firm’s profit decreases as the proportion of

socially conscious consumers increases. As discussed above, having a larger proportion of socially

conscious consumers implies that, in order to separate itself from the low-responsibility firm, the

high-responsibility firm must charge a higher price. This higher price can lead to reduced demand

and profit. However, when δ is large, the high-responsibility firm can charge a high price and differ-

entiate itself from the low-responsibility firm without reducing its profit because the higher valuation

obtained by the socially conscious consumers implies that they are more willing to accept the high

price. Thus, Figure 1 shows that the negative impact of having a larger proportion of socially con-

scious consumers can be mitigated when those socially conscious consumers place more value on

compliance (i.e., when δ is larger).

Finally, we examine the firm’s optimal sourcing decision when supplier choice is unobservable.

Proposition 4 Let KS ≡ ch(1−
√

1−θl)
2(1−θl) ≥ 0. Given the equilibrium characterized in Proposition 2,

the firm’s optimal sourcing decision is as follows:

(i) If K > K̄U , then the firm should source from the type-h supplier for all α.

(ii) If KS ≤ K ≤ K̄U , then there exists a threshold on α, denoted by αS ∈ (ᾱ, 1], such that the firm
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should source from the type-h supplier for α ≥ αS and from the type-l supplier for α < αS.

(iii) If K < KS, then the firm should source from the type-l supplier for all α.

When the penalty cost for a violation is sufficiently small (i.e., K < KS), the firm sources from the

type-l supplier. It is useful to consider a special case in which there is no violation penalty, i.e., K = 0.

In that case, under symmetric information, the firm will sometimes source from the type-h supplier

(i.e., when θl is sufficiently small and α is sufficiently large). However, under asymmetric information,

the firm always sources from the type-l supplier. Examination of the equilibrium price reveals that the

high-responsibility firm must significantly distort the price upward in order to distinguish itself from

the low-responsibility firm (i.e., p > p̄h) because the low-responsibility firm has a strong incentive

to mimic the high-responsibility firm. This price distortion leads to significant efficiency losses and

the high-responsibility firm earns lower profit than the low-responsibility firm. In contrast, when the

penalty cost for a violation is large (i.e., K ≥ KS), the firm can earn a higher profit by sourcing from

a type-h supplier when the size of the socially conscious segment of consumers, α, is sufficiently large.

Although the degree of price distortion for the high responsibility firm increases with α, the revenue

gain from the larger market segment can outweigh the associated loss of efficiency if α is sufficiently

large. The impact of the penalty cost on the results highlights the importance of regulatory measures,

such as those which impose fines on firms when their suppliers are found to violate regulations or

standards, in the development of socially responsible supply chains.

The results in this section highlight the detrimental effect of information asymmetry on the high-

responsibility firm’s profit. These results have implications for the firm’s sourcing decision, implying

that the firm will often be willing to take the risk of sourcing from the less responsible supplier, even

when such a choice would not be optimal under symmetric information.

5 Voluntary Disclosure of Supplier Information

In recent years, consumers have been demanding greater supply chain transparency (New, 2010;

Kraft et al., 2018b). In response, an increasing number of firms have started to disclose information

regarding their sourcing practices. In this section, we study a setting where, in addition to using price

as a signaling tool, the firm can also disclose supplier information at a fixed cost denoted by γ ≥ 0.
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As discussed in Section 1, this cost may be due to the firm’s desire to make its disclosed supplier

information credible to consumers. Thus, the cost may be due to the need to obtain third-party

certification or another form of externally-validated product labeling (e.g., Free Trade certification),

or the need to develop a transparent supplier reporting system.

If the firm decides to disclose its supplier information, we assume that information is truth-

ful. This assumption is realistic for settings in which the disclosure is accompanied by third-party

certification of the supplier. More generally, the assumption is reasonable because, once supplier

information is disclosed, external auditors, unions and non-profit organizations will be able to inde-

pendently evaluate the suppliers’ performance with regard to responsibility, and the firm may incur

significant damage to its reputation if it is found to be lying about its sourcing practices. For ex-

ample, U.S. consumers recently filed suit against three major tuna fish brands, claiming that their

use of the dolphin-safe label was deceptive (Stempel, 2019). Further, in recent years, supply chain

transparency regulations have been enacted in several developed countries to help consumers make

more informed purchase choices.6

Supplier information, if disclosed, is always truthful. However, if the firm does not disclose,

consumers will form beliefs about the type of supplier based on the price charged by the firm, and

then make a purchase decision. The following proposition characterizes the firm’s equilibrium pricing

and disclosure strategies.

Proposition 5 Suppose the firm can disclose its supplier information at a cost γ. Then:

(i) If γ ≤ Π̄h − ΠS
h , there exists an equilibrium in which the high-responsibility firm discloses its

supplier type and sets price pDh = p̄h, while the low-responsibility firm does not disclose and

sets price pDl = p̄l. The equilibrium profits are ΠD
h = Π̄h − γ ≥ ΠS

h and ΠD
l = Π̄l.

(ii) If γ > Π̄h − ΠS
h , neither the high- or low-responsibility firms will disclose their supplier type.

The equilibrium is identical to that characterized in Proposition 2, i.e., pDl = pSl = p̄l and

pDh = pSh = max{p, p̄h}. The equilibrium profits are ΠD
h = ΠS

h and ΠD
l = Π̄l.

6For example, The California Transparency in Supply Chains Act, which went into effect in January 2012, requires
large firms to report on their specific supply chain social responsibility actions (Harris, 2015). In 2015, the UK
introduced the Transparency in Supply Chain Provisions in the Modern Slavery Act 2015, which requires certain
businesses (with an annual turnover above £36 million) to publish an annual statement explaining the steps they have
taken to ensure there is no modern slavery in their supply chains (Kelly, 2015). A similar law was enforced in Australia
in 2018 (https://www.legislation.gov.au/Details/C2018A00153).
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(iii) The value of the disclosure opportunity to the high-responsibility firm, i.e., Π̄h − ΠS
h , is non-

decreasing in α and non-increasing in θl and ch.

When the disclosure cost is large, neither the high- or low-responsibility firms disclose their supplier

type and the problem reduces to the model without disclosure in Section 4. However, when the

disclosure cost is small, there exists a separating equilibrium in which the high-responsibility firm

discloses its supplier type while the low-responsibility firm does not. In this case, the opportunity to

disclose supplier information completely eliminates price distortion for the high-responsibility firm,

which leads to a lower price and benefits consumers.

Using Proposition 5, we can evaluate the effects of α and γ on the high-responsibility firm’s

disclosure decision and profit. When the proportion of socially conscious consumers is small (α ≤

αPD), by Proposition 2 we have ΠS
h = Π̄h, and thus the firm will not disclose regardless of the

disclosure cost. When the proportion of socially conscious consumers is large (α > αPD), the firm

will disclose for sufficiently small disclosure cost (γ) and earn profit ΠD
h = Π̄h−γ, which is decreasing

in γ. If the disclosure cost is too large, the firm will not disclose and will earn profit ΠD
h = ΠS

h . Finally,

as the proportion of socially conscious consumers increases, disclosure becomes more likely, due to

the fact, by Proposition 2, that the price distortion increases in α. In other words, with a larger

socially conscious segment, the firm is willing to disclose for higher values of the disclosure cost.

Proposition 5 also indicates that the value of the disclosure opportunity to the high-responsibility

firm increases as the level of compliance of the low-type supplier (θl) decreases. When θl is small, the

two types of supplier are more distinct, and thus there is a stronger incentive for the low-responsibility

firm to mimic the high-responsibility firm because doing so leads to a greater profit for the low-

responsibility firm. To distinguish itself from the low-responsibility firm, the high-responsibility

firm must charge a much higher price, leading to more price distortion under price signaling and a

higher value of disclosure. In addition, the value of disclosure increases as the unit cost of the high-

type supplier (ch) decreases. When ch increases, the high-responsibility firm’s optimal profit under

symmetric information decreases, which leads to a smaller gain from the disclosure opportunity.

Although analytical results regarding the impact δ on the value of the disclosure opportunity to

the high-responsibility firm are not possible, we can obtain numerical results. Specifically, Figure 2

shows the value of the disclosure opportunity as a function of δ and α, where δ represents the ex-

20



0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 0.2 0.4 0.6 0.8 1

V
al

u
e 

o
f 

D
is

cl
o

su
re

 O
p
p

o
rt

u
n
it

y

d = 0 d = 0.2 d = 0.4 d = 0.6

a

Figure 2: Value of disclosure opportunity for high-responsibility firm vs. δ

tent to which the value obtained by socially conscious consumers from compliance exceeds the value

obtained by non-socially conscious consumers. When the proportion of socially conscious consumers

is small, there is no value of disclosure. However, as this proportion increases, so does the benefit

of disclosure. The value of disclosure is also increasing in δ. Further, with larger δ, the proportion

of socially conscious consumers, α, has a stronger impact on the value of disclosure. Thus, advocacy

groups and other organizations interested in promoting socially responsible sourcing and disclosure

of supplier information should work both to increase the proportion of consumers who care about

socially responsible sourcing (i.e., to increase α) and to increase how much these consumers care

about socially responsible sourcing (i.e., to increase δ).

To further understand the impact of socially conscious consumption on the high-responsibility

firm’s profit given the disclosure opportunity, we can define α̂ to be the unique value of α > αPD

such that γ = Π̄h −ΠS
h . Then, since Π̄h −ΠS

h increases in α, for a given γ we have

ΠD
h =


Π̄h if α < αPD,

ΠS
h if αPD ≤ α < α̂,

Π̄h − γ if α ≥ α̂.

We can now state the following result:

Proposition 6 The low-responsibility firm’s profit, ΠD
l , decreases in α. For a given γ, the high-

21



responsibility firm’s profit, ΠD
h , changes with α as follows:

� If ch >
1−(1+δ)θl√

1−θl
, then ΠD

h increases in α.

� If ch <
1−(1+δ)θl√

1−θl
, then ΠD

h increases in α for α ≤ min(α̃, α̂), decreases in α for α ∈ (min(α̃, α̂), α̂],

and then increases in α for α > α̂.
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Figure 3: Effect of α on the profit of high-responsibility firm (HRF) profit with disclosure opportunity

Figure 3 illustrates the results in Proposition 6 when θl = 0.7, ch = 0.2 and δ = 0.1, which belongs

to the second case of Proposition 6. For these parameter values, we obtain αPD = 0.11 and α̃ = 0.18.

However, α̂ depends on the disclosure cost γ. Figure 3 shows three possible cases for how the high-

responsibility firm’s profit varies with the size of socially conscious segment of consumers, α. In part

(a), the disclosure cost is small (γ = 0.0004) and α̂ = 0.15 < 0.18 = α̃. Therefore, min(α̃, α̂) = α̂

and the region in which ΠD
h decreases with α does not occur. Thus, the high-responsibility firm’s

profit always increases in α. This case is similar to the symmetric information setting in Proposition

1. In part (b), the disclosure cost is medium (γ = 0.02) and α̂ = 0.65. Therefore, min(α̃, α̂) = α̃ and

the region in which ΠD
h decreases with α does occur. Thus, the high-responsibility firm’s profit first

increases, then decreases, and finally increases in α. In part (c), the disclosure cost is large (γ = 0.07)

and α̂ > 1. Therefore, the region in which α > α̂ does not occur. Thus, the high-responsibility firm’s

profit first increases and then decreases in α. In this case, because the disclosure cost is large, the

high-responsibility firm will never disclose supplier information and the equilibrium will be the same

as in Section 4, i.e., Proposition 6 reduces to Proposition 3.

Finally, we consider the firm’s optimal sourcing decision when it has the opportunity to disclose.
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Proposition 7 Suppose the firm can disclose its supplier information at a cost γ. Let KD ≡

min

(
ch(1−

√
1−θl)

2(1−θl) , (1+δ)2θl−(1+δ−ch)2+4(1+δ)γ
4(1+δ)(1−θl)

)
. The firm’s optimal sourcing decision is as follows:

(i) If K > K̄U , then the firm should source from the type-h supplier for all α.

(ii) If KD ≤ K ≤ K̄U , then there exists a threshold on α, denoted by αD ∈ (ᾱ, 1], such that the firm

should source from the type-h supplier for α ≥ αD and from the type-l supplier for α < αD.

(iii) If K < KD, then the firm should source from the type-l supplier for all α.

Thus, when the penalty cost for a violation is sufficiently small (large), the firm will source from

the type-l (type-h) supplier. However, when the penalty cost is moderate, the supplier choice will

depend on the proportion of socially conscious consumers, with the type-h supplier preferred only

when that proportion is large. Also note that it is possible that KD is negative. In this case, i.e.,

when the parameter values are such that KD < 0, Proposition 7 reduces to two cases, i.e., K > K̄U

as given in part (i) of the proposition, and K ≤ K̄U as given in part (ii) of the proposition.

6 Impact of Information Structure on Responsible Sourcing

We next combine the results obtained so far to consider the impact of asymmetric information and

the opportunity to disclose information on the firm’s sourcing decision. We start by noting some

similarities and differences between the results for the different information structures:

Corollary 1 The following comparative results hold:

(i) Π̄h − Π̄l, ΠS
h −ΠS

l and ΠD
h −ΠD

l are increasing with α and decreasing with θl and ch;

(ii) Π̄h − Π̄l ≥ ΠD
h −ΠD

l ≥ ΠS
h −ΠS

l ;

(iii) ᾱ ≤ αD ≤ αS and K̄L ≤ KD ≤ KS ≤ K̄U .

Part (i) of the corollary implies that, for all information structures, the firm is more likely to source

responsibly when the size of the socially conscious segment is large, the probability of compliance

for the less responsible supplier is small, and the unit cost of the more responsible supplier is small.

Although it is difficult to obtain analytical results, numerical analysis indicates that for all three
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settings the firm is more likely to source responsibly when socially conscious consumers place more

value on compliance (i.e., when δ is large).

Parts (ii) and (iii) of Corollary 1 imply that the symmetric information setting leads to the highest

degree of responsible sourcing, while the setting in which supplier choice can only be communicated

through price leads to the lowest degree of responsible sourcing. Figure 4 demonstrates part (iii) of

Corollary 1. The figure shows that an increase in the size of the socially conscious segment will have

a more significant impact on responsible sourcing when consumers can observe the firm’s sourcing

decision. Thus, while socially conscious consumption plays a critical role in driving firms to source

responsibly in more transparent environments, increasing socially conscious consumption is less ef-

fective in motivating responsible sourcing when supplier information is unobservable to consumers.
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Figure 4: Impact of information structure on sourcing decision; in the figure, L (H) indicates that
sourcing from type-l (type-h) supplier is optimal for the information structure indicated

As seen in Figure 4, the differences in the thresholds (i.e., KS−KD and αS−αD) can be viewed as

a measure of the extent to which the disclosure opportunity promotes responsible sourcing, with larger

values implying that the disclosure opportunity is more important for promoting responsible sourcing.

Thus, to understand the impact of the input parameters on the value of the disclosure opportunity for

promoting responsible sourcing, we conducted a numerical study in which we performed sensitivity

analysis on KS−KD and αS−αD. See Appendix D for details. Figure 5 presents the results and can

be used to identify conditions under which the disclosure opportunity is particularly important for

encouraging responsible sourcing. As shown in Figure 5, when ch is small, θl is small and δ is large,
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Figure 5: Average values of KS −KD and αS − αD for various parameter values

both threshold differences are larger, and thus the disclosure opportunity is more important. Thus,

when there is a small difference in the unit costs of the two types of suppliers, a substantial difference

in the level of compliance between the two types of suppliers, and when socially conscious consumers

place a high value on compliance, providing the opportunity for supplier disclosure is critical for ex-

ternal stakeholders, such as regulatory bodies and NGOs, that seek to encourage responsible sourcing.

These results provide theoretical support for the introduction of supply chain transparency regula-

tions, such as the California Supply Chain Transparency Act in the US and the Modern Slavery Act

in the UK and Australia. These results may also provide a theoretical explanation for empirical find-

ings regarding the importance of market transparency in improving supply chain social responsibility

(Lee et al., 2017).

Figure 5 also indicates that disclosure can more effectively encourage responsible sourcing when
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the cost of disclosure, γ, is small. Thus, decreasing disclosure costs can drive more responsible

sourcing practices, and recent technological advances, such as block chain, Internet of Things and

social media, which have made the collection and dissemination of supply chain information easier

and less expensive, should result in more socially responsible sourcing. Finally, Figure 5 indicates

that the cost of disclosure has the most significant impact on KS −KD and αS − αD, and thus the

sourcing decision is most sensitive to this parameter.

Finally, we note that disclosure may help government agencies, NGOs and consumer groups

better monitor a supplier’s compliance with responsibility standards. In particular, if a violation

occurs and the firm has disclosed its supplier, it is more likely that the violation will become known

to the general public. To some extent, this is similar to saying that the act of disclosure will decrease

the probability of compliance for the type-l supplier, θl, or will increase the penalty cost associated

with a violation, K. Since our model assumes θl and K are the same regardless of whether the firm

uses disclosure, this dynamic, while interesting, is not captured by our model.

7 Conclusions and Future Research

Motivated by the observation that consumers increasingly care about the supply chain practices for

the products they purchase, this paper develops a model of a firm’s responsible sourcing decision. This

decision is complicated by the fact that, although the firm may source responsibly, consumers may not

be aware of the firm’s sourcing practices. Thus, the firm must develop methods for communicating

its supplier choice to consumers. We consider two commonly used communication mechanisms: price

signaling and direct disclosure, and we study the key trade-offs faced by the firm when making the

sourcing decision, including how the decision is influenced by the proportion of socially conscious

consumers, the penalty cost associated with a responsibility violation, and the disclosure cost.

We find that when the proportion of socially conscious consumers is large, a high-responsibility

firm must distort the price upward in order to deter a low-responsibility firm from mimicking it. This

implies that consumers may need to pay a higher price for products from a high-responsibility firm.

This price distortion also impacts the firm’s sourcing decision, i.e., it may cause the firm to source

from a less responsible supplier because the inefficiency arising from the price distortion outweighs

the benefits of sourcing responsibly. Therefore, motivated by the observation that firms have begun
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to reveal their supplier information (Oxfam, 2016), we consider a setting in which the firm can choose

to disclose its supplier information and we find that the cost of disclosure plays an important role

in the firm’s sourcing decision. When the cost is small, the firm may find it optimal to source from

the more responsible supplier in some cases where less responsible sourcing would be preferred if the

disclosure opportunity were not available. This result is encouraging given the existence of advanced

technologies that have dramatically reduced the cost of disclosing supplier information. We also find

that this sourcing transparency helps eliminate efficiency losses because the high-responsibility firm

does not need to distort its price upward to signal its supplier choice.

Our results provide important insights and guidance for policy-makers and other parties inter-

ested in encouraging more responsible sourcing. Governments in developed countries have begun

to implement supply chain transparency regulations requiring firms to disclose more information re-

garding their sourcing practices. In addition, NGOs and other advocacy groups have worked to place

significant pressure on firms to disclose and improve their sourcing practices, including social media

campaigns and organized boycotts. These campaigns are aimed at compelling firms to take actions

to increase their social responsibility, with the goal of protecting their brand reputation (Marshall

et al., 2016). The results of our research suggest an alternative approach which government agencies

and NGOs could take to encourage more socially responsible sourcing, i.e., in addition to promoting

socially conscious consumption among consumers, these organizations could facilitate the process

of supplier disclosure by developing mechanisms for compiling and publicizing supplier information,

as well as offering verification and monitoring services. These efforts would reduce the disclosure

cost experienced by the firm. Our results suggest that such efforts, when coupled with campaigns

to increase consumer awareness, could encourage firms to voluntarily disclose supplier information.

Such an approach would be more collaborative, and less punitive, than current approaches, such as

boycotts, while still achieving the overarching goal of improving the social responsibility of global

supply chains.

We conclude by noting a few directions for future work. First, we have considered only pure-

strategy equilibria for the signaling game. In general, mixed-strategy equilibria are more difficult to

interpret as they do not prescribe a specific action for the player but instead give a probability dis-

tribution over a set of actions. Mixed-strategy equilibria are also challenging to characterize because
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one must evaluate the player’s profit for each possible action and come up with the probabilities

for those actions. In addition, our model has considered only a monopoly setting, and it would be

interesting to investigate whether the main results continue to hold in a competitive setting. In

a competitive environment, disclosure of supplier information may enable competitors to learn the

firm’s cost structure. Thus, competitive pressures may lead to a reduced willingness to disclose sup-

plier information. Another extension of this work could consider how a firm can increase the social

responsibility level of its current supplier, including the design of contracting mechanisms to encour-

age improved supplier compliance. Finally, the current paper focuses on price as a signaling device.

In reality, there may be other ways in which a firm can signal its level of social responsibility, such

as advertising or charitable donations. Thus, future research could consider the use of alternative

signaling tools and their impact on the firm’s sourcing decision.
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Appendix A: Summary of Notation Used in Paper

Table 2: Summary of Notation

Input Parameters Definition

i index for supplier type, where i ∈ {h, l}
θi probability type-i supplier complies with regulations, with θh = 1

ci unit sourcing cost from a type-i supplier, with cl = 0

K fixed penalty cost when supplier is found to have a violation

α proportion of socially conscious consumers

ṽ consumer’s value for the product’s functionality or basic quality

F (·) and F (·) cumulative distribution function (CDF) and inverse CDF of ṽ

δ additional value gained by consumer when no violation occurs

γ fixed cost to disclose supplier information

Prices and Profits Definition

p unit price charged by the firm to the consumer

Πij(p) profit for firm that sources from type-i supplier, charges price p,

and is believed by consumers to source from type-j supplier

Outputs under

General Beliefs Definition

p̄ij and Π̄ij ≡ Πij(p̄ij) optimal price and profit for firm that sources from type-i supplier

but is believed by consumers to source from type-j supplier

Outputs under

Perfect Information Definition

p̄i = p̄ii and Π̄i = Π̄ii optimal price and profit for firm that sources from type-i supplier

ᾱ, K̄L and K̄U thresholds on α and K that determine firm’s optimal supplier choice

Outputs under

Price Signaling Definition

pSi and ΠS
i equilibrium price and profit for firm that sources from type-i supplier

αPD threshold on α that determines whether price distortion occurs

αS , KS and K̄U thresholds on α and K that determine firm’s optimal supplier choice

Outputs under

Voluntary Disclosure Definition

pDi and ΠD
i equilibrium price and profit for firm that sources from type-i supplier

αD, KD and K̄U thresholds on α and K that determine firm’s optimal supplier choice

1



Appendix B: Equilibrium Refinement

The intuitive criterion principle, which we apply in this paper, is used to eliminate unstable equilibria

in which the consumers are able to intuitively infer the types who have incentives to deviate from

the equilibrium strategy. In our model with two discrete types, the intuitive criterion requires that

if only one type of firm has an incentive to deviate by following an off-equilibrium strategy, then

observing an off-equilibrium strategy allows the consumers to correctly infer that type. Therefore,

by applying the intuitive criterion, this type of firm will deviate from the equilibrium strategy. Thus,

such an equilibrium is not sustainable and should be eliminated. We first introduce the two steps

that are used to check whether an equilibrium survives the intuitive criterion for a signaling game.

Step 1. We identify a set Ω of the types of the firm for which the highest profit that the firm

can obtain by taking an off-equilibrium strategy is lower than that by using the equilibrium strategy.

Suppose in our model that the equilibrium strategy is peh for the high-responsibility firm and pel for

the low-responsibility firm, where the superscript e denotes ‘equilibrium’. Given an off-equilibrium

price p, we derive Ω(p) = {i ∈ {l, h} : Πi(p
e
i ) > Π̂i(p)}, where Πi(p

e
i ) denotes the firm’s equilibrium

profit and Π̂i(p) denotes the highest profit the firm can obtain by charging the price p. Note that

the highest profit for any given price p is achieved when the consumer believes the firm is a high-

responsibility firm, that is, Π̂i(p) = (p−ci)
(
(1− α)F̄ (p) + αF̄ (p/((1 + δ)θh))

)
−(1−θi)K. Therefore,

Ω(p) contains the types for which off-equilibrium strategy p is dominated by the equilibrium strategy.

If Ω(p) = {l, h}, then, for both types, the equilibrium strategy dominates off-equilibrium strategy p.

Thus, this equilibrium survives the intuitive criterion. If Ω(p) 6= {l, h}, there exists at least one type

for which the off-equilibrium strategy is not dominated by the equilibrium strategy. Let ΩC be the

complementary set of Ω, i.e., ΩC = {l, h} \Ω, which contains the types for which the off-equilibrium

strategy is not dominated by the equilibrium strategy. In this case, we move to Step 2.

Step 2: In this step, we examine whether there exists a specific type such that the equi-

librium profit of this type is lower than the lowest profit that the firm can obtain by taking

an off-equilibrium strategy given that the consumers restrict their belief to the same set ΩC af-

ter observing a deviation. Denote by Π̃i(q) the lowest profit, and it follows that Π̃i(p) = (p −
ci)
(
(1− α)F̄ (p) + αF̄ (p/((1 + δ)θl))

)
− (1 − θi)K if l ∈ ΩC , and Π̃i(q) = (p − ci)((1 − α)F̄ (p) +

αF̄ (p/((1 + δ)θh))) − (1 − θi)K if l /∈ ΩC . That is, if the low signal is contained in ΩC , then the

lowest profit the firm would make by deviating to p is achieved under the consumer’s belief that the

firm observes a low signal for such a deviation. On the other hand, if the low signal is not contained

in ΩC , then the lowest profit the buyer would obtain by deviating to p is achieved under the belief

that the firm observes a high signal. If there exists such a signal that Πi(p
e
i ) < Π̃i(p), then the

equilibrium fails the intuitive criterion; otherwise, it survives the intuitive criterion.

We next prove that no pooling equilibrium survives the intuitive criterion. To do so, we follow

standard approaches and assume that the consumers have a common prior belief about the supplier’s

type and we let q denote the prior probability that the firm sources from the type-h supplier, where

0 ≤ q ≤ 1. In other words, from the consumers’ perspective, the supplier’s unobservable type θ is
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assumed to follow a two-point distribution with Pr(θ = θh) = q and Pr(θ = θl) = 1− q.
Suppose p̃ is the equilibrium price in a pooling equilibrium in which the consumers hold the prior

belief that there is a probability q that the firm is a high-responsibility firm. Then the demand faced

by the firm is E[d(p)] = (1− α)F̄ (p) + αF̄ (p/((1 + δ)µ)), where µ = qθh + (1− q)θl is the expected

compliance rate. Given this consumer belief, the type-i firm’s profit under the pooling equilibrium

(pe) is given as follows:

Πpe
i (p̃) = (p̃− ci)

(
(1− α)F̄ (p) + αF̄ (p/((1 + δ)µ))

)
− (1− θi)K.

Applying the intuitive criterion, we are seeking to find a price p′ 6= p̃ such that: (1) The low-

responsibility firm does not have incentive to deviate from p̃ to p′ even if such a deviation would lead

the consumer to believe that its type is high, while the high-responsibility firm does have incentive

to deviate if this action would lead the consumers to believe that it is a high-responsibility firm. If

such a p′ exists, then in Step 1, we have Ω(p′) = {l} and ΩC(p′) = {h}. (2) The lowest profit the

firm can earn by deviating to the off-equilibrium strategy is derived under the belief that the firm is

a high-responsibility firm. Therefore, the high-responsibility firm would deviate to p′ since in Step

1 we have already verified that this off-equilibrium strategy is not dominated by the equilibrium for

the high-responsibility firm. Consequently, the equilibrium fails the criterion.

Next, we search for such a p′. Assume that the consumers believe that the firm is a high-

responsibility firm when observing a price p 6= p̃. Then, the high-responsibility firm’s profit is

Πpe′

hh (p) = (p − ch)
(
(1− α)F̄ (p) + αF̄ (p/((1 + δ)θh))

)
, and the low-responsibility firm’s profit is

Πpe′

lh (p) = (p− cl)
(
(1− α)F̄ (p) + αF̄ (p/((1 + δ)θh))

)
− (1−θl)K. Since Πpe′

hh (p̃) > Πpe
h (p̃) and Πpe′

hh (p)

is concave in p, there exists a unique p̂ > p̃ such that Πpe′

hh (p̂) = Πpe
h (p̃). Now, we show that

Πpe′

lh (p̂) < Πpe
l (p̃). We have

Πpe′

lh (p̂) = (p̂− cl)
(
(1− α)F̄ (p̂) + αF̄ (p̂/((1 + δ)θh))

)
− (1− θl)K

=
(
(1− α)F̄ (p̂) + αF̄ (p̂/((1 + δ)θh))

)
(p̂− ch)

p̂− cl
p̂− ch

− (1− θl)K

= Πpe′

hh (p̂)
p̂− cl
p̂− ch

− (1− θl)K

= Πpe
h (p̃)

p̂− cl
p̂− ch

− (1− θl)K

= (Πpe
l (p̃) + (1− θl)K)

p̂− cl
p̂− ch

p̃− ch
p̃− cl

− (1− θl)K

< Πpe
l (p̃),

where the inequality follows from (p̂ − cl)(p̃ − ch) < (p̂ − ch)(p̃ − cl) due to p̃ < p̂. We have now

shown that Πpe′

hh (p̂) = Πpe
h (p̃) and Πpe′

lh (p̂) < Πpe
l (p̃). Given the continuity of Πpe′

hh (p) and Πpe′

lh (p),

there must exist a p′ ∈ (p̃, p̂) such that Πpe′

h (p′) > Πpe
h (p̃) and Πpe′

lh (p′) < Πpe
l (p̃). Therefore, all the

pooling equilibria fail the intuitive criterion rule.
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The intuition behind this result is as follows. In a pooling equilibrium, consumers make purchase

decisions based on their prior belief. Such a belief benefits the low-responsibility firm as it allows this

firm to capture some gains that would otherwise be captured only by the high-responsibility firm.

Thus, only the high-responsibility firm has an incentive to deviate by charging a different price,

which allows consumers to correctly infer the type of the supplier once observing a deviation. Taking

advantage of the consumers’ intuitive reasoning, the high-responsibility firm would have an incentive

to deviate, thereby rendering the equilibrium unstable. Hence, no pooling equilibrium survives the

intuitive criterion.
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Appendix C: Proofs of Propositions and Lemmas

Proof of Proposition 1

We first consider part (i) of the proposition. Using the standard uniform distribution, i.e., ṽ ∼ U(0, 1),

we obtain Πij(p) = (p− ci)(α(1− p/((1 + δ)θj)) + (1− α)(1− p)). Since ∂2Πij/∂p
2 = −2(1− α)−

2α/((1 + δ)θj) < 0, Πij is concave in p. Thus, solving the first-order condition ∂Πij/∂p = 0 yields

the following expression for p̄ij :

p̄ij =
ci
2

+
(1 + δ)θj

2(α+ (1− α)(1 + δ)θj)
.

The optimal profit Π̄ij is obtained by substituting p = p̄ij into the objective function Πij . We thus

obtain

Π̄ij =
((1 + δ)θj − ci(α+ (1− α)(1 + δ)θj))

2

4(1 + δ)θj(α+ (1− α)(1 + δ)θj)
− (1− θi)K.

Next, from the envelope theorem, we know that Π̄ij increases in θj but decreases in ci. This, together

with θh = 1 > θl and ch < cl = 0, yields Π̄lh > Π̄hh > Π̄hl and Π̄lh > Π̄ll > Π̄hl.

As discussed in the main paper, we assume that each type of firm has a positive demand from both

types of consumers regardless of the consumers’ belief. The condition on ch given in the statement of

the proposition is necessary to ensure that F̄ (p̄ij/((1 + δ)θj)) > 0 for i, j ∈ {l, h}. Since θh > θl and

ch > cl, this assumption is equivalent to F̄ (p̄hl/((1 + δ)θl)) > 0, from which we obtain the condition

required.

We next consider part (ii) of the proposition. We first note that p̄i ≡ p̄ii and Π̄i ≡ Π̄ii, for

i ∈ {l, h}. Taking the first derivative of Π̄h with respect to α yields

∂Π̄h

∂α
=

(1 + δ − (1 + (1− α)δ)ch) ((1 + δ − αδ)ch + δ + 1)

4(δ + 1)((1− α)δ + 1)2
.

From Assumption 1, we know that ch < 1, and thus 1+δ−(1+(1−α)δ)ch > 1+δ−(1+(1−α)δ) > 0.

Therefore, we obtain ∂Π̄h
∂α > 0. Taking the first derivative of Π̄l with respect to α yields

∂Π̄l

∂α
=

(δ + 1)θl ((δ + 1)θl − 1)

4 (α− (α− 1)(δ + 1)θl) 2
< 0,

where the inequality follows from (δ + 1)θl < 1 of Assumption 1. These two results taken together

imply that Π̄h − Π̄l increases in α.

Next, we evaluate the signs of Π̄h − Π̄l at α = 0 and α = 1. When α = 0, (Π̄h − Π̄l)|α=0 =
1
4

(
(1− ch) 2 − 1

)
+ (1 − θl)K, the sign of which is indeterminate. When α = 1, (Π̄h − Π̄l)|α=1 =

(−ch+δ+1)2

4(δ+1) − 1
4(δ+1)θl+(1−θl)K, the sign of which is also indeterminate. We consider three cases: (1)

if θl ≤ 1− 2ch−c2h
4K , or equivalently K ≥ 2ch−c2h

4(1−θl) , then Π̄h− Π̄l|α=0 ≥ 0. Thus, Π̄h ≥ Π̄l always holds for

α ∈ [0, 1]; (2) if 1− 2ch−c2h
4K < θl ≤ 4(1+δ)K+(1+δ−ch)2

4(1+δ)K+(1+δ)2
, or equivalently (1+δ)2θL−(1+δ−ch)2

4(1+δ)(1−θl) ≤ K <
2ch−c2h
4(1−θl) ,
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then Π̄h− Π̄l|α=0 < 0 and Π̄h− Π̄l|α=1 ≥ 0. Thus, from the increasing monotonicity of Π̄h− Π̄l, there

must exist a threshold of α, ᾱ, such that Π̄h − Π̄l > 0 for α > ᾱ and Π̄h − Π̄l ≤ 0 for α ≤ ᾱ, where

Π̄h = Π̄l at α = ᾱ; and (3) if θl >
4(1+δ)K+(1+δ−ch)2

4(1+δ)K+(1+δ)2
, or equivalently K < (1+δ)2θL−(1+δ−ch)2

4(1+δ)(1−θl) , then

Π̄h − Π̄l|α=1 < 0. Thus, Π̄h < Π̄l always holds for α ∈ [0, 1]. Thus, we have K̄L = (1+δ)2θl−(1+δ−ch)2

4(1+δ)(1−θl)

and K̄U =
2ch−c2h
4(1−θl) .

Proof of Proposition 2

To prove Proposition 2, we need the following result:

Lemma 1 There exist unique p > p̄lh and p̄ > p̄h such that Πlh(p) = Π̄l and Πhh(p̄) = Π̄hl.

Proof of Lemma 1: From the proof of Proposition 1, we know that Πlh(p) is a concave function of

p and is maximized at p = p̄lh. Hence, Πlh(p) decreases in p for p > p̄lh. Moreover, from the envelope

theorem, we obtain Π̄lh ≡ Πlh(p̄lh) > Π̄l because θh > θl. Therefore, there must exist a unique

p > p̄lh such that Πlh(p) = Π̄l. Similarly, we know that Πhh(p) is also concave in p and is maximized

at p = p̄h, so Πh(p) decreases in p for p > p̄h. Moreover, we know from the envelope theorem that

Π̄h ≡ Πhh(p̄h) > Π̄hl. Therefore, there must exist a unique p̄ > p̄h such that Πh(p̄) = Π̄hl.

We let j(p) ∈ {l, h} denote the consumers’ belief regarding the supplier’s type given price p. A

separating equilibrium is a PBE in which, in equilibrium, ph 6= pl, so that j(ph) = h and j(pl) = l. In

these equilibria, a higher price leads consumers to believe that the firm is high-responsibility because

such a firm incurs a higher cost.

We are now ready to prove Proposition 2. We begin by characterizing the full set of separating

equilibria. Specifically, we first prove the following: There exists a set of separating equilibria in

which pSl = p̄l and pSh ∈ [max{p, p̄h}, p̄]. These equilibrium strategies are supported by the following

consumer belief: j(p) = h if p ≥ pSh , and j(p) = l otherwise.

It is straightforward to show that the low-responsibility firm charges the first-best price, that is,

pSl = p̄l, because this is the best price for the low-responsibility firm given that the consumers are able

to correctly infer its type by the definition of separating equilibrium. Now, consider the equilibrium

price for the high-responsibility firm. First, in a separating equilibrium, the high-responsibility firm

must choose a price ph such that the low-responsibility firm does not have incentive to mimic the

high-responsibility firm, that is, Π̄l ≥ Πlh(ph), which is equivalent to:

(p̄l − cl)
(
(1− α)F̄ (p̄l) + αF̄ (p̄l/((1 + δ)θl))

)
− (1− θl)K ≥

(ph − cl)
(
(1− α)F̄ (ph) + αF̄ (ph/((1 + δ)θh))

)
− (1− θl)K.

This, together with the result of Lemma 1, yields ph ≥ p. Second, in a separating equilibrium,

the high-responsibility firm must have no incentive to deviate from ph by choosing a different price

when this new price leads the consumer to believe the firm is a low-responsibility firm, that is,
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Πhh(ph) ≥ Π̄hl, which is equivalent to:

(p̄h − ch)
(
(1− α)F̄ (ph) + αF̄ (ph/((1 + δ)θh))

)
≥ (p̄hl − ch)

(
(1− α)F̄ (p̄hl) + αF̄ (p̄hl/((1 + δ)θl))

)
.

Again, using the result of Lemma 1, we obtain ph ≤ p̄. Third, the high-responsibility firm will not

charge a smaller price than p̄h because, otherwise, the firm can always improve its profit by increasing

the price to p̄h without affecting the consumers’ belief that the firm is a high-responsibility firm. Thus,

we have ph ≥ p̄h. Combined together, the equilibrium price for the high-responsibility firm satisfies

pSh ∈ [max{p, p̄h}, p̄].
Next, we demonstrate that the equilibrium in which pSl = p̄l and pSh = max{p, p̄h} is the unique

separating equilibrium that survives the intuitive criterion, where pSh > pSl . Consider any other price

p ∈ (max{p, p̄h}, p̄] for the high-responsibility firm. Following the equilibrium refinement procedure

in Appendix A, we proceed in two steps.

Step 1: Since Πhh(p) decreases in p for p > p̄h, we know Πh(p) < Πh(max{p, p̄h}) for p ∈
(max{p, p̄h}, p̄]. This relation shows that the high-responsibility firm has incentive to change the price

to max{p, p̄h}. Further, the low-responsibility firm does not have an incentive to change because:

(1) changing to any price p ∈ (max{p, p̄h}, p̄] will lead to a lower profit for the low-responsibility

firm even though charging this price makes consumers believe it is a high-responsibility firm; and

(2) changing to any other price does not change consumers’ belief about its type but makes it worse

off. Therefore, given the equilibrium where pSl = p̄l and pSh = p, only the high-responsibility firm has

incentive to deviate to p. Therefore, Ω = {l} and ΩC = {h}.
Step 2: Given that consumer belief is restricted to ΩC for the deviation from p to max{p, p̄h},

we know that the high-responsibility firm is always willing to deviate. Therefore, any separating

equilibrium with pSh > max{p, p̄h} fails the intuitive criterion. This establishes the result that only

the equilibrium with pSh = max{p, p̄h} survives the intuitive criterion.

We have shown that pSh = max{p, p̄h}. Therefore, the remainder of the proof requires a compar-

ison between p and p̄h. The expression of p is given by

p =

√
α(θl−1)

−α+αδθl+αθl−δθl−θl + 1

2
(

α
δ+1 − α+ 1

) .

We obtain

p− p̄h =
(−αδ + δ + 1)ch − (δ + 1)

√
α(θl−1)

(α−1)(δ+1)θl−α

2(α− 1)δ − 2
.

Then we have

∂(p− p̄h)/∂α =
(δ + 1) (θl − 1)

(
(δ + 1)

((
2α2 − α− 1

)
δ − 1

)
θl − 2α2δ

)
4((α− 1)δ − 1)2 (α− (α− 1)(δ + 1)θl) 2

√
α(θl−1)

(α−1)(δ+1)θl−α

> 0,
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where the inequality follows because (δ + 1)
((

2α2 − α− 1
)
δ − 1

)
θl − 2α2δ < 0. Hence, p − p̄h is

increasing in α.

We now evaluate the values of p− p̄h at the two endpoints of α. First, (p− p̄h)|α=0 = −ch/2 < 0.

Second, (p− p̄h)|α=1 = 1
2

(
(δ + 1)

√
1− θl − ch

)
> 1

2(1 + δ)
(√

1− θl − (1−
√
θl)
)
> 0, where the first

inequality follows from Assumption 2 that θl <
(1+δ−ch)2

(1+δ)2
and the second inequality follows from

θl < 1. This, together with the increasing monotonicity of p − p̄h, implies that there must exist a

threshold of α, denoted by αPD, such that p− p̄h < 0 for α < αPD and p− p̄h > 0 for α > αPD.

Next we prove that αPD < ᾱ. If we can show that p > p̄h for all α ≥ ᾱ then we are done. We know

from Proposition 1 that Π̄l ≤ Π̄h for α ≥ ᾱ. We also know from Lemma 1 that Πlh(p) = Π̄l. Thus,

Πlh(p) ≤ Π̄h ≡ Πhh(p̄h). Since Πhh(p) < Πlh(p) for any p > 0, we also obtain that Πhh(p̄h) < Πlh(p̄h).

Hence, we have Πlh(p) < Πlh(p̄h). In addition, noting that p̄lh = arg maxp Πlh(p), we know that

Πlh(p) decreases in p for p > p̄lh. These together with p > p̄lh (see Lemma 1) and p̄h > p̄lh (see

Proposition 1) imply that p > p̄h. Therefore, we have shown that p > p̄h for all α ≥ ᾱ, and thus

p = p̄h can only occur when α < ᾱ.

Proof of Proposition 3

Part (i): Taking the derivative of pSl with respect to α yields ∂pSl /∂α = (δ+1)θl((δ+1)θl−1)
2(α−(α−1)(δ+1)θl)2

< 0

where the inequality follows from Assumption 1 that (1 + δ)θl < 1. Similarly, we obtain ∂ΠS
l /∂α =

(δ+1)θl((δ+1)θl−1)
4(α−(α−1)(δ+1)θl)2

< 0. Therefore, both pSl and ΠS
l decrease in α.

Part (ii): Proposition 2 shows that pSh = p̄h for α < αPD and pSh = p for α > αPD. First, we

know ∂p̄h/∂α = δ(δ+1)
2((α−1)δ−1)2

> 0, implying that p̄h increases α. Second, we have

∂p/∂α =

2δ

(√
α(θl−1)

(α−1)(δ+1)θl−α
+1

)
δ+1 + ((α−1)δ−1)(θl−1)θl

(α−(α−1)(δ+1)θl)2

√
α(θl−1)

(α−1)(δ+1)θl−α

4
(
αδ
δ+1 − 1

)2 > 0,

where the inequality follows from ((α− 1)δ− 1) (θl − 1) > 0. Thus, p increases in α. Combining the

above two cases we have shown that pSh always increases in α for α > 0.

Now consider the high-responsibility firm’s profit. We know that for α < αPD, ΠS
h = Π̄h, which

increases in α (see Proposition 1). Next we focus on the case where α > αPD. In this case we obtain

∂ΠS
h

∂α
=

(δ + 1)θl

(
((δ + 1)θl − 1)

√
α(θl−1)

(α−1)(δ+1)θl−α − ch (θl − 1)
)

4 (α− (α− 1)(δ + 1)θl) 2
√

α(θl−1)
(α−1)(δ+1)θl−α

.

Define Γ ≡ ((δ + 1)θl − 1)
√

α(θl−1)
(α−1)(δ+1)θl−α − ch (θl − 1). We obtain

∂Γ/∂α = − (δ+1)(θl−1)θl((δ+1)θl−1)

2(α−(α−1)(δ+1)θl)2

√
α(θl−1)

(α−1)(δ+1)θl−α

< 0. Next we evaluate Γ at α = αPD. First we know
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from the definition of αPD in Proposition 2 that

(−αPDδ + δ + 1)ch − (δ + 1)

√
αPD (θl − 1)

(αPD − 1)(δ + 1)θl − αPD
= 0.

Substituting the above equation into Γ|α=αPD yields the following:

Γ|α=αPD = ((δ + 1)θl − 1)

√
αPD (θl − 1)

(αPD − 1)(δ + 1)θl − αPD
− ch (θl − 1)

= ch(1− θl)− (1− (1 + δ)θl)
(1 + δ − αPDδ)ch

1 + δ

= ch

(
1− θl − (1− (1 + δ)θl)

(1 + δ − αPDδ)
1 + δ

)
> ch (1− θl − (1− (1 + δ)θl))

> 0,

where the first inequality follows from (1+δ−αPDδ)
1+δ < 1. Thus we obtain Γ|α=αPD > 0. Second, we

obtain Γ|α=1 =
√

1− θl ((δ + 1)θl − 1) − ch (θl − 1). Thus, we have Γ|α=1 > 0 if ch >
1−(1+δ)θl√

1−θl
and

Γ|α=1 < 0 if ch <
1−(1+δ)θl√

1−θl
. Combining the above together, we show that: (a) if ch >

1−(1+δ)θl√
1−θl

, then

Γ > 0 for all α > αPD, and thus,
∂ΠSh
∂α > 0 for all α > αPD; and (b) if ch <

1−(1+δ)θl√
1−θl

, then there

exists a threshold of α, denoted by α̃ > αPD, so that Γ > 0 for α < α̃ and Γ < 0 for all α > α̃. Thus,
∂ΠSh
∂α > 0 for α < α̃ and

∂ΠSh
∂α < 0 for α > α̃.

Proof of Proposition 4

From Proposition 2 we know ΠS
h = Πhh(pSh) where pSh = max{p̄h, p}, and ΠS

l = Π̄l. Further, we know

ΠS
h = Π̄h for α < αPD, and ΠS

h = Πhh(p) for α > αPD. Moreover, Proposition 1 has shown that

Π̄h − Π̄l increases in α. We now show that Πhh(p)− Π̄l also increases in α. To see this, we obtain

Πhh(p)− Π̄l =
1

2
ch

(√
α (θl − 1)

(α− 1)(δ + 1)θl − α
− 1

)
+ (1− θl)K.

Since ∂
(

α(θl−1)
(α−1)(δ+1)θl−α

)
/∂α = (δ+1)(1−θl)θl

(α+(1−α)(δ+1)θl)2
> 0, Πhh(p)− Π̄l increases in α for α > αPD.

Following Proposition 1 we next consider three cases.

Case (a): when K > K̄U , Π̄h > Π̄l holds for all α (from Proposition 1). Thus, it is straightforward

that Πs
h = Π̄h > Π̄l for α < αPD. For α > αPD, we obtain Πhh(p) − Π̄l > (Πhh(p) − Π̄l)|α=αPD =

(Π̄h− Π̄l)|α=αPD > 0, where the first inequality follows the monotonicity of Πhh(p)− Π̄l, the equality

follows from the definition of αPD, and the second inequality follows from Proposition 1. Therefore,

the firm should source from the type-h supplier for all α in this case.

Case (b): when K < K̄L, Π̄l > Π̄h holds for all α (from Proposition 1). Since ΠS
h ≤ Π̄h due to
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the potential price distortion and ΠS
l = Π̄l, we obtain ΠS

h < ΠS
l for all α in this case.

Case (c): when K̄L ≤ K ≤ K̄H , Π̄l > Π̄h if and only if α < ᾱ. These relations, together

with αPD < ᾱ, yield the result that ΠS
h = Π̄h < ΠS

l for α < ᾱ. Next, consider the case where

α > ᾱ. We have shown that Πhh(p) − ΠS
l increases in α. Evaluating Πhh(p) − ΠS

l at α = 1 yields

Πhh(p)−ΠS
l |α=1 = (1− θl)K − 1

2ch
(
1−
√

1− θl
)
, the sign of which is indeterminate. There are two

subcases to consider: (1) if K <
ch(1−

√
1−θl)

2(1−θl) ≡ KS (note that KS ≥ K̄L), then Πhh(p)−ΠS
l |α=1 < 0

for α ∈ (ᾱ, 1]. This together with the earlier result for the case where α < ᾱ, shows that when

K̄L ≤ K < KS , ΠS
h < ΠS

l for all α; and (2) if K ≥ KS , then Πhh(p) − ΠS
l |α=1 ≥ 0. This together

with the earlier result for the case where α < ᾱ, shows that when KS ≤ K ≤ K̄U there must exist a

threshold of α, αS ∈ (ᾱ, 1], such that ΠS
h ≥ ΠS

l for α ≥ αS and ΠS
h < ΠS

l for α < αS .

The above three cases combined together, we obtain the results as required for the proposition.

Proof of Proposition 5

Part (i): Construct the following strategy for the firm: the high-responsibility firm always discloses

its supplier information and charges the first-best price p̄h, and the low-responsibility firm does not

disclose its information and charges the first-best price p̄l. Regarding the consumer’s belief, in the

case of disclosure, the consumers will know precisely the type of the firm; in the case of non-disclosure,

the consumer will need to form a belief about the firm’s type.

We now show that the firm does not have incentive to deviate from the above strategy. Under the

above strategy, the high-responsibility firm’s profit is ΠD
h = Π̄h− γ ≥ Π̄S

h , and the low-responsibility

firm’s profit is ΠD
l = Π̄l. If the high-responsibility firm does not disclose, from Proposition 2, the

maximum profit would be ΠS
h , which is no greater than ΠD

h . If the low-responsibility firm were to

disclose, the maximum profit would be Π̄l− γ, which is strictly less than ΠD
l = Π̄l. Thus, both firms

have no incentive to deviate. Therefore, these strategies and the beliefs form an equilibrium.

Part (ii): Next, we show that if γ > Π̄h− Π̄S
h , then neither type discloses their supplier informa-

tion. To see this, the best price, under disclosure, for the high-responsibility firm is p̄h, which leads

to a profit of Π̄h − γ < ΠS
h . The profit ΠS

h , however, is the outcome for the high-responsibility firm

if it does not disclose. Thus, the high-responsibility firm will be strictly worse off by disclosing its

supplier information. Similarly, the low-responsibility firm will not disclose its supplier information.

Therefore, neither type of the firm discloses its supplier information, and the game reduces to the

price signaling game. The equilibrium outcome is the same as that in Proposition 2.

Part (iii): We next prove that the value of the disclosure opportunity to the high-responsibility

firm, i.e., Π̄h − ΠS
h , is non-decreasing in α and non-increasing in θl and ch. From Proposition 3, we

obtain pSh = max{p, p̄h}. Thus, when p̄h ≥ p, ΠS
h = Π̄h and Π̄h−ΠS

h = 0; when p̄h < p, ΠS
h = Πhh(p)

and Π̄h − ΠS
h > 0. For the subsequent sensitivity analysis, we focus on the case where p̄h < p, and
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in this case the close-form expression for the value of disclosure is as follows:

Π̄h −Πhh(p) =

(
((α− 1)δ − 1)ch + (δ + 1)

√
α(θl−1)

(α−1)(δ+1)θl−α

)
2

4(δ + 1)(1 + (1− α)δ)
.

First, we examine the effect of α on the value of disclosure. Differentiating Π̄h − Πhh(p) with

respect to α yields

∂(Π̄h −Πhh(p))

∂α
= − (δ + 1) (1− θl) θl

4 (α− (α− 1)(δ + 1)θl) 2
√

α(θl−1)
(α−1)(δ+1)θl−α

− δch
2(δ + 1)

< 0,

which establishes the result that Π̄h −ΠS
h increases in α.

Second, we examine the effect of θl on the value of disclosure. Note that Π̄h is independent of

θh, and it is sufficient to show that Πhh(p) increases in θl. Using the chain rule, we obtain

∂Πhh(p)

∂θl
=
∂Πhh(p)

∂p
·
∂p

∂θl
.

Note that Πhh(p) decreases in p for p > p̄h, which together with the condition p > p̄h shows

that
∂Πhh(p)

∂p > 0. Further,
∂p

∂θl
= − α(δ+1)

4(α−(α−1)(δ+1)θl)2

√
α(θl−1)

(α−1)(δ+1)θl−α

< 0. Thus,
∂Πhh(p)

∂θl
> 0. This

establishes the result that the value of disclosure decreases in θl.

Third, we examine the effect of ch on the value of disclosure. Differentiating Π̄h − Πhh(p) with

respect to ch yields

∂(Π̄h −Πhh(p))

∂ch
= −

((α− 1)δ − 1)ch + (δ + 1)
√

α(θl−1)
(α−1)(δ+1)θl−α

2(δ + 1)
,

and the second derivative is
∂2(Π̄h−Πhh(p))

∂c2h
= −αδ+δ+1

2δ+2 > 0. To check the sign of the above first

derivative, we will draw on the condition p̄h < p, which is equivalent to ch < −
(δ+1)

√
α(θl−1)

(α−1)(δ+1)θl−α

(α−1)δ−1 ≡

Θch. Evaluating the first derivative at ch = Θch yields
∂Π̄h−Πhh(p)

∂ch
|ch=Θch = 0. Thus, we obtain

∂Π̄h−Πhh(p)

∂ch
< 0 for ch < Θch or p > p̄h. This establishes the result that the value of disclosure

decreases in ch.

Proof of Proposition 6

The proof is based on the results in Proposition 1 and Proposition 3. Note first that the high-

responsibility firm’s profit is given by ΠD
h = max(ΠS

h , Π̄h − γ). Following Proposition 3, we consider

two cases.

Case (i): When ch >
1−(1+δ)θl√

1−θl
, Proposition 5 shows that ΠS

h increases in α. This together with
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the result from Proposition 1 that Π̄h increases in α reveals that ΠD
h also increases in α.

Case (ii): When ch < 1−(1+δ)θl√
1−θl

, Proposition 5 shows that ΠS
h increases in α for α < α̃ but

decreases in α for α > α̃. Moreover, from the definition of α̂, we know that ΠD
h = Π̄h − γ for

α > α̂, and hence ΠD
h increases in α for α > α̂. Since the relation of α̃ and α̂ is indeterminate, we

consider two subcases: if α̃ < α̂, then combining the above results shows that ΠD
h increases in α for

α < α̃, decreases in α for α̃ < α < α̂, and increases again in α for α > α̂; and if α̃ > α̂, then ΠD
h

always increases in α. These two subcases combined together, we conclude that ΠD
h increases in α

for α ≤ min(α̃, α̂), decreases in α for α ∈ (min(α̃, α̂), α̂], and then increases in α for α > α̂.

Proof of Proposition 7

We first note that the type-h firm’s profit under the disclosure model is ΠD
h = max(ΠS

h , Π̄h − γ) and

the type-l firm’s profit under the disclosure model is ΠD
l = ΠS

l . Following the results in Proposition

4, we consider the following two cases, depending on the value of K.

Case (I): If K > K̄U , then ΠS
h > ΠS

l . Since ΠD
h ≥ ΠS

h and ΠD
l = ΠS

l , it is straightforward that

ΠD
h > ΠD

l . Thus, the firm should source from the type-h supplier for all α.

Case (II): If K ≤ K̄U , then we consider the following two subcases:

Subcase (II-1): When α < ᾱ, we obtain from Proposition 1 that Π̄h < Π̄l. Since ΠS
h ≤ Π̄h and

ΠS
l = Π̄l, we must have ΠD

h < ΠD
l .

Subcase (II-2): When α ≥ ᾱ, first we obtain from Proposition 1 that Π̄h ≥ Π̄l, and from

Proposition 2 that ΠS
h = Πhh(p). Thus, we have ΠD

h −ΠD
l = max(Πhh(p), Π̄h−γ)− Π̄l. Second, from

the proof of Proposition 4 we know that Πhh(p)−Π̄l increases in α for α ∈ (ᾱ, 1], Πhh(p)−Π̄l|α=ᾱ < 0,

and

Πhh(p)− Π̄l|α=1 = (1− θl)K −
1

2
ch

(
1−

√
1− θl

)
,

whose sign is indeterminate. Third, we obtain from Proposition 1 that Π̄h − Π̄l increases in α, and

hence Π̄h − γ − Π̄l also increases in α. Further, the definition of ᾱ implies that Π̄h − γ − Π̄l|α=ᾱ =

−γ < 0, and evaluating the value of Π̄h − γ − Π̄l at α = 1 yields

Π̄h − γ − Π̄l|α=1 =
(−ch + δ + 1) 2

4(δ + 1)
− 1

4
(δ + 1)θl + (1− θl)K − γ,

the sign of which is indeterminate. Combining the above three results, we have shown that ΠD
h −ΠD

l

increases in α for α ∈ (ᾱ, 1], ΠD
h − ΠD

l |α=ᾱ < 0, and the sign of ΠD
h − ΠD

l |α=1 is indeterminate.

Depending on the sign of ΠD
h − ΠD

l |α=1, we consider two subsubcases. To define these subcases, we

first note that ΠD
h = max{Πhh(p), Π̄h−γ}. Further, both Πhh(p)−Π̄l|α=1 and Π̄h−γ−Π̄l|α=1 increase

in K. Thus, we obtain the cut-off value of K, denoted by KD, such that ΠD
h −ΠD

l |α=1 = ΠD
h −Π̄l|α=1

is negative when K < KD and is positive when K > KD.

Subsubcase (II-2-A): if K < min

(
ch(1−

√
1−θl)

2(1−θl) , (1+δ)2θl−(1+δ−ch)2+4(1+δ)γ
4(1+δ)(1−θl)

)
≡ KD, then ΠD

h −

ΠD
l |α=1 = max(Πhh(p), Π̄h − γ) − Π̄l|α=1 < 0 for all α ∈ (ᾱ, 1]. Since ΠD

h − ΠD
l increases in α for

12



α ∈ (ᾱ, 1], we have ΠD
h − ΠD

l < 0 for all α ∈ (ᾱ, 1]. This together with the result in Subcase (ii-1)

shows that when K < KD, ΠD
h −ΠD

l < 0 holds for all α.

Subsubcase (II-2-B): if KD ≤ K ≤ K̄U , then ΠD
h −ΠD

l |α=1 = max(Πhh(p), Π̄h− γ)− Π̄l|α=1 ≥ 0.

Since ΠD
h −ΠD

l increases in α for α ∈ (ᾱ, 1] and ΠD
h −ΠD

l |α=ᾱ < 0, there must exist a threshold of α,

αD ∈ (ᾱ, 1], such that ΠD
h ≥ ΠD

l for α ∈ [αD, 1] and ΠD
h < ΠD

l for α ∈ [ᾱ, αD). This together with

the result for Subcase (ii-1) shows that when KD ≤ K ≤ K̄U , ΠD
h ≥ ΠD

l for α ≥ αD and ΠD
h < ΠD

l

for α < αD.

Proof of Corollary 1

To prove part (i), we first consider the symmetric information case. Proposition 1 shows that Π̄h−Π̄l

increases in α. Regarding the effect of θl, Π̄h is independent of θl and, from the envelope theorem,

Π̄l is increasing in θl. Thus, Π̄h − Π̄l decreases in θl. Finally, Π̄h − Π̄l is independent of γ.

Next, we consider the price signaling case. We examine how Πhh(p) − Π̄l changes with the

parameter values. In the proof of Proposition 4, we have shown that Πhh(p) − Π̄l increases in α.

Next, we consider the effect of θl. We obtain

∂(Πhh(p)− Π̄l)

∂θl
= − α(1 + (1− α)δ)ch

4 (α− (α− 1)(δ + 1)θl) 2
√

α(θl−1)
(α−1)(δ+1)θl−α

−K < 0,

which implies that Πhh(p)− Π̄l decreases in θl. Regarding the effect of ch, we know Π̄l is independent

of ch, and we have
∂Πhh(p)

∂ch
= 1

2

(√
α(θl−1)

(α−1)(δ+1)θl−α − 1
)
< 0. Thus, Πhh(p) − Π̄l decreases in ch.

Regarding the effect of γ, we know Πhh(p)− Π̄l is independent of γ.

Finally, we consider the disclosure case. Noting first that ΠD
h = max(ΠS

h , Π̄h−γ), we can combine

the results for the first two cases to examine how the responsible sourcing in this case is affected by

the parameters. We can show that ΠD
h − Π̄l increases in α but decreases in θl and ch. Also, it is

straightforward that ΠD
h − Π̄l decreases in γ.

The proof of part (ii) is straightforward. Since Π̄h ≥ ΠD
h = max(ΠS

h , Π̄h − γ) ≥ ΠS
h and Π̄l =

ΠD
l = ΠS

l , we obtain Π̄h − Π̄l ≥ ΠD
h −ΠD

l ≥ ΠS
h −ΠS

l .

Finally, we prove part (iii). From the definitions of KD and KS , it is straightforward to show

that KD ≤ ch(1−
√

1−θl)
2(1−θl) = KS . Now we prove the second part of the corollary. First, we have

ΠD
h − ΠD

l ≥ ΠS
h − ΠS

l . Second, we have shown in the proof of Proposition 6 that both Πhh(p) − Π̄l

and Π̄h − Π̄l increase in α. From this we obtain that both ΠD
h − ΠD

l and ΠS
h − ΠS

l increase in α.

Combining the above two facts together, we must have αD ≤ αS .
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Appendix D: Numerical Results on Thresholds

We conducted a series of numerical experiments to investigate the sensitivity of KS − KD and

αS − αD to various input parameters. Because we do not have closed-form solutions for all four

cutoff points, we found the threshold differences by solving the problems numerically using GAMS.

We created a set of test problems by varying the key parameters, i.e., ch ∈ {0.08, 0.10, 0.12, 0.14},
θl ∈ {0.40, 0.45, 0.50, 0.55}, δ ∈ {0.2, 0.4, 0.6, 0.8}, and γ ∈ {0.02, 0.04, 0.06, 0.08, 0.10}. Thus, we

conducted a total of 320 experiments. When conducting the experiments for αS − αD, we set

K = 0.05. Note that KS −KD does not depend on α.

In Figure 5 in the main body of the paper, and in Table 3 below, we present the average value of

these threshold differences across all experiments with the given parameter value. So, for example,

the row of the table with ch = 0.08 shows the average values of KS −KD and αS − αD for the 80

experiments we conducted which had ch = 0.08.

Table 3: Average values of KS −KD and αS − αD

ch KS −KD αS − αD

0.08 0.206 0.430

0.10 0.193 0.449

0.12 0.181 0.416

0.14 0.169 0.369

θl KS −KD αS − αD

0.40 0.208 0.468

0.45 0.196 0.465

0.50 0.182 0.405

0.55 0.165 0.326

δ KS −KD αS − αD

0.20 0.113 0.385

0.40 0.162 0.415

0.60 0.212 0.429

0.80 0.262 0.435

γ KS −KD αS − αD

0.02 0.264 0.633

0.04 0.226 0.523

0.06 0.187 0.414

0.08 0.149 0.306

0.10 0.111 0.204
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