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Abstract

A traditional view of patents and patenting shows a trade-off between the benefit of appropria-
tion and the cost of information revelation. However, firms may benefit from information revelation
to consumers because patents can provide credible information about the firm’s ability to develop
new technologies and produce good quality products. In fact, we frequently observe that many
firms use their patents for promotion in a variety of industries, including foods, cosmetics, and
electronic devices. This paper analyzes a model in which a firm may use a patent to signal product
quality and consumers face uncertainty about the firm’s type and the product quality. We focus
on the potential value of an informational function of patents and the interaction between a pre-
established trademark. One of the key results is that the value of the signal to a high-ability firm
may be increasing in the consumers’ prior belief that the firm has high ability. Thus, in this case
the patent signal and the firm’s past reputation complement each other.

1 Introduction

A traditional view of patents and patenting shows a trade-off between the benefit of appropriation

and the cost of information revelation.1 In fact, inventors often hesitate to apply for patents because

inventors’ knowledge may spill over to their competitors. Horstmann et al. (1985) suggest a mech-

anism how a firm’s technical knowledge leaks to its competitor via a patenting behavior, and study

the trade-off of patenting between its benefit and cost. They show that a leading firm keeps its inven-

tion confidential when patenting behavior reveals to the following firm that the following firm could

profitably imitate the leading firm. Choi (1998) argues that the patent system cannot provide perfect

protection to innovators as empirical studies suggest, and shows that information revelation through

infringement suits can be harmful for patentees. In his two-period model with costly imitation, there
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†I am truly indebted to Reiko Aoki, Yossi Spiegel, and the attendees at the Contract Theory Workshop in Hitotsubashi

University, the Lunch Seminar in Daito Bunka University, and the Spring Meeting of the Japanese Economic Association
for their helpful comments and suggestions, and invaluable guidance. Any remaining errors are of course my own
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1The basic concept of a patent is that a property right is granted to an inventor to exclude others from making, using,
offering for sale, or selling the invention for a limited time in exchange for public disclosure of the invention when the
patent is granted. In the economics literature, the optimal length and scope of patent protection have been analyzed.
See, for example, Gilbert and Shapiro (1990), Klemperer (1990), Lerner (1994), and Scotchmer (1999).
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are two potential imitators, and the process of litigation reveals information about which competitors

can profitably imitate the patentee.2

However, inventors may often benefit from information revelation, because patents can provide

credible information about inventors’ attributes, which are hardly observable to outsiders, thereby

relieving information asymmetry (Long, 2002). Mann and Sager (2007) show a positive correlation

between patents obtained by start-up firms in the software industry and total investment, and find

that a single patent brings USD 2.7 million in investment into a start-up firm from venture capitalists,

suggesting that patents serve as an indicator of a firm’s higher performance. They also point out

that patent signals do not work well in the initial funding round and that patent values increase in

the consequent rounds. Similarly, Hsu and Ziedonis (2008) study a relation between firm values and

patents in the semiconductor industry. Contrary to Mann and Sager (2007), Hsu and Ziedonis (2008)

show that in earlier funding stages, when investors face uncertainty about the firm’s performance,

patents serve well as an indicator of the firm’s performance, leading to more investments into the firm.

This paper suggests a new aspect of the benefit from information revelation of patents.3 That is,

a firm can reveal its ability to develop new technologies and produce new products of good quality

by using a patent for promotion. For example, Kirin Brewery Company obtained a patent, Process of

Browning (Japan Patent No. 3836117), and mentioned the patented manufacturing process in a TV

commercial of its new low-malt beer without explaining the technology in detail. Even if consumers

do not understand how the new process contributes to the quality or taste of low-malt beer, they may

believe that the taste of low-malt beer must be great just because of the fact that the new patented

process is used for the product. In fact, we frequently observe that many companies use their patents

for promotion in a variety of industries, including foods, cosmetics, and electronic devices. Using a

questionnaire survey, the Institute of Intellectual Property in Japan shows that firms often use patents

for demonstrating their advantage in performance to their competitors and their product’s prominent

functions to their customers (Institute of Intellectual Property, 2010).

Firms usually use trademarks to advertise new products and promote sales.4 Consumers guess at

a firm’s ability to produce new products of good quality based on legally protected trademarks.5 For

2The literature on imitation comprises many studies that look into imitation in a patent race. See, for example, Katz
and Shapiro (1987), Dasguputa (1988), and Gallini (1992).

3Patents may include the other values. Reitzig (2003) uses the data set of 127 individual patents from a semiconductor
company and shows a variety of aspects of the values of patent rights.

4Trademarks have another important function. Consumers can distinguish one product from the other similar products
thanks to trademarks.

5After the repetition of sales and purchase, trademarks may gain reputation. Reputed trademarks consist of brands.
Tadelis (1999) discusses a process of how trademarks obtain the nice reputation. In addition, once a firm succeeds in
creating a brand on some product or service, the firm may try to extend the brand to other categories. This brand
strategy is referred to as brand extension or stretching. Cabral (2000) shows that a firm adopts brand extension if and
only if the firm’s performance to produce a high-quality product is sufficiently high. In other words, trademarks can
serve as a signal of high product quality. Furthermore, Mangani (2010) uses trademarks to measure the variety and
quality of products in his empirical work. Ramello (2006) provides a survey on trademarks in the economics literature.
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instance, Apple announced that it will release the iPad, a tablet computer, in May 2010, and gained

many pre-orders. Here, the name of the company, Apple, and the logo of the company, a white apple,

made consumers feel that the iPad would be a worthy product and thus yielded sales.

This paper aims to answer the following questions. For what firm and when is a patent for promo-

tion beneficial? What increases (or decreases) the benefit of a patent for promotion? In particular, we

are interested in the impact of consumers’ belief about a firm’s “type” on the benefit from a patent

for promotion. Analyzing the impact can (indirectly) reveal the relationship between a patent and a

trademark in terms of information revelation, because the belief is often formed by a trademark and

a brand.6

We introduce the following simple model. A high-ability (henceforth, high-type) firm certainly

succeeds in R&D and produces good quality products with a high probability, while a low-ability

(similarly henceforth, low-type) firm may fail in R&D and produce good quality products with a

low probability. Neither the firm’s ability nor the product quality is observable to consumers, and

consumers initially hold a belief about the firm’s ability. Consumers update their belief after observing

a promotional patent (if possible) and a price, and then decide whether to buy the product or not.

We employ Perfect Bayesian equilibrium (PBE) as a solution concept.

We make two major findings. First, a promotional patent yields a positive value to a high-type

firm but the value is non-monotonically affected by consumers’ initial belief. If consumers initially

believe that a firm’s type is high with a lower probability than a certain threshold, then the value of

the promotional patent increases as the probability increases up to the threshold. On the other hand,

if consumers initially believe that a firm’s type is high with a higher probability than the threshold,

then the value of the promotional patent decreases as the probability increases. The impact of the

strengthening of consumers’ belief on the value of the patent can be divided into two effects: a

reputation effect and a contribution effect. The reputation effect is the informational value of the

patent to distinguish a high-type firm from a low-type one. The contribution effect is the direct

likelihood of good quality. The high-type firm faces a trade-off between the negative reputation

effect and the positive contribution effect. The positive contribution effect dominates the negative

reputation effect when consumers’ initial belief is less strong, while the opposite holds when the belief

is more strong. Second, the promotional patent yields a negative value to a low-type firm, and the

loss monotonically expands as consumers’ initial belief strengthens. Both effects are negative for a

low-type firm.

The organization of this paper is as follows. Section 2 introduces the model. Section 3 describes a

6Tsuchihashi (2011) descriptively considered this issue. In this paper, we formalize Tsuchihashi (2011) and develop a
simple model to answer the above questions. This paper focuses on the signaling function of a patent given a trademark,
and investigates a relationship between them; that is, a patent signal compliments or substitutes a trademark signal.
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promotional patent, and induces an equilibrium in each of the two cases. A firm cannot use a patent

for promotion in one case, and can use it in the other case. Section 4 compares the two equilibria and

discusses the promotional patent. Section 5 states concluding remarks. The Appendix includes all the

proofs.

2 The model

We consider a simple model. There is a single firm and a lot of identical consumers whose mass

is normalized to one. The firm can be of either H (high) type or L (low) type. This reflects the

firm’s ability to develop a new technology and produce new products. The type is the firm’s private

information. Consumers initially hold a belief on the type of the firm: they deem the firm’s type

to be H with probability r ∈ [0, 1]. Although we construct a one-shot model with the assumption

that the initial belief r is exogenous, the firm must have a (long) history of sales, and its brand and

trademarks induce such a belief in consumers; thus, we can interpret our model as a reduced form of

a more complicated extensive-form game.7

The firm’s task is twofold. First, the firm engages in an R&D process to develop a new technology.

The H-type firm is more likely to succeed in developing the new technology. We assume that the

H-type firm succeeds in R&D with certainty while the L type succeeds with a probability ρ ∈ [0, 1),

which is exogenous.8 We ignore the R&D cost.9 We assume that the firm certainly applies for a patent

and that the patent office grants the firm a patent whenever the firm succeeds in developing the new

technology, and that the cost of patenting is zero.10 Second, the firm produces a new product. The

firm uses the new technology to produce a new product if it succeeds in R&D, while the firm uses the

existing old technology if it fails. We normalize the production cost to zero.

The product quality is of either G (good) or B (bad), and is the firm’s private information. The

7We wish to focus on the interaction between a pre-established trademark (r) and the signaling role of patents. Since
the story between trademarks and promotional patents is inherently a dynamic one, the following two-stage game may
explain the story well: a firm invests in both brand and patenting in the first stage, and then decide whether to use
its patents for promotion in the second stage. However, this two stage game is complicated and thus can obscure the
function of promotional patents. Therefore, this paper focus on the “second stage” in which the reputation level (r) is
exogenous at the begining of the stage.

8Assuming that the H-type firm succeeds in R&D with certainty is for the sake of simplicity. Our results do not
essentially change even though we relax this assumption, unless the L-type firm is more likely to succeed in R&D than
the H-type firm.

9The R&D cost is not essential in this model, because this paper does not focus on a strategic decision on investment
in R&D, but instead studies the value of a patent as a promotional tool given a patented new technology. If real firms
obtain patents mainly aimed at advertising their products, then we should introduce an R&D cost into our model.
However, I do not think this is the case.

10Assuming that the patent office certainly grants the applicant a patent is for the sake of simplicity. All results
essentially remain unchanged even though we introduce a positive probability of rejection. The assumption that the cost
of patenting is zero may seem problematic. In fact, the traditional view on patents even considers the cost of information
revelation, such as a competitor catching up. We can provide at least two possible justifications. First, we implicitly
focus on short terms wherein competitors cannot catch up with the patent holder even if they obtain patent knowledge.
Second, we consider the value of a patent given that it is granted: in this case, the cost of patenting is sunk.
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Table 1: Probability of product quality being good [G]

Firm’s type
Process High [H] Low [L]

New [1] qH q1
Old [0] - q0

new technology is more likely to yield a G product than the old technology. Given the technology the

firm owns, an H-type firm is more likely to produce a G product than an L-type firm. An H-type firm

produces a G product with probability qH > 0, while an L-type firm with the new patented technology

produces a G product with probability q1 ≥ 0 and an L-type firm with the old technology produces a

G product with probability q0 ≥ 0, where qH ≥ q1 ≥ q0 holds. The probabilities are summarized in

Table 1.

Since a patent provides credible information about what technology the firm owns, consumers

update their belief about the firm’s type conditional on observing a patent as a promotional tool, for

example, “Patented” being printed on the package of the product. Finally, the firm announces a price

as a take-it-or-leave-it offer, and consumers decide whether or not to buy the product.

Each consumer demands at most one unit of the product. The value to consumers is 1 for the G

product and 0 for the B product. Observing the price, consumers update their belief on the types of

the firm, and calculate the expected value of the product. The consumers optimally buy the products

if and only if the price is equal to or lower than the expected value. In case of indifference, we assume

that consumers buy the products.

We employ Perfect Bayesian equilibrium (PBE) in which the consumers form a monotone belief

as a solution concept. In the case where the firm is not allowed to use a patent for promotion, on

observed price p, consumers assign probability µ(p) to the H-type firm and probability 1−µ(p) to the

L-type firm. In the case where the firm uses a patent for promotion, on observing both price p and

a new technology, consumers assign probability µ1(p) to an H-type firm and probability 1− µ1(p) to

an L-type firm. On observing both price p and an old technology, consumers assign probability µ0(p)

to an H-type firm and probability 1− µ0(p) to an L-type firm. We refer to a PBE where both types

of firms announce the same price as a pooling equilibrium, and a PBE where different types of firms

announce different prices as a separating equilibrium.

3 Patent for promotion

This section describes two situations. First, the firm cannot use its patent as a promotional tool, and

then the consumers infer the firm’s type based solely on the price announced by the firm. We can say
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that in this case, a trademark plays a central role because consumers’ initial belief is constructed by

a trademark. We introduce the first situation as a benchmark. Second, the firm can use its patent to

advertise its products. By observing a message of “Patented” or a television commercial mentioning

a patented technology, consumers certainly know that the firm owns a new patented technology and

then update their belief based on this observable fact and the product’s price. The subsequent section

compares the two outcomes and evaluates the value of the patent for promotion.

3.1 No promotional patent

If the firm cannot use its patent for promotion, then consumers infer the firm’s type and (thus) the

product quality based on the announced price. Since consumers are identical and their decision on

purchase is binary, for any price, either all consumers buy the product or none buys. Therefore, in

equilibrium, both types of the firm announce the same price, and consumers retain their initial belief.

The firm is an H type with probability r, providing a G product with probability qH ; similarly, the

firm is an L type with probability 1 − r, providing a G product with probability ρq1 + (1 − ρ)q0.

Therefore, the expected value for the consumers is given by

V (r) = rqH + (1− r)[ρq1 + (1− ρ)q0]. (1)

The expected value goes up as consumers initially believe that they are more likely to face an H-

type firm, because an H-type firm is more likely to produce a G product. Next, the expected value

increases as an L-type firm too is more likely to succeed in R&D, because the new patented technology

stochastically improves the product quality even though the patent is not observable to consumers.

Finally, the expected value clearly increases in all of the probabilities of the firm when producing a G

product. The following proposition characterizes a pooling equilibrium.

Proposition 1. There exists only a pooling equilibrium. In any pooling equilibrium, both types of

firms announce a price p∗ = V (r), and consumers buy the product. The following consumers’ belief

is consistent with the firm’s pricing strategy:

µ(p) =

{
r if p ≥ V (r)

0 otherwise.

Since a price is a take-it-or-leave-it offer, the equilibrium price equals the expected value of con-

sumers. By construction, the equilibrium outcome is unique, though the other beliefs can also form a

pooling equilibrium.
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3.2 Promotional patent

If the firm uses its patent to advertise its products, then consumers certainly know that the firm owns

a new patented technology and then update their belief based on the promotional patent and the price.

Since our model ignores the cost of patenting and of promoting with a patent, the firm uses a patent

whenever the firm succeeds in R&D.11 Therefore, consumers certainly understand that they face an

L-type firm if they do not observe a promotional patent. As in the previous case, any equilibrium

is a pooling equilibrium and the equilibrium outcome is unique, but in this case, the firm announces

different prices based on whether it succeeds or fails in R&D.12

First, suppose that the firm succeeds in R&D and obtains a patent. On observing the promotional

patent, consumers believe that according to Bayes’ rule, the firm’s type is H with probability r/[r +

(1− r)ρ] and L with (1− r)ρ/[r + (1− r)ρ]. Consumers’ expected value is given by

V1(r) =
r

r + (1− r)ρ
· qH +

(1− r)ρ
r + (1− r)ρ

· q1. (2)

As in the previous subsection, the expected value goes up as consumers initially believe that they are

more likely to face an H-type firm, because an H-type firm is more likely to produce a G product.

Next, the expected value decreases as an L-type firm is more likely to succeed in R&D. This is in

contrast to the result obtained in the case of no promotional patent. Finally, the expected value

increases in the probability that a firm with a patent produces a G product, but the probability of the

firm with no patent q0 has no impact on the expected value. Consumers surely know that the firm is

an L type; thus, they value the products at

V0(r) = q0. (3)

By construction, these prices form a unique equilibrium. The following proposition characterizes a

pooling equilibrium.

Proposition 2. There exists only a pooling equilibrium. In any pooling equilibrium, both types of

firms announce p∗1 = V1(r) if they succeed in R&D and obtain a patent, while both types announce

p∗0 = V0(r) if they fail. Consumers buy the product. On not observing that the firm obtains a patent,

consumers correctly believe that the firm’s type is L for sure: µ0(p) = 0 for any p. On observing that

the firm obtains a patent, the following consumer’s belief is consistent with the firm’s pricing strategy:

µ1(p) =

{
r

r+(1−r)ρ if p ≥ V1(r)
0 otherwise.

11Both H-type and L-type firms optimally use a patent for promotion with probability one even though using the
promotional patent is the firm’s choice. Therefore, we assume this for the sake of simplicity.

12We refer to this equilibrium as a pooling equilibrium because both types of firms announce the same price in each
case (success or failure in R&D).
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As in the previous case, by construction, the equilibrium outcomes are unique.

4 Analysis

This section compares the above two situations and evaluates the patent as a tool for promotion. First,

we define the value of a patent for promotion. A promotional patent increases the patent holder’s

profit because (i) the patented new technology directly increases the likelihood of the product quality

being good and (ii) the consumers believe that they are more likely to face an H-type firm. On the

other hand, no promotional patent implies that the firm’s type is L, thereby resulting in a negative

impact on firm profit: in fact, V1(r) > V (r) > V0(r) holds. An H-type firm obtains profit V (r) if

it cannot use a patent for promotion, while it obtains V1(r) if the promotional patent is available.

Therefore, a promotional patent brings an H-type firm an additional profit of V1(r)− V (r), which is

defined as the value of the promotional patent for the H-type firm:

SH(r) ≡ V1(r)− V (r) =
(1− r)(1− ρ)

r + (1− r)ρ

[
r(qH − q0) + (1− r)(q1 − q0)ρ

]
. (4)

Similarly, an L-type firm obtains profit V (r) if it cannot use a patent for promotion; on the other

hand, if the promotional patent is available, it succeeds in R&D and obtains V1(r) with probability ρ

and fails in R&D and obtains V0(r) with probability 1− ρ. Therefore, a promotional patent brings an

L-type firm an additional profit of ρV1(r) + (1− ρ)V0(r)− V (r), which is defined as the value of the

promotional patent for the L-type firm:

SL(r) ≡ ρV1(r) + (1− ρ)V0(r)− V (r) = − r(1− ρ)

r + (1− r)ρ

[
r(qH − q0) + (1− r)(q1 − q0)ρ

]
. (5)

(4) and (5) immediately yield the following proposition.

Proposition 3. The value of a promotional patent is non-negative for an H-type firm (SH(r) ≥ 0),

and non-positive for an L-type firm (SL(r) ≤ 0).

The reason why the value of a promotional patent is non-negative for an H-type firm is twofold.

First, since the patented new technology actually improves the expected product quality and consumers

certainly know that the firm owns the new technology, the patent increases consumers’ willingness to

pay for the product, thereby increasing an H-type firm’s profit. Second, an H-type firm can then

partially distinguish itself from an L-type firm. Since an H-type firm is more likely to produce a

G product than an L-type firm, the patent increases consumers’ willingness to pay for the product,

thereby increasing the H-type firm’s profit.
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The reason why the value of a promotional patent is non-positive for an L-type firm is more

complicated to understand. (5) implies that SL(r) → SH(r) as ρ → 1, which may seem to indicate

that an L-type firm can also obtain a positive profit from a promotional patent. However, in such

a case, the informational function of the patent diminishes, and thus, SH(r) → 0 as ρ → 1. To see

this, suppose that the L-type firm also obtains a patent with probability one (ρ = 1). In this case,

consumers can never ascertain the firm’s type even if they observe a promotional patent. Furthermore,

consumers understand that the firm certainly succeeds in R&D regardless of its type. Consequently,

a patent does not yield any additional profit to the firm.

The value of the promotional patent is affected by other parameters. In particular, we are interested

in the relationship between the value of a patent for promotion and consumers’ initial belief r. If

consumers believe that the firm’s type is H with a high probability, we can say that the firm has

already succeeded in constructing a “good reputation” or an established brand through its sales

history. On the other hand, if consumers’ initial belief is close to zero, we can say that the firm has

failed to construct such a reputation or a brand, or that the firm is probably a start-up firm. Which

situation yields a higher value of the patent for the H-type firm, the high-r situation or the low-r

situation? Before we answer this question, we briefly discuss impacts of the other parameters on the

value of the patent.

Proposition 4. The value of a promotional patent for an H-type firm, SH(r), increases in qH and

q1, and decreases in q0 and ρ. The value of a promotional patent for an L-type firm, SL(r), decreases

in qH and q1, and increases in q0 and ρ.

First, the more likely an L-type firm is to succeed in R&D, the lesser the value of a promotional

patent for an H-type firm and the greater the value of a promotional patent for the L-type firm

(∂SH/∂ρ ≤ 0, ∂SL/∂ρ ≥ 0). As discussed above, an increase in the probability of an L-type firm

succeeding in R&D weakens the informational function of the patent. This effect has a negative

(positive) impact on the value of the promotional patent for an H-type (L-type) firm. Second, the

more likely an H-type firm is to produce a G product, the greater the value of a promotional patent

for the H-type firm and the lower the value a promotional patent for an L-type firm (∂SH/∂qH ≥

0, ∂SL/∂qH ≤ 0). When an H-type firm can produce a G product with a sufficiently high probability

relative to an L-type firm, “being an H type” is more likely to contribute to the expected product

quality, and thus the informational function of the patent becomes more valuable. Consequently, an

increase in the probability of an H-type firm producing a G product has a positive (negative) impact

on the value of the H-type (L-type) firm. Third, the more likely an L-type firm without a patent is
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to produce a G product, the lesser the value of the promotional patent for an H-type firm and the

greater the value a promotional patent for the L-type firm (∂SH/∂q0 ≤ 0, ∂SL/∂q0 ≥ 0). When an

L-type firm can produce a G product with a sufficiently high probability even without a patent, “being

an H type” is less valuable when producing a G product, and thus the informational function of the

patent becomes less valuable. Fourth, the more likely an L-type firm with a patent is to produce

a G product, the greater the value of a promotional patent for an H-type firm and the lesser the

value of a promotional patent for an L-type firm (∂SH/∂q1 ≥ 0, ∂SL/∂q1 ≤ 0). When an L-type firm

with a patent can produce a G product with a sufficiently high probability, “holding a patent” (or

equivalently, using a new patented technology) is more likely to contribute to the expected product

quality. In this case, unlike in the above case, a patent directly improves the patent-holder’s profit,

and an H-type firm is more likely to enjoy this positive profit than an L-type firm.

The next proposition shows the impact of consumers’ initial belief on the value of the patent for

promotion, and provides an answer to the previous question.

Proposition 5. If qH − q1 > ρ(q1 − q0) holds, then there exists a threshold r̄ > 0, and the value of

the promotional patent for an H-type firm SH(r) increases in r (∂SH(r)/∂r > 0 holds) for any r < r̄.

The threshold r̄ is given by

r̄ =
−ρ(qH − ρq1 − (1− ρ)q0) +

√
ρ(qH − q1)(qH − ρq1 − (1− ρ)q0)

(1− ρ)(qH − ρq1 − (1− ρ)q0)
. (6)

Furthermore, r̄ < 1 holds if and only if ρ < 1 holds. On the other hand, the value of a promotional

patent for an L-type firm, SL(r), decreases in r.

Indeed, regarding SH(r), there are only two cases: either SH(r) = V1(r)−V (r) is strictly decreasing

in r (i.e. r̄ > 0 does not exist), or it is single-peaked (i.e., r̄ > 0). This follows from V1(r) being strictly

concave in r (due to the form of the posterior probability), while V (r) is linear. In the case where

SH(r) is initially increasing in r, these two functions are illustrated in the following figure (Figure 1).

This proposition is the main result of this paper. The answer to the question of whether the value

of the promotional patent for an H-type firm increases in consumers’ initial belief on the firm’s type

depends upon the degree of the belief. This proposition implies that if consumers believe that they

face an L-type firm with a high probability (i.e., low r), then an H-type firm can enjoy a positive

synergy; that is, a strengthening of consumers’ belief (an increase in r) increases an H-type firm’s

profit not only directly but also indirectly through an increase in the value of the promotional patent.

Examples include a start-up firm or a firm introducing a new product. Promoting their patents

becomes more important for these firms. On the other hand, if consumers believe that they face an

H-type firm with a high probability (i.e., high r), then the H-type firm does not enjoy a positive
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Figure 1: Expected profits V1(r) and V (r)

synergy. A strengthening of consumers’ belief directly increases an H-type firm’s profit but decreases

the value of the promotional patent; thus, the total profit may be negative. This implies that promoting

their patents might not a good strategy for a matured firm or a firm introducing a product with an

established brand.13 Furthermore, we can interpret this proposition to yield the following corollary.

Corollary 1. From the viewpoint of information revelation, a patent complements a trademark for

a firm with a poor reputation, while a patent substitutes a trademark for a firm with an excellent

reputation.

The logic underlying Proposition 5 is as follows. An impact of consumers’ initial belief on the

promotional value of the patent can be divided into two parts. By differentiating the values with

respect to r, we have

∂SH(r)

∂r
= −(1− ρ)(V1(r)− V0(r)) + (1− r)(1− ρ)

∂V1(r)

∂r
,

∂SL(r)

∂r
= −(1− ρ)(V1(r)− V0(r))− (1− ρ)

∂V1(r)

∂r
.

We refer to the first term as a reputation effect and the second term as a contribution effect.

First, the value of the promotional patent for both firm types decreases as consumers’ belief

strengthens, because consumers already believe that the firm’s type is H with a high probability,

and thus, a patent for conveying information about the firm’s type becomes redundant (and useless).

Therefore, the reputation effect is negative for both firm types. Second, the contribution effect,

13This result seems consistent with recent empirical evidence. Aoki and Spiegel (2009) reports that after the American
Inventor’s Protection Act of 1999, in the U.S., approximately 10% of all applicants opt-out of publication in order to keep
their information confidential. However, almost all individual applicants choose to disclose, implying that information
revelation of patents is important for applicants with little reputation (Graham and Hedge, 2013).
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Figure 2: Value of Patent (a) Figure 3: Value of Patent (b)

however, has contrasting impacts an H-type and an L-type firm. The value of the patent increases in

consumers’ initial belief (∂V1(r)/∂r > 0), but an L-type firm cannot enjoy an increase in its value with

probability 1−ρ (i.e., the L-type firm fails in R&D with probability 1−ρ). Therefore, the contribution

effect, which is given by −(1− ρ)∂V1(r)/∂r, is negative for an L-type firm. On the other hand, with

probability (1 − r)(1 − ρ), consumers can perfectly distinguish an L-type firm from an H-type firm,

because only the L-type firm fails in R&D. In other words, an H-type firm can keep the expected

value, which is given by (1− r)(1− ρ)∂V1(r)/∂r. Therefore, the contribution effect is positive for an

H-type firm.

Both the reputation and the contribution effects are negative for an L-type firm; thus, an increase

in r raises the loss for an L-type firm. However, whether the value of the promotional patent for an H-

type firm increases in r depends upon which effect dominates. In fact, parameter r non-monotonically

influences the value of the promotional patent for an H-type firm. Figure 2 and Figure 3 show the

impact of r on values SH(r) and SL(r) under ρ = 0.5, qH = 0.9, q1 = 0.2, and q0 = 0.1 and under

ρ = 0.2, qH = 0.9, q1 = 0.5, and q0 = 0.1, respectively. In both figures, the vertical axis represents the

value of the promotional patent and the horizontal axis represents consumers’ initial belief r.

By Proposition 5, an H-type firm is more likely to enjoy a promotional patent as threshold r̄

increases. The next proposition explains the effects of other parameters on threshold r̄.

Proposition 6. Threshold r̄ increases in qH and q0 and decreases in q1. The impact of ρ on threshold

r̄ is indeterminate.

As an H-type firm can successfully produce a G product, the informational value of a patent

increases. Consequently, a promotional patent yields a positive synergy on profit for an H-type firm

for a wider range of consumers’ initial belief: ∂r̄/∂qH > 0. The opposite holds for a decrease in the

probability of an L-type firm with a patent producing a G product. As an L-type firm with a patent

12



can successfully produce a G product, the informational value of a patent decreases even though

the patented new technology is more important for the expected product quality. Consequently, an

increase in the probability of an L-type firm with a patent producing a G product narrows the range

of consumers’ initial belief to yield a positive synergy on profit for an H-type firm: ∂r̄/∂q1 < 0.

Proposition 6 implies that in the case of high qH and low q1 (the case wherein a firm’s type is

significantly more important for product quality than a patented technology), the firm is more likely

to increase the value of the promotional patent. The food and electric devices industries seem to fit

this case. Accordingly, food and electric devices companies may be willing to use their patents for

promotion. On the other hand, in the case of low qH , high q1, and low q0 (the case wherein a patented

technology is significantly more important for product quality than firm type), the firm is less likely

to increase the value of the promotional patent. The pharmaceutical industry seems to fit this case.

Accordingly, pharmaceutical companies may not be willing to use their patents for promotion.

In order to see the impact of ρ on threshold r̄, we make the following assumptions on parameters

qH , q1, and q0.

Assumption. The following equations hold:

qH = 1, q1 = q ∈ [0, 1], q0 = 0. (7)

The assumption gives that (i) an H-type firm provides a G product with probability one and (ii)

an L-type firm never provides a G product unless it succeeds in R&D. The value of a promotional

patent for an H-type firm, given by (4), can be re-written as

sH(r) = (1− r)(1− ρ)
r + (1− r)ρq
r + (1− r)ρ

. (8)

By differentiating (8) with respect to r, we have

∂sH(r)

∂r
=

(1− ρ)[(1− r)2ρ− r2]− (1− r)(1− ρ)ρ[(1 + ρ) + (1− ρ)r]q

[r + (1− r)ρ]2
. (9)

Define

F (r, ρ) ≡ q − (1− r)2ρ− r2

(1− r)2ρ2 + (1− r2)ρ
. (10)

We observe that ∂sH(r)/∂r > 0 holds if and only if F (r, ρ) < 0 holds.

Threshold r̄ is given by

r̄ =
−ρ(1− ρq) +

√
ρ(1− q)(1− ρq)

(1− ρ)(1− ρq)
. (11)

Figure 4 shows the relationship between the probability ρ of an L-type firm succeeding in R&D, and

threshold r̄ given by (11) in three cases: q = 0.2, q = 0.5, and q = 0.7. In Figure 3, the vertical
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line represents threshold r̄ and the horizontal line represents ρ. In the case of q = 0.2, threshold r̄

monotonically increases in ρ and the upper bound of the threshold is 0.37. In the cases of q = 0.5 and

q = 0.7, threshold r̄ is non-monotonic in ρ. Numerical analysis yields the following observation.

Observation 1. For q ≥ q, there exists a threshold ρ̄(q) ∈ (0, 1) such that threshold r̄ increases in

ρ for any ρ < ρ̄(q) and decreases for any ρ > ρ̄(q). Threshold ρ̄(q) is a decreasing function of q.

Figure 4: Relationship between ρ and Threshold r̄

5 Concluding remarks

Consumers usually face uncertainty about the quality of new products, though they may hold a belief

about a firm’s ability to produce good quality products based on the firm’s past products. If this

ability is correlated with a likelihood of success in R&D and patenting behavior, then a firm may

potentially benefit from using a patent for promotion, because a patent provides credible information

about the firm’s ability. This paper focuses on the informational function of a patent, and examines

the benefit of information revelation to consumers. In our simple model, a high-type firm succeeds in

R&D with certainty and produces a good quality product with a high probability, while a low-type

firm may fail in R&D and produces a good quality product with a low probability. Neither the firm’s

ability nor product quality is observable to consumers, and consumers initially hold a belief about

the firm’s ability. Consumers update their belief after observing a promotional patent and the firm’s

price, and then decide whether or not to buy the product.

We discovered two major findings. First, a promotional patent yields a positive value for a high-

type firm but this value is non-monotonically affected by consumers’ initial belief. If consumers

initially believe that a firm’s type is high with a lower probability than a certain threshold, then

the value of a promotional patent increases as the probability increases up to the threshold. On the
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other hand, if consumers initially believe that a firm’s type is high with a higher probability than

the threshold, then the value of a promotional patent decreases as the probability increases. The

impact of the strengthening of consumers’ belief on the promotional value can be divided into two

effects: a reputation effect and a contribution effect. The reputation effect is the informational value

of the patent that enables distinguishing between a high-type and a low-type firm. The contribution

effect is the direct likelihood of the product being of good quality. A high-type firm faces a trade-off

between the negative reputation effect and the positive contribution effect. The positive contribution

effect dominates the negative reputation effect when consumers’ initial belief is less strong, while the

opposite holds when the belief is more strong. Second, a promotional patent yields a negative value

for a low-type firm, and the loss monotonically expands as consumers’ initial belief improves. Both

effects are negative for a low-type firm.

These results imply that start-up firms and firms introducing new products can enjoy a “positive

synergy.” That is, if such firms can increase the value of their brands or trademarks and improve

their reputation as firms with excellent abilities, then the additional benefit from a promotional patent

increases. In other words, patents complement trademarks for such firms. On the other hand, matured

firms and firms with highly established brands cannot enjoy this positive synergy. That is, even if

they can increase the value of their brands or trademarks, the additional benefit from a promotional

patent decreases. In other words, patents are substitutes for trademarks for such firms. In line with

the traditional view on patenting, which stresses the cost of information revelation, Silverberga and

Verspagen (2007) argues that there exist too many “useless” patents. The benefit of information

revelation, as discussed in this paper, might solve this puzzle.

In closing, we discuss the assumption and extension of our model. First, our model assumes that

the cost of using a patent for promotion is zero. This assumption is crucial in our model. If we

relax this assumption and instead consider a model where an H-type firm can more efficiently use

its patent for promotion than an L-type firm, then the results will change; for example, there may

exist a separating equilibrium in which only the H-type firm uses a promotional patent or a pooling

equilibrium in which neither type of the firm uses promotional patent. We justify our assumption with

two reasons. First, the current model can avoid the problem of multiple equilibria, which are usual in

signaling models. This multiplicity makes the evaluation of the promotional patent complicated and

its implications subtle, because the value of the promotional patent differs over the types of equilibria

(i.e., pooling or separating). Second, there may not exist a clear relationship between a firm’s type

and the cost of using a patent for promotion. However, using a signaling model may provide a more

insightful analysis.

Second, this paper does not explicitly analyze trademarks for advertising products, but instead
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assumes that consumers’ initial belief on the firm’s type is formed by trademarks and past sales.

However, in reality, investment in trademarks and brands aimed at conveying information about the

firm’s attributes to consumers seems important for firms. If so, the more interesting issue is the

strategic decision on choosing a promotional device. Which intellectual property is appropriate for

advertising products and promoting sales, a trademark or a patent? When should a firm use both

intellectual properties for better promotion, or what firm should? A more sophisticated model may

be required to answer these questions.

Third, in this paper, strategic decision on patenting is not modeled. One of the incentives to

patent is the benefit derived from the higher price, but the value from the promotional patent is ex

ante negative for the low-ability firm. Hence it might not be clear what equilibrium behavior would

emerge in a two-stage game where the firm first decides whether or not to patent (at a cost) and then,

conditional on patents, chooses whether or not to use the patent as a signal. However, the two-stage

game might overestimate a promotional aspect of patents because firms, as a primary objective, obtain

patents for having a monopoly power. We would need a sophisticated model which could discriminate

between investments in patenting for a monopoly power and a promotional value.

Fourth, the different type model may yield the opposite results to the results in this paper. In

reality, it would be difficult for consumer to assess how much the patented technology contributed to

improving one particular product’s quality. The patent is for an innovation that is only a small part

of the product and the product is of relatively low quality, so the firm may use the patent as a type

of obfuscation (i.e., the firm could use promotional patents to raise the perceived quality). If so, it is

conceivable that the somewhat uninformative patent messages on product labels could be associated

with products of lower quality on average contrary to the results in this paper.14

Last, firms are often allowed to use patented technologies from patent holders via licensing agree-

ments. If two or more firms exist in a market, and if licensing agreements are possible, then patent

licensing may influence the value of the promotional patent. Consequently, it is vague what firm has

a more strong incentive to enter into an agreement if it does not have a patented technology. These

topics are left for future research.

14The author thanks to the anonymous referee fir pointing out this aspect.
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Appendix: Proof of Propositions

Proof of Proposition 1.

Proof. First, by contradiction, we show that no separating equilibrium exists. Suppose that there

exists a separating equilibrium, where the i-type firm announces price pi. Since all consumers are

identical and form an identical belief, either product is sold to all consumers or no consumer buys

the product for any price. Suppose that pi > pj , i 6= j, and that consumers buy the product for

both pi and pj . Then, the j-type firm profitably deviates to announce pi. Suppose that pi 6= pj , and

that consumers buy the product for pi but not for pj . Then, the j-type firm profitably deviates to

announce pi.

Second, in any pooling equilibrium, consumers retain their initial belief, and their expected value

is V (r) as given by (1); thus, a firm announces a price of V (r) as a take-it-or-leave-it offer. Every

price p̃ 6= p∗ = V (r) cuts down the firm’s profit even if all consumers buy the product. If consumers

believed that they certainly face an H-type firm based on observed price p̃ ∈ (V (r), qH ], then both

firm types can profitably deviate to announce p̃ because all consumers would buy the product for p̃.

However, such a belief is inconsistent with the firm’s strategy. Therefore, consumers should retain

their initial belief for price p ∈ (V (r), qH ], and then, the firm cannot profitably deviate to announce

p̃ > p∗ because no consumer would buy the product.

Proof of Proposition 2.

Proof. In equilibrium, if a firm fails in R&D, then consumers correctly understand that the firm’s type

is L. Therefore, the firm announces p∗0 = V0(r) = q0. Next, we consider a case of success in R&D. The

first part of the proof of Proposition 1 applies to this case, and both firm types announce the same

price in this case.

On observing a patent, consumers form a belief µ1(p) = r/[r + (1− r)ρ] according to Bayes’ rule,

and thus, their expected value is V1(r) as given by (2). Therefore, all consumers buy the product for

V1(r). Any price p̃ < p∗1 cuts down the firm’s profit even if all consumers buy the product. If consumers

believed that they certainly faced an H-type firm based on observed price p̃ ∈ (V1(r), qH ], then both

firm types could profitably deviate to announce p̃ because all consumers would buy the product for

p̃. However, such a belief is inconsistent with the firm’s strategy. Therefore, consumers would form a

belief µ1(p) = r/[r + (1 − r)ρ] for price p ∈ (V1(r), qH ], and then, the firm cannot profitably deviate

to announce p̃ > p∗ because no consumer would buy the product.

Proof of Proposition 4.
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Proof. That SH(r) increases in qH and q1, and that SH(r) decreases in q0 are immediate from (4). By

differentiating (4) with respect to ρ, we obtain

∂SH(r)

∂ρ
=

1− r
[r + (1− r)ρ]2

[
− r(qH − q0) + (1− r)(r(1− ρ)2 − ρ2)(q1 − q0)

]
<

1− r
[r + (1− r)ρ]2

[
− r(q1 − q0) + (1− r)(r(1− ρ)2 − ρ2)(q1 − q0)

]
=

(1− r)(q1 − q0)[r + (1− r)ρ]2

[r + (1− r)ρ]2
≤ 0.

Therefore, we obtain ∂SH(r)/∂ρ ≤ 0, implying that SH(r) decreases in ρ.

That SL(r) decreases in qH and q1, and that SL(r) decreases in q0 are immediate from (5). By

differentiating (5) with respect to ρ, we obtain

∂SL(r)

∂ρ
=

r

[r + (1− r)ρ]2

[
r(qH − q0)− (1− r)(r(1− ρ)2 − ρ2)(q1 − q0)

]
>

r

[r + (1− r)ρ]2

[
r(q1 − q0)− (1− r)(r(1− ρ)2 − ρ2)(q1 − q0)

]
=
r(q1 − q0)[r + (1− r)ρ]2

[r + (1− r)ρ]2
≥ 0.

Proof of Proposition 5.

Proof. By differentiating (4) with respect to r, we have

∂SH(r)

∂r
=

(1− ρ)[(1− r)2ρ− r2](qH − q0)− (1− r)(1− ρ)ρ[(1 + ρ) + (1− ρ)r](q1 − q0)
[r + (1− r)ρ]2

. (12)

Denote QH ≡ qH − q0 and Q1 ≡ q1 − q0. Therefore, (12) can be rewritten as

∂SH(r)

∂r
=

(1− ρ)[(1− r)2ρ− r2]QH − (1− r)(1− ρ)ρ[(1 + ρ) + (1− ρ)r]Q1

[r + (1− r)ρ]2

=
(1− ρ)[−(1− ρ)(QH − ρQ1)r

2 − 2ρ(QH − ρQ1)r + ρ(QH − (1 + ρ)Q1)]

[r + (1− r)ρ]2
.

Denote

F (r, ρ) ≡ (1− ρ)(QH − ρQ1)r
2 + 2ρ(QH − ρQ1)r − ρ(QH − (1 + ρ)Q1)

= (1− ρ)(QH − ρQ1)
(
r +

ρ

1− ρ

)2
− ρ

1− ρ
(QH −Q1).

Therefore,
∂SH(r)

∂r
> 0 ⇔ F (r, ρ) < 0.

Therefore, since F (1, ρ) = ρQ1 > 0, if F (0, ρ) = −ρ(QH − (1 + ρ)Q1) < 0 or equivalently qH − q1 >

ρ(q1 − q0) holds, then there exists r̄ ∈ (0, 1) such that ∂SH(r)/∂r > 0 for any r < r̄. The following
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threshold r̄ is a (positive) solution of F (r, ρ) = 0:

r̄ =
−ρ(QH − ρQ1) +

√
ρ(QH −Q1)(QH − ρQ1)

(1− ρ)(QH − ρQ1)

=
−ρ(qH − ρq1 − (1− ρ)q0) +

√
ρ(qH − q1)(qH − ρq1 − (1− ρ)q0)

(1− ρ)(qH − ρq1 − (1− ρ)q0)
.

On the other hand, by differentiating (5) with respect to r, we obtain:

∂SL(r)

∂r
=

−(1− ρ)

[r + (1− r)ρ]2

[
(r2 − r2ρ+ 2rρ)(qH − q0) + rρ(1− ρ− 2r + rρ)(q1 − q0)

]
<

−(1− ρ)

[r + (1− r)ρ]2

[
(r2 − r2ρ+ 2rρ)(q1 − q0) + rρ(1− ρ− 2r + rρ)(q1 − q0)

]
=
−(1− ρ)(q1 − q0)

[r + (1− r)ρ]2

[
r2(1− ρ)2 + rρ(3− r − ρ)

]
≤ 0.

Proof of Proposition 6.

Proof. By differentiating r̄ with respect to qH , q1, and q0, we obtain

∂r̄

∂qH
=

1

2

( ρ

(qH − q1)(q1 − q0)[qH − ρq1 − (1− ρ)q0]3

) 1
2
> 0,

∂r̄

∂q1
= −1

2

( ρ(q1 − q0)2

(qH − q1)[qH − ρq1 − (1− ρ)q0]3

) 1
2
< 0,

∂r̄

∂q0
=

1

2

( ρ(qH − q1)
[qH − ρq1 − (1− ρ)q0]3

) 1
2
> 0.

Note that qH − ρq1 − (1− ρ)q0 > q1 − ρq1 − (1− ρ)q0 = (1− ρ)(q1 − q0) > 0 holds.

Similarly, by differentiating r̄ with respect to ρ, we obtain

∂r̄

∂ρ
= −

( 1

1− ρ

)2
+
( 1

1− ρ

)2( ρ(qH − q1)
[qH − ρq1 − (1− ρ)q0]3

) 1
2
((1− ρ)(qH − q0)

2ρ
+ [qH − ρq1 − (1− ρ)q0]

)
,

which is either positive or negative.
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