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Abstract
Accreditation is increasingly important worldwide; however, some industries have higher
accreditation rates than others. We suggest a duopoly model to discuss how market characteristics
affect the incentive for firms to seek accreditation. The discussion relates to the effects accreditation
might have on the costs and demands in the markets, the degree of product differentiation
(addressing both substitutable and complementary goods), type of competition (various Cournot and
Bertrand games) and welfare for society. It follows that markets with high accreditation rates are
either characterized by fierce competition (price competition in substitutable goods) or by a high
degree of coordination (complementarity).
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1. Introduction
Available mechanisms for informing consumers about quality include branding, experience,
warranties, free trials, labelling and various quality disclosure institutions. Quality disclosure may
take many forms and include sellers that report product attributes (self‐disclosure1) and independent
agencies (certifiers or accreditation bodies) that systematically measure and report quality (third‐
party verification) (Dranove and Jin, 2010). Third‐party verification (accreditation or certification2) is
typically a response when products have credence good attributes and may be of two types. A first
type verifies product quality, either in terms of exact measurement or by exceeding a given level
(product accreditation).3 A second type verifies that an organization is meeting certain input and ‐
process standards (process accreditation). Here, becoming accredited requires an organization to
demonstrate that it employs a specific set of management practices, that it meets certain
professional requirements, and/or fulfils certain pre‐specified standards (Griffith, Knutzen, and
Alexander, 2002).4
Accreditation is a growth industry, but its importance seems to vary across sectors. ISO standards
have been around since 1987, and by 1995 ISO 9000 had been adopted by 101 countries as a
national quality assurance standard (Anderson, Daly, and Johnson, 1999). According to Corbett et al.
(2002), more than 500,000 certifications have been awarded worldwide. In the US, the industries
with the highest number of ISO 9000 certificates are “chemicals”, “industrial and commercial
machinery” and “electrical equipment” (Corbett et al., 2002). In 2009, a total of 7,435 US institutions
in higher education were accredited (Woolston, 2012) and there was growth in the proportion of
accredited business education programmes from 11% in 1988 to 42% in 2007 (Corcoran, 2007). The
National Association for the Education of Young Children (NAEYC) currently accredits approximately
8,000 early care and education programmes throughout US with an equivalent number being in the
process of seeking accreditation (Whitebook, Sakai, and Howes, 2004). Since 2000, over 350
international hospitals have been accredited, the total nearly tripling between 2007 and 2011
(Woodhead, 2013). Almost half of the health maintenance organizations in US had voluntarily
applied for accreditation by 1998 (Jin, 2005). By 2003, approximately 85% of US hospitals were

1

When producers self‐disclose quantifiable quality information, consumers might infer that such information can be
verified by third‐parties and is therefore trustworthy (Dranove and Jin, 2010).
2 In this paper, we use “accreditation” and “certification” interchangeably.
3 Examples of product accreditation are report cards and laboratory testing of product quality.
4 Both accreditation and licensure establish minimum quality standards (input quality); however, licensure controls entry
while voluntary accreditation does not.
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accredited (Sprague, 2005).5
Much of the literature on accreditation is descriptive, but some studies, especially on hospital
accreditation, are concerned with output improvements from accreditation. When surveying this
literature, Shaw (2001, 2003, 2006), Braithwaite et al. (2006) and Greenfield and Braithwaite (2008)
conclude that there are no convincing studies that provide evidence on accreditation causing output
improvements. Similar conclusions are reached by Griffith et al. (2002) and Barker et al. (2002).6 Xiao
(2010) estimates a model to assess the effectiveness and the impact of the national accreditation
system for childcare centres on consumer welfare and finds that on average consumers do not gain
much information beyond what they infer from a firm’s reputation. In a study on ISO 9000
certification, Terlaak and King (2006) find that certified organizations grow faster after certification
and that operational improvements do not account for this growth.
The purpose of this paper is to analyse how market characteristics such as the degree of product
differentiation and type of competition affect accreditation incentives. The identification of factors
that incentivize firms to become voluntarily accredited is important for understanding why some
sectors have higher accreditation rates than others and why, for a given sector, some firms voluntary
seek accreditation while others do not.7 To address such questions, we apply a framework first used
by Singh and Vives (1984) to analyse competition in a differentiated duopoly. This approach enables
us to study accreditation incentives in markets where the goods both are substitutes or complements
and where firms compete on price or quantity. We study both the case where the firms
simultaneously choose accreditation and quantities (simultaneous Cournot), and the case where the
accreditation decisions are taken first, followed by a quantity competition (two‐stage Cournot). We
follow the same procedure when analysing the cases of price competition. First we consider the
possibility that the firms simultaneously choose whether to accredit or not at the same time as they
decide prices (simultaneous Bertrand), and the case where the accreditation decisions are taken first,
then the firms meet in a price competition (two‐stage Bertrand).
Given product accreditation, consumers receive information about products that may improve
matching and attract new customers, thus increasing the willingness to pay for accredited products.
5

Recently, accreditation has become a requirement for reimbursement by public programs (Medicare and Medicaid) or
become required by law (mandatory accreditation). Both France and Australia have moved to a process of mandatory
accreditation for public hospitals (Mumford et al., 2015). The EU requires that companies that produce regulated products,
such as medical devices, must adhere to ISO 9000 standards (Marquardt, 1992).
6 There is some evidence that accreditation may lead to a change in internal processes. Chen et al. (2003) find that hospitals
rapidly increase compliance with standards in the months prior to external assessments. In systematically reviewing
accreditation research, Greenfield and Braithwaite (2008) studied possible impacts in 10 different areas and found
consistent positive association for two areas (promoting change and professional development).
7 The motives for hospitals to seek accreditation are discussed in Grepperud (2015).
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Additionally, firms may also invest in better product quality before seeking accreditation. Given
process accreditation, becoming accredited confirms that certain standards are fulfilled (production
process requirements), which again may raise expectations (and the willingness to pay) among
consumers about quality improvements as well as creating beliefs about accredited firms doing
better than non‐accredited ones on average.
The literature mentions various types of accreditation costs. In addition to audit fees, there are costs
associated with (i) consulting and guidance, (ii) documenting production processes, (iii) training of
staff, and (iv) changing production processes (Corbett et al., 2002). Some argue that such costs
envisage economics of scale properties that can be substantial, especially when outside consultants
perform much of the work (Anderson et al., 1999; Ferguson, 1996; Shapiro, 1986).8 Others argue that
accreditation also may lead to higher productivity and lower production costs due to improved
processes causing a better use of resources and lower service failure (Motwani, Kumar, and Cheng,
1996).9
Based upon the reasoning above, we assume that firms that become accredited, ceteris paribus, will
increase the willingness to pay for own products. Customers are willing to pay higher prices since
accreditation (wrongfully or not) provides assurance that the products have improved in quality. This
increase in demand represents an opportunity for firms to derive benefits in terms of increased sales,
improved market coverage and higher price premiums. Despite its generality, this assumption seems
both intuitive and reasonable in the sense that it captures the essence of consumers’ understanding
of the functioning of accreditation. Furthermore, we assume that becoming accredited (meeting the
accreditation standards) may both incur costs and save costs for accredited firms.
As accreditation is a part of the competitive strategies of firms, affecting both costs and market
demands, our analysis has some similarities with the advertisement literature [see e.g. a review by
Bagwell (2007)]. Hattori and Higashida (2012) discuss possible welfare effects from misleading
(persuasive) advertising in a two‐firm model with linear demand functions, cost functions being
quadratic in advertising, and where the firms supply substitutes. A two‐stage Bertrand model is
analysed where firms choose their advertising levels before meeting in price competition and where
more intensive advertising increases own demand as well the rival’s demand. An important finding is
8 Benson (1991) reports costs amounting to $500,000 to prepare a 250‐person plant for an audit. A survey of larger ISO
9000 compliant firms found that the average one‐time costs of seeking accreditation were $300,000 with 10% paid to
accreditation bodies, 20% to other external parties, and the balance associated with internal costs (Anderson et al., 1999).
However, the same firms also reported on annual cost savings due to improved internal process equal to an average of
$200,000, suggesting an average payback period equal to 1.5 years.
9 For acute care Australian hospitals, Mumford et al. (2015) find that the annual average financial expenditures over an
accreditation cycle varied from 0.03 to 0.6% of the hospitals’ total operating costs.
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that advertising is inefficiently excessive from a welfare point of view. Similar analyses are conducted
by Glaeser and Ujhelyi (2010) and Matsumura and Sunada (2013) for the case of homogenous multi‐
firm Cournot competition. Glaeser and Ujhelyi (2010) find that the increase in sales that follow from
misleading advertising are contributing to an increase in social welfare compared to situations
without advertising. 10
Another relevant literature for our analysis is theories on quality disclosure (third‐party disclosure
and self‐disclosure). The literature on third party disclosure is mainly concerned with the supply side
of the market, focusing on issues such as the choice of disclosure rules, incentives for truthful
reporting among accreditation bodies (certifiers), optimal audit fees, and the role of competition
(Albano and Lizzeri, 2001; Hvide and Heifetz, 2001; Lizzeri, 1999; Miao, 2009). The so‐called
“unravelling literature”, being an important part of the literature on self‐disclosure, is typically
concerned with disclosure incentives where disclosure reveals the exact product quality and where
the firms are local monopolies (strategic independence) since fully capturing the consumer surplus.11
The role of competition (oligopolistic markets) is addressed by Stivers (2004), Cheong and Kim
(2004), Board (2009), Levin et al. (2009) and Guo and Zhao (2009), Caldieraro et al. (2011), Hotz and
Xiao (2013) and Janssen and Roy (2015). All these studies analyse price competition for substitutes
where disclosure reveals information on exact product quality and where the disclosure costs are
exogenous. The same studies vary in regard to assumptions about product differentiation (horizontal
and/or vertical), consumer information and consumer preferences, the firms’ information about
rivals, and how competition is portrayed. Most works find that greater competition decreases
disclosure.12
The structure of the paper is as follows. In Section 2, we present the basic model. In Section 3, we
deduce the optimal cartel solution. In Section 4, we consider competitive games, where the firms
either compete in quantities or prices. In both cases we study when the accreditation decisions are
taken simultaneously with the choices on quantities or prices, and when the accreditation decisions
are made before the firms to compete in quantities or prices. In Section 5, we compare the different
markets structures with respect to accreditation incentives and analyse the impact from increased

10

The main discussions in these referred articles are related to whether advertising in oligopolies is welfare improving or
not, and eventually different political means that could be practiced in order to promote overall market efficiency.
11 The term “unraveling” refers to the process whereby the firm with the highest product quality is first to disclose as a way
of distinguishing itself from lower quality firms. Once this happens, the firm with the second highest product quality has the
same incentive to disclose, and so forth until all but the firm with lowest quality discloses. This literature derives from early
works by Grossman and Hart (1980) and Milgrom (1981) showing, in the absence of disclosure costs, that all firms disclose
their true type (full disclosure). Subsequent works have identified conditions for partial disclosure. Viscusi (1978), Jovanovic
(1982), Grossmann and Hart (1980), and Dye and Sridhar (1995) show that disclosure costs may yield partial disclosure.
12 Two exceptions are Stivers (2004) and Caldieraro et al. (2011).
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competition. In Section 6, we present optimal welfare solutions. Section 7 discusses some model
extensions while section 8 concludes.

2. The model
Consider a market with only one accreditation body (certifier).13 Accreditation is assumed to be an
endogenous discrete (binary) decision variable for the firms. This means that either a firm chooses to
accredit or it decides not to become accredited.14 Here we symbolize the action of accreditation for
1 if it is accredited, and 𝐴

firm 𝑖 by 𝐴

0 if the firm decides not to become accredited.

Let there be two profit‐seeking firms, firm 𝑖 and 𝑗, producing and selling differentiated products in
two markets (𝑖 and 𝑗), which might be interrelated either as substitutes or complements in demand.
Moreover, we suppose that demand in market 𝑖 depends on the price in this market, 𝑝 , the price in
the other market 𝑗, 𝑝 , whether the producer in each market is accredited, 𝐴
𝐴

1 and 𝐴

0. This means that we can specify the demand function as 𝑞

0,

where

0 and

0,

1 and 𝐴

0 and

𝑞 𝑝 ,𝑝 ,𝐴 ,𝐴 ,

0 if the products are substitutes (complements).

This implies that higher prices reduce demand, firm accreditation increases own market demand, and
lower prices and accreditation in the other market increase (decrease) demand in the case of
substitutes (complements). We propose a model similar to the linear specification of Singh and Vives
(1984) with an expansion regarding the accreditation elements, 𝐴 . Given these assumptions, the
inverse demand firm 𝑖 is facing becomes as follows:
(1a)

𝑝

𝑎

where 𝑖, 𝑗

𝑞

𝑔𝑞
1,2 , 𝑖

𝛾𝐴

𝑔𝜆 𝐴

𝑗, 𝑎 , 𝑞 , 𝛾 , 𝜆

0, 𝛾

𝜆, 1

𝑔

1 and 𝐴

0 or 𝐴

1

In (1a), the symmetric parameter 𝑔 indicates how differentiated the products are for the two firms.
The firms provide independent products if 𝑔
substitutes (complements) as 𝑔 → 1 (𝑔 →

0 and the products become closer to perfect
1 . Hence, the value of 𝑔 indicates the degree of product

differentiation while 𝜆 determines, for a given degree of product differentiation, how the willingness
13

Here we assume a fixed accreditation fee (e.g. a single regulated accreditation body).
According to a UNESCO publication the result of an accreditation process is the awarding of a status (yes/no decision)
(Vlãsceanu, Grünberg, and Parlea, 2004). According to Van Damme (2004) it is important to narrow the use of the term,
accreditation, and to separate it conceptually from other quality assurance activities. Conditions that have to be fulfilled in
order to use the term consistently are; (i) a formal decision of binary (yes/no) or ternary (adding “conditional”) nature and
(ii) based upon predetermined standards or requirements (benchmarks). This means that accreditation best can be
perceived as a strategic discrete variable (comparable to models on exit and entry decisions), making it different from
models on quality competition and advertisement where firms are supposed to adjust their strategic means continuously
when they maximize profits.
14
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to pay for product 𝑖 is affected by the accreditation decision of the rival. It follows from (1a) that a
firm that decides to become accredited will experience a positive shift in the marginal willingness to
pay for its product, while the other firm, operating in a substitutable (complementary) market, will
experience a negative (positive) shift in the marginal willingness to pay for its product. These effects
follow from the consumers’ beliefs that successful accreditation by an operator in a market is a signal
of better product quality, which is adding value to the product provided by this firm. At the same
time, when a producer chooses to provide an accredited good in its market, the other firm will
experience lower willingness to pay for its product if the goods are substitutable in consumption, and
higher willingness to pay if the goods are complementary in consumption. It seems reasonable to
assume that the direct effect of becoming accredited is stronger than the effect of possible
𝑔𝜆 . Our formulation of the effects on the

accreditation in the other market, which implies that 𝛾

marginal willingness to pay for accreditation is simple but captures potentially important effects.
First, becoming accredited, ceteris paribus, improves your relative position in the market relative to
non‐accredited rivals, and second, it may cause an increase in the overall demand (market expansion
effect). Given the demand functions in (1a), it follows that the quantity specifications become:
(1b)

𝑎

𝑞

𝑔𝑎

𝛾

𝑔 𝜆 𝐴

𝑔 𝛾

𝜆 𝐴

𝑝

𝑔𝑝

The technology of firm 𝑖, is given by the cost functions 𝐶 :
(2)

𝐶

𝐶 𝑞 ,𝐴

𝑐
𝑐

We assume that

|𝑙 |

𝑙 𝐴 𝑞 where 𝑐

𝑙 𝐴 and

𝑙 𝑞 . This means that there is a constant marginal cost in

production, only affected by accreditation or not. 𝑐 represents the unit production cost in the
absence of accreditation while 𝑙 represents the change in such costs from becoming accredited. The
|𝑙 | ensures that production unit costs are positive also after becoming accredited.

condition 𝑐

The parameter 𝑙 is designed to reflect all changes in costs that occur in response to meeting
accreditation standards and may include audit fees, outside consulting costs, and initial internal costs
such as documentation costs and staff‐training costs. In addition, there are costs associated with
changing production processes (compliance costs), which in principle can be both positive (efforts to
fulfil input standards) or negative (cost‐efficiency gains that arise from learning). Let 𝑙 now be the
sum of all cost additions, 𝜏 , and all cost savings, 𝜌 , that follow from becoming accredited, which
yields; 𝑙

𝜏

𝜌 . If 𝜏

𝜌 , the change in unit production costs associated with becoming

accredited is negative.
The profit function for firm 𝑖, 𝜋 , can then, using (1a) and (2), be written as
7

𝜋

(3a)

𝑎

𝑐

𝐴 𝛾

𝑔𝜆 𝐴

𝑙

𝑞

𝑔𝑞 𝑞

or alternatively, using (2) and the direct demand functions (1b), by
𝑎

𝜋

(3b)

𝑔𝑎

𝛾

𝑔 𝜆 𝐴

𝑔 𝛾

𝜆 𝐴

𝑝

𝑔𝑝

𝑝

𝑐

𝑙𝐴

As expected, we observe from (3a) and (3b) that profit for firm 𝑖 is a function of both own and the
rival’s accreditation decision. For the market to exist, 𝑞

0, it is required that the profit for the first

unit must be strictly positive for both players, i.e.,
𝜔

(4)

𝑎

𝐴 𝛾

𝑐

𝑔𝜆 𝐴

𝑙

𝜔 𝐴 ,𝐴

0

By inserting (4) into (3a), profits can be expressed as follows;
𝜔 𝐴 ,𝐴

𝜋

(5)

𝑞

𝑔𝑞 𝑞 where 𝑖, 𝑗

1,2 and 𝑖

𝑗

The value of 𝜔 measures the difference between the marginal willingness to pay for the first unit of
product 𝑖 subtracted the cost of producing the same unit (marginal welfare surplus). We observe that
𝜔 is negatively (positively) affected when firm j becomes accredited if the goods are substitutes
0) and that 𝜔 is positively (negatively) affected

(complements) in consumption (hence 𝑔𝜆
when firm 𝑖 becomes accredited if 𝛾

𝑙

0.

The changes in profit for firm 𝑖, for a given quantity level, that occur in response to choosing own
accreditation and the rival choosing accreditation become:
,

(6a)

,

(6b)

𝑞
𝑞

𝛾

𝑙 𝑞

𝑔𝜆 𝑞

The effect in (6a) represents a direct effect since it refers to profit changes following from own
decision of becoming accredited. 15 This effect depends on the sum of the marginal increase in the
willingness to pay for own product if being accredited and the accompanying change in marginal
costs (direct net benefit from accreditation), and can be both positive or negative depending on 𝛾
𝑙

𝛾

𝜏

𝜌

0. The effect in (6b) is an indirect effect since referring to profit changes

arising from the rival’s accreditation decision. This effect depends on the degree (and type) of
product differentiation, g, and on how the willingness to pay for product 𝑖 is affected by the
accreditation decision of the rival, 𝜆 . This indirect effect can be both positive or negative since

15

In view of the discrete nature of the accreditation variable, the equations (6a) and (6b) should be expressed as;
𝜋 𝐴
1; 𝐴
𝜋 𝐴
0, 𝐴
𝛾 𝑙 𝑞 and 𝜋 𝐴 ; 𝐴𝑗 1
𝜋 𝐴 ,𝐴
0
𝑔𝜆 𝑞 where 𝑖, 𝑗 1,2, 𝑖 𝑗.
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0 .

depending on markets being substitutes or complements (𝑔𝜆

3. Cooperative behaviour (cartel)
Here, we identify the optimal conditions given cooperative behaviour in order to study a cartel’s (K)
incentives to accredit. When supposing that the firms cooperate and decide to maximize the sum of
the profits defined by (5), it is found that the first order conditions make it possible to specify the
optimal cartel behaviour as follows:
(7a)

𝑞

(7b)

𝑝

(7c)

𝜋

(7d)

𝐴

,

𝑐

,

,

𝑙𝐴
,

,

𝑙 𝑞

1 if 𝛾

,

𝑔𝜆 𝑞

0 or 𝐴

0 if 𝛾

𝑙 𝑞

𝑔𝜆 𝑞

0

Equations (7a)‐(7d) represent the cartel equilibrium for quantities, prices and profits, where the
optimal decisions reflect coordinating behaviour leading to monopoly power. 16 The conditions in (7d)
define the optimal accreditation decision and depend on the relative significance of two effects. The
first effect is the direct effect, already described in (6a), while the second effect, measured by 𝑔𝜆 ,
reflects how an accreditation in market 𝑖 affects the marginal willingness to pay in market 𝑗, which
again depends on the products being substitutes or complements. The effect in (6b), being a function
of 𝜆 , describes the effect on own profit (willingness to pay for own product) from the rival seeking
accreditation, while the effect in (7d), since being a function of 𝜆 , refers to the effect firm 𝑖’s
accreditation decision has on the rivals’ profit.17 Hence, the effect in (7d) reflects the cartel’s ability
to coordinate the firms’ behaviour, meaning that the mutual effects in the two markets are fully
internalized when each firm makes their accreditation decision. This is seen by considering
independent markets 𝑔

0 . Now this effect (see (7d)) plays no role on the accreditation decision.

Given products being substitutes (0
complements ( 1

𝑔

𝑔

1) the indirect effect is negative while for products being

0) the same effect is positive. Thus, the incentive for a cartel firm to seek

16 It follows from (7a) that a positive equilibrium quantity in both markets implies that 𝜔 𝐴 , 𝐴
𝑔𝜔 𝐴 , 𝐴
0
where 𝑖, 𝑗 1,2, 𝑖 𝑗. Here and throughout the analyses we do not specify the second order conditions for the different
market solutions, but assume that they are satisfied.
17 The indirect effect in (7d) relates to the following change in profit; 𝜋 𝐴
1; 𝐴
𝜋 𝐴
0, 𝐴
𝑔𝜆 𝑞 where
𝑖, 𝑗 1,2, 𝑖 𝑗.
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accreditation, ceteris paribus, is stronger in markets for complements relative to markets for
substitutes. We also observe from (7d) that for markets being complements, cartel firms will always
seek accreditation if the direct effect (direct net benefit from accreditation) is positive. For markets
being substitutes, cartel firms will never seek accreditation if the same effect is negative. It also
follows that a cartel firm may find it advantageous to accredit also when accreditation does not
increase the willingness to pay for own products 𝛾
𝜏

accreditation costs is negative; 𝑙

0 . This may occur if the change in

𝜌 where 𝜏

𝜌.

4. Non‐cooperative games
In this section, we analyse the situation where two firms independently make their accreditation and
price/quantity decisions. Competition on quantity (Cournot) and price (Bertrand) are denoted C and
B, respectively. In many situations, it seems reasonable to portray firms as making their accreditation
decision in advance of the more flexible competition in quantities or prices. Consequently, first, we
derive equilibria for the cases where the firms simultaneously make their quantity– and accreditation
decisions (simultaneous Cournot indicated by notation SC). Secondly, we analyse the case where
accreditation choices are made and observed before the firms decide on their quantity levels (two‐
stage Cournot indicated by NC). Thirdly, we derive equilibria for the cases where the firms
simultaneously make their accreditation ‐ and price decisions (simultaneous Bertrand indicated by
SB). Finally, we study the case where the firms first make their accreditation choices followed by a
price competition (two‐stage Bertrand indicated by NB).
4.1. The Cournot games
We first consider firms that simultaneously make accreditation choices and quantity choices
(simultaneous Cournot). By maximizing the profits given by (5) with regard to quantities and the
accreditation decision, and manipulating the first order conditions we find that the equilibrium can
be defined by:
(8a)

𝑞

(8b)

𝑝

(8c)

𝜋

,

𝑐

,

𝑙𝐴
,

,

,

,
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𝐴

(8d)

where 𝐴

𝐴

1 if 𝛾

𝑙 𝑞

0 or 𝐴

𝐴

0 𝑖𝑓 𝛾

𝑙 𝑞

0

symbolize the optimal accreditation decision given simultaneous Cournot. The exact

quantities, 𝑞 , prices, 𝑝 , and profits, 𝜋 , in (8a)‐(8c) are calculated by using the optimal values of
𝐴

in (8d). If we compare (8a)‐(8d) with the cartel solution for independent markets (𝑔

0), it is

evident that equilibrium quantities, prices, profits and accreditation choices coincide. Moreover, the
interpretation of the Cournot equilibrium in prices and quantities (8a)‐(8c) is identical to Singh and
Vives (1984). Additionally, it follows from (8d) that whether a firm will seek accreditation is
dependent on the sign of 𝛾

𝑙 . The firm seeks accreditation if the increase in the marginal

willingness to pay in the market where it operates, 𝛾 , is higher than the marginal increase in firm
costs, 𝑙 . If the opposite holds, then accreditation does not increase the profit, and the firm chooses
not to accredit. It should be remarked that for this simultaneous Cournot competition, unlike the
case of cartel firms, that only the direct demand effect plays a role when evaluating the gains and
losses regarding accreditation.
In order to solve the two‐step Cournot game, we use backward induction. In stage 2, the firms
maximize profits given by (5) with regard to quantities, for a given accreditation decision, and again
we obtain the equations (8a)‐(8c) for the quantities, prices and profits. The only difference is that the
accreditation choice for the firms in the two‐stage Cournot, symbolized by 𝐴

, is found by

maximizing (8c) with regard to 𝐴 . The optimality is secured if the following conditions are satisfied:
𝐴

𝐴

1 𝑖𝑓

𝐴

𝐴

0 𝑖𝑓

(8e)

𝐴

1 if 2 𝛾

𝑙

,

,

,

,

𝑔 𝜆

0 or
0, which again implies

0 or 𝐴

0 if 2 𝛾

𝑙

𝑔 𝜆

0

Using (8e) in (8a)‐(8c) gives the optimal values of quantities, prices and profits in this case. From (8e)
it follows, as was the case for the cartel, that the optimal accreditation decision depends both on a
direct and an indirect effect. However, the indirect effect plays no role for the accreditation decision
when products are independent 𝑔

0 . We also observe that the indirect effect in (8e), as was the

case for cartel firms, is a function of 𝜆 (and not 𝜆 , pointing to concerns for how the willingness to
pay for the product of the rival firm (firm j) is affected by own accreditation decision. This means, for
a given degree of product differentiation, that the accreditation incentive of firm 𝑖 rises with the size
of the effect that own accreditation has on the willingness to pay for the rivals’ product. In difference
from simultaneous Cournot (see 8d), this indirect effect occurs because of the sequential nature of
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this game that again ensures a partial internalization of the effects that run via the rival’s market.
Each firm takes into account the rivals’ reaction at stage two when considering whether to seek
accreditation or not. It also follows from (8e) that each firm has dominating strategies since the
optimal accreditation decision is independent of the rivals’ accreditation decision (independent of
𝑔𝜆 and 𝑞 ).
A new finding, relative to cartel firms, is that the indirect effect in (8e) is strictly positive both for
substitutes and complements, which makes the sign of this effect, given substitutes (0

𝑔

1),

opposite of the indirect effect for cartel firms. This finding is a result of the product of two negative
effects. First, it is seen from (4) and (8a) that accreditation in market 𝑖 leads to a reduced marginal
willingness to pay in the other market, which again causes a reduction in the two‐stage Cournot
quantity in the same market ‐ the firm operating in market j has an incentive to reduce the quantity
supplied at stage two. Second, from (5), the profit in market 𝑖 will increase as the supply in market j is
reduced. Altogether this means that choosing accreditation in market 𝑖 leads to a positive indirect
effect on firm 𝑖’s profit. In contrast to the cartel, the absence of coordination in two‐stage Cournot
markets makes the possibility to accredit a mutual threat that again reinforces the incentives for
seeking accreditation. Since the indirect effect is positive, this implies that a firm in the case of a two‐
stage Cournot might find it beneficial to accredit in cases where the direct effect is negative; 𝛾
𝑙

0. This will happen if the direct effect is dominated by the indirect effect (hence 2 𝛾

𝑙

𝑔 𝜆 ).
Given complements, the mechanisms behind the positive indirect effect are now different since they
are the product of two positive effects. First, accreditation in market 𝑖 leads to an increase in the
willingness to pay in market j, which again causes an increase in the two‐stage Cournot quantity in
this market ‐ the firm operating in market j has an incentive to increase the quantity supplied at stage
two. Second, from (5), the profit in market 𝑖 will increase as the supply in market j is increased.
Altogether, this means that choosing accreditation in market 𝑖 leads to a positive indirect effect on
firm 𝑖’s profit. It should also be noticed by comparing (8d) and (8e) that the direct effect is multiplied
by 2 in the two‐stage Cournot game compared to the simultaneous Cournot case.
4.2 The Bertrand games
First, consider firms that simultaneously choose both prices and whether to accredit or not at the
same time (simultaneous Bertrand). By maximizing the profit function in (3b) with regard to price and
the accreditation decision, and manipulating the expressions using the definitions in (4), we obtain
the following conditions for equilibrium in simultaneous Bertrand competition:
12

(9a)

𝑞

(9b)

𝑝

(9c)

𝜋

(9d)

𝐴

𝐵
𝐴𝐵
𝑖 ,𝐴𝑗

𝐵
𝐴𝐵
𝑖 ,𝐴𝑗
2

4 𝑔

𝑐

,

,

𝜆 𝑔2 𝑞

0 or 𝐴

𝑙𝐴
𝜔𝑖

𝐴

𝑔𝜔𝑗

,

1 if 𝛾

𝑙

,

𝐴

0 if 𝛾

𝜆 𝑔2 𝑞

𝑙

0

where 𝐴 symbolizes the optimal accreditation decision for simultaneous Bertrand. The exact values
of quantities, prices and profits are found by using (9d) in (9a)‐(9c). Simultaneous Bertrand
competition produces the standard equilibrium prices and quantities identified by Singh and Vives
(1984), and, if the accreditation decisions are taken simultaneously with the choices of prices, it
follows from (9d) that the accreditation decisions are dependent on the sign on 𝛾

𝑙

𝜆 𝑔2 . If

this expression is positive, accreditation by firm 𝑖 will cause an increase in demand for firm 𝑖 that
outweighs the possible cost increase from accreditation. If this expression is zero or negative, the
firm has no incentive to accredit. Like the case for cartel firms and two‐stage Cournot competition,
the optimal accreditation decision depends on both a direct and an indirect effect on demand. As for
the case of two‐stage Cournot, the sign of the indirect effect is positive for both substitutes and
complements due to the same reasons as mentioned above.
The two‐step Bertrand game is solved by backward induction. In stage 2, the firms maximize profits
for a given accreditation decision, which yields the same equalities as (9a)‐(9c). The optimal
accreditation decision of firm 𝑖 at stage 1 follows from maximizing the profit of firm 𝑖, defined by
(9c), with regard to 𝐴 . Hence, the optimal accreditation decision in this non‐simultaneous case,
symbolized by 𝐴
𝐴

𝐴

1 𝑖𝑓

𝐴

𝐴

0 𝑖𝑓

, must satisfy the following conditions:
,

,

,

,

0

0

which again produces the following conditions;
(9e)

𝐴

1 if 2

𝑔

𝛾

𝑙

𝑔 𝜆

0 or 𝐴

0 if 2

𝑔

𝛾

𝑙

𝑔 𝜆

0

Using (9e) in (9a)‐(9c) gives the optimal values of quantities, prices and profits in this case. As in the
case for the cartel, simultaneous Bertrand and two‐stage Cournot, the optimal accreditation decision
under two‐stage Bertrand depends on a direct effect and an indirect effect given non‐independent
13

products (𝑔

0 . As in the Cournot cases, we observe that; (i) the indirect effect depends on how

the willingness to pay for the product of the rival firm (firm j) is affected by own accreditation
decision, 𝜆 , and, (ii) the indirect effect is positive both when products are substitutes and
complements.
The indirect effect follows from the sequential nature of the game. Each firm takes into account the
rivals’ reaction at stage two when evaluating the accreditation alternative. Given substitutes, the
corresponding reduction in the marginal willingness to pay in the other market induces the firm
operating there to reduce the price at stage two. Again, the absence of coordination implies that the
accreditation decision represents a mutual threat that reinforces the incentive for seeking
accreditation. The negative indirect effect for substitutes implies that in the two‐stage Bertrand
game, a firm will find it advantageous to accredit also in cases where the direct effect is negative, i.e.
𝛾

𝑙

0. It should also be remarked that for any 𝑔 different from zero, the direct effect is less

than twice of the effect in simultaneous Cournot, i.e. lower than in the two‐stage Cournot, but higher
than in simultaneous Cournot.
Given complements, accreditation in one market leads to an increase in the willingness to pay in the
other market, which again leads to a higher price in this market and a positive shift in the marginal
willingness to pay in the first market. Again, Bertrand firms might seek accreditation also when the
direct effect is negative. However, the accreditation incentives are now weaker compared with cartel
firms since Bertrand firms do not fully internalize all mutual market effects.

5. Comparing accreditation incentives across market structures
From sections 3 and 4 it follows that each firm, independent of market structure and degree of
product differentiation, has dominating strategies. Furthermore, depending on the relative
relationships between demand– and cost conditions (based on differences in the size of the
parameters 𝑎 , 𝑐 , 𝛾 , 𝑙 and 𝜆 ), all types of equilibria may occur; thus, we have situations where both
firms choose to accredit, where both firm choose to stay non‐accredited, and situations where one
firm may find it advantageous to seek accreditation while the rival does not. However, the incidence
of the various types, for similar parameter values, is expected to vary across markets.
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In this section, we discuss the differences in firms’ incentives to accredit across the various market
structures. 18 We first consider products that are substitutes for then to consider products that are
𝑔

complements. Given products that are substitutes (0

1) it follows from (7d), (8d), (8e), (9d)
that again produce different

and (9e) that we can consider different intervals of the factor
incentives for seeking accreditation. It can be shown that
𝑔

(s1)
𝑔

(s2)

(s3)

0

(s4)

(s5)

(s6)

0

𝑔

𝑔



𝐴

𝐴



𝐴

1, 𝐴

𝐴

𝐴

𝐴

0

𝐴

𝐴

𝐴

0

𝐴

𝐴

0

 𝐴

𝐴

1, 𝐴

 𝐴

𝐴

𝐴

1, 𝐴

𝐴

0



𝐴

𝐴

𝐴

𝐴

1, 𝐴

0



𝐴

𝐴

𝐴

𝐴

𝐴

1

It follows from (s1) through (s6) that the accreditation incentives vary across the five competitive
market structures for similar parameter values. Figure 1 sums up the findings where each arrow
identifies the interval for when a firm will choose accreditation for a particular market structure
(cartel, simultaneous and two‐stage Cournot and simultaneous and two stage Bertrand). Since the
degree of competition can be said to increase when moving from a cartel, to a simultaneous Cournot,
to a two‐stage Cournot, to a two‐stage Bertrand, and, finally to a simultaneous Bertrand game, it
follows that the incentives for seeking accreditation are increasing with the degree of market
competition. Additionally, for substitutable goods (0

𝑔

1), the degree of product differentiation

also reflects the degree of competition, and it is straightforward to show that the higher the degree
of competition, interpreted as 𝑔 approaching 1, a higher value for

is needed for the cartel to

seek accreditation, i.e. the cartel’s incentive for accreditation is weakened as 𝑔 grows. In the
simultaneous Cournot, the incentive to accredit is independent of the value of 𝑔, while in two‐stage
18

Here we focus on firm’s incentives to seek accreditation. Firm j has similar incentives, but as the demand and cost
parameters may vary across markets, one might find that the firms choose different strategies regarding accreditation, i.e.
separating equilibria might occur. If the parameters are identical, we have a symmetric case where both either choose to
accredit or not, i.e. one of the possible two pooling equilibria.
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Cournot, two‐stage Bertrand and simultaneous Bertrand, the incentive to seek accreditation is
increased when 𝑔 becomes higher.19
Insert Figure 1 about here.
Given products that are complements ( 1

𝑔

0), we can consider different intervals of the factor

that produce different accreditation incentives. It can be shown that;
𝑔

(c1)

(c2)

𝑔

𝑔

(c3)

𝑔

(c4)

0

(c5)

(c6)



𝐴

𝐴



𝐴

1, 𝐴



𝐴



𝐴




0

𝐴

𝐴

𝐴

𝐴

0

𝐴

𝐴

𝐴

0

𝐴

1, 𝐴

𝐴

𝐴

0

𝐴

𝐴

1, 𝐴

𝐴

0

𝐴

𝐴

𝐴

𝐴

𝐴

𝐴

1, 𝐴

𝐴

𝐴

0

1

Figure 2 illustrates how accreditation incentives, defined by (c1) through (c6), vary across the five
types of market competition. We observe that the relative relationships between the five markets
differ from our findings for substitutable products. Now, the incentives for seeking accreditation are
highest for cartel firms, followed by simultaneous Bertrand firms, two‐stage Bertrand firms, two‐
stage Cournot firms, while being weakest for simultaneous Cournot firms. The size of g for
complements can be interpreted as the degree of coordination, where 𝑔 approaching ‐1 is reflecting
a higher degree of coordination. It is straightforward to show that as 𝑔 approaches ‐1, the higher the
incentives for seeking accreditation in all cases expect for the simultaneous Cournot case where the
incentive is independent of the value of 𝑔.20

19

Let 𝑢 ≡

𝑔2 , 𝑣 ≡

and 𝑤 ≡

, then

2𝑔

0,

𝑔

0 and

0 as 𝑔

0, meaning that

the limits for seeking accreditation in two‐stage Cournot and the two Bertrand games move leftwards in Figure 1 as 𝑔
becomes closer to 1.
20 Using the same notation as in footnote 19, now
2𝑔 0,
𝑔 0 and
0 as 𝑔 0. This means
that the limits in the two‐stage Cournot and Bertrand games for seeking accreditation move leftwards in Figure 2 as 𝑔
reduces and becomes closer to ‐1; see also footnote 19.
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Insert Figure 2 about here.
0, it

If we now compare the two Cournot solutions (SC and NC) in the interval when
follows that 𝐴

1 and 𝐴

0. Suppose now that this holds for both firms. From (6) it follows

that the profit decreases when the firms accredit given that we are in this specific interval. Then from
(8c) it is seen that the profits are highest for a simultaneous Cournot relatively to a two‐stage
Cournot. This means that the firms will prefer playing simultaneous Cournot to a two‐step Cournot.
For all other values of

, the simultaneous Cournot and the two‐stage Cournot give the exact

same solutions. A similar comparison of the two Bertrand equilibria (SB and NB) gives the opposite
conclusion. Suppose now that we are in the interval when 𝑔
𝐴

. Then 𝐴

1 and

0, implying that the profits are highest in the two‐stage Bertrand game (see 9c). This means

that the firms would prefer playing the two‐stage Bertrand game to the simultaneous game. For all
other values of

, the Bertrand outcomes coincide. Moreover, when it comes to a comparison

between the profits of the cartel case, the Cournot and the Bertrand cases, the standard results hold.
This means that cartel profits are higher than Cournot profits, which again are higher than Bertrand
profits.
Our comparison of accreditation incentives across market structures demonstrates that sectors with
high accreditation rates will be characterized by firms i) expecting significant increases in the
willingness to pay for own accredited products, ii) having low accreditation costs, iii) operating in
markets with fierce competition (price competition in substitutable goods with a high degree of
product differentiation) or iv) serving markets with a high degree of coordination.

6. Welfare analysis
To conduct a welfare analysis, assumptions need to be made as to the extent to which becoming
accredited represents an informative signal for consumers regarding product quality. To the extent
accreditation represents a third‐party verification of product quality, changes in consumers’
willingness to pay will be based upon true quality improvements. However, evidence from the
literature on possible output improvements from accreditation (see the introduction) suggests that
this is not always the case. One possible interpretation is that accreditation in some cases acts as a
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third‐party verification of process changes but does not necessarily inflict real product quality
improvements.
In what follows, we undertake welfare analyses under two different assumptions. First, we consider
the case where the increase in the consumers’ willingness to pay for the products of accredited firms
reflects true product quality improvements. The accreditation body verifies exact quality levels
(product accreditation). Second, we consider the situation where accreditation does not yield an
increase in product quality (for example if only production processes change), meaning that
consumers falsely believe in product quality improvements from accreditation (consumer
misperceptions). This is a possible outcome given process accreditation.
Based on the demand functions defined in (1a) and (1b) and the cost functions in (2), the total
welfare, W, is given by the total willingness to pay, 𝑈 𝑞 , 𝑞 , minus total costs as defined in (10).
(10)

𝑊
𝑞

where 𝛽

𝑈 𝑞 ,𝑞

𝐶

𝐶

𝑎𝑞

𝑔𝑞 𝑞

𝑐

𝑙𝐴 𝑞

𝑎𝑞
𝑐

𝛽𝛾𝐴𝑞

𝛾𝐴𝑞

𝑔𝜆 𝐴 𝑞

𝑔𝜆 𝐴 𝑞

𝑞

𝑙𝐴 𝑞

1 represents the case where the increase in the consumers’ willingness to pay for the

products of accredited firms reflects true product quality improvements, while 𝛽

0 represents the

case where accreditation does not yield any increase in product quality.21 Maximizing (10) gives us
the following conditions for the welfare optimal outcome for prices, quantities and accreditation
decisions, 𝑝 , 𝑞 , 𝐴

,𝑖

1,2:

,

(11a)

𝑞

(11b)

𝑝

𝑐

(11c)

𝜋

0

(11d)

𝐴

1 if 𝛽𝛾

,

𝑙𝐴

𝑙 𝑞

𝑔𝛽𝜆 𝑞

0 or 𝐴

0 if 𝛽𝛾

𝑙 𝑞

𝑔𝛽𝜆 𝑞

0

Condition (11a) defines the welfare optimal quantities dependent on the values of 𝜔 , 𝜔 , 𝛽 and g.
Condition (11b) tells us, as expected, that the welfare optimal solution is characterized by prices
equal to marginal costs. As prices are equal to the constant marginal cost, the firms’ profits are zero,
see equation (11c). Finally, condition (11d) tells us that firm 𝑖, from a welfare point of view, should be
21

Following the specification by Matsumura and Sunada (2013) when discussing advertising, we have introduced a
parameter 𝛽 reflecting the proportion of true and valuable information for consumers regarding accreditation.
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𝑙 𝑞 , and the indirect effect

accredited if the sum of the direct effect from accreditation, 𝛽𝛾

from accreditation (the effect on the other market), 𝑔𝛽𝜆 𝑞 , is positive. In the case of substitutes,
the indirect effect is negative, reflecting that the loss inflicted upon market j should be taken into
account. In the case of complements, the indirect effect is positive, reflecting a benefit in market j
that is to be taken into account by firm 𝑖.
Let us first consider the case where 𝛽

1, i.e. firm accreditation represents valuable information for

the consumers. Then it follows from (11d) that accreditation is welfare improving in market i if
𝑔

, otherwise it is not. It is seen that the higher the effect accreditation has on the marginal

willingness to pay in market 𝑖, 𝛾 , the lower the cost increase that follows from accreditation for firm
𝑖, 𝑙 , and the lower the effect accreditation in market i has on the willingness to pay in market j, 𝜆 ,
the higher is the probability that accreditation in market 𝑖 is welfare improving. Moreover, in the
case of substitutes, the higher the value of 𝑔, the lower is the probability for accreditation to be
socially desirable. In the case of complements, the probability for accreditation being socially
desirable increases as 𝑔 approaches ‐1.
Given 𝛽

1, the different intervals of the factor

, determining when accreditation decisions are

welfare optimal, coincide with the intervals already identified for cartel firms [see (s1)‐(s6) and (c1)‐
(c6)], i.e. 𝑔

𝑔

𝑔

. This implies that the accreditation status of cartel firms always is

welfare optimal. Given this, the social desirability of the Cournot and Bertrand markets can easily be
evaluated from Figure 1 and Figure 2 by replacing 𝑔
accreditation is socially preferable when

𝑔

with 𝑔
𝑔

. In doing this, it follows that

. For substitutes (see Figure 1), the

competitive markets (simultaneous ‐ and two‐stage games) produce too strong accreditation
incentives relative to what is socially preferable, and this problem is more significant in Bertrand
markets relative to Cournot markets. As the products become more substitutable, in the sense that 𝑔
approaches 1, the difference between the socially preferable outcome and the actual outcome for
the two competitive markets will increase. For complements (see Figure 2), on the other hand, the
two competitive markets produce accreditation incentives being too weak compared with what is
socially preferable; this problem is more significant for Cournot markets than for Bertrand markets.
Next, we move on to studying the welfare optimal solution when accreditation does not produce
true product quality improvements (consumer misperceptions) (𝛽
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0). It follows from (11d) that

𝐴

1 if 𝑙 𝑞

0 and 𝐴

0 if – 𝑙 𝑞

0. Now accreditation, both for substitutes and

complements, is welfare improving only if accreditation is cost‐reducing. This finding has several
implications. First, the accreditation status of cartel firms may now deviate from the welfare optimal
solution. Now cartel firms, given a societal perspective, have too strong incentives for seeking
accreditation. Second, in the case of substitutes, the problem of accreditation incentives being too
strong in competitive markets is further reinforced. Third, in the case of complements, the problem
of accreditation incentives being too weak in competitive markets is changed into a situation
producing too strong incentives.
In comparing the overall welfare from the different market solutions in sections 3 and 4, both the
influence from the accreditation – and quantity decisions in the various cases must be considered.
For instance, suppose now that accreditation reflects true quality improvements. In this case the
cartel solution secures a welfare optimal solution when it comes to accreditation choices. However,
by comparing (7a) and (11a) it is evident that the quantities supplied by the cartel are exactly half of
the welfare optimal quantities and thus affecting consumer surpluses and overall welfare negatively.
The Bertrand and Cournot cases produce higher quantities than the cartel, affecting overall welfare
positively, but could also imply that the firms have chosen to accredit in situations when it is welfare‐
decreasing. Hence, in order to make a welfare ranking of the different competitive market outcomes,
one has to weigh the possible welfare losses concerning too high accreditation incentives against
possible welfare gains obtained by higher quantities. It should be noticed that in such comparisons,
for given levels of accreditation, the well‐known result that the Bertrand outcome is preferred to the
Cournot outcome from a welfare point of view, holds.

7. Extensions
In this section we extend the basic model in three different directions; a continuous accreditation
decision, general demand and cost functions, and multi‐firm competition (n‐firms).
7.1 Accreditation as a continuous variable and quadratic cost functions
In some cases accreditation needs not include an entire institution. One example is educational
institutions seeking accreditation status for individual units or separate programmes (e.g.
professional education). In the following we consider the case where the accreditation decision is a
continuous variable. In the basic model, since accreditation is a binary decision (accreditation or non‐
accreditation), it works well with a linear cost function. However, now, since studying accreditation
20

as a continuous variable, strictly concave profit functions are needed. In the literature, quadratic cost
functions are common (see e.g. Hattori and Higashida, 2012). By replacing the linear cost functions of
the basic model (see equation (2)), with a quadratic specification of the following type, 𝐶
𝑘 𝐴 𝑞 , equation (4) becomes as follows; 𝜔

𝑎

𝑐

𝐴 𝛾

𝑘𝐴

𝑐

𝑔𝜆 𝐴 .

It is now possible to calculate the optimal degree (intensity) of accreditation for all market solutions
and the welfare optimal case. It follows that
(12a)

𝐴

(12b)

𝐴

𝐴

𝐴

𝐴

𝐴

From (12a) and (12b) we observe that the structure of the firms’ incentives to accredit coincides with
the structure already identified when portraying accreditation as a binary variable (see sections 3 and
4). First, it is observed that the higher value of 𝛾 and the lower 𝑘 , the higher is the optimal
accreditation intensity for all cases. Second, for two‐stage Cournot (NC), two‐stage Bertrand (NB),
and simultaneous Bertrand (SB), the optimal accreditation intensity increases in the absolute value of
𝑔 and the size of 𝜆 . Third, from (12a) we see that highest accreditation rate (intensity) is attained for
simultaneous Bertrand (SB), followed by two‐stage Bertrand (NB), two‐stage Cournot (NC) and
simultaneous Cournot (SC). From (12b), we observe that the cartel (K) chooses a welfare optimal
accreditation intensity (when accreditation provides a true quality‐improvement). Furthermore, it is
straightforward to show that for substitutes, all competing firms choose a too high accreditation
intensity, while for complements, all competing firm choose a too low accreditation intensity. The
above findings coincide with the findings arrived at for the basic model thus the nature of the
decision variable (binary or continuous) does not impact our main findings.
7.2 General functions for demand and costs
Getting accredited affects the marginal production costs since compliance with standards and
requirements is resource‐demanding. In our model set‐up, the cost of accreditation is represented by
additive elements in the cost function. Such an approach is also taken in the works on advertisement
referred to in Section 1. The cost functions and the demand functions are linear in the basic model.
The linear demand follows from a utility function specified by Singh and Vives (1984) (see also
Häckner, 2000 and Garella and Petrakis, 2008). According to Cheng (1985), results concerning
Cournot and Bertrand solutions following from linear functions typically hold for fairly general and
reasonable assumptions regarding demand and cost functions. In the following, we extend our basic
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model by introducing general demand and cost functions to study if such a change produce new
conclusions.
Let the demand functions on price and quantity forms be given by 𝑝
0,

0,

0 and

𝑞 𝑝 , 𝑝 , 𝐴 , 𝐴 where

𝑝 𝑞 , 𝑞 , 𝐴 , 𝐴 , where

0 for substitutes (complements) and 𝑞

0,

0,

0 and

0 for substitutes

(complements)22. Furthermore, let the cost functions be as follows; 𝐶

𝐶 𝑞 , 𝐴 where

0,

0. It can now be shown that the various equilibria for the five markets structures are given by
the following conditions;
(13a)

𝐴

1 𝐴

0

if

𝑞

(13b)

𝐴

1 𝐴

0 if

𝑞

(13c)

𝐴

1 𝐴

0

(13d)

𝐴

1 𝐴

0 if

(13e)

𝐴

1 (𝐴

0

0

𝑝

if

if

0

𝑞

𝑝
∑

0

𝑝
𝑞

𝑞

0
0

First, consider the two Cournot games (see 13ab). For substitutes (complements) the cartel (K)
produces lower (higher) accreditation incentives relatively to the Cournot games (SC and NC). The
condition for SC (see 13a) differs from the condition for NC (see 13b) due to the presence of the
element

in (13b). This term is, given our assumptions, strictly positive, hence the incentive for

seeking accreditation is always higher for SC relatively to NC (both for substitutes and complements).
Consequently, the ranking of K, SC and NC coincides with what we arrived at for the basic model. A
similar reasoning can now be applied for the cartel (K) and the two Bertrand games (see (13c) and
(13d)). Again the cartel (K) produces lower (higher) accreditation incentives relatively to the two
Bertrand games for substitutes (complements). The condition for (13c) differs from (13d) due to the
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Here we have implicitly assumed that the demand functions are “well defined”, either whether we specify
the functions on price or quantity forms, i.e. presume that the inverse functions globally exist.
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presence of the element 𝑝

in (13d). This term is, given our assumptions, strictly

positive, hence the incentive for seeking accreditation is higher for SB relatively to NB (both for
substitutes and complements). Again, we can conclude that the ranking of K, SB and NB coincide with
the same ranking arrived at for the basic model. The condition for arriving at a complete ranking
being similar to the ranking arrived at for the basic model is that the accreditation incentive
produced by (13d) is higher than the accreditation incentive produced by (13b). However, such a
condition is not fulfilled with necessity, thus we cannot, for general demand and cost functions, rule
out the possibility that the two Bertrand games produce lower (higher) accreditation incentives
relatively to the two Cournot for substitutes (complements).
7.3 Multi‐firm competition
The basic model is limited to include the accreditation incentives for two competing firms (duopoly).
However, a higher number of firms might influence the accreditation incentives via market demand
effects (accreditation costs will be unchanged). A higher number of competitors might reduce the
strength of accreditation as a signal in own market as well as weakening the effect that accreditation
has on willingness to pay in other markets. 23 In order to analyse the role of multi‐firm competition
we will now consider a generalized case of the linear cost and demand case by Singh and Vives
(1984). In doing so, we follow the approach taken by Matsumoto and Szidarovszky (2010). First, let n
denote the number of firms. Second, let the demand function now be defined as follows; 𝑝
𝑞

𝑔∑

𝑞

𝑔𝜆 ∑

𝛾𝐴

𝑎

𝐴 . We then arrive at the following expressions for the optimal

accreditation decision in each of the five market cases;24
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Such an effect is pointed out in a similar model by Garella and Petrakis (2008) addressing minimum quality standards.
For a discussion of necessary and sufficient conditions for existence and stability of the different equilibria we refer to
Matsumoto and Szidarovszky (2010).
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By comparing the conditions in (14a‐e) with the corresponding conditions in section 3 and 4, we see
that our findings correspond well to the results for the two‐firm case (see also Figure 1 and Figure 2
in section 5). In order to see how the number of firms and markets (n) affects accreditation
incentives, suppose that the demand and cost functions are identical for all firms, i.e. parameters
𝛾, 𝑙, 𝜆 are identical across firms. Having Figure 1 and Figure 2 in mind, it is easily seen that the limits
for choosing accreditation move to the right for all competitive market types as n increases.
Moreover, in the case of cartel, the limit for accreditation moves to the right in the case of
substitutes, while it moves to the left for the case of complements. This means that the accreditation
incentives for each market type become weaker when the number of identical firms increase. As n
increases, the incentive for the cartel to seek accreditation weakens in the case of substitutes, while
it becomes stronger in the case of complements. This implies that the welfare optimal limits are also
affected by the number of firms.

8. Conclusion
To our knowledge no former study has analysed accreditation incentives in duopoly markets. Based
on the relatively extensive occurrence of accreditation in many industries, we have therefore found it
interesting to formulate a model in order to study accreditation incentives under different
competitive environments. Independent of market structure: i) the higher the marginal increase in
the willingness to pay for own product following from becoming accredited and ii) the lower the
change in production costs that accrues from becoming accredited, the higher the incentives for
seeking accreditation. Furthermore, for a given degree of product differentiation, the effect that the
own accreditation decision may have on the willingness to pay for rival’s product as well as the effect
the rival’s accreditation decision may have on the willingness to pay for own product, have an
impact. Finally, we find that the degree of competition (type of market structure) is important for
accreditation incentives.
Given substitutes, the incentives for seeking accreditation increase with the degree of market
competition. Hence, firms in Bertrand competition face stronger incentives than firms in Cournot
competition, which in turn face stronger incentives than the cartel situation. Simultaneous Bertrand
gives the highest incentive to seek accreditation, while simultaneous Cournot provides the lowest
incentives to accredit. The degree of product differentiation may reflect the degree of competition
for substitutable goods and we find that, as the products become closer to perfect substitutes, the
lower the incentives for cartel firms to seek accreditation and the higher the incentives for Cournot
24

firms and Bertrand firms to seek accreditation. Given complements, the above conclusions change.
Now, the incentives for seeking accreditation are highest for cartel firms, followed by Bertrand firms,
and then Cournot firms. Moreover, as the products become closer to perfect complements, the
incentives for seeking accreditation increase in all markets.
The model is extended in three directions. For continuous accreditation decisions with quadratic cost
functions and in multi‐firm competition, we do not arrive at qualitative new conclusions. For general
demand and cost functions, the ranking of the cartel and the two Cournot models and the ranking of
the cartel and the two Bertrand models is the same. We are, however, not able to rule out the
possibility that the two Bertrand games produce lower (higher) accreditation incentives relatively to
the two Cournot for substitutes (complements).
We have chosen to deduce two different welfare optimal solutions. First, we consider the case where
the increase in the consumers’ willingness to pay for accredited products represents true valuations,
and find that the accreditation decisions of cartel firms coincide with the welfare optimal one. In the
case of substitutes, competitive firms (Bertrand and Cournot competition) face too strong
accreditation incentives relative to what is socially preferable, and this tendency is being reinforced
as the goods become more substitutable. For complements, Bertrand and Cournot firms face
accreditation incentives that are too weak compared with what is socially preferable, and this
problem is being reduced as the goods become more coordinated. Second, we consider the case
where the increase in the consumers’ willingness to pay for the products of accredited firms is based
upon consumer misperceptions. Given this, all firms, independent of market structure, face too
strong accreditation incentives compared with what is socially preferable. Now, accreditation is
socially optimal only if the process of becoming accredited causes a reduction in firms’ production
costs. To sum up, in the case of substitutes, the competitive markets imply too high incentives for
accreditation, while in the case of complements the incentives are too low from a welfare
perspective. Consequently, when firms consider the positive and negative effects on own demand by
rival accreditation decision, we have a strategic situation that may cause accreditation games of the
types addressed in our analysis.
Our model, adopting a framework first used by Singh and Vives (1984), assumes an exogenous
degree of differentiation. However, in reality it might be that the degree of product differentiation is
affected by the accreditation decision itself. In other words, a firm may choose to seek accreditation
to reduce the interdependency between the markets and thereby improve its market power. Second,
our model does not include the case where the market is of a given size, forcing the firms to play a
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zero‐sum game in market shares. Modelling such a market most likely leads to a more aggressive
“race for accreditation” since a firm’s optimal response will be to eliminate (partly or totally) the
initial advantage the rival achieves by seeking accreditation. Such an outcome, however, appears less
likely for product accreditation than for process accreditation, since product accreditation reveals the
true quality type, while process accreditation does not. Third, our analysis presumes that the
competing firms are informed about how demand and technology of the rival are affected by
accreditation (determining the rivals’ product quality). An alternative would be to undertake an
analysis where quality and costs are private information, thus making the effects stemming from
accreditation uncertain. If so, firms’ accreditation incentives will most likely be weakened.
Our findings add to the advertising and disclosure literature by including both Cournot markets and
complementary products. Furthermore, our results nuance the common conclusion in the disclosure
literature that a higher degree of (price) competition decreases disclosure. However, further
theoretical and empirical research will allow us to understand firms’ motives and rationales to
explain the relatively high occurrence of quality requirements by accreditation in some industries.
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Figure captions
Figure 1. Accreditation incentives for substitutable products (𝑔

Figure 2. Accreditation incentives for complementary products (𝑔
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