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This paper shows that a monopolistic certifying party can have incentives
to disclose reveding information about the agent he is certifying. Using a
three-person game-theoretic moddl and dlowing certificate users (buyers)
to have noisy edimates of the qudity level of the agent being certified
(sdler), a disclosure in the form of ordered ranking of levelsis predicted.
This contrasts with previous results in certification theory sating that
monopoligtic certifiers disclose a minimum amount of information (with
no informationa value) about the party being certified, in order to extract
dl informationd rents from the market. The predicted disclosure is
consistent with redl life observetions of certification disclosure as found in
debt ratings (notches) and hotels listings (using a discrete system of stars).
The model is robust enough to explain the results of previous models. The
paper dso adds to the exiging literature an evaduation of four different
grategies of information disclosure that are available to a cetifier.
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1 Introduction

Catification is an activity whose objective is to disspate market frictions thet
impede the direct exchange of information among agents ~ Asymmetric
information is therefore necessary for cetification to aise. When a player is
better informed than his coplayer in a game, the uniformed player may have an
incentive to acquire codly information from a cetifier. Certification is
sometimes consdered an intermediation activity: a company may use a certifier
(or a catificate) to convey information about itsdf that is rdevant and unknown
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to its clients but can be detected by a certifier. It has been described sometimes
as if the buyers were purchasng from the certifier, not the sdler. However,
cetification is not necessxily an intermediation activity, in the sense that the
agents involved in it (the usr and the cetified paty) may not directly
compensate the certifier for his work (this is the case of consumer protection
agencies, government bodies and non-profit organizations).

Severd maket frictions that impede ether the certified paty from disclosng
information directly or the user from accessng this information exig.
Examples of thee frictions are doubts that consumers may have in sdlers
cdams if the sdlers have incentives to lie difficulties in assessing the dtributes
of a product by a consumer, eic. Caertification can therefore help both buyers
and Hles in an economy when there is uncetainty about the qudities of
suppliers or products (see Akerlof, 1970 and Viscus, 1978).

Trust problems dso can be addressed with the use of a certifier.  When a buyer
sees a cetificae from a known certifying party, stating that supplier X has high
qudity, or is trusworthy, or complies with certan dandards, the buyer no
longer depends on trugt in his decison to buy or not from the supplier, for she
has the information provided by the certifying paty. Some may argue that the
trugt relationship has merdly shifted from the sdler to the certifying party. This
is not necessxily true; as long as the certifier has no incentive to lie, the buyer
can be confident that he is reveding truthful informetion, and there would be no
need for trust. A cetifying paty may have an incentive to lie when he charges
the sdler for the certificate (as is discussed in Section 32). One way to
overcome this morad hazard problem is to charge a fixed price for certification
regardless of the qudity of the paty beng cetified. Stll there is a chance of
cetifier mord hazard if the sdlers expect to recelve a favourable trestment by
amply applying for a cetificale. Reputation for the certifying party can hdp
overcome this difficulty.

There are severd benefits that certification can bring to an economy. As
demongrated by Akerlof (1970), absence of information can unravel a market
2 tha low qudity goods push out high qudity goods, causng a market
breskdown. As Viscus (1978) proposed, certification offers an dternative to
exit for high qudity providers Informationd asymmetries can lead to
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undesirable monopolidtic rather than competitive competition, adverse sdection
and mord hazad may impede makets from developing, hidden information
may Skew competition towards observable dtributes indead of desrable
atributes (eg. gopearance ingead of qudity), etc. All these problems may be
overcome by certification.

The paper is dructured as follows.  Section 2 reviews the existing certification
literature, Section 3 provides an example of certification from the Bond Rating
Industry and presents some issues open to a cetifier. Section 4 develops a
game-theoretic model of certification that edablishes that (contrary to current
literature) a certifier can disclose useful informetion about the party being
cetified. Section 5 presents a linkage between certification theory and other
disciplines. Section 6 concludes.

2 Review

This section will describe the literature relevant to certification.  Given the
limited attention that cetification has encountered in the pad, this section
intends to provide a comprehensve guide to the exiding literaiure, as a result a
brief description of each paper is provided

Akerlof’s Market for ‘Lemons’, 1970

This semind paper demondrates that asymmetric information about the qudity
of a produjct can have unraveling effects on individud behaviour, driving down
the average qudity of the products offered, and sometimes leading to complete
market falure. The basic modd consders good cars and bad cars (or ‘lemons)
(this is a amplification, as Akerlof aso disinguishes between new cars and old
cas). If only slers can identify good cars from bad cars, dl cars will sl a
the same price, however, as good cars are more vauable than lemons, owners of
good cars then will not be willing to sl their cars a the average price, and will
be driven out of the market, and only lemons will be traded. The modd goes on
to show that with a continuum of qudities no market will devdop. The paper
relates this example to the insurance market, the employment of minorities, the
cogd of dishonedy, and credit makets It mentions some counteracting
inditutions such as guarantors, brand names, and licenang.  Although the paper
fals to mention certification directly (even though there were cetification
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markets in place a the time, such as the debt rating industry), we can consder
the work of some of the ingtitutions mentioned as certification of asort.

Viscusi’s ‘ Lemons markets with certification, 1978

Viscud's short paper introduces qudity certification as an dternative to leaving
the market for high quality producers. The paper modds workers in an industry
choosng among potentidly hezardous jobs, whose individud risks cannot be
identified by the workers. The modd shows that certification will unravel from
the top down: the safest company certifies, lowering the expectation of safety in
the remaining companies, forcing the second safest company to certify, and o
on until a company’s expected profit from certification is lower than the price of
the cetificate. The modd shows tha certification has potentid distributive
effects, as the wage bill for the industry remains the same, but workers in high-
risk jobs get a higher wage.

Leland’s Quacks, Lemons and Licensing, 1979

This study examines the use of qudity standards (licensng) as a solution to the
qudity deterioration problem in lemons markets It exemplifies this through the
medicd professon, in which, without licenang, “doctors’ could range from the
highly qudified to “quacks’. It shows tha with asymmetric informetion the
level of qudity will be lower then the socd optimum. It then proposes qudity
dandards to rase the levd of qudity, and illudrate that markets with greater
sengtivity to qudity, lower dadicity of demand, lower margind cogt of qudlity,
and lower vauation of inferior services are the mogt likdy to benefit from
qudity standards. The sudy shows that when quality standards are s&t by the
indudry or professon (a type of sdf-cetification), they are likdy to be st too
high (however thisis not aways the case).

Kim's Market for ‘Lemons’ reconsidered, 1985

Kim's paper improves Akerlof’'s mode by letting agents choose between being
buyes and lers (this flexibility is vdid in the car maket, where there are
minimal changing cods but is not necessxily true of insurance and labour
makets). It dso mekes qudity an endogenous vaiable affected by driving
habits, maintenance, etc,, and dlows for different agent's types. It uses a two
period modd where cars ae new in the firg period and old in the second,
owners can sl their car or keep it, and decide the levd of maintenance for the
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car. With this modd Kim's show that it is not necessaily true thet the qudity
of traded cars is lower than the qudity of non-traded cars, as some people may
vaue the savice levd of the car 0 highly that they provide good mantenance
for ther cars, and because they vadue service so highly they sl their old car in
period two to buy anew car, selling ahigh qudity car in the used car market.

Shapiro’s Occupational Licensing, 1986

This pgper treats licensng and cetification as inputs into the production of
savices rather than controls of qudity. The example provided is the medicd
professon: to obtan a license the professond must get those qudifications
tha ae inputs in his professon. This labdling scheme that determines a
minimum leve of traning (that required for a degree, for example) is a form of
cetification. The modd shows that licensng raises the costs of supplying low
qudity sarvices and therefore benefits consumers vauing high qudity a the
expense of those who do not. This means tha even thought it increases
agoregate consumer surplus, licensng will not be Pareto improving.  Another
result is that if traning levels are obsarvable (by certification) no consumer can
be made better off by licensng. A drawback of cetificaion in this modd,
though, is tha it can lead to over-investing as a sgndling device, which can be
Pareto inferior to licenaing or laissezfare.

Faulhaber and Yao’s Market for Product Reviews, 1989

The modd of certification (or ‘Product Review' as this paper cdls it) presented
in this dudy introduces an information intermediary. The modd assume there
are high qudity firms that provide products vaued a V by consumers and low
qudity or “fly-by-night” firms that offer products vaued a zero by consumers.
Consumers cannot identify the type of firm they ae facing, but can buy
informative and accurate product reviews from a thirdpaty provider. The
modd establishes that the third-party cannot charge producers and be credible.
The modd adso dlows high qudity firms to gain reputation in ther firg period,
live for T periods and then disgpopear (they judify this as a modd of fixed
lifetime for doctors lawyers and consultants). Low qudity firms gaining a bed
reputation disgopear in the next period. The paper finds tha decreasing the cost
of providing and using information increeses the margins of reputeble firms
decreases the prices of new entrants, and leads to more high qudity firms and
fewer “fly -by-night” firms.



De and Nabar’s Implications of imperfect quality certification, 1991

De and Nabar consder the case in which certification is imperfect (in the sense
that the certificate is not perfectly accurate) but ‘efficient’ (the probability thet a
product gets dasdfied correctly in its category is higher than the probability of
lower qudity products being classfied in that category). Ther mode consders
only two qudity categories high and low. Ther results show that with
imperfect cetificaion there is room for three types of equilibriums a
differentiated pooling in which dal sdlers certificate when the cost of the
cetificate is low; a differentiated semi-separating where dl highrqudity sdlers
catify and low-qudity sdlers chose a mixed drategy, when the cods are above
the differentiated pooling levd, but not so high as to make the cetificate too
expendve, and a pooling equilibrium where no sdler catifies and the catifier is
driven out of the market, if the price of the certificate is too high. In the first
two equilibria there is a higher expected profit for high qudity sdlers that for
low qudity ones demondraing the wefare improving function of the certifier.
Ancther result in their sudy is that higher accuracy results in a lower demand of
catification, as dl high qudity firms keep ceatifying, while some low qudlity
ones drop out (or certify less often, if they are using a mixed Strategy).

Choi’ s Certification Intermediaries, 1996

This legd mimeo presents an infformd andyss of the role tha certifiers play in
dissamingting information and sgnding. The paper didinguishes pure certifiers
from gaekeepers, the former reporting information to usars the latter
precluding misconduct by preventing firms from sdling in the maket. The
dudy ligs various certification intermediaries, as wdl as channds for sgnding,
such as issue of cetificates (bond rating agencies, voluntary standard bodies) or
sgnding by association (underwriters).

Coestier’s Reputation and Certification, 1998

This is a modd of individud reputation with repesied purchase and mord
hazard. Coedier condders an agricultura food product in a market with two
ssgments high and low qudity. The qudity in the low ssgment is observable
by the buyers (there is a lower bound to the qudity that can be supplied and the
firms in this segment produce at this leve). In the high-quality segment there is
asymmetric information, as only the sdles know the exact qudity of their
products. There is a continuum of buyers, who can choose whether to buy or
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not, and in which segment. The consumers have the same preferences (at any
given price they will prefer high qudity to low qudity), but have different
vauations for qudity differences There is a codly tet to get the qudity
certified, and room for reputetion formation. The results of the mode are that if
the margind cogt of the test is aufficiently low, the price of high qudity is
gregter than margind cost (but lower than the equilibrium price tha would
prevall without certification).  Voluntary qudity cetification in this modd
lessens (but does not solve) the mord hazard problem. It is shown that public
financing of cetification results in a soddly ingfident outcome, while the
edablishment of a private body (indudrid associdion) charging a fixed
afiliation cost and a periodic premium can help improve efficiency.

Franzoni’ s Imperfect Competition in Certification Markets, 1999

This dudy provides an andyss of ceatification maket with imperfect
competition. Frms must comply with endogenous standards and certifiers act
as gaekeepers, being able to sop nonrcompliant firms.  This gametheoretic
model assumes profit maximiser cettifiers whose efforts are non-obsarvable to
third paties. This poses a mord hazard problem as cetifiers exert effort only
as they risk liability for erroneous cetification. FHrms have exogenoudy given
compliant cods uniformly didributed in a dosed interva.  The pgper uses a
Bayesianequilibrium andyss and finds tha for a cetification price bdow a
threshold vaue dl firms enter an activity, but only those with low compliance
cot comply with the regulaion, above tha price vdue only compliant firms
engage in busness The modd dso assats tha in equilibrium dl certifiers
exert the same effort. The paper condudes with a policy andyss of the optimd
level of certifier’ sligbility and the evaluation of price regulation.

Lizzeri’ s Certification intermediaries, 1999

The paper addresses the extent to which certification intermediaries have an
incentive to reved information to uninformed paties. It offers an innovative
goproach by tredting information revelaion as a draegic decison for the
intermediary. There are four agents in the market: one informed sdler (S), two
uninformed buyers (B), and one certifier (C). S offers an object whose qudity
is worth t to the buyers. Nether S nor C vaues the object. S knows t, and both
Bs and C have a prior F(t) which is continuous in the intervd [ab], where. 0 £



a<b Ccandsover ta nocost. S cannot sgnd t except by paying P to C.
The mode assumes a five stage process.

1. Cstsprice P and commits to a disclosure rule D that maximises his
profits. © can take the form of disclosing the vdue of t, whether tis
above certain vaue, arank disclosure, etc.)

S decides whether to go to C for certification knowing P, D, t

If SpaysP, Cdiscoverst

The Bsobserve D, P whether Spaid P or not and C's disclosure.

The Bs bid independently and smultaneoudy for the product.

GhroON

The decisons of the players are: C chooses a drategy of form @, D), S chooses
whether or not to pay P given P, D, t, and Bs choose their bids conditiondly on
whether Spaid P or nat, P, D, and C sdisclosureif Spad P.

The results of the modd show tha under full disclosure dl equilibria have a
threshold strategy for S such that Ss with t > x pay P, and Ss with t < x do nat.
That is for continuous vaues of t there is a threshold under which it is not
profiteable to pay P, and above such levd it is profitable to do so. For example,
with a uniform distribution F(t) in [0,1] the optima price for C will be P=Y4,
those Ss with t < %4 not certifying and those Ss with t 3 Y certifying. In this
cae the expected profit for S without certification was Yo, but after the
certification the market unravels so that only those with t above Y expect a
gan from certifying, and those not certified sdll their product a /4 the expected
vaue of uncertified t. A driking result is thet there is an equilibrium in which C
sets P = Ef) — a (where a is the lower bound on qudity), C discloses no
information (other than tha the sdler is not of the lowest type, of which there B
a zeo probability snce H({t) is continuous), and dl types of S cetify. What
drives this reault is that if the Bs expect al Ssto pay P, S pays P to Sgnd that
he is not of type a, in order to recaive E(t).

Another result from Lizzeri’s paper is an equilibrium without certification if the
price of the cetificate is too high. The modd dso condders the case of
products that can give negetive payoffs to the Bs (dangerous or unsafe products,
€fc.); in this caze there are posshilities for the collgse of the market when
E(t)<0. Caetification could dleviae this inefficiency (there are some products
in the market with pogtive qudity, therefore if there is no market there is an
inefficency) and the certifier would improve socid wedfae  The paper dso
shows that the certifier could have an incentive to restrict the number of sdlers
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in the market in order to capture a larger share of the information surplus. The
author concludes that C's power to extract rents comes from its ability to redtrict
informetion, rather than from sdling something vauable to the sdler.

Jougleux’ s Certification for Quality Improvement, 2000

Jougleux's paper provides two informd andyses of cetification: as a qudity
improvement tool and as a sgnding tool. The dudy uses the example of the
French Norm NF for its andyses. It differentiates types of certifiers from third
parties, asociations and private organizations. It describes the functions of
catification as a sgnd, a reference, and a reporting tool. The study discusses
three problems of catification: incertitude, differences in  gppreciation and
qudity heterogendty even within certified paties The pgper concludes that
catification can provide two non-exdusve functions a communication device
and a qudity improvement tool. Mog of the discusson of the paper is centered
on sarvice certification.

3 Certification

3.1 Bond Rating: An example on Certification Development

This section describes the devdopment of the bond-raing indudry, as it
illusrates some of the problems inherent in certification and their possble
solutions.  For adetailed higtory of the indusiry see Cantor and Packer (1994).

Bond Raing is a typicd ocetification activity: bond issuers cannot credibly
trangmit their financid situation / risk profile to investors. The assessment of
this profile can be done & a cost by specidized agents. These agents can then
trangmit this assessment to interested investors. The bond rating business
dated from mercantile credit agencies such as that of Louis Tappan,
edablished in New York in 1841, in the aftermath of the financiad criss of
1837. Teppan's agency edimaed the ability of merchants to fulfil ther
obligations.  John Braddrest crested a smilar agency in 1849 and published his
firg rating book in 1857, while Robet Dun acquired Tgppan's in 1859 and
published his firg rating guide in 1859. Both companies merged in 1933 to
form Dun and Braddreet, which acquired Moody's Investors Services in 1962.
John Moody was the first one to rate securities rather than businesses when in
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1909 he began rating U.S. railroad bonds. Standard and Poor's (S&P) was
formed in 1941 from the meger of Poor's Publishing Company and the
Sandard  Satigtics Company, which began raing in 1916 and 1922
respectively. Other companies providing raing services incude Fitch
Publishing Company and Duff and Phelps, which have covered companies since
1924 and 1932 respectivdly. These companies initidly provided ratings free of
charge to the issuer; ther revenue came from the publication of rates. There
was a public goods problem, however, as the raings were copied with ease, or
trangmitted amongst interested parties, without generating revenue to the rating
agencies.  Agencies tried to charge issuers but faced resstance, until Penn
Centrd defaulted on its commercid paper in 1970 and investors began to refuse
to roll over commercid peper of other companies.  Issuers then darted
requesting ratings to comfort scared investors, and rating agencies were able to
charge issuers.  Agencies do not charge for dl ratings and sometimes they
rdeese unsolicited ones  Agencies do not charge a fixed sngle amount for
ratings, as suggested above to avoid mord hazard, ther charges vary with the
principa and te life of the bond. Rating agencies dso have negotiated rates for
frequent issuers.  This practice has not damaged the rdigbility of the ratings, as
these companies have a reputation to preserve and the vaue of future business
outweghs ther possble benefits from improving the ratings of any sngle
cient. Mog agencies make their ratings public once a company has requested it
(however a company has the right to see it in advance and present arguments in
favour of changing the rating if needed). Only Duff and Pheps withholds the
rating until the client requests thet it be made public. Ratings are usudly issued
as rank-orderings, but sometimes they are used as cut-off measures (as the
practice of usng BBB or Baa ratings to separate investment grade and non-
invesment grade bonds). Over time agencies have developed finer definitions
of ratings to help diginguish among issuers Fitch, S&P and Moody's darted
ataching + and — dgns to therr raings in 1973, 1974 and 1982 respectivey.
Furthermore they have added an outlook, to dgnd the direction in which they
bdieve the rating is more likely to move in the future.

3.2 Certification I ssues

As we saw from the example of the bond ratings indudry in the previous
section, there are many issues that must be addressed when introducing a
catificate in the market:
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Who should pay for the certificate?
Price of the certificate

Who should be certified?

Depth of the certificate

Disclosure of the certificate

gAhwNE

This section provides some ways to address these considerations. Please note
that the lig is not intended to be complete or appliceble to dl cases, but is
provided as a dating point for discusson of the different issues concerning
certification.

Who should pay for the certificate?

A catificate is conddered a public good, as its use by one agent does not
prevent other agents from using it. As Bedes, Craswvel and Sdop (1981) point
out, information markets present imperfections due to their naturad monopoly
features (there is a low margind cost for didributing information once it has
been produced), and their free rider problems (buyers can resdl or give away
acquired information to others). These problems are dleviaed if the paty
being cetified pays for the certificate, as hgppens in the bond raings indudry.
Coedier (1998) proposss a public finencing of catification, given its public
good characteridtics, and that otherwise there could be too smdl a supply of
certificates. The user of the certificate can dso be charged, as is the case inthe
UK with the Automobile Association, which charges the potentid buyer for a
certificate on used cars, instead of the car owner. Unfortunately there is no easy
way to determine who should pay for a cetificae, as a matter of fact,
sometimes there ae no efficient ways to compensate the certifier. For example,
if a cetificate benefits a consumer more that a supplier, why should the supplier
have to pay for it? One could argue that the supplier can pass the cog to the
consumer, but what will hgppen if not dl consumers require the certificate?
Some consumers would be subsidizing the cost of the certificate for others.

Pricing the Certificate

If the sdler pays for the certificate (which, given the public-good nature of a
certificate, is the sengble thing to do), choosng a price produces a mord
hazard: if the certifier charges a higher price for a better certificate (which in
follows from the higher value that a sdler ataches to a good certificate), he has
an incentive to lie and increase the rating of dl his dients to increase revenue.
One way to overcome this mora hazard problem is to charge a fixed price for
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cetification regardless of the qudity of the party being catified. Stll there is a
chance of cetifier mord hazard if the sdlers expect to receive a favourable
tretment by smply gpplying for a catificate.  Reputation for the certifying
paty can hep overcome this difficulty as the example of the debt ratings
industry showed.

Choosing whom to certify

When there exig severa catifiers in a market, sdlers may go “shopping” for
the best cetificate they can obtan and therefore diminishing the public vaue of
the cetificate. To avoid this problem &l those that can be certified could be
subject to cetification. This explains the phenomena of unsolicited raings in
the bond rating industry. Unsolicited cetification can be a problem in pricing
certificates, as some sdlers could try to free rad and wat for an unsolicited
certificate indead of paying for a certificale Random assignment of unsolicited
cetification could assg in this problem. Universd cetification can dso hdp
to interpret certificates for users a rating of A+, or three stars may not provide
enough information to a consumer, but finding known companies in a certain
rating group could help in assessing unknown companies  As some companies
would rather not certificate themselves a a given price, if this price is greater
than the expected bendfits of certification, an unsolicited certificate could bring
them to these comparison groups for the benefit of the consumer.

Depth of the Certificate

A cetificaste should cover those characteridics that meatter to the user, and
provide accurate and ussful information. This may seem obvious but it is not
aways the case. For example, condder the dar raing sysem for haoliday
reorts.  Even though it is hepful in esablishing qudity within a market, it is
extremely noisy across markets. A 4 dar hotd in Paris is quite different from a
4 da hotd in Amaica, and both are very different from a 4 sar hote in
Singagpore.  Section 4 will show tha rank-ordering systems develop naturdly in
a monopolidic certification market.  One point to condgder is that the partition
usd by a ranking order is likdy to evolve once the usars of the certificate
become capable of finer discrimination.  This is exemplified in the bond rating
industry, in which agencies had to gppend the + and — Sgns to their ratings, and
have added further ‘outlooks to their ratings Agang increesng the depth of
the cetificae, Faulhaber and Yao (1989) point out the “user cod” of
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understanding and remembering certificstes.  They clam that a smple “OK/not
OK” rding such as the Good Housskeeping Sed may dominate complex
systems.

Disclosure of the Certificate

To avoid noise in the market a certifying party should disclose the result of its
enquiry regardless of its result, for otherwise companies with bad certificates
would not display them and this would bias cetificaes upwards. This is
because if companies can decide when to disclose a certificate, they will choose
to disclose it only when it is vauable for them to do so, which may be when the
catificate is dther accurate or podtively biased (but not necessaily, as a
company may want to disclose even a negatively biased cetificate if it
improves the expectation of the consumers from an uninformed Stuation). The
bias in certificates could induce a revison in its usars aout the informativeness
of the certificates, introducing unnecessary uncertainty to the market.

4 A New Certification M odel

This section chdlenges the result from Lizzeri, 1999, dating that a monopoaligtic
catifier will disdose a minimum amount of information (with no informetiona
vaue) about the paty being cetified and dl players cetify. Trough a three-
player modd that dlows the buyers to have a noisy etimate of the qudity type
of the sdler, the red world observation thet cetification is given in the form of
an Ordered Ranking of Levels (ORL) is supported. The resulting modd is
robust enough to explain Lizzeri’ sresults.

4.1 Restrictionsin Certification Literature

In the cetification literature it has been clamed that the optima choice for a
monopaligic  catifying paty (C) is to reved the minimum amount of
information possble specificdly, to disdose only tha the sdler is not of the
lowest type, which under the assumption of a continuum of qudity types is a
zero probability event (Lizzieri, 1999). Modds of cetification have assumed
that, when cetification exids, it is binay, therefore limiting the amount of
information that can be disdlosed by C. Product quaity has been modelled as
binary as well (De & Nabar, 1991; Biglaiser, 1993). Red life examples of
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certification, however, give more information than the minimum predicted or
asumed by the modds. Hotd and restaurant ratings, for example, are given in
the form of "sars’ generdly indicating 4 or 5 leveds of qudity. Bond rating by
agencies include up to ten leves of qudity with postive and negetive qudifiers,
resulting in dmost 30 certification levels for debt peformance  Educaiond
gudifications are expresed in degree cdlasses. If, as is damed in the literature,
it is optima for the intermediay to reved only the minimum amount of
information possble, why ae catifying agendes providing additiond
informaion? The answer may lie in the limiting assumptions of current models
that make them too unrediidtic to address redl life Stuaions.

Some of the redrictive assumptions of the modds ae tha the parties seeking
catification are completdly incapable of sending signds directly to the market,
and have no dternative but to go to a catifying authority; aso, that are subject
to Imilar condraints as a group, with qudity type providing no leverage. These
assumptions, however useful for amplifying modds, are difficult to support in
the certification indudtry. For example, companies do not dways use
certification, even when available, which shows tha they do have dterndives to
cetification. In finance, a company can decide whether to issue debt in the
financid markets (and apply for a rating from an agency such as Moody's or
Standard & Poors) or finance its activities with dternative funds (oans, venture
capitd, equity, private debt placement).

Another assumption is that cusomers for the companies seeking certification
ae unable to diginguish different quaity levels without the ad of a certifying
paty. In red life, however, consumers are cgpable of discerning some leve of
qudity from the companies they patronise, or they a least form a belief about
the trusworthiness of the companies before deding with them, to hep them
decide whether to buy or not. For example invesors may use a company’s
financd daements to edimate its qudity and cdculae its probability of
default, if no information from a rating agency is avaldble  Smilaly, two
resaurants that are not included in the guide Michdin will not necessaily be
consdered to have the same qudity digribution by their dients, who would not
rely solely on guides or magazines as sources of information, having access to
other sources of information such as word of mouth, advertising, etc.
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More redigic assumptions would adlow companies to engage in commercid
activities without  cetification, even when catificaion is avaldble
Catification may hdp companies s@ize cetan maket opportunities but
without certification they can condder dterndive projects. For example, an
entrepreneur could evduate the posshility of cresting a busness He can
launch an e-busness, or edablish a drest sore.  The advantage of his e
commerce venture over the dreet store would depend on the possbility of
atracting customers. If the absence of adequate certification sways customers
away from e-commerce he would rather set up a dreet store.  Similarly, in
capita markets, if a corporation wants to issue debt, but the absence of adequate
debt-rating systems mekes isuing sock more atractive than issuing debt, the
company would finance its activities through equity, without applying for a
certificate from a debt-rating company.

Ancther way to improve the modes is to dlow buyers to have a noisy edimate
of a dsle’s qudity. Companies genadly engege in dgndling activities
through advertising, property and equipment acquidtion, etc. Our entrepreneur
congdering ecommerce, for example, could buy physcd assts for
warehousing, enter into long term contracts with known suppliers, establish
cutomer guaranties with a bank, etc. to hdp him differentiate himsdf from
other e-busness By dlowing these senshle festures into a mode we could
represent a certification decision process more redidticaly.

Minimum information disclosure is sub-optimal for the Certifier: an example

Imagine a market in which a debt-rating agency disdloses the minima amount
of information possble, as predicted by the literature.  This agency would
disclose whether or not a company is aove a “minima accepteble leve of
bankruptcy safety” (0). Let's assume that a company at the b level has a spread
of x basis points (bps) above the risk-free asset (rf). There is a continuum of
companies, each company i knowing its levd of rik ri, which has associated
with it a far market oread of X bps aove rr. A company will be willing to
rase debt if the market is offering a cost of debt not greater than xi, and
othewise it would look for dternative funds (venture capitd, equity, bank
loans) & acost of x + e. If the cgpitd market has no information about the
qudity of the company other than that given by the raing agency, there would
be a unique price of p bps for debt, between 0 and x (0 < p < X, as dl
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companies would be rated identicaly. Those corporations who could access
dternative sources of funds for less than p would do 0, getting out of the debt
market. The market would then teke this into account and raise p, which would
unravel upward to the level of x, and only those corporations a the b leve
would issue debt. The certifying paty could now increase itS revenue by
disclosng two risk levels, for example companies whose leve of risk judifies
less than */, bps spread, and companies whose level of risk is in the "/, to x bps
notch.  With this certification two types of company would certify, those a the x
and those a the */, levd. Therefore a cartifying party could increase its revenue
by issuing a continuum of informaion, contrary to wha traditiond certification
literature clams. The fact that one does not observe a continuum in the market
could be explaned in saverd ways it would be codly for C to invedtigate fully
a Hler to determine its exact place in a continuum but it could find its place in
a discrete scde @ a lower cost. Additiondly the sdler may not know its true
type exactly, but only with a noise dement; the cost of dterndive options e for
the sdler is not infinitesmd, but within a range that makes it optimd to
"accept” a catificate that indicates a levd of risk dightly above its red levd;
investors apply a pendty if a company is not certified, making options outsde
of certifiction more expendve invedors ae unable to didinguish from a
continuum of offerings, etc.

Smilaly, if a catifier in ecommerce is to disclose a minimum amount of
informetion (above a minimd levd or not), and entrepreneurs have the option
of egtablishing regular businesses 0 that the consumer can evduate their clams
by experience, there would be an incentive for C to disclose more information.

42 TheModel

This paper presents a model of commerce in which the buyer can be satisfied or
not with the transaction. B's satisfaction comes from receiving the good, on
time, with the characteristics ordered, etc. If any of these fails then the customer
is disstidfied. The market is competitive in goods, thus the sdler makes no
profit from ther sde but he can charge a premium for the expectation that his
good will comply with the customer's requirements.
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By dlowing the buyer to have a noisy edimate of the qudity of the sdler (Judd
and Riordan, 1994, use a Imilar assumption in a different context), the modd
will show that a certifying party would be forced to disclose more information
than according to the usud minimum disd osure proposition.

There are three players in this cetification aena A cetifying paty (C), a
Buyer (B) and a Sdler (S).

S «Is goods to B, and this transaction can be pleasant or unplessant for B. The
probability of S providing a pleassant transaction depends on S's "qudity
krypton" (k) known only to him, where ki (0, 1). The probebility p(k) of S
providing a high qudity good is common knowledge it is drictly increesng in
k, with p(0)=0, p(1)=1. Sisunebleto disclose hislevel of k to B directly *.

C chooses a reveldion drategy R. This revelation strategy defines the form and
amount of information regarding k to be presented to B. Specificdly, R defines
whether to reved the actua vadue of k, arange that incudes k, or whether k is
above or bdow some threshold vdue. S can catify by paying a price vto C,
who will reved informaion aout Ss k according to R, S can dso <
uncertified, letting B noisly assess its qudity on the basis of industry gossp,
reputetion, etc. The price v charged by C to S is the same for dl Ss, regardiess
of their vdue k. This is necessary to avoid a mord hazard problem for C, who
would have an incentive to incresse his estimate of k to increase profits if he
were to charge a higher price for a certificate with a higher k. If this was the
case B would not trugt a certificate issued by C, If S opts for catification C can
test S to discover hisvduek.

The risk averse B can buy a good from S, and is willing to pay a premium if she
believes S is ale to provide a pogtive expeience. If B knows a sdler’s true
vadue k, she would be willing to pay S a premium corresponding to this levd,
namdy p(k), where p is continuous and concave, i.e.

1 am assuming that Sis asdler type, representing a sdler from a large number of
identical sellers. Thisis necessary to avoid Sheing able to “form areputation” with B
by which B could estimate S's true vaue of k from the repeated interaction.
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dp

a0

dp
'k ® (02), >0,
p ©1) *
Without loss of generdity we can normdizep(k ) sothat p(0)=0Oand p (1)=1.

If B does not have full informaion about k, she estimates ke from information
she gets from friends, magazines, chat groups, eic. Her estimate is given by ke-=
k+ g,q~ F0s), F symmetric®. B is willing to pay a premium p(k ¢ besed on
thisestimate.

The gameis played asfollows:
) Nature assignsalevd kto S
i) C chooses adisclosure strategy R and apricev for the certificate
iii) S decides to cartify or not given Rand v
iv) If S certifies
a) Ctests Sfor k and discoversthe red vaue of k
b) B observesthe disclosure madeby C
c) B decides whether to buy from S or not and pays a premium
based on the information provided by C and her estimate of S's k
basad on public information, p {k o
V) If S does not certify
a) B decides whether to buy from or rot from S and pays a premium
condgent with her edimaion of Ss k,bassd on public
information, p (Ko

It should be noted that when B edtimates k she is usng informetion from
different sources. chat groups, magazines, third party experiences, etc.

Alternativesfor C

The avalable dternaives for disclosure to C conddered in this andyss are the
following:

Ruinima:  C discloses whether those certified have k > 0 or not.

Re: C discloses that those certified have k above or bdow avaue h®
Rrarked: C defines ranked categories and statesin which k fdls.

Rui: C disclosssthe vdue of k

2Symmetry is not necessary. Non-positive skewness is sufficient in this modd.

3 For Reu isirrdevant to say whether k is aove or below a given vaue, as both of
these disclosures are drategicaly equivaent. Having established this, we will assume
that R, discloses whether kisabove h or not.
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Payoff analysis

Under complete informetion, the buyer would be willing to give the Ss a
premium adequate to their k levd, p(k). If a buyer is uncertain about a sdler’s
k leve, she edimates this levd and pays a premium p(ke) based on this
estimated level (seefigure 1) *.
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Figurel
Sdler’s premium under full information p(k),
and under B’ sestimate of k, p(ke)

It is obvious thet, in the regions with full support of the didribution F, p(k) is
greater than p(ke), given that a buyer esimating p(ke) IS in essence averaging
the possble vadues of p(k). For each point in the upper hdf of the digtribution
centred in k', k+e, corresponds a point in the lower haf of the distribution k- e
(k- x; x > e for negativdy skewed digributions) and given the concavity of p,
the average of these two points lies below p(k’). In generd p (ko) is aove p(k)
for low vaues of k, and the reverse is true for large vaues of k. Thisis due to
the fact that for low vaues of k, when estimating ke, B knows that k cannot be
lower than zero, so the didribution of the edtimate gets truncated, while for
large vaues of k she knows that k cannot be greater than one, so she puts more
weight on lower vaues.

“The functional form for the illugtrations of this chapter assumes the properties
mentioned for p(k): concave, continuous and increasing in k.
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Theorem 1. p(kg andp(k) cross in a leest one point, (and, for continuous,
unimodd, nonpogtivey skewed disribuions’> of the edimation noise, this
paint is unique).

Proof: See agppendix.

When C uses a disclosure rule Re, of the type ‘Si has ki 3 h”, the payoff from
edimation differs according to whether S is identified as “type k 3 h” or “type
k < h”. Spedficdly, for those identified as “type k < h” the buyer knows for
aure that they are beow a certain levd h, and therefore updates her beief and
truncates the right hand Sde of the estimaion didribution, averaging only those
vdues bdow h. The ke of <Hles bdow his therefore lowered, and
consequently  ther premium under certification, whch we write pdke, is
smdler than tha without cetification. Those Ss idertified as “above h" bendfit
from the certification, as B will truncate the left hand dde of the noise
digribution, when she redizes that the lowest possble vdue of k ish and
truncates her digribution to |, 1) which will increese her esimate kg resulting
in a higher premium under catification, pdke). Note that as k departs from h,
this effect gets disspated and pdke) ® p(ke), as ki reaches the edge of the
support d F. These effects are shown in figure2 aand 2 b.

1p p(k) 1p p(k)

' poke) P (ke )
0. nk,) 0. p(k )
0. 0.
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0. 0.

0.0 - W IK'J I<r wow ;\_ Ibu [} Ek 0.0 :—! I(\I ™ '<r n © ll\ [ee] I03 gk
o O O O O o o o « O O O O O O o o o «
Figure 2
S's premium under certification using arule Rieve

a) with h below the crossing b) with h above the crossing point of

point of p(k) and p(ke) (k) and plke)

It is intuitively cleer that for a disclosure rule Reg, pdh-€) < p(kdk=h-e) and
ph-e€) < p(h-e), sncea k=h B knows for sure that a certified seller below h
is not of type h or aove and 0 truncates her didribution above h.
Furthermore, B will be willing to pay & mosip(h-e) to a sdler certified as

® The normal and the uniform distributions satisfy this condition.
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below h, as she knows that the best that this S can beis of type h- e, and that he
may be of any type lower than that. Similarly, it is easy to see that, under this

disdosurerule, pdh) > p(kdk=h) ad pd(h) > p(h).

Theorem 2 Under an Ree disclosure rule, of the form ki 3 h”, a sdler of type
k=h, getsapremium p¢(h), greater than p(k ) and p(ke), by certifying.

Proof.

a) pdh) > p(ke). By certifying a sdler of the type k=h is truncating the left
hand tal of the digribution F. By knowing that S is certified, B knows
for surethat S is nat of qudity k<h. Therefore, B’s expectation of S has
improved and she is willing to give a more generous premium.

b) pdh) > p(k). If B hed full knowledge of S's k, she would be willing to
pay a premium p(k). If S is cetified as ‘k or aove’, B knows that her
worse case scenario is that S has k=h, s0 regardiess of her risk averson,
ghe is willing to give at least as much as she would if she knew for sure
that S was of typek.

Theorem 3 For a disclosure rule Riess, Of the type “S has ki 2 h”, no ler type
ki < h certifies.
Proof.
As this type of sdler cannot possbly get a certificate dating that his type is
ki 3 h, it would rather not certify and save the certification codt, sending the
same information to the market asif it was certified astype ki < h.

With a disdosure rule Ree, SHlers dove h tha are dose enough to h for B's
digribution before ceatification to indude vadues of k<hin its support would
certify, as they face the risk of beng confounded with a sdler type ki <h if they
do not cetify. Those sdlers who are above the support of F (therefore not
facing risk of being confounded) do not certify, as they would be identified as
aboveh for sure,

Inferiority of the disclosure rule Ryinina

We can see that Rminima, the Strategy in which C disdloses that S has ki > 0 and

that is predicted in the literature, cannot be an eguilibrium.  The information

that ki > Ois dready known to B. S has no incentive to pay C to give this
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information.  In the literature this minima disclosure is supported by the
assumption that B could bdieve it possble that if S did not get a catificate, this
was because his type is k=0. In the present modd, k cannot be zero, and B has
access to a noisy estimator of k, which dways yidds a vadue a vdue of k above
zero. To implement Ryinima, C would have to offer it for a price v=0, and by
Theorem 2 we know that he could charge a drictly pogdtive price by issuing an
Rea certificate, as he could extract at least the increased premium from the
margind S. Therefore, Re Will dways dominate Rminimal .

Theorem 4 The maximum price v that can be charged for a disclosure rule Rev,
of the type “ki 3 h”, implemented with price v 3 0O, is given by p(h) -
p(kdk=h), where p(h) is the premium that a S of type h would receive under
perfect information, and p(k dk=h) is the premium that this sdller could expect if
no certification was available.

Proof.

If aprice above p(h) - p(kdk=h) were charged, no S would certify. To prove
this, let us focus on the sdler of type k=h. This sdler is the one who
“profits’ the mogt with this disclosure rule, as the distance between pd(ke)
and p(ke) is maximized in him (recdl tha pc(ke) is increesing, concave and
tends to p(ke), which is dso concave and increesing, whence the distance
between both is maximised & k=h —see figure 2). Clealy, if he is not
willing to buy certification a a certain price, no one ese would. His benefit
from beng certified is precisdy pdke) - p(ke), S0 if the price was grester
than this benefit he would not certify. Therefore the maximum price v is
gvenby po(ke) - p(ke).

As demongrated above Ryinima, the disclosure rule predicted in the literature, is
infaior to other options open to C, and therefore it cannot be an equilibrium.
Someone could argue that the dismissal of Ryinma IS due to the redrictive
assumption in the present modd that does not dlow a sdler to be of the lowest
qudity levd. To dow tha this is not the case, the next section demondrates
the inferiority of Riee, Which does not depend on this assumption. AS Rpinima 1S
a member of the family of dtrategies characterized by Rew, this demonstration
a0 shows the inferiority Rminima -
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Inferiority of Rieg

We will now show that Riee cannot be an equilibrium rule, as it is inferior to
other dterndtives avalable to C. By Theorem 4 we know that there is a
maximum price that can be charged for Reg. A rise in price has a positive
impact in the revenue per Sthat C receves, but dso reduces the number of Ss
willing to certify, as it makes certification less atractive. There is therefore a
revenue maximizing price under Ry .

When C charges a price v>0 for Reg he may sway some Ss away from
cetification. For some v within the limit imposed by Theorem 4, it may be the
case that some S whose type is well aove h will prefer p (kdRee) t0 pdke) — v
(where pu denotes the expected profit of sdling uncetified given that a
cetificate is available). In figure 3 those Ss above k* will not certify as they can
get more from saling uncertified than from sdling certified.
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Figure 3

Payoff to sdllers of typek from acertificate Riq implemented
a aprice of v. Notethat selers above k* can expect a higher

payoff by not certifying: p(ke) > pe(ke) —V

Now let us assume that C chooses the price v that maximises his revenue under
Red. | Will show that by smply adding a second cetification leve a the same
price level revenue can be increased. Specificdly, by having a rank rule with
three levels such as “Sis below h-e”, “Sis between h-e andh”, and “S is aove
h” (where e is abitraily smdl) this revenue is incressad.  To prove this it is
enough to show that someone will buy a certificate stating that ‘S is between h-
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eadh”, as dl those above h who were certifying before this new level was
introduced will continue to do so. The cetificate ‘S is between h-e andh” will
yidd a podtive bendfit to a S type h- e, as this would tend to perfect revelaion
of his type when® &nds to zero and thus would differentiate him from dl other

types below h. There are two scenarios to consder, when h is aove the point
defined by Theorem 1 and when it is beow it.
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S'spremium under certification using arule R with h above
the crossing point of p(k) and p(k.) implemented at aprice of v

In the case when h is above the point defined by Theorem 1 we have a Stuation
like that depictedin figure 4. By Theorem 4 we know that the price v is a most
AB and, as jugt noted, the bendfit from certifying in the “S is between h-
e andh” range would yiddd p(h-e) to a S of type k = h- e (point C in the graph).
To demongrate that a sdler of type h- e has an incentive to buy this certificate,
it is enough to show tha the additiond benefit from this certificate is less then
the price of the certificate. Before this new certificate was available this sdler
type wes receiving a premium pdh-e) (point D in the figure). We need to
show then that AB<CD. These segments have a common part, CB, 0 it is
sufficient to show that AC<BD.

Theorem 5 For a disclosure rule Rie, Of the type “S has ki 3 h”, the benefit to
the sdler type k=h, compared to the case when no cetificate is avalable, is
smdler in magnitude than the detriment to the sdler of type k=h-e.
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Proof.

The bendfit to the sdler type k=h comes from truncaing the digtribution of
the edimator for vaues bdow h. Type h sdlers get averaged with types
that are above h, while sHlers of type h- e get averaged with types below h.
As F is symmetric, the distance from h to ke for Stype k=h is the same than
the digance from h to ke for S type k=h-e. However, given that p is
increasing and concave, the magnitude [p(h)- p(k dk=h- e) is greater than
Ip(h)- p(kdk=h)|. This is for every point in h+D there is a corresponding
point in h- D such tha [p(h)- p(h+D)|< |p(h)- p(h-D)|. To show this lets
divide both Sdesby D and take limitswhen D® 0. We have

i p(h +D)-p(h) i ph)-ph -D)
b b D 560 D

p'(h)<p'(h- D) which istrue given thet p isincreasing and concave.

, or equivaently

Returning to the rdationship between AB and CD, by Theorem 5 we know that
AB<BD. Given that AC is a segment of AB, we have that AC<BD. Thus we

have proved that Rew is inferior to the proposed rule whenever h is above the
point defined in Theorem 1.

The case for h bedow the point defined in Theorem 1 is Smilar to the one
illugrated above. In this case we have a Stuation as that depicted in figure 5.
To show that the proposed rule is superior to Riee, it is enough to prove thet the
distance CD is gresater than de distance AB, 0 that the sdler of type h- e will
buy this certificate at a price no greater than AB (as required by Theorem 4).
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Figure5
S's premium under certification using arule R
with h below the crossing point of (k) and p(ke)
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By Theorem 5 we know that AC is smaller than CD; as AB is a segment of AC,
it followsthat AB<CD,\ Q.E.D.

As has been proved tha the proposed disclosure rule is superior t0 Rgg in dl
cases, Rieig Canat be an equilibrium rule.

Anal ySiS of R

So far we have demondrated that neither Rpyjnima NOr Rea Can be equilibrium
srategies for C. To conclude this sudy, let us andyse the strategy Ry, and its
implications.

Rrur when implemented at a price v grester than zero gives a payoff such as that
destribed in figure 6 by the curve p(k)-v. Tha is, when a sdler is cetified
under Rq, his actud k is disdosed, and his profit is given by the full
information premium p(k) minusthe cos of certification, v.

PA ©
1.0 A P
p(k)-v
0.8 A pK 9
0.6 A
04 A
0.2 o
0.0 T T T ' T . T . —>»
kmin ka ’k
N ™ < 0 © ™~ S Q
o o o o o o o —
Figure 6

S's premium under certification using
arule Ry, w ith a positive price of v

Two things are evident from the figure v cannot be grester than the limit of
p(k)- p(ke a k ® 1, otherwise every sdler would be better off by not
catifying, and therefore C would make no profit. As we have seen above, there
are drategies that ensure a postive profit for C; so a zeroprofit srategy is sub-

optima. Also, there is a kmin under which no sdler would certify, as his profit
from certifying would be negative. Specificdly, those sdlers tha would receive
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avdue of p(k) lower than v would not certify. The question now is, who would
cartify? Obvioudy dl those dove k,in figure 6, the vaue of k inwhich p(ke)
and p(k)-v cross would certify, as it is incentive compatible for them, but what
about those below k?

Thoe oHles bdow ki given tha everyone above ka cetifies, get ther
estimation revised downwards, as B knows that if S is not certified it is because
he is bdow ka This shifts p(ke) to p(ke)’. This shift introduces a new group of
Ss for whom it is profitable to certify: those of type k>kp in figure 7. This
moves p(ke)’ downwards again to p(ke)”, and new Ss are now willing to certify.
In this way catification unravels so that everyone above kpmin certifies and no
one below Kmin certifies.
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Cetification unravelling under rule Ry

Inferiority of Ry

We know now that with Ry there exists a kmin below which no one certifies and
above which everyone certifies. Because a rise in price increases revenue per
sler for C, but reduces the number of sdlers that seek certification, there must
exig a price that maximises revenue for C. Let us assume tha this price is V*.
It will be proved that it is dways possble to condruct a drategy Raed that
gives C a higher profit than Rgy a a price v*. To congtruct such a Rrakes €t US
begin by adding an Ree a kmin—e. By Theorem 2 we know that the sdler at
Kmir—€ receives a premium greater than p(k), and therefore he is willing to buy
the certificate a v* (as his benefit will be greater than the cogt). If we can prove
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that dl sdlers aove kmin—e certify we would have proven that this Srategy
increases the profit for C, and would demondrate the inferiority of Ryy.
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Figure8
S's premium using a certification rule R plusan Rieve at Knin—e

The introduction of the mentioned Reg increases the profit of C.  This
increment comes from the aea A in figure 8, i.e the additiond number of
sdlers certifying times the price they pay for the certification. Lets assume that
we reduce the size of the additiona profit from A to L and we use this
reduction to subddise a reduction in the price v¢. We know that for Ry the
price of certification cannot be grester than the premium for the highest type
Hler (k=1-d) less the premium tha this sdler could get from <dling
uncertified, this is V*£ p(k)- p(ke). By creating the subsdy we have ensured
v<p(Kk)- p(ke), and therefore that p(k)-v>p(k 9.

Whenever p(k)-v>p(k e it is possble to crete an Ries in k=1-d s0 tha pdke)-
v>p(ke). This assures that al S above td will certify, as they will prefer pdke)-
v to p(ke). Once this Ree is edadlished, a SHler dightly bdow 1-d will dill
prefer to certify, even when p(kg-v is smdler than p(k¢) for his type. Thisisa
consequence of the fact that when B seesthat an S whose type she has estimated
at 1d is uncertified, she infers that this is because he is bdow d. This belief
makes her truncate the digribution of her esimaor to account only for vaues
below 1-d, which brings down her estimate p(k¢) for the uncertified sdller.
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Implementation of an Riyq at 1-d

The induson of dl sHlers aove 1-d solves the firgt part of the problem. Now,
how can C be sure that a S o a type that is below the support of F in 1-d will

certify? C can dways add a Reg a exactly the firg such S type (cdl it kj), so
that this S mugt certificate to avoid being confused with a lower type. In this

way C can continue to add RegSto ensure that every S abovek min-e certifies.

With this condruction C is ale to improve his profit from his Ry optimd, so
R cannot be an equilibrium rule.  In figure 10, C has congructed a 6-eve

Raked (With leves {(0, Kmin-€), Kmin-€& K3), [K3,k2), [K2, k1), k1,1-d), (2-d,1)}),
and hasimproved over Ryy.
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The andyss presented in this section chalenges the modes that predict or
assume a minimd disclosure from ceatifiers, and proposes an explandion for
the occurrence of deeper disclosure in the certification market. The inferiority
of Rminima iS not dependent on the assumption that a sdler canot be of the
lowest type (present in this modd); it was demondrated that Req iS SUb-
optima for C, and Rminima belongs to the family of rules Res, which is
aufficient to prove its inferiority. The results found in the literature can be
explaned with this modd by rdaxing the assumption that Bs have a noisy
estimate of aS sk vdue, i.e by meking p(ke) = K, where K is constant.

5 Certification theory in relation to other disciplines

The results of cerification studies can often be extended to other areass of
economics and to other disciplines that face asymmetric information problems
and use smilar dructures:  the middieman literature in Indudtrid Organization
deds with dmilar problems such as mord hazard, intermediation, and qudlity
assurance (see for example Biglaser and Friedman, 1994); dgndling modds
share some claracterigics (Spence, 1973); the role of advertisng as an
information source shares features with certification (Milgrom and  Roberts,
1986); the investing, security rating and auditing literature of finance relaes to
financid intermediaries providing information for investors (see Easterwood
and Nutt, 1999; Kish, Hogan and Olson, 1999); law condders the need in
arbitration for extracting information from the parties (see Shin, 1998), etc.

6 Conclusion

This pgper agued that a monopolisic certifying paty would disdose useful
informetion in the form of rank orderings. This type of disdosure is commonly
observed in the market, and therefore more redigic than previous results and
assumptions  from Cetification Theory where a minimum amount of
information (sometimes with no informational value) was provided by certifiers
While peforming the andyss and conducting his research the author found a
void in certification research and consequently has included a comprehensve
review of the certification lterature. This paper presented a three-player game-
theoretic modd of a cetification dtuation with a buyer, a sdler and a cetifier.
The results of the modd support the ordered ranking of levels obsarved in the
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market. This result is obtained by alowing the buyer to have a noisy edimate
of the qudity parameter of the sdler, before meeting the certifying party. This
approach to certification makes the mode more flexible than existing modds
and produces robust results that can explain the findings of previous modes
Four different draiegies of information disclosure avalable to cetifiers a
discusson of reevant certification issues and the rdaion of cetification to
other disciplines were dso included.

Appendix

Proof of Theorem 1

Theorem 1. p(kg andp(k) cross in a least one point, (and, for continuous,
unimodd, nonpodtivedy skewed didributions of the edimation noise, this point
isunique).

Intuitively, given that (as discussed in Section 4) p(k9 > p(k) for low vaues of
k, and p(ke) < p(k) for large vaues of k, by continuity these curves must cross.
Additiondly, as discussed in that same section, p(ke) < p(k) both in the support
of F and when the support of F gets truncated above for large vaues k (K ® 1).
This means tha the crossng point is given by a truncation of the support for
low vaues of k, when the buyer knows that k cannot be below 0O, and puts more
weight on vaues above the centre of the didribution, making p (ke > p(k) as
k® 0. Furthermore, as this effedt gets exacerbated for lowers vaues of k, p(ke)
> p(k) for dl vaues below the crossng point,. And therefore the crossng point
isunigue. A formd proof is provided below.

We have
: dp d’p
i 'k® (01), — >0, £0
) Pk® 0D >0 g
i) ke=k + q, g ~F(0,s), F symmetric, or dternatively

ke=q, q ~G(ks)
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We can express p(Ke) as:
) pedlabox (- o Joleax
i) p(ke):p(k*)_ . 4k .
0p (x)dx dp(x)dx
0 K*
where k” isthe true value of k for the sdller under estimetion.

o

Let k' ® 0,asp (k) - p(X)]g(X) < g(x) the numerator of the second term goes
to zero faster than the denominator, therefore the second term goes to zero. The

third term is positive as p(x) - p(k’) is postive for dl x 3 k™ (given the
concavity of p). Therefore, ask™ ® Op (ke >p (k).

Let k' ® 1. The second term is an average of values hat lie between 0 and 1,

therefore is positive. The third term goes to zero as [p(x) -p (k )]g(x) < g(X) and
its numerator goes to zero faster then its denominator. Therefore as k' ® 1 p

(K)>p k9.

We have demondrated that p(ke) > p (k) for amdl vduesof k and that p(ke) <
p(k) for large vaues of k. By the continuity of p, p (ke and p (k) must crossin
a least one point, and by their concavity we know thet this point is unique.

In iii), the third term dominates the second term up to the crossing point, beyond
which the second term dominates the third term, therefore the crossng point is

unique.
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