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Introduction

Following Barua, et al. (1999), OECD (1999a), and Mesenbourg (1999) de…ning and
measuring the economically relevant impacts of internet activities remains an open issue. In particular, this is seen to apply to the development of ”e-commerce”. There
exist various measures of business-to-business and business-to-consumer trade in common goods and services. However, according to all recent policy reports - such as US
Department of Commerce (1999), OECD (1997; 1999b, ch. 1), and the Gemini (1999)
study initiated by the European Commission, for instance - the respective social product contributions must currently be viewed as insigni…cant. Hence, estimates of the
percentage of internet mediated sales in total retailing value range between less than
1 % [US Department of Commerce (1999)] and less than 0.5 % [OECD (1999b, p. 27)
for seven countries]. Moreover, Gemini (1999, p.1) expects the impact of such internet
activities on the European economies’ domestic products and labor markets to remain
”relatively small” for the next …ve years.
Policy reports therefore rather emphasize the extreme growth rates realized in this
sector. Furthermore, the studies generally agree in predicting signi…cant spill-over
e¤ects fostering general economic growth. OECD (1999b) thus expects the value of
e-commerce activities to grow from $ 26 billion in 1997 to $ 330 billion in 2001-02
and $ 1 trillion in 2003-05. Recent …gures by Internet Economy Indicators (1999) a detailed description of which can again be found in Barua, et al (1999) - estimate
that commercial internet revenues experienced 127 % growth between 1998 and 1999.
They already account for 26 % of the $ 116.832 billion total revenue generated in the
so-called ”internet economy”. The respective 78 % employment growth in e-commerce
also well exceeds the 46 % industry average. In 1999, 900,882 employees in commercial
internet …rms represent 39 % of total internet related employment. This compares to
28 % employed in structuring and maintaining the technical infrastructure, 24 % in
internet software design and consultancy, and 19 % in the provision of intermediation
services such as search engines, electronic brokerage, and auctioning. E-commerce is
thus believed to ”expand existing markets and even create new ones” [US Department
of Commerce (1999, p. 10)]. At the same time, it ”can signi…cantly in‡uence existing
market activities” [OECD (1997, p. 44)]. In particular, ”the longer-term viability of
…rms [...] will be determined by the strategies they choose to pursue [Gemini (1999, p.
1)].
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However, the internet economy has only begun to attract the attention of the economics discipline. Also, the existing literature almost exclusively focuses on the speci…c
aspects of internet technologies, services, and products. The contributions collected in
Kahin and Keller (1995) and McKnight and Baily (1997) thus discuss the volume and
structure of internet communication, problems of congestion pricing, tari¤s for internet
services, and the distribution of internet access over the population. Even marketing
studies - unambiguously market and strategy oriented - are currently entirely con…ned
to investigating the impacts of internet technology on consumer and supplier behavior. The pace and unpredictability of technological change then either precludes the
possibility of projecting future developments as in Peterson, et al. (1997), or inspires
conceptual ideas concerning the design of the future net environment in Ho¤man and
Novak (1996). Hence, despite the obvious business and public interest, analyses of the
interdependencies between traditional and new internet markets are generally lacking.
Clearly, internet technology and services alter the search behavior of potential buyers. Thus, Hoque and Lohse (1999) demonstrate that successful consumer search implies di¤erent strategies and costs in traditional and internet ”yellow pages”. Moreover,
policy reports [US Department of Commerce (1999, p. 10-12), Gemini (1999, p.13, 1718), OECD (1997, p. 6; 1999b, ch. 2)], economic analysis [Zerdick, et al. (1999, p.
146-154), Choi, et al. (1997, Ch. 7)], and marketing studies [Alba, et al.(1997)] agree
that internet technology reduces search costs. Suppliers, internet operators, and specialized service …rms invest signi…cantly in the provision of e¢cient search means. Software programs which operate as agents of the consumers scan all available information
concerning prices and quality attributes of internet o¤ers. Such ”shopbots” - analyzed
by Kephart and Greenwald (1999), Greenwald and Kephart (1999), and Greenwald, et
al. (1999) - increase the price elasticity of demand. Further, in addition to the ”globalization” e¤ect, competition among …rms is enhanced by new ”non-industry” entrants
[OECD (1999b, p. 80–82)]. Consequently, internet trade should increase consumer
surplus [Bakos (1997)].
This obviously raises the question whether traditional markets may remain viable
at all. In this respect, the existing internet economics literature also provides some
hints concerning the possible longer-term limits of market substitution. Hence, Greenwald and Kephart (1999) and Greenwald, et al. (1999) already investigate the strategic
interaction of ”shopbot” consumer and ”pricebot” supplier agents in internet markets.
The latter employ price-setting algorithms responding to the ”shopbot” queries. Fur2

ther, regulators worldwide - as summarized in US Department of Commerce (1999),
Gemini (1999) and OECD (1997) - currently attempt to achieve a balance between
supporting the development of the internet economy and consumer protection. They
express signi…cant concerns associated with the security and privacy of e-commerce
transactions, as well as domain name identi…cation and quality standards for sellers.
Finally, Choi, et al. (1997, ch. 8) and Kalakota and Whinston (1999) emphasize that
successful internet marketing necessarily requires increased di¤erentiation of suppliers
and products. In particular, …rms must pick an appropriate mix of market segments.
In summary, these arguments suggest that e-commerce provides dominant search
means only as far as standardized product and price information is concerned [Bakos
(1997)]. However, given the sellers’ or product characteristics such standardization
may not be possible. In addition, Zerdick, et al. (1999, p. 159-160) and Choi, et
al. (1997, ch. 5) point out that the usual adverse selection problem is reinforced
by network economies. Further, the information provided by suppliers pursuing a
di¤erentiation strategy - as illustrated by Choi, et al. (1997, ch. 6) - obviously rather
deters the possibilities of comparing o¤ers. Hence, some information cannot, or will not
be communicated veri…ably. The analysis of market substitution and interaction must
therefore explicitly distinguish product or agent information which can be gathered
more e¢ciently via the internet from quality signals which remain private information.
Choi, et al. (1997, p. 169) therefore conclude that the future of the internet ”may
depend on how non-technological but fundamentally economic issues as the lemons problem are solved ”. Bakos’ (1997) analysis of electronic marketplaces already demonstrates
that lower search costs may restore, or improve equilbrium trade which is subject to
quality uncertainty. However, the current model speci…cally addresses the issue of
market substitution. It demonstrates that, if adverse selection persists, internet and
traditional markets may co-exist. The analysis draws on standard adverse selection
theory. However, it also introduces a risk reducing, but not eliminating linear learning
process. The costs of gathering informative quality signals then vary between marketplaces. Nevertheless, an equilibrium with parallel markets or market segments may
exist, if the migration of sellers reduces the adverse selection problem in the market
characterized by higher information costs. While the migration process between markets - hence, the evolutory dynamics - cannot be modelled, the equilibrium is robust
with regard to both seller and buyer incentives. The analysis thus also contrasts with
approaches exclusively emphasizing the dynamic aspects of internet market emergence.
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Obviously, the formal model combines well-known pieces of economic theory. Nevertheless, the empirical application to trade in used cars pursued in section 3 does
not only re‡ect an interest in testing Akerlof’s (1970) seminal work on the ”lemon
market”. The quality of a used car is determined by investments of both original
manufacturers and current owners in technical reliability. However, the maintenance
e¤ort of the latter remains private information. In addition, the typical spot-market
characteristics preclude formal warranty or ”money back” agreements as discussed in
Choi, et al. (1997, Ch. 4). Hence, in many respects the used-car market provides a
prime example for investigating the impact of private seller information on retailing
in experience goods. E-commerce activities then only provide an alternative means of
exchange [Bakos (1997), Keeney (1999)]. Furthermore, internet trade is already welldeveloped in both the classi…ed ads and automotive businesses. According to the US
Department of Commerce (1999, p. 10), Gemini (1999, p. 21), and OECD (1999b,
p. 44, 48), this implies a signi…cant degree of market substitution. As a by-product,
classi…ed ads for used cars therefore allow to compile data for empirical analysis.

2
2.1

A model framework
Quality and information structure

Given the empirical application to follow, the analytical discussion will be framed
within the terms of the used car market. The quality of a used car re‡ects the value
of transportation services minus repair and maintenance costs incurred by its future
owner. Formally, let q` denote the quality of a car in the possession of current owner
`. Then,
q` = q(¹
®; y¹) + ¯ ` + "

(1)

where q(¹
®; y¹) captures the quality e¤ects which are associated with car-type and
¯ ` re‡ects the maintenance e¤ort and ability of its current owner.
More precisely, ®
¹ constitutes a deterministic vector of car characteristics. This list
includes brand name and model type, horse-power, size of engine, but - where applicable
- also the accessory units such as air-conditioning, sun-roof, etc. The vector y¹ then
contains signals concerning the car’s current state of attrition which are related to the
original manufacturer’s investments in protection against the average wear and tear.
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Given the present application, age, mileage, and mileage per year since …rst licensing
constitute typical y¹-entries.
In accordance with Akerlof (1970), ¯ ` constitutes perfectly private information of
the current owner. In fact, this variable captures all owner-determined quality enhancing activities which cannot be communicated veri…ably to potential buyers. Also, ¯ `
is assumed to be independent of (¹
®; y¹). Thus, potential buyers believe that ownerdetermined quality constitutes the realization of a random variable ¯ which is distributed according to H(¯) over the population of current owners. Following Akerlof’s
(1970) original study and common textbook examples - i.e., Milgrom and Roberts
(1992, p. 149-155) and Campbell (1995, p. 184-186) - on adverse selection models,
H(¯) is taken to be uniform with ¯ 2 [0; ¯ H ].
Finally, " denotes a random variable re‡ecting the stochastic nature of the impacts
of both the original manufacturer’s and the current owner’s investments on realized
¹ and y¹ is
car quality. For simplicity " s N (0; ¾ 2 ). The information concerning ®
communicated via the advertisement placed by owners. In this respect, the used car
market found in the classi…ed ad sections of newspapers, but also in the internet has
established a market standard. All elements of ®
¹ and y¹ can be easily veri…ed on eyesight inspectation by a potential buyer. Thus, the analysis excludes the possibility of
fraudulent o¤ers associated with deliberate manipulations of the speedometer or title
documents by the current owner.
However, there also exists a second set of signals concerning q` . Hence, motorist
clubs and automobile magazines perform endurance and comparative driving tests.
They may also provide information concerning typical repairs and statistical information on repair frequency and average repair costs. Similar information may be available
from the original manufacturer, or still other sources. In the following, let I` denote the
cardinality of the vector z¹`o containing such additional signals concerning q` which are
known to the current owner. For simplicity, z¹`o is assumed to constitute a ”complete”
signal vector. Current owners have collected all test and other available information
concerning the car which has been in their possession over the past years. This implies
z¹o` = z¹o for all owners `. It then further appears plausible that I` = I(¹
®; y¹), 8`. Obviously, more test, endurance, and repair statistics are collected and published as the
car ages. Also, certain brands may receive more public attention than others.
Every element zi;`, i = 1; :::; I(¹
®; y¹), is taken to satisfy
zi;` = q` + ´i
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(2)

where ´ i is normally distributed with expected value zero and identical variance ³ 2 ,
for all i = 1; :::; I(¹
®; y¹). Furthermore, cov(´j ; ´ i) = 0, for all j 6= i, and cov("; ´i ) = 0,
for all i = 1; :::; I(¹
®; y¹).
Kirby (1993) has already introduced linear Bayesian learning in order to model market processes of merging and separating information pools consisting of signal vectors.
Within the current framework this approach allows to distinguish potential buyers’ and
sellers’ expectations concerning product quality. Hence, following De Groot (1970), q`
is then distributed normally with expected value
E[q` jz o ] = q(¹
®; y¹) + ¯ `

(3)

and variance
V ar[q` jz o] = [

1
I(¹
®; y¹) ¡1
+
]
2
¾
³2

(4)

from the point of view of a current owner.
In contrast, potential buyers must engage in costly information gathering activities
¯ b
¯
b
in order to obtain a signal vector z¹m
(¹
®; y¹) of cardinality Jm (¹
®; y¹) = ¯z¹m
(¹
®; y¹)¯. The
information costs are assumed to be given by Cm (¹
®; y¹) = cm Jm (¹
®; y¹). Subscript m,
m = fN; M g, identi…es the speci…c market in which these research activities take
place - the internet or the traditional print media classi…ed ad market, respectively.
Signals are thus generally perceived as single information units which can be gathered
at constant unit costs. Potential buyers must either actively engage in market research
or receive the information via communication with current owners prior to purchasing
the car. The unit costs of information gathering assumed to be independent depend of
whether signals are obtained by own research or communication.
Yet, the two market places di¤er with respect to the distribution of these costs
between the two parties. Thus, ° m , m = fN; M g, denotes the share of total information costs incurred directly by the potential buyers. Intuitively, ° m Cm (¹
®; y¹) then
re‡ects the costs of market research by potential buyers, while (1 ¡ ° m )Cm (¹
®; y¹) can
be associated with the costs of communicating signals which are incurred by current
owners. Re‡ecting the used-car trade´s typical spot-market nature, the distribution of
information costs between buyers and sellers - indicated by ° m - is assumed to constitute a market-speci…c standard. It is not negotiated by the two parties which enter for
single exchanges only. Hence, the buyer’s research and the seller’s preparation of the
signals to be communicated take place before the parties meet in the market.
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According to Bakos (1997), lower search costs in the electronic marketplaces are
mainly associated with gathering price information. The argument is not extended to
non-standardized products, or seller information, however. Thus, consider a potential
buyer responding to ads in the traditional print media market. Researching on its own
the individual will have to scan all relevant publications by motor clubs, manufacturers,
etc. Very likely, he will also have to purchase single issues of magazines or test reports.
On the other hand, internet shopping implies that - given an initial …xed fee and variable
costs which are only related to the duration of the research activities - additional
signals can be obtained using the net itself. Providers also supply search machines
or ”shopbots” for assistance. Yet, the veri…cation costs associated with electronic
communication are commonly regarded as relatively high. The internet provides a
larger signal pool at the expense of allowing o¤ers into the market without exercising
signi…cant …ltering. These arguments justify the following assumptions: First, cN < cM
captures the general information cost advantage of internet shopping. At the same time,
° N > ° M re‡ects the less severe veri…cation problem in communicating information
associated with the traditional print media market environment. Thus, potential buyers
in the internet engage in more market research on their own.
Clearly, rational buyers engaging in market research will ensure not to collect signals
twice. They will collect Jm (¹
®; y¹) distinct signals which are included in the signal
b
vector z¹m (¹
®; y¹). Note that - as far as the respective impacts on a used car’s quality
are concerned - the original manufacturer’s and the current owner’s investments in
reliability are simply additive. Yet, potential buyers actually face two distinct sources
of informational de…cits relative to current owners. First, di¤erent sets of additional
informative signals induce di¤erences in the precision of forecasting the car’s future
value. Potential buyers are able to reduce this information gap by gathering costly,
but informative signals, however. The second informational asymmetry arises due to
the fact that owner-type information cannot be communicated veri…ably at all.

2.2

Expected utility and information gathering

The typical classi…ed ad placed by current owners in the used car market contains
the general car description (¹
®; y¹) and a price for which the owner is willing to sell.
Although adjusting to equilibrium di¤erent (¹
®; y¹)-car owners may advertise various
prices, the analysis can be more easily followed by considering only equilibrium ads
Am (¹
®; y)
¹ = [Pm (¹
®; y¹); a; y] in market m. In the following, the advertised characteristics
7

(¹
®; y)
¹ will then be said to de…ne segments of market m.
The instantaneous preferences of all individuals meeting in both markets will be
assumed to be characterized by identical exponential utility functions with constant
degree of absolute risk aversion r > 0. Hence, focussing on the (¹
®; y¹)-segment of market
m, an owner of type ¯ ` will advertise his car, if
¡V s (¹
®; y¹) expf¡r¯ ` g

¡ expf¡r[Pm (¹
®; y¹) ¡ (1 ¡ ° m )Cm (¹
®; y¹)]g

where - exploiting the assumptions above "
µ
¶¡1 #
1
1
I(¹
®
;
y
¹
)
V s (¹
®; y¹) ´ expf¡r q(¹
®; y¹) ¡ r
+
g
2
¾2
³2

(5)

(6)

The LHS of (5) contains the expected utility of retaining the car, while the certain
utility derived from the net reward of a sale is given on the RHS. Obviously, (5) - (6)
determines a maximum owner-determined car quality o¤ered, given the equilibrium
price and the cardinality of the information vector communicated in the (¹
®; y¹)-segment
of market m. In particular, only owners characterized by ¯ ` Bm (¹
®; y¹), where
Bm (¹
®; y¹) = Pm (¹
®; y¹) ¡ (1 ¡ ° m )Cm (¹
®; y¹) ¡ q(¹
®; y¹)
µ
¶¡1
1
1
I(¹
®; y¹)
+ r
+
2
2
¾
³2

(7)
(8)

are willing to o¤er their cars for sale.
Potential buyers must incur the cost of market research. Thus, if purchasing a car
in the (¹
®; y¹)-segment of market m, a buyer’s expected utility is given by

Um (¹
®; y¹) =

¡Vmb (¹
®; y¹)

Bm
Z(¹®;¹y )

expf¡r¯g[Bm (¹
®; y¹) ¡ b m (¹
®; y¹)]¡1 d¯

(9)

b m( ®
¹ ;¹
y)

where
Vmb (¹
®; y¹) ´ expf¡r[µ + q(¹
®; y¹) ¡ Pm (¹
®; y¹) ¡ ° m Cm (¹
®; y¹)
µ
¶¡1
1
1
Jm (¹
®; y¹)
¡ r
+
]g
2
2
¾
³2

(10)

As in Akerlof’s (1970) original work, µ > 0 induces the possibility of Paretoimproving exchange upon every random match of current owners and potential buyers,
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if both parties possessed identical information. It re‡ects the higher urgency of need
associated with the non-owner status of an individual. Else, (9) di¤ers from the conventional adverse selection model only in allowing for the possibility that some ”poor
quality”-owners - characterised by ¯ ` < b m (¹
®; y¹) - may be absent in this particular
segment of market m.
Although potential buyers actually collect discrete signals, (10) will be assumed
to be di¤erentiable in Jm (¹
®; y¹). E¢cient information gathering in market m then
obviously implies
¸
¤
r
1
Jm
(¹
®; y¹) ¡2
cm = 2
+
(11)
2³ ¾ 2
³2
¤
where Jm
(¹
®; y¹) denotes the optimal activity level. In the following, it will be as¤
¤
sumed that (11) implies an interior solution Jm
(¹
®; y¹) = Jm
< I (¹
®; y¹) for all segments
(¹
®; y)
¹ in both market environments m = fN; M g. Furthermore, irrespective of the particular means of information gathering - e.g., whether more signals are communicated
or obtained by market research of potential buyers - the respective activity levels are
always e¢cient relative to the particular market costs. This solution would obviously
always be implemented by optimal market research decisions of potential buyers, if the
number of signals (1 ¡° m )Jm actually communicated by current owners in each market
¤
does not exceed Jm
.
¤
Thus, let Um (¹
®; y¹) denote the expected utility of a buyer in segment (¹
®; y¹) of market
m given the e¢cient information gathering activity levels. The alternative for potential
buyers always consists of not purchasing a car at all. Hence, if an (¹
®; y¹)-segment
attracts potential buyers in market m,
¤
Um
(¹
®; y¹) ¸ ¡1

(12)

must constitute a necessary condition.

2.3

Equilibrium with parallel market segments

Consider the internet market N …rst. If only this market exists, it is clear that
b N (¹
®; y¹) = 0. Given no possibility to sell in a di¤erent market, the gains of entering the used car market decrease with ¯ ` - ”low quality” owners bene…t most from
adverse selection. Provided that the segment (¹
®; y¹) attracts potential buyers, (7) can
9

then be rearranged to insert for PN (¹
®; y¹) into (10). This yields
Z BN ( ®¹ ;¹y)
¤
¤
UN (¹
®; y¹) = ¡VN (¹
®; y¹)
expf¡r¯g[BN (¹
®; y¹)]¡1 d¯

(13)

0

with

VN¤ (¹
®; y¹) = expf¡r[µ ¡ BN (¹
®; y¹) ¡ cN JN¤
µ
¶¸¾
1
1
I(¹
®; y¹) ¡1
1
JN¤ ¡1
+ r [ 2+
] ¡[ 2 + 2 ]
2
¾
¾
³2
³

(14)

¤
P~N (¹
®; y¹) ¡ (1 ¡ ° N )cN JN¤ = P~M (¹
®; y¹) ¡ (1 ¡ ° M )cM JM

(15)

The second line of (14) should be observed to contain the risk di¤erential associated
with the information gap between current owners and potential buyers. It is easily
ver…ed that (13) is monotonically decreasing in BN (¹
®; y¹). Attracting higher quality
owners requires a higher equilibrium price. Yet, this will always be attractive for low
quality owners as well. Consequently, the adverse selection problem for buyers will
become more severe when the top quality o¤ered in the market increases. Clearly,
BN (¹
®; y¹) > 0 also requires that µ is su¢ciently large in order to compensate the
information gap between owners and buyers with regard to technical uncertainty.
Suppose that the internet market involves active trade in more than one (¹
®; y¹)segment. In competitive equilibrium, (12) must then hold with equality for all such
~N (¹
segments. This de…nes equlibrium values B
®; y¹) for all segments which entail positive
trade. However, di¤erentiating (13) reveals that @ B~N (¹
®; y¹)=@I(¹
®; y¹) < 0. When the
information gap between current owners and potential buyers widens, prices and thus
the top owner-determined car quality o¤ered in the market segement must decrease.
For a given value of µ, this implies that equilibrium prices P~N (¹
®; y¹) > 0 inducing
B~N (¹
®; y¹) ¸ 0 may not exist for all market segments (¹
®; y¹). Trade will not occur
in segments characterized by a large maximum number of additional quality signals
I (¹
®; y¹). In such cases, the information gap between car owners and potential buyers
prevents bilateral bene…cial trade in such cars.
Next, consider only (¹
®; y¹)-segments involving positive trade in the internet. Assume
that there exists a parallel market based on the traditional classi…ed ads in print media.
Then, if trade occurs in the (¹
®; y¹)-segment of this market, the following must clearly
hold:

In order to ensure positive supplies in both markets, the net rewards associated with
a sale must be identical. Else, one of the two markets will attract all current owners
10

~ M (¹
~ ®; y¹).
in this segment. Inserting (15) into (7) then yields B~N (¹
®; y¹) = B
®; y¹) ´ B(¹
Identical rewards obviously imply an identical top-quality owner-type o¤ering his cars.
Utilizing this result and inserting from (7) in (9) thus yields
¤
UM
®; y¹)
~ (¹

=

¡VM¤~ (¹
®; y¹)

Z

B~ (¹
®;¹
y)

b M (¹
® ;¹
y)

~ ®; y¹) ¡ bM (¹
expf¡r¯g[B(¹
®; y¹)]¡1 d¯

(16)

with
¤
~ ®; y¹) ¡ cM JM
VM¤~ (¹
®; y¹) = expf¡r[µ ¡ B(¹
¶¸¾
µ
¤
1
1
1
I(¹
®; y¹) ¡1
JM
¡1
+ r [ 2+
] ¡[ 2 + 2 ]
2
¾
¾
³2
³

(17)

Again, the risk di¤erential in the second line of (17) is associated with the information gap between owners and buyers. It is easily veri…ed that (16) is monotonically
increasing in bM (¹
®; y¹). While (15) ensures that current owners are indi¤erent between
o¤ering their cars in either market,
¤
UM
®; y¹) = UN¤~ (¹
®; y¹) = ¡1
~ (¹

(18)

must then additonally hold for all parallel (¹
®; y¹)-segments in order to attract potential buyers. The …rst equation implies
¤
exp f¡r [cN JN¤ ¡ cM JM
¶¸¾
µ
¤
1
1
1
JN¤ ¡1
JM
¡1
+ r [ 2 + 2 ] ¡[ 2 + 2 ]
2
¾
¾
³
³
R B(
~ ®;¹
¹ y)
~ ®; y¹) ¡ bM (¹
expf¡r¯g[B(¹
®; y¹)]¡1 d¯
bM ( ®
¹ ;¹
y)
=
R B~ (¹®;¹y )
~ ®; y¹)]¡1 d¯
expf¡r¯g[B(¹
0

(19)

Note that the second line on the LHS of (19) now contains the risk di¤erential
induced by the information gap between potential buyers in the internet and the traditional classi…ed ad market, respectively. It re‡ects the di¤erent e¢cient information gathering activity levels in the two markets. The expected utility e¤ect of increasing b M (¹
®; y¹) above zero in the conventional print media market implies that (19)
may be satis…ed despite this information gap. In this case, let the equilibrium lowest value of owner-determined quality traded in the conventional market be denoted
~b M (¹
®; y)
¹ > 0. Note that the LHS is constant for all such parallel market segments
involving positive trade. This follows from the assumption of linear Bayesian learning
11

combined with constant unit information costs. Then, di¤erentiating the RHS reveals
~ ®; y)=d
d B(¹
¹ ~bM (¹
®; y¹) < 0.
Thus, as the information gap between potential buyers and current owners widens
~ ®; y¹)=I(¹
~ ®; y¹) ¡ ~bM (¹
- yielding @ B(¹
®; y¹) < 0 as discussed above - the di¤erence [B(¹
®; y¹)]
~
~
decreases. Yet, it cannot decrease beyond [B(¹
®; y¹) ¡ bM (¹
®; y¹)] = 0 - due to (7) and
(15). Otherwise all current owners would again move to only one market. Hence,
parallel market segments with positive trade must be associated with relatively low
values of I(¹
®; y¹). The cars o¤ered in such segments are characterized by relatively few
additional signals concerning their technical reliability in the owner’s information set.
As more of such signals become available and known to current owners - thus, the
increase in I(¹
®; y¹) widens the information gap between current owners and potential
~ ®; y¹)¡~bM (¹
buyers - [B(¹
®; y¹)] converges to zero. Even higher values of I(¹
®; y¹) then imply
that such (¹
®; y¹)-segments only exist in the internet market. Due to lower information
costs, this market generally entails a smaller information gap between current owners
and potential buyers. As shown above, for extreme I(¹
®; y¹)-values positive trade may
not be possible at all. Such segments cannot be found in either the internet or the
conventional print media market.

2.4

Parallel markets and testable hypotheses

Adverse selection equilibria exist due to the inobservability of quality signals in markets for experience goods. This obviously implies that - despite the ”lemon” model’s
frequent inclusion in modern micro-economic textbooks - direct empirical tests can
hardly be conducted. It appears implausible that the researcher is able to collect quality signals which cannot be observed by the agents in the market. However, Bond
(1982) uses a maintenance cost survey on pick-up trucks which exploits ex-post quality
information. The study compares trucks bought new, respectively used by their current
owners and controls for quality di¤erences which can be communicated between buyers
and sellers - hence, the y¹-characteristics introduced above. Signi…cant di¤erences in the
probabilities to require major repairs cannot be con…rmed. Thus, trade in used pick-up
trucks does not appear to induce an unobservable seller-contingent quality risk. The
fact that pick-ups bought used did require more maintenance on average is attributed
to ”signi…cantly higher lifetime mileage in each model year”. However, the analysis
does not control for di¤erences in brands and accessory units. Also, the pick-ups in
the sample are predominantly used commercially. The respective buyers and sellers
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are therefore not typical agents in a ”lemon” market.
In contrast, the current empirical investigation uses data on traditional and ecommerce trade in used ”family” cars. The occurrence of equlibrium parallel trade in cars characterized by identical manufacturer speci…cations and advertised quality
information - then provides an indirect test of the adverse selection hypothesis. Note
that the equilibrium is in fact incentive-compatible. Obviously, the net rewards for
current owners are equalized. Thus, potential sellers of (¹
®; y¹)-cars randomly select
over the internet and the traditional classi…ed ad market, if this segment exists in both
markets. At the same time, potential buyers are indi¤erent with regard to shopping
over all segments and markets. Hence, they also randomly select. Now, suppose that
the buyers’ information gathering activities are less costly in the internet. Then, only
if additional seller-contingent quality risk induces adverse selection, the internet will
not necessarily dominate the traditional market-place. In equilibrium the relatively
higher costs of information gathering must be exactly compensated by less adverse
selection in the traditional market. Two di¤erent sources of ine¢ciency are thus necessary in order to generate positive equilibrium trade in parallel market segments. In
fact, this constitutes a standard result of second-best analysis [Lipsey and Lancaster
(1956)]. Although the test of existing adverse selection is indirect, it therefore only requires the assumption of competitive equilibrium between e-commerce and traditional
trade. Disputing this assumption implies that parallel marketplaces must re‡ect agent
heterogeneity with respect to individual market-entrance costs. Consequently, marketentry decisions would be agent-speci…c and not contingent on advertised information
signalling the attrition-state of the car.
Given the arguments above, some segments may further only exist in the market
environment exhibiting lower information gathering costs for potential buyers. Very
old cars may be considered as ”oldtimers”. These are highly valued by their individual
owners and - if at all - sold in speci…c markets. More commonly, however, cars age
until they possess only ”scrap value”. In part, the existence of scrap yards certainly
re‡ects the elimination of trade due to the information gap between potential buyers
and sellers with respect to technical quality risk. Consequently, all used cars which are
not scrapped must be traded in the market environment involving lower information
gathering costs. The high information cost market will then lack some segments which
- according the observable signals (¹
®; y¹) - imply low quality. Thus, the assertion that
internet trade is associated with lower information costs implies that such (¹
®; y¹)-cars
13

can be found in the internet, while not being advertised in the conventional classi…ed
ad market. Comparing the o¤er distributions between the two markets therefore allows
to test the information dominance assertion for electronic trade without referring to
prices.
Despite lower search costs, additional mark-ups and risks associated with new intermediation services [OECD (1997, p. 9-10), Zerdick, et al. (1999, p. 149-154)]
and the necessity of intensi…ed advertising in the pursuit of di¤erentiation strategies
[OECD (1999, p. 73-75), Choi, et al. (1997, p. 346-367)] render price e¤ects generally
ambiguous. Applied to the classi…ed ad market for used cars these arguments appear
inadequate, however. First, the informational asymmetry is ultimately associated with
an individual seller’s personal characteristics in a spot-market environment. Second,
the information communicated via classi…ed ads is in fact identical in the two marketplaces. Hence, lower information costs must be associated with lower prices unless
consumers in the internet incur a smaller share of these costs. Yet, the e-commerce
literature unanimously agrees that consumer search activities in the internet are more
intense. Obviously, the development of ”shopbots” and ”chat groups” in which individual experiences can be communicated re‡ect an increased search activity level
of the internet consumer. Empirically, Hoque and Lohse (1999) further support this
assertion.
Obviously, the characteristic model properties mirror the arguments found in the
current descriptive literature on e-commerce. In particular, the model captures both
the e¤ects of search cost dominance and of a more severe selection problem associated
with the new electronic marketplace. However, these views are not opposing - yielding
either optimistic or rather sceptical scenarios concerning the future development of
internet trade. In equilbrium both markets may co-exist. Such parallel markets can
even continue to exist, if potential buyers augment the signal vector communicated
in the traditional classi…ed ad market by engaging in additional internet research.
Only if the distribution of information costs, the information gathering means, and the
respective activity levels are identically equal in both markets, trade must occur in a
single market - characterized by identical prices for all (¹
®; y¹)-cars advertised.
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3
3.1

An explorative empirical investigation
Data description

The empircal analysis focuses on internet and print media classi…ed ads for Volkswagen
Rabbits series III and BMW series 3xx. This brand and type combination has been
chosen for two reasons. First, both vehicle types are very widespread in Germany.
This allows to collect a su¢cient number of observations in both marketplaces. More
importantly, however, the general public as well as the automobile experts’ interest in
both brand models can be assumed to be equally developed in Germany. Also, VW and
BMW representatives exist in virtually every German city. Second, the two model types
do not constitute close substitutes from the point of view of potential buyers. BMWs
rather appeal to auto-sports interested customers, while the VW Rabbit is a typical
economy car. BMWs should therefore trade at higher prices. However, the vectors of
additional signals should actually posess approximately identical cardinalities. Thus,
brand name should not exhibit a signi…cant impact on the probability of observing
electronic as opposed to traditional trade.
Obviously, observations cannot be drawn from a complete, or representative sample
of used cars traded in Germany. Moreover, the theoretical model rests on the existence
of unobserved selection in the o¤er distributions. Thus, standard techniques to control
for sample selection bias cannot be employed sensefully. It was therefore decided to
minimize this problem by clustering the data sources. The researchers de…ned a number
of regional and national newspapers to be searched for the respective classi…ed ads.
Internet pages were selected randomly. Further, the data collection was con…ned to
classi…ed ads which appeared in the second weeks of June 1999 and January 2000. The
time-span between the two waves of data collection should be su¢cient to preclude
the inclusion of the same o¤ers twice in the pooled data set. Undergraduate students
then compiled complete sets of o¤er observations within these pre-speci…ed media and
time-spans. Nevertheless, the results reported in the following may still be subject
to sample selection bias. Rather than providing a representative analysis, the current
empirical investigation is therefore explorative in nature.
Following this procedure, the empirical investigation can be based on a total of 981
observations for the two brands. Among these, 393 have been derived from newspapers.
The data set contains 46.6 % VW-observations in the traditional print media and 53.4
% respective internet entries. In the following regression analyses VW (BMW) then
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attains the value 1 (0). In addition to brand name, model type, and the price requested,
the ads contain information concerning air conditioning, sun-roofs, air-bags for both
front passengers, size of engine in 1000 cm3, and horse power. Also, all ads named
the date of …rst licensing and provided information concerning the total kilometers
(km) driven. Kilometers per month have then been calculated as an additional quality
signal - completing the vector y¹ as discussed above. Table 1 provides the list of available
advertisement information and the respective abbreviations used in the following. It
also reports some descriptive statistics.

3.2

Di¤erences in the quality distributions

The assumption of internet dominance with respect to the information gathering costs
implies that - in competitive equilibrium - e-commerce trade occurs over all segments,
while the traditional market will lack some low-quality segments. The descriptive
statistics of Table 1 already provide some …rst hints concerning such signal-contingent
market-entry decisions of sellers. Comparing internet and traditional marketplaces,
minimum ages and total kilometers appear to exhibit less pronounced di¤erences than
the respective maximum values. Moreover, it is possible to perform t-tests on statistically signi…cant di¤erences in means, Wilcoxon/Mann-Whitney tests on median values,
and 3F-tests on variances for these three variables (price, km and age). For both total
kilometers driven and age all tests strongly con…rm the existence of signi…cant differences. The rejection probabilities are below 0:001. Kernel-density estimations can
further be employed in order to visualize the di¤erences in the distributions. Following
Pagan and Ullah (1999, p. 23-29), Epanechikov kernels have been calculated for total
kilometers and ages. The graphical representations of the respective density estimations in Exhibits 1 and 2 then illustrate the di¤erences in the distributions of these
two observable quality signals in the two marketplaces.
Thus, on average e-commerce entails trade in older cars with more total kilometers
driven. Both clearly represent ”bad news” for potential buyers. For obvious reasons,
such signi…cant di¤erences cannot be con…rmed for kilometers per month - as utilized
by Bond (1982). In fact, the respective Wilcoxon/Mann-Whitney test shows no significant di¤erence. Thus, this variable has been omitted in the regression analysis below
as well. Table 2 then reports the results of a Probit analysis estimating the probability
of observing an internet, rather than a newspaper classi…ed ad for a particular used car.
The advertisement costs increase with more detailed descriptions of the car. Hence,
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economic rationality implies that all information communicated via such ads should
enter the potential buyers’ calculations of informative signals. Yet, from a research
point of view it cannot be assessed how such calculations are carried out by the agents.
Hence, the regression equation re‡ects a naive approach. Basically, it includes all information found in the classi…ed ads. In only one respect, ’goodness-of-…t’ considerations
have entered the model speci…cation. The inclusion of [AGE]2 signi…cantly improved
the model’s explanantory power.
Obviously, the Probit-analysis generally con…rms the e¤ects of signal-contingent
market-entry decisions as well. Also, all signs agree with the expectations derived from
the theoretical model and the respective stylized fact discussion concerning e-commerce.
Internet trade selects lower quality cars exhibiting higher mileage and smaller engine
size. At the same time, the manufacturer’s speci…cations often do not allow for free
choices combining air-conditioning, horse-power and engine size. This may explain why
the former variables remain insigni…cant. In this respect, it should also be noted that
both AGE and [AGE]2 are positively correlated with total kilometers. Although the
coe¢cients of correlation are not extreme -½AGE=K M = 0:674, ½[AGE]2 =K M = 0:579 - this
may su¢ce to preclude distinct signi…cant impacts.

3.3

E-commerce price e¤ects

Exhibit 3 depicts Epanechikov kernel estimates for the price densities. They visualize
the existing di¤erences in price dispersion between the two marketplaces. Again, the
mean value t-test, the Wilcoxon/Mann-Whitney test on median values, and the 3Ftest on variances con…rm statistically signi…cant di¤erences. The respective rejection
probabilities are all below 0:001. Further, the price variable has been inserted into
Probit estimates concerning the probability to …nd a particular o¤er in the internet.
In this case, it attains very dominant explanatory power - to a considerable extent
crowding out the e¤ects associated with the quality variables contained in Table 2.
However, given the results above, such estimates do not allow plausible interpretations.
The respective regressions have therefore been omitted.
From the point of view of empirical analysis, this poses a rather severe model speci…cation problem, however. Obviously, the agents utilize the same information in forming
their price expectations which also governs the selection of sellers over marketplaces.
Again, the particular functional form relating advertized signals to expectations is
unknown. Thus, Tables 3a-b and Table 4 report OLS price estimates for the two mar17

ketplaces seperately and for the pooled data set. In each case the list of explanatory
variables has been chosen identically equal to the one included in the Probit analysis
above. Clearly, the OLS-regressions perform rather well. All signs agree with expectations. Yet, the market-place variable ”internet” remains insigni…cant. This highlights
the problem of specifying a price equation which at the same time appropriately adjusts
for the seller selection e¤ect over the two marketplaces.
Given the Probit-analysis above, the OLS-approach of Table 4 generally appears
inadequate. It does not appropriately account for the endogeneity of the market-entry
decisions. Instead, the marketplace variable ”internet” has to be instrumentalized. The
respective two-stage least squares approach (TSLS) can the be found in Table 5 then.
The particular structural form of the equations has been chosen rather naively again.
”Internet” has been instrumentalized using only variables which proved statistically
signi…cant in the Probit-analysis above. Note that the marketplace variable ”internet”
attains strong statistical signi…cance in the TSLS estimation. This clearly supports
the assertion of endogenous market-entry decisions. Furthermore, all variables exhibit
the expected signs.
Comparisons of the R2 between OLS and TSLS regressions are generally invalid.
Yet, the results reported in Table 5 reveal that the TSLS approach performs rather
well. In addition to attaining statistical signi…cance, the coe¢cient of the marketplace
variable also increases rather drastically. Again, this is consistent with the expectation
derived from the theoretical model. It predicts that e-commerce should be associated
with two separate price e¤ects. First, the used cars traded electronically exhibit lower
average quality according to the advertised signals. Simultaneously, lower information
costs and a higher level of information gathering activities by potential buyers contributes a second tendency towards lower prices. Thus, appropriately accounting for
signal-contingent market-entry decisions introduces a negative price-e¤ect which adds
to the simultaneously existing quality-price relationship in the speci…c market. However, the estimated price di¤erential between electronic and traditional classi…ed ads
then also re‡ects a combined price e¤ect. Given the lack of knowledge concerning the
conditional quality expectations formed by potential buyers, the two e¤ects cannot be
separated empirically.
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3.4

Summary and conclusions

The emergence and rapid growth of e-commerce is commonly seen to re‡ect the advantages of a dominant information environment. Hence, it potentially implies a substitution of traditional marketplaces. Yet, if seller-contingent quality uncertainty induces
persistent adverse selection, a competitive equilibrium with parallel segments in both
electronic and traditional marketplaces arises. The migration of sellers induces more
adverse selection in internet trade which exactly compensates the lower costs of information gathering activities. Market segments are de…ned conditional on quality signals
communicated via the product advertisements. Given that the information costs generally preclude positive trade in very low quality segments, some adjacent segments
further exist only in the internet. Accepting the assumption of competitive equilibrium, this allows for an indirect test of the adverse selection hypothesis. Market-entry
decisions must be contingent on the advertised information rather than re‡ecting a
distribution of agent-speci…c transaction costs.
The empirical investigation of German classi…ed ads for used cars generally supports
this assertion. Although it lacks a representative data source, the analysis strongly
con…rms the e¤ects of signal-contigent market-entry decisions by potential sellers. This
follows from statistical tests on di¤erences in the o¤er distributions as well as from the
subsequent Probit-regression. These results then imply a TSLS approach for estimating
the price equation. The estimated price reduction of DM 2703 associated with internet
trade warrants some quali…cations, however. First, it applies to the current sample only.
Second, the estimate is based on rather naive ”goodness-of-…t” consideration, since
the true functional form relating advertised quality signals to expectations remains
unkown. Finally, two price e¤ects which in theory contribute simultaneously cannot
be separated empirically. On the one hand, lower e-commerce prices signal a higher
propensity of observing low-quality o¤ers conditional on the advertised information.
At the same time, prices will additionally be decreased due to lower search costs and
a higher information gathering activity level of internet buyers.
Hence, the study contributes to the debate on the future of e-commerce and traditional marketplaces. In particular, it has been shown that the two markets may
co-exist despite dominant search means available in the internet. Moreover, this conclusion does not require that e-commerce generally induces a more severe information
problem with respect to seller characteristics. A compensatory migration of potential sellers between marketplaces su¢ces to support the equilibrium. The implications
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for strategic market-entry decisions of …rms are straightforward then. They apply to
retailers, intermediaries, and providers of other services in which the buyers’ quality expectations appreciate product as well as seller characteristics. Entering the electronic
marketplace, …rms face a more severe adverse selection problem. This particularly
a¤ects high-quality producers. These must therefore increase their e¤orts in communicating reliable seller information to potential customers. Hence, a high-quality
producer-seller must balance the respective costs agin the possible bene…ts of market
extension by participating in e-commerce. Some authors have suggested that network
economies actually reinforce the adverse selection problem. In this case, the current
results clearly obtain even greater signi…cance.
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Exhibit 1: Kernel-Density estimation (Epanechnikov): Kilometers
Kernel Density (Epanechnikov, h = 22645.)

Kernel Density (Epanechnikov, h = 22757.)
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Exhibit 2: Kernel-Density estimation (Epanechnikov): Age
Kernel Density (Epanechnikov, h = 16.216)
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Exhibit 3: Kernel-Density estimation (Epanechnikov): Prices
Kernel Density (Epanechnikov, h = 5896.3)

Kernel Density (Epanechnikov, h = 4153.7)
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Table 1: Descriptive sample statistics
Market-Place

Print Media

Internet

Mean

Maximum

Mean

Maximum

(Median)

(Minimum)

(Median)

(Minimum)

Sun-roof

.37

1

.55

1

[SR]

(n.a.)

(0)

(n.a.)

(0)

Airbags

.38

1

.40

1

[AB]

(n.a.)

(0)

(n.a.)

(0)

Air-Condi-

.40

1

.20

1

tioning [AC]

(n.a.)

(0)

(n.a.)

(0)

Engine Size

1.7

2.8

1.8

3.5

[ENG]

(1.6)

(1.4)

(1.3)

(1.4)

Horse

99

192

109

217

Power [HP]

(101)

(60)

(102)

(60)

Months of

44.6

180.0

77.2

228.0

age [AGE]

(40.0)

(1.0)

(73)

(4.0)

Total Km

57813

165,000

96962

266,000

(56.000)

(100)

(95.000)

(200)

1.333

8.929

1.393

8.928

(1.225)

(100)

(1.229)

(25)

Price

23.745

51.500

16.599

59.500

[P]

(22.800)

(1.500)

(16.000)

(700)

Variable

[KM]
Km per
month [MKM=
KM/AGE]
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Table 2: Estimate of the probability to observe an internet o¤er
ML-Probit¤ -

Internet

Dependent

583 observations

960

O¤er =1

Variable:

Internet:

Included:
observations

Print Media:
377 observations

Variable

Coe¢cient

Std. Error

z-Statistic

Prob.

AB

0.7326

0.1182

6.1967

0.0000

AC

-0.1593

0.1154

-1.3807

0.1674

SR

0.4517

0.0939

4.8087

0.0000

0.0098

0.0082

1.1989

0.2305

[AGE]

6.89E-05

6.89E-05

0.9999

0.3173

ENG

-1.0099

0.3168

-3.2195

0.0013

VW

0.0145

0.1423

0.1024

0.9184

HP

0.0021

0.0035

0.6176

0.5368

KM

6.96E-06

1.56E-06

4.4631

0.0000

AGE
2

Mean dependent var.:

0.6073

S.E. of regression:

0.4048

S.D. dependent var.:

0.4886

Sum squared errors:

155.8318

Akaike info criterion:

1.0359

Log likelihood:

- 488.2686

Schwarz criterion:

1.0816

Avg. log likelihood:

- 0.5086

Notes:

¤

) Convergence after 10 iterations; QML (Huber/White) standard errors and

covariance.
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Table 3a: OLS-estimates of price function for the internet market
Dependent variable P ¤ )
Variable

Coe¢cient

Std. Error

t-Statistic

Prob.

Constant

26810.48

1475.557

18.1697

0.0000

AB

12.2687

588.3878

0.0208

0.9834

AC

340.5332

565.9414

0.6017

0.5476

SR

898.6429

377.5413

2.3802

0.0176

-181.3377

23.0944

-7.8519

0.0000

[AGE]

0.1907

0.020860

9.1412

0.0000

ENG

-979.5611

757.5084

-1.2931

0.1965

VW

-3188.854

478.9832

-6.6575

0.0000

HP

93.5964

9.8316

9.5199

0.0000

KM

-0.04956

0.0058

-8.4215

0.0000

AGE
2

R 2= 0.7496

Adj. R 2 = 0.7456 Prob(F-Stat.) = 0.000000

Notes: ¤ ) 583 observations; White heteroskedasticity-consistent standard errors and covariances.
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Table 3b: OLS-estimates of price function for the traditional market
Dependent variable P + )
Variable

Coe¢cient

Std. Error

t-Statistic

Prob.

Constant

30298.79

1881.665

16.1021

0.0000

AB

-860.3644

560.2023

-1.5358

0.1254

AC

1232.370

651.0478

1.8929

0.0592

SR

1358.0950

618.5066

2.1957

0.0287

-242.1246

32.21529

-7.5158

0.0000

[AGE]

0.4837

0.1697

2.8494

0.0046

ENG

380.2623

783.2146

0.4855

0.6276

VW

-4363.950

770.4111

-5.6644

0.0000

HP

72.2133

30.2148

2.4230

0.0159

KM

-0.0630

0.0094

-6.6799

0.0000

AGE
2

R 2 =0.7548
Notes:

+

Adj. R2 = 0.7488 Prob(F-Stat.)=0.000000

) Included observations 377; White heteroskedasticity-consistent standard errors

and covariances.
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Table 4: OLS-estimate of price function over both marketplaces
Dependent variable logP ¤ )
Variable

Coe¢cient

Std. Error

t-Statistic

Prob

Constant

28931.45

782.5615

36.9701

0.0000

Internet

146.9954

458.5023

0.3206

0.7486

AB

-642.5981

368.1826

-1.7453

0.0813

AC

1075.586

413.0247

2.6042

0.0094

SR

1077.724

310.0222

3.4762

0.0005

-197.9188

16.0092

-12.3627

0.0000

[AGE]

0.2102

0.01488

14.1270

0.0000

ENG

-115.4487

744.9997

-0.1549

0.8769

VW

-4220.002

496.6020

-8.4977

0.0000

HP

79.0117

15.1057

5.2306

0.0000

KM

-0.05547

0.0054

-10.1095

0.0000

AGE
2

2

R = 0.7807
¤

2

Adj. R = 0.7784

Prob(F-Stat.)=.000000

) Notes: Included observations 960; White heteroskedasticity-consistent standard errors

and covariances.
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Table 5: Two-stage least squares estimate of price function over both
marketplaces
Dependent variable P ¤ )
Internet instrumentalized; instrument list identical to list of
dependent variables in Probit-regression of Table 2.
Variable

Coe¢cient

Std. Error

t-Statistic

Prob

Constant

28157.63

1129.456

24.9302

0.0000

Internet

-2703.427

839.3766

-3.2207

0.0013

AC

642.6938

468.8411

1.3708

0.1708

AGE

-232.4650

12.0709

-19.2583

0.0000

[AGE]2

0.2431

0.0141

17.2083

0.0000

VW

-4186.481

458.2069

-9.1366

0.0000

HP

81.0159

11.2024

7.2320

0.0000

R2 = 0.7272
¤

Adj. R 2 = 0.7255

) Notes: Included observations 960;
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Prob(F-Stat.)=.000000

