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ABSTRACT KEYWORDS
Markets in which similar goods of different qualities are sold suffer Blockchain; quality
from information asymmetries and their negative consequences. certification; information

Dealers have established themselves, and mediate these markets asymmetry; market for
through their use of quality signals. While these signals help to miti- Iemlo_nS; online ?1'59"3."”9?
gate information asymmetries, these markets still function well below ::r}:;fz:;tgcazr::séatuon,
their optimum: a large share of goods sold are overpriced, and most of

the benefits are reaped by intermediaries. In this paper we build on

prior research that proposes the use of blockchain as an enabler for

trusted, decentralized asset documentation. Applying a socio-

technical lens, we describe how blockchain-enabled multi-party certi-

fication affords dealers the action potential to send signals that are

more closely correlated to the unobservable quality of the underlying

good (i.e., signals with a higher fit) than the signals they send today.

We then both theorize and experimentally explore the market effects

of the two types of signals. Using data from a laboratory market

experiment with 210 participants, we find empirical evidence that

multi-party certification affords dealers the action potential to send

signals of significantly higher fit than those sent by intermediaries

alone, leading to a reduction in information asymmetries, a more

efficient allocation of goods, and an increase in market fairness.

Introduction

Information asymmetries emerge in markets in which one party has more information
about the quality of the offered goods [58]. The party with this information advantage is
able to discern the quality of the goods; the party with the information disadvantage is not
[36]. Classical examples of markets that suffer from information asymmetry include the
insurance market, the employee-recruitment market, and the used-car market. The last of
these is perhaps the best-known illustrative example of this issue. In such markets, signaling
methods have emerged as one of the most effective mechanisms for mitigating the effects of
information asymmetry [57]. Signals are pieces of information sent by one [17] party—the
better-informed party—to the less-informed party [19]. To be trustworthy and effective,
signals need to be difficult to fake [57]. The extent to which a signal correlates with the
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unobservable quality of the underlying element it refers to is called the signal’s fit [17]. In
the case of the used-car market, the most common type of signal is that sent by inter-
mediating dealers. Dealers have the skills necessary to better identify product quality and to
profit from buying peaches (goods of relatively high quality) at—or slightly above—the
average price. And to then sell them back to buyers at higher prices, using their established
brand name or guarantees as signals [13].

Yet despite the positive effects of intermediary signaling sent by dealers—the fact that it
forestalls market collapse and enables a large share of market transactions—the used-car
market still functions well below its optimum [60]. Overall, according to the European
Parliament [21], odometer fraud alone entails losses for European Union citizens of
8.9 billion euros each year. Furthermore, the overpayment made by buyers for used lemons
(cars of relatively low quality) sold by dealers after their first year of ownership constitutes
on average 18 percent of the price of such cars [13]. Finally, while dealer signaling allows
more transactions to take place, most of the additional revenue generated is reaped by the
intermediary dealers themselves [35]. Consequently, many sellers of peaches refrain from
entering the market and a large number of potential trades do not even take place.

The digitalization of the automotive ecosystem is about to change all this: Car manu-
facturers aim to monetize their access to clients by offering clients services and generating
value from the very data that clients, and their vehicles, collect. Such data can much better
describe and predict the value of a used car, and thus resolve the market-for-lemons
problem. Centralized control of car usage data (by vehicle manufacturers, or technology
firms such as Google) may, however, result in digital platforms of ever greater power
reaping the lion’s share of the benefits of any efficiency gains these changes lead to. This
would not be in the interests of other players in this market, including insurers, or national
and supranational regulators [49, 55].

Lately, blockchain information systems have been proposed as an enabler of a novel
approach to allowing real-world assets, such as used cars, to be digitized in a trusted and
decentralized manner [25, 43]. Using blockchain technology, it is possible to ensure data
integrity and compatibilities that foster data sharing [54] while keeping transaction costs
under control [68]. This enables multiple parties to collaborate and create trusted, decen-
tralized product history certificates that draw on the data sources of many agents [45, 69].
Such blockchain-based multi-party product history certificates—as we will argue in this
paper—afford dealers the action potential to send signals of a higher fit than those they send
today. However, given that blockchain-enabled multi-party certificates are only a resource
in the context of information asymmetries and not a solution per se, it remains to be seen
whether this will indeed lead to significantly different market outcomes. Contrary to the
hype surrounding the technology, it has yet to prove itself to several challenges and open
questions. Building on the behavioral assumptions and theories that govern the market for
lemons, we therefore formulate the following research question (RQ):

Research Question: How does multi-party certification impact the market for lemons?

This question responds to widespread calls for in-depth analytical and empirical analysis
of the affordances of blockchain applications for their users and how these affect market
outcomes [22, 51, 59]. The information systems (IS) discipline is methodologically the best
suited to the study of the capabilities of blockchain and its economic impacts, an endeavor
that essentially can help to avoid unnecessary costs and at the same time foster the
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advancement of blockchain-based systems by guiding better-founded and targeted devel-
opment [70]. We will apply a socio-technical artifact perspective [15] to structure the
benefits of blockchain more precisely and to theorize and explicate “the axis of cohesion”
of blockchain-enabled multi-party certification in the market for lemons [53].

The remainder of this paper is organized as follows. First, we review the economics that
govern the market for lemons today and the shortcomings of current mitigants. Next, we
introduce the socio-technical artifact framework [15], which enables us to work out. On the
one hand, how blockchain affords multiple businesses the action potential to generate
multi-party certificates and, on the other hand, blockchain’s affordance for the users of its
application in the used-car market. In the subsequent section, we theorize the impact of
dealers’ use of multi-party certification in the market for lemons in a formal model and
derive a set of hypotheses. We then empirically test these hypotheses using data from an
experiment. Next, we present the results of that experiment, which indicate that buyers and
dealers react to multi-party certification as theoretically proposed in the assertions derived
from the model. In light of prior work, we continue discussing the observed effects of
blockchain-enabled multi-party certification in the market for lemons and its practical
implications. Finally, we conclude, pointing out the limitations of this paper and possible
lines of future work.

Related Work
Market for Lemons and Current Mitigants

The market for lemons is usually modelled as though only two types of goods—peaches and
lemons—are available to trade. While peaches have no observable defects, lemons do. Since
the characteristics that differentiate the two types of goods, in our case used cars, are mostly
hidden or hard to ascertain, buyers cannot tell the difference between a peach and a lemon,
so, between a good and a bad car. As a result, both types of car will sell at a market price
(resulting from an equilibrium of supply and demand) that reflects the average quality of the
cars on the market [62]. This market outcome is caused by buyers’ inability to evaluate
product quality as well as by sellers’ inability to prove the quality of their cars [47]. This
market equilibrium leaves the sellers of good cars with no choice but to sell their peaches for
less than their actual value—obtaining negative rents—or to leave the market [62].
Consequently, the classical adverse-selection phenomenon comes into effect: lemons tend
to drive out peaches, which theoretically might even lead to a market collapse [3]. Hence,
markets with such an asymmetric distribution of information suffer from losses in social
welfare [17]. These losses include overpayments by buyers for lesser quality goods (in our
case, poorer quality used cars), the negative rents of the sellers of peaches, and the losses of
both buyers and sellers due to a reduced number of trades [3].

A collapse of this market is, however, unknown. One main reason for this in the case
of the used-car market is the existence of used-car dealers [3, 34]. Dealers have the skills
to identify product quality and consequently profit from buying peaches at, or slightly
above, the average price and selling them at a higher price by using signaling methods
such as warranties or licensing models, or simply thanks to buyers’ greater trust in their
established brand names [13]. Such methods intermediate the market by providing
a signal to the buyer, and hence reduce product uncertainty [63]. From a seller’s
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perspective, such measures lead to more high-quality cars entering the market thanks to
the promise of higher prices [50] for peaches. Signals can be understood by the less-
informed party, and help that party to mitigate information asymmetry [19]. While
signals can reduce information asymmetry, their effectiveness is affected by their fit (i.e.,
the extent to which a signal is correlated with unobservable quality), their frequency (the
number of times a receiver receives a signal), and their observability (the extent to
which outsiders are able to notice them) [18, 29]. Signals provided by intermediaries,
such as dealers, have been shown to somewhat ameliorate the lemons problem. Yet, the
great share of the benefits in such markets are reaped by these very intermediaries [12].
Due to their information advantage and the market setting, they apply negotiation
tactics such as working with the anchoring effect [1, 4]. The anchoring effect is a well-
known cognitive bias in negotiation. It is the tendency to assign too much weight to the
first number put on the table and then to inadequately adjust from that starting
point [11].

Product history certification provides an alternative to signaling by intermediating
agents. Product history certification can be provided either by individual sellers who create
individual documentation of their products’ quality or by independent certifiers. Product
history certification provided by individual sellers has thus far been inefficient and costly
from a seller’s perspective. Moreover, this type of signal also fails to create the necessary
trust on the buyers’ side: document falsification is easy, which makes the faking of the signal
easy too [47]. Product history certification generated by single independent certifiers is
more established than that provided by individual sellers. Carfax and Eurotax are examples
of this type of third-party certification in the car market, and each also enables signaling
[58]. However, despite their established role, they have shortcomings. First, single providers
often lack the ability to obtain extensive information that is dispersed among different
actors [43]. Second, even if an intermediary certifier collects data from multiple parties, it is
often not known where this data comes from and whether it is correct or can be trusted [64].
There is, therefore, no traceability and no data provenance, both of which have been
deemed crucial for the efficient transmission of valuable information [32, 34]. This lack of
traceability and data provenance negatively affects signal fit [17]. Third, single third-party
intermediary certifiers have no incentive to provide more information than the minimum
required. According to prior studies [39], in a monopolistic market the best strategic choice
for such intermediaries is to maximize profits by designing certificates that reveal only
minimal information. Thus, in today’s markets we often observe such single third-party
certifiers employing monopolistic strategies, including providing a quality label concerning
specific vehicle characteristics inspected. These shortcomings—the lack of access to relevant
information dispersed among multiple parties, the lack of trust in data quality, and the lack
of incentives for single third-party certifiers to provide extensive information—all limit
signals’ fit, and hence their effectiveness [18].

From prior work it emerges that the signals provided by used-car dealers have thus far
been the most effective mechanism for mitigating the negative consequences of informa-
tion asymmetry in this particular instance of the market for lemons. Yet such interme-
diaries also reap a large share of the benefits that they themselves generate in the market.
Markets with information asymmetry thus continue to function below a socially optimal
level, and there is clear evidence that the classical market-for-lemons problem still persists
today [21, 60].
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Blockchain-Based Product History Certification

“Blockchain” is regularly used as an umbrella term for a combination of technologies. The
key characteristics of blockchains [10, 23, 24, 33, 37, 41] are their distributed database
architecture, which enables them to store and access transactions dispersed among multiple
parties; their network-based consensus mechanism, which allows agreement to be reached
regarding transaction validity, based upon predefined rules in a decentralized manner with-
out the need for a central authority; and their inherent cryptographic logic, which defines their
immutable and transparent nature. Blockchain-based systems make it possible to manage
unique digital assets in a distributed and decentralized setting [46, 54]. Bitcoin strove to
create and distribute digital money without a central bank [42]. Thus, decentralization is not
just a feature of blockchains; rather it is their defining element, and one that has been eagerly
adopted by practitioners. The Cardossier consortium, for example, strives to collect all data
from a car’s life cycle, creating unique and definitive records describing the history and the
state of each car on its platform. The consortium chose to go with a distributed ledger to
avoid the concentration of economic power that comes with a central platform [67]. In recent
years more sophisticated architectures have become popular (e.g., Ethereum, Corda). They
encapsulate the traditional blockchain components in hardware and protocol layers. On top,
they establish platform mechanisms to allow for distributed apps (DApps). They share typical
features of app stores (such as secure and authenticated access and quality control) but in
addition can access data shared via a blockchain [23, 28] and ensure its integrity [16].

For the purposes of this paper, a blockchain is best regarded as a socio-technical system
[53]. As the information stored in the system is key to an understanding of the potential and
impact of blockchain systems, the recently published conception of an IS artifact [15] is well
suited to structuring prior work. It also serves as a theoretical basis that helps us to deduce
the affordances of the technology for a variety of social actors working with it or using an
application of it. Finally, we will use, in particular, insights about the affordance of the
technology for sellers of used cars to dive deeper, and to model the effects of the use of the
technology’s application in the market for lemons. The relationship between the framework
[15] and our model emerges through incorporating their language and some of their
assertions and meta-principles.

The core of the reference IS artifact consists of the technical and the social subsystems,
which are in an affording/constraining relationship. While the technical subsystem
describes the techniques and mechanisms that enable organizational transformation, the
social subsystem describes the individual actors and their knowledge and skills, as well as
incentives and these actors’ relationships. The notion of affordances-constraints connects
these two subsystems. Another essential part of the reference IS artifact is the information
element, which determines how the social and technical subsystems interact [15]. The
subsystems are open and interact with the surrounding environment. The dynamic nature
of the IS artifact is highlighted by a feedback loop, which feeds information from the output
of the system back into the system, leading to changes in the interactions between the
subsystems promoting a dynamic equilibrium. The feedback loop also helps to manage the
system’s information entropy (or entropy as we will hereafter refer to it), which is the
average level of uncertainty inherent in a variable’s possible outcomes [56]. As such, the
entropy describes the degree to which a system is disorganized, with higher entropy
implying a higher level of uncertainty in a (sub)system [15].
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An analysis of prior research reveals three distinct but interrelated socio-technical
subsystems working with or using blockchain in the automotive ecosystem (Figure 1): the
infrastructure provider subsystem, the car-related business subsystem, and the used-car
buyer and seller subsystem. We will now briefly introduce the first two subsystems in the
context of our research, and clarify the role of blockchain technology in the development of
multi-party certificates. We will also detail the used-car seller (i.e., dealers) and buyer
subsystem, which allows us to derive the affordance of multi-party certificates provided
by blockchain for the participants of the used-car market.

Infrastructure Provider Subsystem (Marked in Dark Grey in Figure 1)

Participants in automotive ecosystems, including car manufacturers, importers, used-car
dealers, car insurers, and mobility service providers, are experiencing rising competitive
pressures from “digital giants” (input). At the same time regulatory pressure (for example,
from the European Union) [67] is forcing car manufacturers to explore new ways of
collecting, managing, and using their ever increasing amounts of car-related data (input).
While digital giants try to establish monopolistic platforms for collecting and maintaining
the increasing amounts of data generated by car usage, the goal of blockchain infrastructure
providers is to build cross-organizational decentralized platforms [5, 59] (output). Thus, the
distributed, decentralized, and immutable system architecture of blockchain (technical
subsystem) becomes a necessary enabler to addressing the social needs (i.e., decentralized
interorganizational collaboration [69]) of the developers and providers of a blockchain
infrastructure (social subsystem). Put differently, through the affordance of decentralizing
systems’ power, blockchain enables the developers and providers of a decentralized car
ledger to collaborate in a decentralized manner [20]. As a result of the distribution of
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Figure 1. A socio-technical artifact perspective [15] on prior works on blockchain-enabled certification in
the car ecosystem.
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“information,” and consequentially a reduction of extreme outcomes, the system experi-
ences a reduction in entropy. While other technologies (e.g., distributed databases) could in
principle provide similar solutions, they tend to be either too centralized or less technolo-
gically mature. The chief architect of Cardossier summarizes: “Of course we could solve
these collaboration challenges we previously had differently but if we would do so, and
evaluate the resulting technology neutrally, we would end up with exactly a solution as
blockchain” 7, p. 7)].

Car-Related Businesses (Marked in Light Grey in Figure 1)
The individual business actors of the automotive ecosystem see opportunities to exchange
data and increase efficiencies, create novel, data-driven products, and better customize their
products and services to suit users’ needs [7, 46] (output). Today, however, they fear losing
control over advantageous resources if they engage in exchanging data [6, 32] (input).
Building on its decentralized infrastructure and utilizing blockchain’s property of tokeniza-
tion (technical subsystem) [10, 54], businesses can create novel data exchanges that address
their need to leverage but at the same time protect their resources [68] (social subsystem).
More specifically, besides the decentralization of system power for infrastructure providers,
blockchain affords providers of car data the action potential to create ownership over digital
resources [40, 45]. By enabling the explicit assignment of property rights over digital goods
such as data [69], it incentivizes car-related businesses to provide and trade their proprie-
tary data, as they can now control its use and, consequently, monetize it fairly [66]. This
consequently enables car-related businesses to create joint product innovations such as
multi-party car history certificates [6, 7]. While research in this area is, to date, rather
limited, it is fair to say that by integrating previously fragmented data, such joint data
products enable a reduction in uncertainty (e.g., concerning the characteristics of a car
being registered, insured, or sold)—and, therefore, a decrease in information entropy.
While the idea of providing certification of a car’s history is not new, based on the above
insights we can conclude that blockchain-based approaches to product history certification
(e.g., the initial prototype [43]) differ from previous approaches—such as a Carfax or
Eurotax reports, both provided by a single third party—in that they are joint, multi-party
efforts via which tokenized, digital representations of real-world assets are created. Building
on these insights, we coin the term “multi-party certification,” defining it as follows: “Multi-
party certification is the documentation of the history of an asset by multiple independent
parties in a trusted manner.” We acknowledge that multi-party certification could be
delivered by any (existing or future) technology similar to blockchain that would address
the needs of its providers in terms of power decentralization and unique digital ownership.

Buyers and Sellers of Used Cars Subsystem (Marked in White in Figure 1)

While the first two subsystems concern the development of multi-party certificates, the
last subsystem, the Buyers and Sellers of Used Cars Subsystem (marked in white in
Figure 1) concerns the use of multi-party certificates: The social actors that are intended
to use multi-party certificates are the sellers and buyers of used cars [9, 64, 65]. These
are confronted with problems of information asymmetry during used-car sales (input)
[3]. The desired outputs of the use of blockchain applications are a reduction of
information asymmetries and a consequent increase in market fairness [8, 43] (output).
The use of multi-party certificates—which are provided by blockchain DApps that draw
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on the resources of many and consequently provide more comprehensive information,
and come with the ability to provide proof-of provenance of the record history
(technical subsystem)—affords sellers the action potential to better signal the quality
of their cars [8]. This ability of sellers to better signal product quality is due to both the
increased amount of data collected and combined from multiple sources and the
increased trust in data quality due to the difficulty of faking data. Thus, we posit that
blockchain-enabled multi-party certificates afford dealers (i.e., sellers) the action poten-
tial to send signals of higher fit than they would without such certificates.

While the present review of prior work in this field has allowed us to coin the term
multi-party certification and to suggest how it affords dealers the action potential to
send signals of higher fit, multi-party certification’s impact on agent behavior and on
market outcomes (including the dynamic equilibrium of the system and of the sub-
systems, induced by changes in information entropy) remains an unknown. A first
approach to addressing this gap has been proposed for the credit market [44]. Using
modelling techniques, the authors show that disclosed blockchain-based information
allows participants in the credit market to learn about quality differences between
peaches and lemons, to deceive their counterparties, and to move to a new equilibrium
with increased utility. The researchers forecast a market collapse despite a welfare gain
[44]. While this research provides important insights into the credit market, its findings
cannot simply be transferred to the used-car market, as market dynamics might differ
due to the presence of different participants and interrelationships. Additionally, it lacks
an empirical analysis of the proposed market dynamics and the changes in entropy. This
lack, and uncertainty regarding market outcomes, motivates our research study. In the
following we derive a model to theorize the market effects of dealers’ use of multi-party
certificates.

Model

This paper strives to understand how (blockchain-enabled) multi-party certification
impacts the market for lemons. This goal requires a more explicit modelling of the buyers’
and sellers” subsystem to understand its current dynamics and how these may be affected by
the availability of multi-party certificates.

In this subsystem potential sellers (i.e., dealers) and buyers meet and negotiate
potential trades for used cars. They may use information provided by the blockchain
application. This results in lower entropy due to the higher fit of the signals afforded by
the dealers’ use of multi-party certification. We now present a simple economic model
that describes this particular social subsystem in more detail. The objective of this model
is to analyze how the existence of multi-party certification might affect agent behavior
and market outcomes. The model is a slightly altered version of that introduced by Levin
[36]. To represent a signal’s fit, we use different parameterizations for signals sent by
dealers where multi-party certification is available and for those signals sent by dealers
where multi-party certification is not available. Furthermore, the model formalizes the
concept of a good’s quality over a continuum of possible values. This differs from the
traditional, dichotomous approach, which only accounts for high- and low-quality
goods [18].



JOURNAL OF MANAGEMENT INFORMATION SYSTEMS 403

Market Definition

Following Levin [36], we consider an indivisible good, which can be traded between a used-
car dealer and a buyer. The exact quality of the good, and the resulting value, v, are
unknown to both agents. Each agent receives a signal about the good. After receiving
their respective signals, dealer and buyer attempt to negotiate a price, p, for the good. If
they agree on a price, they trade the good at that price. Thus, the respective relative revenues
for dealer and buyer are (p-v)/v and (v-p)/v. If no trade occurs, each agent receives a zero
payoff. We employ relative revenues (both in the model and in the experiment) to account
for the fact that cars of different prices are sold. In order to demonstrate the generalizability
of our findings, we also develop a model using absolute price differences for risk-averse
dealers and buyers, and a standard CARA utility function. This function changes neither the
resulting propositions nor the outcomes of their testing. The results are available upon
request. In the setup where multi-party certification is not available, both buyer and dealer
receive a general description of the good. As a result, both dealer and buyer believe that the
good’s value, v, lies in some compact interval [L, U] R.

In addition, the buyer believes that a distribution of possible values is given by the density
function fg: [L,U] — R with L > 0. In line with the instructions provided to participants in
the experiment, the buyer wants to maximize the expected value of his relative revenue,
(v-p)/v, if he pays the price, p. This allows us to model the quality of the cars to be traded
over a continuum space, and not only in a dichotomous manner. Since he receives a payoft
of zero in the absence of a trade, the buyer will only buy at price p if his expected relative
revenue at that price is nonnegative,

U
I vop fe(v)dv.
L v

In addition to the general description of the good, the dealer also receives the average
value, m, of the good, satisfying the general description that dealers have more information
than buyers about any particular car’s quality. The used-car dealer now believes that
a distribution of possible values is given by the density function fs: [L,U] — R. The dealer
wants to maximize her relative revenue, (p-v)/v, if she receives the price, p. Since she
receives a payoff of zero in the absence of a trade, she will only accept price p if the expected
relative revenue at p is nonnegative. This conditional expected value is

22 fiw)ar

14

with the density satisfying

In the setup with multi-party certification, both dealer and buyer not only receive the
general information about the car (and the dealer also the mean price, m) but also verified
and detailed information about the specific instance of the car. Both used-car dealers and
buyers need, however, to derive their own price expectations with regard to the car based on
this information. To simplify the analysis, we assume that the two agents form their
expectations independently of one another. Thus, we avoid the analysis of a common
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value problem, and instead assume independent values. As before, the buyer forms his
beliefs about the support of a density function of values of the good. However, due to the
additional detailed information, fgar [Las Uyl — R with L< Ly < Uy < U, the buyer’s
conditional expected surplus at a trade of price p is now

Um _

| Y pr.M(v)dv.

Ly V

Similarly, the dealer’s conditional expected surplus at a trade of price p is now

Um o
[PV fva(v)dv,
Iy V

with her density being fsa: [LasUnm] — R. Depending on the detailed information, the
dealer’s density may or may not satisfy the mean condition. The detailed information on the
specific instance of the good may convince the dealer that the average price of such an
instance cannot be m.

Parametrizations

To obtain more specific predictions, we make further assumptions. Without loss of general-
ity, we impose the normalization L = I. Furthermore, we assume that fp is the uniform
density; therefore:

dv=1- pIn(U)
U-1 U-1

[ = 1(1-1)

v 1%

Hence, in the setting where multi-party certification is not available the buyer will only
accept a price of at most (U-1)/In(U). In this setup, the dealer only receives the additional
information that the mean value of this type of good is m. The value of m now affects her
beliefs. For Case Single-Low (SL), she believes that 1 <m < (U + 1)/2, in a uniform distribu-
tion on [I, 2m-1], and for Case Single-High (SH) that U>m > (U+ 1)/2, in a uniform
distribution on [2m-U,U]. In Case SL, the dealer’s expected payoft, conditional on a trade at
price p, is

Tp—v ol 1 B pln(2m — 1)
I fg(V)dV _[ (V l)de——l‘i‘ m

and in Case SH the payoff is given by

UP _ B U P 1 - Pln(zm(iU)
R N e )

This simple model reproduces the classical result of Akerlof [3]. In Case SL, when the
dealer receives a signal indicating a low value for m she will trade and agree on a price
within
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2(m—1) U-—1

mzm—1) == W)

On the contrary, in Case SH, when the dealer receives a signal of higher fit the agents will
not trade. For m > (U + 1)/2, the dealer will demand a price of at least 2(U-m)/In(U/(2m-U)),
which exceeds the upper bound on the price, (U-1)/In(U), that the buyer is willing to pay.
We summarize the results in the following proposition.

Proposition 1: In the parameterized model where multi-party certification is not available,
a trade is impossible if and only if the dealer receives a signal, m, larger than (U + 1)/2. If
a trade occurs, then the price satisfies p € |1, MU(—’UI) .

Next, we consider the parameterized setup where dealers are expected to send signals of
higher fit through the use of multi-party certificates. In this case, the buyer’s conditional
expected surplus at a price p is

UM UM ln ﬂ

v—p P 1 pln ()
= 1 —= P = 1- — 7

LJ;4 1% fB’M(V)dV L{d ( v ) UM - LM dV UM - LM ’

assuming again a uniform distribution. Hence, with signals of higher fit the buyer will only
accept a price of at most (Uy — Ly)/In (E]—”‘: .

Recall that in the parametrized model where multi-party certification is not available—
and hence only signals sent by dealers based on their own knowledge advantage and
reputation are available—the buyer has a uniform distribution on [I,U]. This probability
distribution has the maximal entropy of all continuous distributions with the support [1,U].
Therefore, whenever 1 <Ly or Uy < U, the entropy for the buyer’s belief distribution is
smaller in the parametrized model with signals of higher fit, which dealers send by means of
multi-party certification. Put differently, the difference in belief distributions between the
parametrized models reflects how the technical subsystems in Figure 1 affect the level of
entropy of information in the social subsystem of dealer and buyer. The signals sent when
multi-party certification is available provide more information and thus lower entropy than
those sent when multi-party certification is not available.

The dealer now has access to the more detailed multi-party information (in addition to
the mean price, m). In order to combine this detailed multi-party information on the
specific good with the average m of typical instances of the good, we need to distinguish
three cases.

Case Multi-Low (ML)

The signal sent when multi-party certification is available indicates a very-low-quality car,
such that Uy < m. While the dealer realizes that the value of the good cannot be m, she
believes that the density is increasing in [L,s, Uy]. Specifically, she believes that the density is
linear with

2(1/ — LM)

P = 1
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forv € [Ly, Uy] and 0 otherwise. The dealer’s conditional expected surplus at price p is
then

Y U
- ey 2=l
L{w v Fsm(v)dv = L'[,I (v 1) (Upt — LM)Z dv
(Un = L) (L +2p = Ung) = 2 Lyt pln ()
- (Uy — L)’ '

There will be no trade, since the dealer’s and buyer’s surpluses are never both nonnegative
for a price p € [Ly, Upy]. (Aside: here, the signals sent thanks to the dealer’s use of multi-
party certification and the signal on the average, m, are so diffuse that the resulting beliefs of
the dealer prohibit a trade.) The entropy of the information from the signal afforded by the
dealer’s use of multi-party certification is smaller than that for the signal sent by the dealer
alone where multi-party certification is not available since U, < m and so
[Ly, Uy] C [1, 2m — 1]. Recall that the uniform distribution on [1, 2m — 1] in Case SL is
the distribution with maximal entropy on [1, 2m — 1].

Case Multi-High (MH)

The signal sent when multi-party certification is available indicates a very-high-quality car,
such that Ly; > m. While the dealer realizes that the value of the good cannot be m, she
believes that the density is decreasing in [Lys, Uy]. Specifically, she believes that the density
is linear with

2(Un —v)

) = A

for v € [Ly, Uy| and 0 otherwise. The dealer’s conditional expected surplus at a price
p is then

Unm

[ o= 13- 0) G
(Unt — Lat) (Lt — 2p — Upr) + 2 Uy pln((L]—Aﬂj)

(Un — Luy)?

dv

There will always be a trade, since now the dealer’s and buyer’s surpluses are both
nonnegative for all prices in a nonempty, compact subinterval of [Ly,Upy]. In particular,
contrary to the intermediary signaling only setup, there will now be a trade even for high-
value cars, when Ly, > Y. Comparing Case SH with Case MH, we notice that once again
the signal sent when multi-party certification is available leads to a lower entropy distribu-
tion for the dealer than does the signal sent without the availability of multi-party certifica-
tion. Since Ly; =m, [Ly, Uy] C [2m — U, U], with the latter interval being the support of
the uniform distribution in Case SH.
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Case Multi-Middle (MM)

The signal sent when multi-party certification is available satisfies [Lyp, U] 3 m. If 3m > Ly,
+ 2Up—such that the signal indicates a rather-low-quality car—then no triangular dis-
tribution on [Ly;, Uy,] has the mean m. In this case the dealer chooses the same distribution
as in Case ML. There is no trade. Moreover, [Ly, Uy| C [1, 2m — 1], and, therefore, the
entropy is lower than in the system with the signal of the dealer only.

If 3m < 2 Ly + Up—as a result, the signal sent when multi-party certification is available
indicates a rather-high-quality car—then no triangular distribution on [L,;, Uy has the
mean m. In this case the dealer chooses the same distribution as in Case MH. There is
a trade. Moreover, [Ly, Uy] C [2m — U, U] and so the entropy is again smaller with the
signal sent when multi-party certification is available.

Finally, for

2 Ly + UM<LM+ 2 Uy
3 - 3

the dealer assumes a triangular density on [L,;,Uy] with mean m. The mode, D
€ [Lu, Uy, of the distribution satisfies (Lys + D + Uy,)/3 = m. The resulting density is
fsm(v) = %ferhw < v <D,and
. Z(UM — V)
(Uy — D)(Uy — Lyy)

forD < v < Uy,

fsm(v)

and 0 otherwise. The dealer’s conditional expected value given a trade at price p is then

Uy v (D — LM)(LM + 2p — D) — ZPLMIH %
LI : y fsm(v)dv = (D — L) (Uys — Ly) ()
(Uy — D)(—Upy — 2p + D) + 2pUpln ()
(Umv — D)(Unt — Lur) '

For a sufficiently small D near Ly, there is a trade. For larger values of D (and m) there is no
trade. We summarize the results in the following proposition.

Proposition 2: In the parameterized model with signals sent where multi-party certification
is available, there is a threshold T € (2 Ly + Uy, Ly + 2 Uyy) such that there is no trade if
the dealer’s signal, m, satisfies 3m > T. On the contrary, for 3m < T there is always a trade. If

a trade occurs, then the price satisfies p € [LM, (UM — Ly)/In (IL]—;)}

Based on these two propositions, we can draw additional conclusions for an important
special case—namely, when the signals sent when multi-party certification is available lead
to identical relative changes of the lower and upper bounds of possible values.

Corollary 1: Suppose Ly = LTM = U_[L =1+ for some >0 such that Ly; < Uyy; that is, the
signal afforded by the dealer’s use of multi-party certification increases the lower bound and
decreases the upper bound of the good’s value by the factor 1+. Then, L<Ly <
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Figure 2. Changes in the used-car buyer and seller subsystem.

UM—ULM < 1[1{; that is, the model with signals afforded by the dealer’s use of multi-party
ln( M

Lm
certification predicts trades occurring within a smaller price range than the model with
signals sent by the dealer only.

Alternatively, suppose Ly = LTM = 14 and Uy =Ux*(1-) for 0< <1 such that

Ly < Uy that is, the signal sent when multi-party certification is available increases the
lower bound and decreases the upper bound of the good’s value by the portion . Then,

Um—Ly 15(7[]1)

again, L <Ly < ™

In m

Figure 2 positions the models with dealer-only signaling and with signaling through the
dealers’ use of multi-party certification, respectively, in the context of the social subsystem
of the used-car buyer and seller system. The left (right) diagram in the center right of the
figure shows the knowledge of the individual agents (buyer/seller) under dealer-only (with
the use of multi-party certification) signals. Based on the available knowledge, the buyer
derives a maximal price he is willing to pay and the dealer derives a minimal price at which
she is willing to sell. If the dealer’s minimal price exceeds the buyer’s maximal price, then
there will be no trade. On the contrary, if the order of the two price limits is reversed, then
the two agents can find a trade price in the arrangement zone. As a consequence of changes
in the availability of knowledge, we expect to see changes in the asking price, sale price, the
revenues for buyer and seller, and the allocation of goods in the market, which we will
formulate as hypotheses in the following. And, all in all, as Figure 2 indicates we expect an
increase in market fairness at the overall output.
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Hypotheses Development

A comparison between the model with signals sent by the dealer alone and the model with
additional signals sent by the dealer where multi-party certification is available—in con-
junction with insights from the academic literature—leads us to several testable hypotheses
regarding the effects of the introduction of multi-party certification. First, due to the fact
that dealers—Dby their very nature—have an information advantage in the market today, and
in line with Akerlof [3], we expect our experiment to mirror the natural behavior of dealers.
As a result, dealers will utilize their information advantage and anchor buyers by demand-
ing well-above-average prices [1, 44]. However, since we expect the signals afforded by the
dealer’s use of multi-party certification—enabled by blockchain technology [43]—to have
greater fit and therefore to be more effective, we also expect the dealer’s initial asking price
to decrease. Thus, we derive Hypothesis 1 regarding the dealer’s initial asking price:

Hypothesis 1 (Dealer’s Initial Asking Price) (H1): Where multi-party certification is available,
the dealer realizes that her relative information advantage will be reduced by the ability to
send signals of higher fit. Consequently, the dealer will open negotiations with lower initial
asking prices compared to those in the setup where multi-party certification is not available.

While our model does not consider the agents’ negotiation strategies, it does predict—
under the assumptions of Corollary 1—that the set of possible prices for trades in the model
with signaling afforded by the dealer’s use of multi-party certification will be a subset of the
corresponding set for the model with signaling stemming from dealers alone; see also the
price ranges in Figure 2. We therefore expect lower average sale prices with signals sent
when multi-party certification is available than with signals sent by intermediary dealers
only. We would expect the same outcome as a consequence of the reduction in opportu-
nities for dealers to take advantage of the anchoring effect. The confluence of the model’s
implications and our knowledge, from the behavioral literature, of the workings of the
anchoring effect suggests the following outcome for sale prices:

Hypothesis 2 (Sale Prices) (H2): Given the reduced anchoring effect with signals where multi-
party certification is available, the lower opening asking prices of the dealer lead to lower
average sale prices than is the case with signals sent by the dealer only.

Consequently, as the dealer’s use of multi-party certification provides the buyer with
signals of higher fit, reducing the relative information disadvantage if not eliminating it,
hypothesis 2 appears to suggest that the dealer’s (buyer’s) relative revenue is lower (higher)
when multi-party certification is available than when it is not. Thus, to specify H2, we test
two additional hypotheses, specifically concerning the agents’ relative revenues:

Hypothesis 2.1 (Impact for the Dealer) (H2.1): The dealer’s average relative revenue is lower
with signaling afforded by her use of multi-party certification than with dealer signaling alone.

Hypothesis 2.2 (Impact for the Buyer) (H2.2): The buyer’s average relative revenue is higher
with signals afforded by the dealer’s use of multi-party certification than with dealer signaling
alone.
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The model predicts, somewhat starkly, that in the setup where only dealer signaling is
available no peaches will be sold (see also Proposition 1). In the model (see Cases ML and
MH in the derivation of Proposition 2) with signals of higher fit meanwhile, both lemons
and peaches will be sold. This leads to a hypothesis with respect to the quality of the cars
sold:

Hypothesis 3 (Market Impact) (H3): The proportion of lemons sold decreases with signaling
afforded by the dealer’s use of multi-party certification, whereas the proportion of peaches sold
increases.

Experimental Methods

In the following, we first explain how our laboratory market game was designed and then
detail the experiment setup for the data collection processes.

Market Game Design

With the ultimate aim of testing our hypotheses regarding the effects of multi-party
certification on market outcomes, we developed the experimental market game
CarMarket. An experimental approach is beneficial in studies that, like the present one,
aim to understand market dynamics under changing conditions [14]. The laboratory
environment provides a suitable vessel within which to study how the introduction of
a novel application—in this case, multi-party certification—affects the market and its
participants [2, 27, 52, 61].

Our CarMarket game involves a web-based application designed in the form of an online
car marketplace in which the participants have the task of buying and, respectively, selling
a used car. The overall design was drawn from, and discussed with experts from, an existing,
widely used online used-car market platform in Europe, AutoScout24. As is the case for
today’s used-car market platforms, participants in our experiment had the opportunity to
sign up to the platform and view or advertise cars. Unlike in much of today’s market, they
were additionally able to negotiate and engage in binding sales transactions and to close
deals online. A used-car deal is considered closed once both buyer and dealer agree and
confirm the transaction. In order to resemble the real-world market setting, in which
dealers have an information advantage, as mentioned in the model description dealers
also receive the average market price of their car.

Furthermore, CarMarket was designed to allow the installation of two different informa-
tion structures. In the first setup, Instance A, participants receive no more information than
that we describe in the Modeling Section (general information about the car, provided by
the dealer), such that buyers have to form their beliefs based solely on the advertisement and
the negotiation process with dealers. In the second setup, Instance B, ceteris paribus, both
buyers and dealers have access to information that emerges from a blockchain-based IS
artifact—CarCerti. CarCerti simulates a blockchain-based information system that enables
a variety of stakeholders to collect and maintain all relevant events that occur during the life
cycle of a car. CarCerti therefore offers trusted car history certificates created jointly by
multiple parties. CarCerti was designed and developed in collaboration with representatives
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of the real-world blockchain project Cardossier that actually builds such car history
certificates using Corda technology. As mentioned in the model description, CarCerti was
used to verify the general information about the cars (e.g., mileage wear, model, year of
manufacture, engine type) and to provide additional detailed information about the specific
instance of each car, which helps users to narrow the expected value range. The two
additional information categories provided were: repair and service history (e.g., accidents,
maintenance, service recalls), and driver dynamics (e.g., previous handling, driving char-
acteristics and distances). The information provided by CarCerti was visually highlighted.
Figure 3 illustrates how this was experienced by experiment participants.

To ensure external validity, the design of the marketplace was iteratively discussed and
developed in collaboration with experts from the field. Furthermore, the cars used in
CarMarket were real cars that were available on the real-world used-car market at the
time the experiment was conducted. To reduce complexity and ease comparability, the
value of the cars that were available on CarMarket varied within a fixed range of USD
8,000—12,000. Similarly, the number of models and brands were kept to a minimum. We
received all our information about the cars thanks to our collaboration with the aforemen-
tioned online used-car market platform. Furthermore, in order to evaluate the cars and

Instance A

VW Golf 1.4TS1 Comfortline
USD 14,000

BMW 216d Active Tourer

USD 13'000

Vehicle data
50601

Frontwheeldrive

Technical data Technical data

General data

f—

CarCerti

nnnnnnn

JA—

CarCerti

CarCerti

Figure 3. Information representation with and without CarCerti (Left: Instance A; Right: Instance B).
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approximate their true values, we used a standard-assessment table provided to us by
a leading Swiss used-car retailer. We acknowledge that no universal true actual value exists;
thus, additionally, two expert valuations were conducted, each by a project partner who are
also major players in Switzerland. The mean of these valuations constituted the actual value
of the cars for the purposes of our analysis. This value is the value v>0 in the model from
the Modeling Section. As is the case with today’s used-car market, a certain proportion of
the cars on CarMarket were of below average quality, just as a certain proportion of the cars
were of above average quality. Over the course of a year, we conducted several small-scale
tests of our market game to validate its design.

Experimental Design

In order to test our hypotheses, a larger test group was selected and a between-subjects
design was applied [48]. Overall, 105 participants played both roles (buyer and dealer),
giving us 210 users. The participants in the market game were students from a Master’s
program in Business Administration at the University of Ziirich, who were strongly
incentivized to act realistically by the opportunity to earn bonus points for their final
assessment. The bonus points that they received at the end of the game were dependent
on the results they achieved during the game. The objective of each player was to maximize
his or her relative revenue from both roles. We choose relative revenue as a measurement of
success in order to account for the fact that the cars involved had values that differed slightly
from one another. In other words, it did not matter whether a participant bought a rather
expensive or a rather cheap car. This approach also validates our choice of having
a continuum of qualities rather than a dichotomous view that merely differentiates peaches
from lemons. All relevant information (i.e., regarding the game’s objective and the criteria
governing the apportioning of bonus points, the quality of the cars on the market, and
CarCerti, including the underlying blockchain technology) was clearly communicated and
explained to the participants in advance, in written form and through a screencast.
Additionally, at the beginning of the experiment, the game, the objectives, and the applica-
tion’s key features, as well as the CarCerti and the concept of blockchain technology, which
it is built upon, were again explained, this time verbally.

Approximately 70 of the 130 students enrolled in this class normally attend sessions. For
this particular session, 105 students signed up and participated, thus indicating that the
incentive of earning bonus points for the final assessment did indeed work. The results
achieved (i.e., bonus points) were automatically calculated and communicated to the
students either after they finished playing both roles or once the allotted time was up. If
a participant did not conclude a deal within the given time, the final relative revenue was
zero. From prior studies, we know that using students as study objects can yield just as
reliable results as using actual customers if the students have sufficient requisite knowledge,
and we tested for this before the game using a questionnaire [30]. Furthermore, implement-
ing an economic experiment in the context of IS can bridge the gap between rational
economic models like the one in the Modeling Section and the actual process of human
decision-making [26].

To allocate the participants between the two instances (Instance A and Instance B) and
apply a between-subjects design, we randomly divided the participants into two groups and
only controlled for an equal distribution of study subjects between the groups [38]. Also, in
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order to account for internal validity, we randomized the allocation of cars to the partici-
pants. We ensured, however, that in both instances the same cars were put on sale. Since all
participants had the same objective, the budget each received was also the same. Finally, all
participants started the CarMarket game at the same time and in both instances the
duration was set equally for all participants, at one hour.

Results

In the following we present the results of our experimental market game in relation to the
hypotheses formulated in the Modeling Section.

Starting with the impact of the availability of multi-party certification on dealers’ initial
asking prices, Table 1 presents descriptive statistics with regard to the average initial asking
price proposed by dealers in each instance. We analyzed the very first offer prices set by
dealers for the cars that had been randomly allocated to them on the platform.

While we distributed the participants equally between the instances, we deleted one
transaction in Instance A due to a participant having sold a car at an unrealistic price."
Thus, we report on 52 transactions for Instance A and 53 transactions for Instance B. The
results show that the average initial asking price proposed by dealers in the instance with
dealer signaling only, Instance A, is USD 1.832 higher than that in the instance with
signaling afforded by the use of multi-party certification, Instance B. In order to test if the
average initial asking price is significantly different between the instances, we conduct
a two-population t-test for the difference between the two means. The resulting t-statistics
show a standard deviation of 3.162 for the average initial asking price under dealer signaling
only and one of 2.568 for the average initial asking price under signals sent when multi-
party certification was available, which leads to a two-sided p-value of 0.00174. Hence, there
is support for H1.

Next, we analyzed how the anchoring effect of the initial asking price influenced the final
average sale price of the cars sold in each instance (Table 2).

We find that the average sale price for cars decreased between the instances, from USD
11.567 in the instance with no multi-party certification, Instance A, to USD 10.011 in the
instance where multi-party certification was available, Instance B. In other words, we

Table 1. Dealers’ Initial Asking Prices.

A: Single-Party B: Multi-Party
Average initial asking price in USD 13.742 11.910
Standard deviation 3.162 2.568
Pooled SE mean 447 353
Number of cars 52 53
P-value 0.00174%***
Table 2. Sale prices.
A: Single-Party B: Multi-Party

Average sale price in USD 11.567 10.011

Standard deviation 1904 2.152

Pooled SE mean 331 369

Number of cars 52 53

Number of cars sold 33 34

P-value 0.00256***
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Table 3. Dealers’ relative revenues.

A: Single-Party B: Multi-Party
Average relative revenue 0.1866 0.0429
Standard deviation 0.1709 0.19634472
Pooled SE mean 0.02974 0.0337
Number of cars 52 53
Number of cars sold 33 34
P-value 0.00000%*** 0.204085

observe a USD 1.556 reduction in the average sale price between the instances. The
difference between the two means is strongly significant, with a p-value for the two-
population t-test of 0.00256. Therefore, we find support for H2.

Next, we examined more closely the impact of signaling afforded by the dealers’ use of
multi-party certification on dealers’ relative revenues (Table 3). Recall that dealers’ relative
revenues are given by the relative difference between the car’s selling price and the car’s
actual value: (p-v)/v.

The results show an average relative revenue of 0.1866 in the instance with dealer
signaling only and a lower average relative revenue of only 0.0429 in the instance with
multi-party certification. In other words, the large positive average relative revenue
achieved by dealers under dealer signaling only was reduced by 0.1437 under signaling
with multi-party certification. The results of the single-population t-test yield a p-value of 0.
Hence, we accept H2.1.

The buyers’ relative revenue, meanwhile, significantly increases in the instance where
multi-party certification was available, as shown in Table 4. Recall that the buyers’ relative
revenue is given by (v-p)/v.

While under dealer signaling only, buyers’ average relative revenue is -0.1866, under
signals sent when multi-party certification was available these negative rents are reduced to
-0.04290. The results of the two-population t-test yield a p-value of 0.00213. Thus, we
cannot reject H2.2.

Finally, we compare the proportion of peaches sold under dealer signaling only and
under signaling where multi-party certification was available, and make the equivalent
comparison for lemons. The results are presented in Table 5.

In Instance A, only 4 of the 52 cars offered on the market were purchased at a price below
or equivalent to their real value, which classifies these cars as peaches. Moreover, 29 cars were
sold at a price above their actual value, which classifies these cars as lemons. The remaining 17
cars were not sold at all, meaning no deal was reached. In Instance B, meanwhile, out of the
53 cars on offer 18 were sold as peaches whereas only 16 were sold as lemons. Regarding the
proportion of lemons sold in each instance, there was a significant decrease in the proportion

Table 4. Buyers' relative revenues.

A: Single-Party B: Multi-Party
Average relative revenue -0.1866 -0.04290
Standard deviation 0.1709 0.1963
Pooled SE mean 0.02974 0.03367
Number of cars 52 53
Number of cars sold 33 34

P-value 0.00213 ***
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Table 5. The proportions of peaches and lemons sold.

A: Single-Party B: Multi-Party

Number of cars 52 53
Number of cars sold 33 34
Number of peaches sold 4 18
Number of lemons sold 29 16
Number of unsold cars 19 19
Fraction of cars sold as peaches 0.08 0.34
Fraction of cars sold as lemons 0.56 0.30
Fraction of cars unsold 0.36 0.36
P-value (difference in peaches sold) 0.0011

P-value (difference in lemons sold) 0.0071

of lemons sold in Instance B compared to Instance A. Finally, the p-values (0.0011 for peaches
and 0.0071 for lemons) that result from testing whether the proportions of cars sold are
different between the instances are strongly significant. This leads us to accept H3.

Discussion

Many scholars have begun to investigate the use of blockchain technology as a way of
collecting and maintaining data throughout a car’s life cycle [43, 67] in order to provide
trusted car history certificates to buyers and sellers [7, 8].That research provides us with
valuable insights into the technical foundations of how blockchain can be applied to the
used-car market. While it is essential to have an in-depth understanding of the opportu-
nities of the technical subsystem, it is just as important to understand how it unfolds in and
impacts the users in the social subsystem and how this interaction shapes and is shaped by
information [53]. Viewing the central artifact as an interconnected system with its elements
and subsystems allowed us to investigate what is at the core of IS research. Namely, how
technology unfolds in a specific application context, and how it affects that context [15].
This is also the crux of our research question, “How does multi-party certification impact the
market for lemons?” Thus, within the framework of blockchain research [31], our study can
be positioned as follows: the research theme that we analyze is how a blockchain application
unfolds in an application domain and how it impacts market outcomes; our specific
application domain is that of the used-car market but is generalizable to other markets
that suffer from asymmetric distribution of information; the key construct we analyze is the
effectiveness of blockchain-enabled asset documentation for signaling; the outcome we are
interested in is changes in market dynamics and social welfare; for this we use and add to the
underlying theories of signaling, information asymmetry, and socio-technical information
systems; and the applied research methods are economic modelling and experimental
techniques.

In the following section, we discuss whether, and if so why, blockchain-based
certification is required if dealers are to send signals of higher fit. Then, we discuss
what the availability of multi-party certificates means for the market’s agents and for
market outcomes. Based on these insights, at the end of each sub-section, we also
present recommendations for practitioners working on the development of systems of
this kind.
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Blockchain-Based Multi-party Certification for Signals of Higher Fit

Our analysis shows us that, all else being equal, signaling afforded by a dealer’s use of
multi-party certification is more informative and consequently provides a greater fit than
signals sent by dealers only. The reason why signals sent when multi-party certification is
available are more informative is threefold. First, due to the way in which multi-party
certification systems are built, they are able to collect extensive, dispersed information
from several stakeholders—information that is difficult for dealers to obtain today [43].
Second, the use of blockchain’s tokenization feature ensures that the data collected from
dispersed stakeholders can be trusted and traced, which ensures the provenance of this
data without disclosing business-relevant specifics [68], a feature deemed crucial for the
efficient transmission of valuable information [32, 34]. Third, multi-party certification
counteracts the problem of single-party intermediary certifiers having no incentive to
provide more information than the minimum required, which is the case in monopo-
listic market structures [33]. The necessary incentives are generated by giving the
different participants in the system control over their original tokenized data, which
consequently allows them to monetize that data accordingly. While data could poten-
tially be copied and resold outside the blockchain-based system, it would not hold the
same value for users. In sum, these effects can be attributed to blockchain’s distributed
database architecture, decentralized consensus mechanism, and immutable crypto-
graphic logic, all of which allows multiple stakeholders to collect and maintain data
from multiple sources and to create a novel, shared certification offering [5, 59]. These
stakeholders can include car-related businesses such as importers, road-traffic authori-
ties, and insurers, but also private owners of vehicles that generate data during their use
(66, 67].

The three described effects illustrate how blockchain is a technology that enables the
development of multi-party certification. It is important to note that the technology
(blockchain in this particular case) can be used to generate incentives that trigger behaviors
in the social system that reduce entropy and therefore increase the harmony of the system as
a whole. The extent to which individual stakeholders will contribute to a shared car ledger—
and consequently the level of the signal’s informativeness vis-a-vis the market—Ilargely
depends on the incentives set for them [67]. However, even a minimal number of stake-
holders providing only minimal information would result in dealers being able to send
signals of higher fit.

Another reason why multi-party certification affords dealers the action potential to send
signals of higher fit, is the difficulty of faking the information provided by multi-party
certification. Since signals need to be difficult to fake in order to be effective [57], informa-
tion provided by multi-party certification is more trustworthy than that provided by a single
dealer alone, who could also—potentially—lie. This increase in trustworthiness is, again,
due to the technical design of blockchain-based certification (and therefore to an element of
the technical subsystem), which makes it almost impossible to corrupt transactions [54] and
consequently to corrupt multi-party certificates. While false entries could—potentially—
harm trust in such certificates, the adoption of mechanisms that incentivize truthful event
reporting [66] has been shown to counteract this risk. Further, blockchain’s transparency
paradigm [44] makes each piece of information that is part of the signal traceable, and
therefore objectively verifiable [32], a quality that is crucial for the efficient transmission of
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valuable information. This is yet another example of an interaction between subsystems:
only those systems that provide adequate incentives for agents in the social subsystem to
record their available information accurately will be able to generate useful signals.

To harness the promised benefits of blockchain-based systems at a large scale, signals
need to be effective. Hence, it is fundamental that the agents recording the information to be
stored in the blockchain (car owners, merchants, etc.) only record correct information.
Thus, designers of multi-party certification need to apply proper incentive schemes to
mitigate the risk of false event reporting, and offer traceability options to those receiving
the signal.

In this study, and in line with [67], we argue that blockchain is an enabler if applica-
tions are to achieve the goals of multiple stakeholders in the generation multi-party
certificates. At this stage, one could, however, ask whether other technologies could do
the same. The answer to that question is that blockchain is currently the only technology
that—by its nature—makes possible decentralized collaboration between parties that do
not trust each other [69], and creates unique ownership over digital goods for data
providers [40], by doing so countering the current information strategies of intermedi-
aries, who maximize their profits by providing minimal information [39]. Any technology
or mechanism that achieves the same goals would also be adequate for the generation of
multi-party certificates.

The Economic Impacts of Multi-party Certification in the Market for Lemons

In order to analyze the market effects of multi-party certification we developed a simple
economic model and tested the derived propositions by using a laboratory market game.
Opverall, our results show that the availability of multi-party certification and consequently
the ability of dealers to send signals of higher fit leads to a significant reduction in
information asymmetries and an increase in market fairness.

In our empirical analysis we observed the changing behavior of dealers, who demand
lower initial asking prices when multi-party certification is available than those they
demand in a market where multi-party certification is not available (H1). This behavior
reduces the anchoring effect, which, today, leads to overpayment for cars purchased [2].
Therefore, as theoretically proposed and empirically proven, the resulting sale prices are
significantly lower in the market where multi-party certification is available compared to in
the market where it is not (H2). From a market perspective, we can confirm the proposed
benefit of trusted car data [8]—that it results in average sale prices that are much closer to
the actual values of the used cars concerned, also in the wholesale market. Further, we
advance these insights by pointing out how this is achieved—namely, through decreasing
the information gap (entropy) between buyers and sellers. As shown and calculated by our
analytical model, a reduction of the entropy in the buyers’ and sellers” subsystem occurs as
a consequence of the increase in information availability. Sellers are thus prohibited from
taking advantage of the anchoring effect. In our study, we observed an average deviation of
sale prices from actual values of more than 18 percent where multi-party certification is not
available; a figure that was reduced to only around 4 percent when multi-party certification
was available. While our results indicate a slightly higher lemons penalty than that proposed
by Blundell et al. [13], one should note that we did not differentiate between the age of the
cars available, and that for our experiment only a certain class of car was used.
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Furthermore, analyzing in particular the situational changes for buyers and dealers we
observe an increase in market fairness. This is explained, on the one hand, by a significant
reduction in the profits that better-informed dealers make today (H2.1) and, on the other,
by a significant reduction in buyers’ losses (H2.2). If we disregard information costs, this is
a simple zero-sum game: the losses of one group of actors being the profits of the other.
Additionally, we observe that significantly more peaches and significantly fewer lemons are
sold in the market where multi-party certification is available. This, the outcome described
by H3, can be explained by increased incentives for dealers of peaches to strike a deal given
the promise of higher returns for their good-quality cars. In line with prior research [3, 8],
we argue that this observed result can be explained by an increased ability to signal
a product’s quality.

One implication that we can derive from these market changes is that as information
advantage is reduced, dealers will no longer have the incentive to intermediate the market,
given reduced transaction prices and the consequently smaller profits that they can achieve.
This reduction in information asymmetry reflects how the relationship between the tech-
nical and the social subsystems reaches a new equilibrium, which is induced by a new level
of entropy. In a world where multi-party certification is not available, dealers are valuable
for private sellers of rather good quality cars as they mediate the market [3]. They enable
sellers of good quality cars to achieve slightly larger margins than they would alone. If,
however, we assume that multi-party certification is accessible also to private car sellers,
following [8] we argue that the incentive for private sellers of good quality cars to work
through intermediating dealers will be reduced. Thus, it is only a matter of time before
dealers raise for themselves the question of whether their current business model is still
worthwhile.?

Another implication of the higher fit of signals afforded by the dealers’ use of multi-party
certification is a reduction in the system’s entropy (explicitly modelled in the Model
Section). This reduction in entropy occurs due to a reduction of the probability of extreme
outcomes. Recall that when entropy is high, subsystems find innovative ways to reduce
entropy such that creative outcomes happen [560, p. 11], which explains the currently
observable surge in innovative proposals for mitigating the information asymmetries
inherent in this type of market. Our analytical results show how the entropy of the system
is reduced by the dealers’ use of multi-party certification. Our empirical results, meanwhile,
depict how the technical subsystem affects the behavior of the agents in the social sub-
system. Ultimately, the interaction of the technical subsystem and the social subsystem
increases the harmony in the entire system due to the reduction in entropy induced by the
ability of dealers to send signals of higher fit. Note that when social and technical sub-
systems are jointly optimized and in harmony, the entropy level is low [15]. This higher
degree of harmony (i.e., lower level of entropy) is reflected in the empirical results of this
paper, which show why the (actually desirable) outcomes stated in our hypotheses cannot
be rejected.

Finally, practitioners should note that signals of higher fit increase the social welfare of
the economy and reduce the number of transactions resulting in highly unprofitable out-
comes for some agents. As a result, agents who are concerned about significant (downside)
risks from unprofitable outcomes (e.g., sellers of peaches, buyers) will benefit from the
availability of such signals and enjoy higher relative revenue. The increased relative revenue
leaves space for requiring a fee in exchange for accessing the signal. Such fees can help
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finance the initial development cost of new peer-to-peer systems that reduce information
asymmetries inherent to certain markets. Put differently, the increased relative revenues
generated by the signals of higher fit offer new opportunities for forward-looking practi-
tioners who want to use information technology to establish and finance (decentralized)
solutions that help solve problems associated with information asymmetries.

Conclusion

While the concepts of information asymmetries [3] and signaling [36,57] have been widely
discussed, their intrinsic problems remain. The latest developments in the field of informa-
tion systems include a novel solution mitigant based on blockchain. In this paper, we take
prior work a step further and show how the use of blockchain-based asset certification
unfolds in practice, and empirically evaluate its impact on the market and its agents. Our
results confirm that blockchain-based certificates enable dealers to send signals of higher fit
than the signals they send today, leading to a reduction in information asymmetries by
reducing the entropy of the overall system. This leads to a more efficient allocation of goods
and increased market fairness. These results are relevant for scholars, practitioners, and
policymakers.

For scholars, we advance the growing body of research into the economics of blockchain
by shedding light on the phenomena that blockchain technology induces at the market and
the agent level, all in the context of well-established IS and economics theories. This allows
blockchain research to advance further, and to go beyond a mere technology or application
potential standpoint. Further, our results establish the initial ground for studying block-
chain in markets with asymmetric information. This may result in fruitful discussions that
help scholars to broaden the theoretical basis of blockchain-based systems. Moreover, we
show how to apply the analytical computation of a system’s entropy, something that might
ease the path toward the broader use of this concept in IS research.

For practitioners, our results provide valuable insights and guidance concerning their
blockchain development work. These can be especially relevant for designers of blockchain-
based systems, as they allow them to consider and anticipate market participants’ strategic
behavior and consequently sharpen future business models.

For policymakers, our results show how novel technology might provide solutions to
some of the problems they are called to tackle. Fostering innovation, research, and
regulation in the realm of blockchain technology (e.g., by providing subsidies [16])
might help policymakers acquire new tools to better achieve their objectives of market
fairness and transparency. And more broadly, as researchers and practitioners alike move
beyond mere blockchain prototyping, society itself might benefit from the adoption of the
technology.

Our research is not without its limitations, but these limitations themselves open avenues
for further research. First, the economic model is fairly simple. We deliberately choose
a parameterization of the model that allows for closed-form solutions. We represent the
idea of a signal’s fit simply, by using different parameterizations for signals sent by dealers
when multi-party certification is available and signals sent by dealers alone. Also, we make
deliberately elementary choices for the utility and density functions. Yet to counteract these
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shortcomings and demonstrate generalizability, we additionally develop a different model,
using a CARA utility function, which yields the same hypotheses. Further research could
advance our work by adopting more complex modelling approaches.

Second, the sample size of our experiment, while not small by the standards of experi-
mental economics, is not large enough to enable more in-depth analysis. In further research
it would be interesting to study further the changes in the behavioral patterns of different
agents caused by the adoption and use of the technology and by the phenomena it induces
in the market. We also acknowledge that an experimental negotiation in a classroom setting
is not the same as a real-life negotiation with (tens of) thousands of dollars at stake.
However, the use of experiments in economics has been proven useful by many scholars
before us [26, 30, 52]. Our close relationship with industry experts ensured a design and
setup that were as close as possible to reality.

Third, in future research it would be worthwhile exploring end users’ perceptions of the
role of blockchain in product history certification.

Finally, since the realization of systems of this kind largely depends on whether or not
enough money is available to finance their development and maintenance, we emphasize
the need for future research that investigates how multi-party certification could be funded.
Also, since the cost for the infrastructure would ultimately translate into transaction costs,
a careful investigation of pricing options and their effects is vital.

Summarizing, we consider that our study can help design and implement multi-party
certification that will enable sellers to send signals of higher fit. Eventually, such signals
could result in a reduction of information asymmetry in a manner that would end up
solving the market for lemons problem. The fact that this might be the case justifies the
current study and future studies of this type of certification.

Notes

1 The car was sold for USD 10 when the participant wrongly placed a decimal separator.

2 We acknowledge that there might be other reasons for private sellers to work through
intermediating dealers, including market liquidity or efficiency. In the current study, however,
we only focus on relative revenues.
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