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Abstract

Creating and evaluating trust in a network community are major issues for an Internet trading system
that hopes to operate successfully in an anonymous and asymmetrical environment. We experimentally
investigated the effect of reputation systems on I nternet auctions and the behavior of participantsin auc-
tions with and without reputation systems. We found that a simple reputation system promotes trading.

1. Introduction

The range of people or entities with which an indi-
vidual or acompany can trade has been expanding as
aresult of advances in information communication
services (such as broadband Internet and cellular
phone services) and market globalization. Many
users around the world participate in eBay or Yahoo!
auctions, the pioneers in Internet auctions, and con-
duct numerous trades. These changes have increased
trading opportunities for individuals and for busi-
nesses, which are predicted to take advantage of these
opportunities in arange of situations.

However, there is a downside to the increased
opportunities: the potential for higher risk in trading.
For example, in Internet auctions between individu-
als, itiseasy for the seller to falsify his/her identity or
send false information about the product for sale, so
participants are always faced with the possibility of
being deceived and of suffering aloss. This problem
is based on the asymmetrical availability of informa-
tion about the products for sale between sellers and
buyers; that is, sellers know all about the products
including their flaws while buyers have no way to get
any information that sellers have not disclosed. Since
buyers cannot bridge this information gap, they can
easily be cheated by fraudulent sellers, so they tend to

T NTT Information Sharing Platform Laboratories
Musashino-shi, 180-8585 Japan
E-mail: usui.yukihiro@lab.ntt.cojp

Vol. 2 No. 6 June 2004

refrain from trading. Even when honest sellerstry to
trade high-quality products, buyers tend to refrain
from trading because they have no information about
who is honest or dishonest. This situation, in which
honest traders and high-quality goods are driven out
of the trade by dishonest traders and low-quality
goods, is called a“lemon market” [1]. It is therefore
necessary to develop amethod that will maintain the
benefit of the increased trading opportunities and
reduce the risk inherent in trading on the Internet.

One method used in current net auctions for this
purpose is a “reputation system”. However, there
have been few detailed studies or analyses of whether
and to what degree such a system is effective. More-
over, there is no established method for designing
such a system.

Kollock [2] studied net auctions with a reputation
system using trading data from eBay. This was a
study based on observing real net auctions, so it
involved each participant’s preferences and how they
valued the products for their own use. Thus, it did not
specifically investigate the reputation system itself.

Matsuda et a. [3] empiricaly verified Kollock’s
results. They eliminated the effect of personal value
by using a fictitious trading market on computers.
However, their experiment studied direct trading
models, not auction models. In direct trading, a seller
cannot trade successfully if the buyer does not trust
the seller. In auctions, on the other hand, a seller can
trade successfully if even one of the buyers in the
market trusts the seller. This meansthat thereis more
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chance of making a successful trade in auctions than
indirect trading, evenif inferior goods are being trad-
ed. To prevent alemon market we need more efficient
reputation systems in auction trading. The papers
mentioned above do not provide empirical dataabout
the effectiveness of areputation system for auctions.
We used an experimental system that isolated the
effects of reputation on net auctions.

In this paper, we outline the experimental system
and experiment flow and present results showing the
effects of reputation systems on net auctions.

2. Need to createtrust

Conventionaly, when people make decisions and
take actions, they rely on information from trustwor-
thy people they have contacted before. However, ina
net community, the triumph over distance and time
has made communication virtually anonymous. In
addition, the turnover of community members has
weakened any control over other members, increas-
ing therisk of one'strust being betrayed. On the other
hand, the network by its nature allows information to
be provided by avariety of people. This meansthat a
net community offers great benefits if information
sourcescan betrusted. It isthereforeimportant to fos-
ter trust. The development of Linux is a good exam-
ple. Inthis case, although the asymmetrical availabil-
ity of information is not an important issue, mutual
trust between membersis areward initself. The trust
cultivated between members encourages cooperation
within the community and can lead to the achieve-
ment of asecure position in other communities asone
interacts with them. In other words, a reputation for
trustworthiness not only represents a quality guaran-
tee, but can also be considered the main driving force
making an information society function effectively.

3. Problemswith existing reputation systems

reputation information [4].

To acquire reputation, the designer must consider
thefact that participantsin the auction generally have
no incentive to supply accurate reputation informa-
tion. For example, eBay users are requested to enter a
reputation valuein afeedback form after asuccessful
bid, but they seldom take the time and trouble to do
s0. To solvethis problem, the designer should prepare
an incentive system that pays users for entering repu-
tation values. Since people tend to be shy of making
negative eval uations, another problemisthat net auc-
tion sites often abound in positive evaluations.

One problem with sharing information isthat auser
can have multiple online identities. In many net auc-
tion sites, participants remain anonymous and can
register under new names as often as they want. If a
user gets a bad reputation as a result of fraudulent
trading, he/she can participate in anew auction under
anew name. Thus, the possibility of having abad rep-
utation is not an effective deterrent to fraudulent trad-
ing. This may be countered by allowing the user to
participate only under his’her real name or by pro-
hibiting the use of multiple pseudonyms so that the
user will be forced to use the same name. However, as
we show in section 6.2, fraudulent trading can be pre-
vented to some extent through careful operation of
the reputation system. A related problem isthat repu-
tation values currently cannot be shared among dif-
ferent auction sites.

The third issue is the difficulty of expressing repu-
tation. Most existing auction sitesuse the sum of indi-
vidual evaluations, each of which is expressed as one
of three grades (-1, 0, +1). However, there is no the-
oretical basis for this, so a reputation evaluation
method is still an issue.

Asabasic review for these issues, we investigated
the effects of reputation systems on net auctions.

4. Experimental auction system

Reputation systems give people away to judge the
trustworthiness of other people with whom they are
not familiar, and they serve as an incentive that
encourages people to be honest. However, Kollock
[2] shows that reputation systems are not sufficiently
effective in auction markets, and that there are cases
where the reputation of the seller does not necessari-
ly correspond to his’her behavior. We believethat this
result can be attributed to flaws in the reputation sys-
tems used. A reputation system needs (a) a way of
acquiring reputations from participants, (b) amethod
of expressing reputation, and (c) amethod of sharing
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We developed an experimental auction system and
used it to investigate the problems mentioned above.
First, to study the effect of introducing a reputation
system in alemon market, which is characterized by
asymmetrical availability of information, we
designed asimplified virtual Internet auction site. As
Fig. 1 shows, the auction flow in this system supports
the asymmetrical availability of information about
products for sale. Figure 2 shows the system’s main
page.

At regular intervals, the system gives participants
an opportunity to manufacture a product. It gives the
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Fig. 2. Main page of the prototype auction system.

sellers the nominal manufacturing cost, which repre-
sents the product’s quality level. The manufacturer
can choose to produce a cheaper product to save
money and pocket the difference. The product in the
virtual auction site is an abstract product without any
substance. The product’s true quality represents its
manufacturing cost plus the value added by its manu-
facturing. For simplicity, in our experiments, the true
quality was set to twice the true cost. In real-world
trading, the true quality corresponds to the overall
quality including any flaws. The product manufac-
tured by a seller is put on an auction market for sale
with a price set by the seller. We regard this price as
the declared quality. The declared quality isdisplayed
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to buyers in the auction market. A seller can set the
declared quality freely, independent of the true quali-
ty. For example, the case where the declared quality
is set higher than the true quality is equal to the case
whereinformation about the product for sale does not
disclose any flaws.

Asbuyers, participants can bid for aproduct during
some auction period based on the declared quality
that the seller has set, but they do not know the true
quality. At the end of the auction period, the highest
bidder is successful and receives the product. In this
trade, the seller gets the following profit:

Seller’s profit = nominal manufacturing cost — true

cost + successful bid value.
That is, the higher the successful bid value is above
the true cost, the greater the seller’s profit. After the
auction period has ended, abuyer can get, for thefirst
time, information about the true quality of the prod-
uct he/she has. This enables the buyer to evaluate this
trade based on how the seller has exploited the asym-
metrical availability of information about the prod-
uct, that is, the balance between the true quality and
the declared quality the seller set. In this experimen-
tal system, the product the buyer has received is
resold to the experimenter at the true quality cost
immediately after the buyer enters a reputation value
for the seller. Therefore, the successful bidder gets
the following profit:

Successful bidder’s profit = true quality — success-
ful bid value.
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In this experimental system, the successful bidder
only receives the profit if he/she enters a reputation
value. This is an incentive for bidders to provide a
reputation evaluation.

The auction system summarizes reputation values
for sellers and displays the results with information
about products in the auction market. In this experi-
ment, fictitious products were displayed, and each
product had associated with it: (1) adeclared quality,
(2) seller’s ID, (3) seller’s reputation value, and (4)
bidding value. Items (2)—(4) were varied according to
the experimental conditions. Participants could use
the reputation value to determine whether or how
much to bid.

To study the effects of methods of expressing repu-
tation and sharing reputation information, we investi-
gated various experimental conditions, such as with
or without a reputation function and with or without
auser |D changing capability. We also made it possi-
ble to try various reputation algorithms that are
intended to promote trading.

5. Experiments

5.1 Participants

We recruited participants through an open invita-
tion on an experimentation website and through
advertisements in e-mail magazines. A total of 2030
people across Japan applied and participated in the
experiment. 71% were men and 29% women. Half of
them were office workers. More than 70% of both the
male and female participants had experiencein Inter-
net auctions and had been using the Internet for more
than five years.

5.2 Procedure

Participants logged in to the experimental Internet
auction server through the Internet using their own
computers. Subjectsin the experiment participated in
auctionswith others and were rewarded in proportion
to the profit they made through the auctions. A num-
ber of sessions were defined in the experiments. Dif-
ferent sessions were conducted under different condi-
tionswith different parameters.

Participants acted as both sellersand buyers; that is,
each subject manufactured and sold products and bid
for products in the auction. What subjects did while
trading was at their own discretion, and they received
a profit or incurred a loss as a result. In the experi-
mental marketplace, there was no information avail-
able about the true identity of individual subjects.
Instead, IDs that were valid only in this marketplace
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were used.

The true and declared qualities were expressed
using oneof ten different grades (10, 20, ..., 100). The
seller who manufactured the product set a declared
quality independently of the true quality. The reputa-
tion value was expressed as one of five grades (i.e.,
+2: very good, +1: good, O: neutral, —1: bad, and —2:
very bad). The successful bidder’s evaluation was
added to the reputation information about the seller.

5.3 Conditions

The experimental period was about two weeks.
There were 30 to 50 subjects in each experiment
group. They could participate in auctions at any time
of the day or night via Internet access. The period for
each auction wasin principle 24 hours, but the finish-
ing time was varied at random by up to plus or minus
one hour. Thetimeleft until the end of the auction for
each product was displayed in 15-minute units. The
reason for this was to eliminate the bidding rush in
the final minute of the period. The end of the experi-
mental period was announced only 48 hours in
advanceto prevent any subject knowing the exact fin-
ishing time of the experiment, which might allow
them to change their attitude and affect the validity of
the experiment. In this paper, we report results for the
following two cases, where we did not allow usersto
change IDs.

(1) Case 1: declared quality, seller’s ID, and cur-

rent highest bid were disclosed.

(2) Case2: inaddition to theinformationin case 1,
the seller’s reputation score was dis-
closed.

In case 1, participants could not use reputation
information. This condition was necessary to analyze
the difference in the participants' behaviors and
extract the effects of reputation systems. We assigned
50 subjects in each experiment group with 2 groups
for each case. The figures in the following sections
show the data for one group in each case.

6. Resultsand discussion

6.1 Without areputation system

Incase 1, theonly information that buyers could get
wasthe declared quality and seller’s|D, so they could
not use reputation information when selecting prod-
ucts to bid for. Figure 3 shows the chronological
changesin the declared and true qualities of products
in one auction. The figure shows the moving average
for 50 products. Both qualities decreased with time,
and thetrue quality was much lower than the declared

NTT Technical Review



Regular Papers

quality, indicating that goods of inferior quality were
offered for sale.

In the absence of a reputation system, the only
information the buyer has for determining whether
the seller is trustworthy is his’her own experience of
trading with that particular seller. If a seller knows
that thereis no risk of anyone other than the success-
ful bidder learning that the product was of poor qual-
ity, he/she may choose to sell a poor quality product
(i.e., the declared quality is higher than the true qual-
ity) because that is likely to produce more profit in
such market conditions. Consequently, the seller has
an incentive to sell inferior products. This seems to
explain the results shown in Fig. 3

In such an auction market, inferior products prevail.
Evenif buyersthink that they bought products at bar-
gain prices, they may find out that they were cheated.
Consequently, they become more reluctant to buy,
and products submitted for auction remain unsold.
The market gradually shrinks and degeneratesinto a
lemon market.

Figure 4 shows the chronological change in the
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Fig. 3. Chronological changes in the declared and true
qualities of products (case 1)

successful bidder’s profit (which is the true quality
minus the successful bid value: moving averages for
50 products). It shows that, in a lemon market like
this, successful bidders eventually suffer aloss. For
buyers, this market is dangerous as well asworthless.

6.2 With areputation system

We repeated this experiment with a reputation sys-
tem. Figure 5 showsthe chronological changesin the
declared and true qualities of products (moving aver-
agesfor 50 products). Thistime, there was no decline
in the true quality of products. In other words, prod-
ucts of high true quality continue to be traded. This
was because participants felt they could trust this
market and they tended to manufacture high-quality
products, from which they could expect more profit
than low-quality products, and buyers bid higher
without unconcern. The market thrived as a result of
introducing a reputation system. However, after an
announcement that the experiment would end in 48
hours, the true quality began to drop significantly,
resulting in a lemon market. At the same time, bar-
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Fig. 5. Chronological changes in the declared and true
qualities of products (case 2).
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Fig. 6. Chronological change in successful bidder's profit
(case 2).
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gains, with true quality higher than the declared qual-
ity, continued to be offered. This phenomenon was
always observed regardless of the different experi-
mental conditions, such as different reputation grades
and different algorithms.

Figure 6 shows the chronological change in the
profit made by successful bidders. It shows that,
unlike the case with no reputation system, successful
bidders got a profit on average, except during the
period after the termination announcement. This
means that the market was useful for buyersto get a
profit and they had an incentive to participate in this
market.

Figure 7 shows the relationship between the sell-
er's reputation and the balance between the success-
ful bid value and the declared quality. The horizontal
axis shows the mean value of the previous evaluations
of the seller up to the current product. The vertical
axis shows the difference between the successful bid
value and the declared quality, which indicates how
much the bid value exceeded the declared quality. A
regression line has been added to the figure. Thereis
a positive correlation between the reputation score
and the balance, and the correlation coefficient is 0.7.
We found that, unless the reputation score was high,
the successful bid value was rarely above the declared
quality.

According to the rules of the experiment, a suc-
cessful bidder whose bid was higher than the true
quality suffered aloss. Through their trades, success-
ful bidders experienced the fact that the true quality
was higher than the declared quality for products
from reputable sellers. Therefore, it seems that bid-
derstended to expect ahigh true quality for aproduct
submitted by a reputable seller. In other words, bid-
ders based their bidding decisions on the reputation
system. As a result, a high reputation score assured
bidders of the safety of making high bids, which led
to greater activity in the auction market.

Figure 8 shows the relationship between the repu-
tation score and the degree of honesty (which corre-
spondsto the true quality minus the declared quality).
Although not as prominent asin Fig. 7, the reputation
score increased with honesty (correlation coefficient
=0.47). Figure 9 showstheresult of productsonly by
sellers whose final reputation score was more than 1.
These figures indicate that sellers with a high final
reputation score tended to manufacture products that
were not of inferior quality. The percentage of inferi-
or products being submitted increased after an
announcement of imminent termination of the auc-
tion market. If we look only at data prior to this
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announcement, we can see a stronger correlation
between reputation and honesty (correlation coeffi-
cient = 0.60).

Sinceall the sellersalso acted asbidders, they knew
that bidders are willing to offer ahigh bid for a prod-
uct from a reputable seller. So, it can be safely
assumed that reputable sellers found it necessary to
maintain ahigh reputation score to have his’her prod-
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uct bought at a high price. In other words, we con-
clude that the existence of the reputation system pro-
vides an incentive to refrain from selling inferior
products.

7. Conclusion

To measure the effect of a reputation system, we
developed a virtual auction system and conducted a
number of experiments. They revealed the following.

(1) If the market is characterized by asymmetrical
availability of information and anonymity, then
an Internet auction is highly like to lead to a
lemon market.

(2) When reputation was expressed by the simple
mean value of evaluations on afive-grade scale,
we observed that, even with such asimple rep-
utation system, the elimination of complete
anonymity and the sharing of reputation infor-
mation could help prevent degeneration into a
lemon market.

To refine the above findings, it will be necessary to
study various algorithms and situations to gain
insight into a desirable reputation system and its
effects. Such future issues include: values used to
indicate reputation, reputation scores other than a
simple average of past evaluations, the effect of a
“rogue” subject who deliberately gives poor reputa-
tion scores, and the effect of allowing sellers to
change IDs or have multiple IDs at the same time.
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