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ABSTRACT: Rapid technological innovation and changing market expectations in elec-
tronic commerce are pushing companies to develop strategies for radically new products.
Fast and unbiased new marketing research methods are needed to reduce the associated
risks. A full-revelation mechanism is a crucial element of these new methods. It can be
implemented with a two-round, second-price, sealed-bid auction. The process of market-
ing research is accelerated by conducting the auction on-line.
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Radically New Product Strategy: Opportunities and
Challenges

Historically, the pervasive positive network externalities of basic technolo-
gies like electricity and the telephone helped to push rapid economic growth.
Enabled by global connectivity and broad-spectrum computing, the pace of
technological innovation and economic growth is even faster in today’s digi-
tal age. According to Internet Indicators, the revenue from e-commerce al-
most doubled from 1998 ($99.81 billion) to 1999 ($171.47 billion) [2]. A large
proportion of this growth came from technologies and products that were
unheard of a decade ago. The continuing introduction of new products that
redefine customer demands and alter old markets compels companies to de-
velop strategies for radically new products [3]. Companies that do this are
characterized by a sensitivity to state-of-the-art technologies and the ability
to incorporate them into new products to create values for consumers in a
prompt time frame, often before any competitor can catch up.

Radically new product strategies bring a very mixed bag of obvious ad-
vantages and undeniable risks [4, 11, 15, 20]. On the up side, they enable com-
panies to exploit business opportunities before their competitors. Asuccessful
radically new product strategy always helps in gaining the first-mover ad-
vantage, a determining factor in competition [6]. For example, SONY’s 1979
introduction of the Walkman, an amazingly small, mobile tape-player that
was the result of state-of-the-art mechanical engineering technologies, cap-
tured consumers’ hearts and brand loyalty. SONY continued to enjoy the com-
petitive advantage derived from its reputation as the creator of Walkman even
after competitors appeared. It is still one of the world’s largest producers of
Walkman and its successor, Discman, the two brand names synonymous with
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such products in the minds of many consumers. More recently, the first por-
tal, Yahoo!, has steadily introduced a series of new service products, such as
free e-mail, travel service, auctions, and Yahoo! Messenger. This strategy
of continuous innovation helps Yahoo! to maintain its leading position
in the portal business. Both Yahoo! and SONY face aggressive competition,
and staying ahead in their respective markets requires radically new product
strategies.

Despite these well-known success stories, there is, potentially, a distinct
down side as well, in that radically new product strategies often expose com-
panies to great financial risk. If accurate market information is not available,
as is often the case for radically new products, a company that decides to
mass produce is betting on a market of uncertain size. The Walkman achieved
its phenomenal success because it was small and convenient to carry. Another
of SONY’s radically new products, the Betamax videotape, failed [5]. SONY
did not realize at the time that standard availability was more important to
users than videotape size.

Setting up manufacturing facilities for radically new products can pose an
enormous financial risk, given the magnitude of the costs involved. For ex-
ample, in February 1998, Intel announced that it planned to spend more than
$1.5 billion between 1998 and 2000 to establish a plant at Hillsboro, Oregon,
that would be the first factory to develop and manufacture complex com-
puter chips on 12-inch silicon wafers [8]. This cost would be incurred even
before the risk of customer acceptance of the product was considered. Adding
up the manufacturing and subsequent marketing costs of any new product
introduction only underscores the critical importance of preliminary market
research.

As critical as research is, however, time pressure and lack of experience or
prototypes makes it difficult to obtain information about potential market
demand for a radically new product (and about the prices consumers are will-
ing to pay). First, radically new products often have stringent timelines and
shorter life-cycles. This means that it is not feasible to do a thorough long-
term market analysis (or equivalently, customer measurement) before initiat-
ing production. In the home PC industry, for example, a best-selling
high-performance computer will turn into a slow machine that almost no one
wants a mere two or three years after its debut. Computer vendors have little
time to understand the market after the new components are available and
before the new computer appears on retail shelves. In consequence, errone-
ous decisions about new products due to lack of adequate market research are
not rare, even for Dell Computer Corporation, which is famous for under-
standing consumers. Commenting on the failed “Olympic” plan, Michael Dell
once said, “If we had consulted our customers first about what they needed—
as we had been accustomed to doing—we could have saved ourselves a lot of
time and aggravation” [7].

Second, by definition, consumers have little experience with a radically
new product before it is introduced [15, 17]. Thus, any data collected before a
prototype of the product is available have a high level of uncertainty, and this
means that there is a possibility of major errors in estimating the market de-
mand. In the extreme case, there is no basis whatsoever for an estimate. Be-
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fore the first Walkman was available, it would have been hard for consumers
to describe the pleasure of hiking along a river with music, since they had
never had the experience. Examples of new products whose market prospects
are difficult to estimate because they are totally new can be found in many
industries. In the computer industry, consider the first Palm Pilot, in the toy
industry, the recent debut of robot dog AIBO from SONY, in the health indus-
try, the revolutionary LASIK surgery for vision correction.

Traditional customer-measurement theories emphasize the importance of
adequately understanding consumer tastes before initiating a new product.
However, in recent years traditional customer-measurement theories have
largely been abandoned [12]. Akio Morita, the founder of the very successful
SONY Corporation, said, “Our plan is to lead the public to new products rather
than ask them what they want. The public does not know what is possible,
but we do” [24]. Decades of inventions keep proving the wisdom of SONY’s
founder. The Walkman was a surprise in size, PlayStation2 was a surprise in
graphical performance, and most recently, robot pet AIBO was a surprise in
respect to how intelligent a toy can be. All of these products were invented to
create a new market rather than to satisfy an existing one, illustrating the
difficulty of marketing research for a non-existent market.

The problem of unfamiliarity is largely solved if there is a prototype of the
product that consumers can try out [18]. Since their experiences with the pro-
totype will resemble what would happen with the final product, marketing
research based on their reactions yields more accurate information. As com-
monly defined in industry, a prototype need not be exactly the same as the
product or even a preliminary version of it. Nowadays a prototype of a prod-
uct need not even be a physical prototype. It may be a piece of simulator
software with a similar look and functions that consumers can download from
the Internet. You can play with a 3D simulation of robot dog AIBO on the
SONY Website at www.us.aibo.com/3d/index.html to get an idea of whether
or not you like it. Or go to phone.com to download UP.SDK at developer
.phone.com/dev/ts/ to try a simulator on the computer screen that feels and
functions exactly the same as a physical digital mobile phone. The power of a
software simulator of a physical product is that consumers all over the world
can try it as soon as the prototype Web-site is set up, at relatively little cost to
the producer. In the case of a digital movie or other digital product, the proto-
type can be a segment of the movie (or better yet, a short trailer) or a reduced-
quality version.

Once a prototype strategy is adopted, the next challenge, in the case of
radically new products, is the comparatively stringent timeline for customer
measurement. The time available for customer measurement is the interval
between the debut of the prototype and the beginning of mass production,
which must be as short as possible in light of the pressure from a continually
changing market. Traditional marketing-research methods often take too long,
and consequently are avoided [12]. As an alternative, marketing research is
shifting attention to the Internet as a rapid way of doing customer measure-
ment [18, 21]. The Internet and related data-analysis technologies enable nearly
instantaneous multimedia contact with a geographically more diverse range
of consumers.
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Even if abundant market information can be collected promptly for a radi-
cally new product, there is a more fundamental question: Do the market data
reflect market demand? This problem is pervasive in marketing research. For
example, the Coca-Cola Company introduced New Coke in 1985 after years
of intensive market analysis. New Coke was never as popular as the market
data had suggested. The mismatch between collected market data and true
market demand is potentially more severe in the digital economy than in the
traditional economy because the digital economy faces a greater trust prob-
lem. According to the Internet Fraud Watch operated by the National Con-
sumers League, “online auction sales remained the number one Internet fraud
for 1999, increasing from 68 percent of frauds reported to the Internet Fraud
Watch in 1998 to an overwhelming 87 percent in 1999” [9]. This indicates that
people tend to feel more comfortable cheating a producer (or retailer) if they
can hide behind a computer screen. Research in customer measurement has
largely ignored this problem, taking the accuracy of the collected market data
as agiven.

The discussion in this paper will treat the mismatch between collected
market data and true market demand in the specific context of new product
introduction. It suggests that use of a full-revelation mechanism is a crucial
requirement for effective marketing research [13, chap. 14]. In a producer-
consumer relationship, any mechanism that induces consumers to believe that
telling the truth is beneficial for them is called a full-revelation mechanism.
Two facts are relevant here. First, if consumers are putting their money where
their mouth is, as they do in an auction, then their stated values can be trusted.
Second, if consumers know a company’s reaction to collected market data,
they may try to provide data that will induce behavior from the company that
is beneficial to themselves. This phenomenon is explored below, and a solu-
tion based on a two-round auction design is outlined.

The Full-Revelation Problem in Marketing Research

The crux of the marketing research problem associated with new-product in-
troduction is the question of whether the collected market data reflect actual
market demand. To simplify the discussion, it is assumed here that a proto-
type of the product is accessible before the market data are collected, so that
potential consumers are able to form a reasonable valuation of it. Even when
this is the case, the answer to the question is often no. Data collected from
potential customers may be biased and erroneous even if they understand the
new product, quite simply because what customers say may be very different
from what they intend.

One behavioral explanation is that people react differently when asked to
evaluate something and when asked to pick something. Consider the choice
between using interactive television for education and for watching movies
[12]. When asked, people regularly said that they would choose education.
However, once they began using the interactive TV, they regularly switched
to watching movies. Thus, producing educational programming with an au-
dience-size estimate based on the number of interactive TVs sold and the per-
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centage of buyers who claimed that they would use them for learning might
result in a disaster.

One explanation for this phenomenon is the observation that people want
to present themselves as conscientious and serious.' More generally, they may
answer one way if asked a question that has no consequences, but another
way when faced with actual choices. Although marketing researchers have to
assess the answers consumers give when faced with a decision, they cannot
assume that there is a direct link between answers to survey questions and
subsequent purchases or actions.

In economics, this is called a full-revelation problem [13, chap. 14]. In the
context of producer-consumer relationships, it states that if a producer asks
for information, consumers will provide whatever information yields the most
benefit for them. The full-revelation problem here is how to get consumers to
believe that telling the truth is the most beneficial option. In the interactive
television example, with no financial value to be considered, consumers often
feel more comfortable representing the perspective of a conscientious citizen
rather than an average consumer.

A marketing research mechanism is said to be a full-revelation mechanism if

consumers believe that revealing the truth (i.e., their true valuation of the
product if they are making a buy-or-not decision) is the most beneficial choice.
In the context of radically new product introduction, this can be actuated in a
two-round auction setting where real money is paid for real consumption.
Since production levels in a second-round auction are determined by the in-
tensity of the first-round bidding, it is necessary to take account of the fact
that people may try to influence the outcome. For example, reporting extreme
willingness to pay may result in a glutted market and low prices.
Asking consumers for their valuations and then producing according to this
estimated demand is not a full-revelation mechanism. Furthermore, as men-
tioned earlier, the mismatch between stated intentions and reality tends to be
more severe if customer measurement is done on-line rather than in person,
as there is less trust in on-line businesses than in physical businesses. That is
why designing the customer-measurement process as a full-revelation mecha-
nism is a crucial step in preventing mismatches. The full-revelation mecha-
nism is not only theoretically useful but practically workable, as will be shown
in the discussion that follows.

Framework Design

The first premise of this new framework is that consumers tend to overstate
their valuations if there is no risk in doing so. Since a survey entails no obliga-
tion, they can always decide to buy at a price different from the one they
report. In an auction, however, a bid is acommitment. A second-price, sealed-
bid (SPSB) auction offers the further advantage that the producer knows the
entire distribution of bids and not just the winner’s bid. Therefore, once con-
sumers are familiar with the prototype, the first-round SPSB auction is de-
signed to be an information-collection round. The purpose of this round is not
to maximize profit but to collect market information. This process is based
upon three assumptions:
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1. The valuation of the prototype is consistent with the later valuation of
the product.

2. Although the consumers experiencing the prototype and attending
the auction are only a sample of the potential consumer population,
they reflect the whole population in an unbiased way, so that market-
demand information attained from them can be extended to the
whole population.?

3. Each consumer wants at most one product.

For the sake of simplicity, it is assumed here that only one product is auc-
tioned off in the first round, although the two-round auction process is still a
full-revelation mechanism if more than one prototype is auctioned off in the
first round. Since at this point a consumer can only see the prototype, which is
often not the final product, the producer is actually auctioning off a commit-
ment to a future product. The producer will ship the product to the first-round
winner only after the second round is finished and will collect a payment
from the winner when mass production begins. If the mass production is can-
celed, there is a separate compensation plan for the first-round winner that
incurs a cost for the producer.

The second-round SPSB auction is the profit-maximization round.’ The cen-
tral decision for the producer is now X, that is, how many units to produce
and sell in the auction.” In essence, the market information collected in the
first round will be used to optimize the production decision. Intuitively, the
optimal decision will be a quantity that yields a monopoly profit for the pro-
ducer. There should be more bidders in the second round than in the first, for
whereas the first round only represents a sample of the potential consumer
population, in the second the producer tries to attract all potential consumers.
However, it is assumed that the market information in both rounds is consis-
tent, as stated in Assumption 2. After both rounds of the auction are finished,
the winner of both rounds will get a product and pay a price equal to the
highest losing bid in the second round. Out of fairness, the winner of the first
round pays the same amount after the second- round auction, since he or she
only gets the product after the second round.

Generally, consumers are smart enough to understand the purpose of the
first-round auction. They also know that the producer will try to capture a
monopoly profitin the second auction based on the collected market informa-
tion. To make this point even more clear, the producer describes the entire
process at the beginning, so that all the consumers are well aware of the sec-
ond-round auction and the possible benefit to themselves if they attend.

An analysis of three questions will show why the two-round SPSB auction
process is a full-revelation mechanism: (1) When the auction enters the sec-
ond round, will bidders bid values other than their true valuations? (2) Will
they bid less than their valuations in the first round? (3) Will they bid more
than their valuations in the first round?

1. No. Since the second round is the final round, it turns into a standard
SPSB auction, in which the famous result is that bidders will bid their
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true valuations [25]. Intuitively, bidding less than one’s valuation
does not affect the price to be paid if one wins, but it will lower the
chance of winning. Bidding more than one’s valuation cannot result
in a lower price on winning, and furthermore there is a risk of
winning with a price higher than the valuation, resulting in a net loss
to oneself.

2. No. By bidding less than your valuation, your chance of winning in
the first round is lowered. In the event of biased bidding information,
the auctioneer may produce less for the second round and the
bidder’s chance of winning in the second round is also lowered.
However, the final price will not be lower, since everyone is telling
the truth in the second round. So bidding less is not a rational choice
for the bidder.

3. No. By bidding higher than one’s valuation, one may win it in the
first round while paying a price higher than the valuation. Intuitively,
the only reason for bidding higher is to induce the producer to
produce more, so that in the second round one has a better chance of
getting a product. However this intuition is wrong: If the bidder can
win the product in the second round by telling the truth in both rounds,
bidding high in the first round affects nothing but puts the bidder at
risk of winning a product in the first round at a price higher than the
valuation, whereas if the bidder cannot win a product in the second
round by telling the truth in both rounds, bidding high in the first
round may induce the producer to produce more for the second round.
However the benefit of extra production will always be enjoyed by
other bidders, since one still cannot win a product in the second round.

Since no is the answer to all three questions, the optimal choice for all bid-
ders is to bid their true valuations in both rounds. As a result, and as will be
proved in the next section, the two-round SPSB auction process is a full-rev-
elation mechanism from which the producer can collect unbiased market in-
formation through the bids in the first-round auction.

An On-line Auction-Based Radically New Product
Introductory Framework

This section formally specifies an on-line auction-based radically new prod-
uct introductory framework for collecting market information and optimiz-
ing production. The framework incorporates all the concepts developed in
the preceding sections: the idea of a prototype, the use of the Internet for prompt
market research, a two-round auction process that provides full revelation,
and criteria for when this framework is beneficial for the ultimate purpose of
marketing research: the pursuit of profit maximization.

The Framework

Figure 1 is an overview of the process. The framework consists of four stages:
prototype production and test drive, the first-round SPSB auction (the infor-
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Prototype production and test drive

NS

Firstround SPSB auction
(information-collection round)

NS

Bid analysis and mass production
4 P (SPSB stands for Second-

Price Sealed Bid )

NS

Second-round SPSB auction
(profit-maximization round)

Figure 1. An Online Auction Based Radically New Product Introductory
Framework

mation-collection round), bid analysis and mass production, and the second-
round SPSB auction (the profit-maximization round). Stage 2 is the first-round
SPSB auction, and Stage 4 is the second-round SPSB auction. Before the first
stage, the auctioneer must describe the entire process so that both the auction-
eer and the bidders know the sequence of events.

Stage 1: Prototype Production and Test Drive

The purpose of the prototype is to give consumers information about a radi-
cally new product. As discussed earlier, a prototype should provide a reason-
able experience of the final product before the first-round SPSB auction. A
digital prototype is preferred because it can be delivered directly to con-
sumers’ networked computers, reducing the time needed for customer
measurement.

After they feel or try the prototype, consumers will have their own valua-
tions of the new product. In this way, the demand curve of the sample con-
sumers (and thus the whole market) will be determined, even though it is still
unknown to the producer. To capture such an experience of a test drive, as-
sume that all the consumers know their own valuations of the new product
but know nothing about the other consumers’ valuations.” On the other hand,
the producer (i.e., the “auctioneer™) still knows nothing about the bidders’
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valuations and the demand curve. All consumer valuations are independent
of one other.

Formally, there are J potential consumers for the new product. | bidders are
randomly drawn from the whole potential consumer population to partici-
pate in the first-round auction. A consumer participating in the first-round
auction is called a first-round bidder, and a consumer participating in the
second-round auction is called a second-round bidder. The number of first-
round bidders, |, is large enough so that the sample reflects the demand curve
of the whole potential consumer population. The ratio of the whole popula-
tion to the sample population is k (= J/1). k is also large in that the sample
population is only a small proportion of the whole potential consumer popu-
lation. There is one auctioneer and one product to be introduced to the mar-
ket. Each bidder wants, at most, one unit of the product. After experiencing
the prototype, each first-round bidder forms a private valuation of the prod-
uct, v,, that is known to no one else and is independent of all other first-round-
bidder valuations. Collectively the inverse market demand curve for this
first-round auction is p = p(x), where x is the quantity to be produced and
sold, and p is the price at which x units will sell. By assumption, the whole
market demand is consistent with this sample. Therefore, the inverse market
demand curve for the second-round auction is p = p,(x) = p(x/k). Estimating
p,(x) is the essence of marketing research for a new product.

LetV,,V,, ..., V, be the order statistics for v , v,, ..., v,. That is, for each
realization of v, v,, ..., v,, the rearranged V, V,, ..., V, are a reordering of
these | realized values such that V 2V, 3 ... 3V . If the | consumers bid
their true valuations, p(x) =V, is the inverse demand function. Since I is
large, the inverse demand curve generated by p(x) =V, at points x = 1,
2, ..., 1-1 can be treated as a continuous function.

Stage 2: First:Round SPSB Auction

In the first, or information-collection, round, the auctioneer announces that
one product will be put on auction.® An on-line auction market is chosen to
that will efficiently reach consumers in a large geographical range. Strictly
speaking, it is only one prototype that is auctioned, with a commitment that
the winner of the first-round auction will get a real product later. Suppose
thereisafixed costS for the prototype. Although the winner is determined in
the first round, the production and shipping of the single product is post-
poned until after the second round. Thus, the winner of the first round and
the winners of the second round will get products and will make complete
payments at the same time.

Stage 3: Bid Analysis and Mass Production

After the first-round auction, the producer gets the data of all the submitted
bids, since this is a sealed-bid auction. If the bids reflect consumer valuations,
as will soon be proved, the producer finds out p = p(x) =V, for the first-
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round bidders. Then from p,(x) = p(x/k) the producer can find out the inverse
demand curve for the second round. Again these are based on the assump-
tions that | is large and the sample consistent with the entire potential buyer
population.

Once the inverse demand curve p(x) is available, the number of products to
be produced in the mass production stage, kx, is determined by

max 7t (x) = max{kx(p(x)-c) —S, -d} )

in which S, is the fixed cost of the mass production, and ¢ is the constant
marginal cost of the mass production. Option -d means that the producer can
cancel the mass production if it results in a negative profit, and a compensa-
tion of d is made to the winner of the first round. In the special case where the
winner of the first round wishes to accept the prototype as a product (i.e. if the
prototype is also a product), d can be a negative number, which means that
the winner of the first round pays a price equal to the second-highest bid in
the first-round auction.

Stage 4. Second-Round SPSB Auction

The second, or profit-maximization, round takes place only if the producer
decides to go to mass production. In that case, the producer puts all the kx
products into the auction and captures the monopoly profit.

Two Important Results of This Framework
Equation (1) can be rewritten as:
max 17 (X) = k*max{x(p(x)-c) - S,/k, -d/k} (1b)

This indicates that the producer’s profit-maximization problem in the sec-
ond-round auction can be simplified by considering only | bidders with valu-
ations as shown in the first-round auction, while multiplying the resulting
profit by k to get the expected profit including all consumers in the second
round. Such a simplification is viable on the assumption that I is large. More-
over, -d/k —> 0 if k is large. Therefore, the compensation to the first-round
auction winner can be ignored if the mass production is canceled. Thus (1b) is
simplified to:

max 77T (x) = k*max{x(p(x)-c) —S,/k, 0} (1c)

Proposition 1. The proposed on-line auction-based radically new product
introductory framework is a full-revelation mechanism.

Proposition 1 indicates that marketing researchers can expect the market
information collected in the first- round auction to be unbiased.

The detailed proof for this proposition is shown in the appendix.

The unbiased, two-stage procedure of Proposition 1 will now be contrasted
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with the faster but riskier alternative of going directly to mass production.
Assume that the producer faces a discount factor 9, 0 < d< 1. Typically 6=1/
(1+R) where R is the per period interest rate. The special case d =1 means that
the values are not discounted between stages. Suppose the producer knows,
from past experience and knowledge, that there are two possible linear de-
mand situations: high demand, characterized by the demand curveq=a-b,p,
and low demand, characterized by q = a-b,p. Here p is the price, g is market
demand, and b,>b, > 0. Lett =b,/b, > 1. Suppose that the producer’s experi-
ence indicates that the probability that demand is highisr, 0 <r <1. Sincek is
large, the first-round auction winner’s impact on the producer’s profit can be
ignored. To avoid boundary solutions and simplify the analysis, it is assumed
that marginal cost, ¢, satisfies ¢ < a/b,. For notational convenience, let d =
rt - o ! sothat 1 >d>1.

bl 2 bl bz

The assumption of two possible linear-demand situations captures the risk
problem in radically new production introduction. The assumption that | is
large allows the producer to use the bids collected in the first-round auction
to distinguish which of the two possible situations is the true situation. There-
fore using this model simplifies econometric issues.

It is also necessary to address the question of whether the two-stage auc-
tion approach improves profits in situations where going directly to market is
profitable on average. First, note that if the true situation is known to be low,
then the producer’s maximum expected profit is ET[ = = (a <, )2 S, ifitis
known to be high, it is ETL' =%, ( & °b L) S, Let ETtVI denote the producer S
maximum expected profit by going dlrectly to mass production, then ETtvI =>
0. Let ET[\‘ denote the producer’s maximum expected profit by employing the
proposed framework.

Proposition 2. If E7f> 0, then the proposed on-line auction-based radi-
cally new product introductory framework increases the producer’s
expected profit if and only if XrEr, +(1-r) Erf) - S, > E7,, or equiva-
lently, if and only if

2 d_ 2
- bdbd-D-aa T sra9s0 @

If ErT"< 0 < Err*, under the proposed framework the producer will cancel
the mass produttion if demand is low, and the proposed on-line auction-
based radically new product introductory framework increases the
producer’s expected profit if and only if 5rE7T S > En or equivalently,
if and only if

1 a- cb) (ad -c)?

&y, (T P =S * (1= 38 >0 3)

The detailed proof of this proposition is shown in the appendix.
Proposition 2 distinguishes two cases. The first case, in which ET[*> 0, im-
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plies that mass production deserves to be carried out in both low- and high-
demand situations, and the advantage of the proposed framework is only the
optirr]ization of the amount of production. The second case, in which ET{< 0
<Em, ", implies that if the demand is low, then under the proposed framework
the producer will cancel the mass production, since the fixed cost of the mass
production is too high. Therefore, the expected profit is increased in the pro-
posed framework not only because of optimal production, but also because of
the decision to cancel the mass production under low demand.

Taking partial derivatives in (2) or (3) gives the following direct implica-
tions of Proposition 2.

Corollary 3. The proposed on-line auction-based radically new product

introductory framework is more attractive, i.e., Ert” - E7T " increases, as
N M

1. The discount factor, , increases
2. The fixed cost of the mass production, S,, increases
3. The marginal cost of the mass production, c, increases

4. The difference between high- and low-demand situations, captured
by the ratio b,/b,, increases

5. The fixed cost for the prototype and the first-round SPSB auction, S,,
decreases

Below are some examples that illustrate the intuition of Corollary 3.

First of all, the discount factor o captures the time value. The faster the
marketing research is done, the less loss of time value in the proposed frame-
work. For markets where technology is undergoing fast development, which
is often the case for radically new products, speeding up marketing research
to capture time value is crucial. Digital cameras are good examples. At the
start of 2000, 1 mega pixel models were popular choices, with prices usually
more than $500. By the end of 2000, they had been pushed off the popular list
by 2-3 mega pixel models. Furthermore, their prices had dropped to less than
$300, which is a 40 percent—plus drop in less than one year [10, 22].

Second, the fixed-cost component is especially high in high-tech industries
where vast investments are needed to build facilities. As an example, recall
that that Intel spent more than $1.5 billion to establish a factory for complex
computer chips on 12-inch silicon wafers. The proposed framework, as stated
in Proposition 2, helps to avoid the mass production investment in low-de-
mand situations.

The third part of Corollary 3 implies that the proposed framework is more
favorable if the product is expensive to produce. Intuitively, companies pro-
ducing digital products do not concern themselves with over producing if the
marginal cost is very low. However, for physical products, overproducing is a
major financial burden.

The next part of Corollary 3 states that when the ratio b,/b, is large, betting
on the high-demand situation can result in a big loss if the truth is a low-
demand situation. AT&T’s videophone is an example. Sheldon Hochheiser,
AT&T’s corporate historian, concluded that the videophone is “the most fa-
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mous failure in the history of the Bell system” [16]. AT&T tried to promote the
videophone twice, in 1970 and 1990, but failed both times. Bell Labs under-
standably thought that the market demand for the videophone would be simi-
lar to that for the telephone; but the market treated videophone and telephone
totally differently.

Finally, the fixed cost for the prototype and the first-round SPSB auction in
the proposed framework is the overhead for marketing research. The auction
cost is lowered by using existing electronic markets. The cost of the prototype
can be reduced by digitizing it, that is, providing consumers with a digital
simulator. For example, to promote a digital mobile phone, it is cheaper to let
consumers try phone-simulation software (e.g., the one available at
www.phone.com) than to build a real device.

Conclusion

The framework presented in this article addresses the issues of accuracy and
timeliness in marketing research for radically new products.

In the case of new product introduction, marketers challenge the effective-
ness of traditional customer-measurement theories by asking whether con-
sumers know what they want. Mahajan and Wind use an analogy to a doctor’s
office [12]. Doctors do not normally expect patients to know what medicine
they need. By diagnosing the patient’s symptoms, the doctor gradually iden-
tifies the illness. New product introduction is exactly the same: Consumers
cannot be expected to have a stable feeling and thus a firm opinion of a radi-
cally new product when they are not sure what the final product will be and
what the experience will be.

Howvever, earlier theories ignored the important question of accuracy. Even if
consumers have access to a prototype, the customer measurement may still be
ineffective, even erroneous, because the consumers may provide biased data.
The term “biased data” here means that from the producer’s perspective, the
data are not consistent with consumers’ later shopping behaviors. The phenom-
enon of biased market information can occur even if consumers know about
the new product, and this fact should dispel the common misunderstanding
that ill-informed or inconsistent consumers are the source of biased data.

The discussion in the preceding sections explains that the void in market-
ing research is a full-revelation problem. It describes how the problem arises
in radically new product introduction, and proposes a two-round auction-
based process as a solution.

Another critical issue in marketing research is timeliness. New products
are riskier than established products. One approach to reducing the risk is to
sample the reaction of a small group of consumers to a prototype before going
to mass production. However, the nature of radically new products requires
that the test period be as short as possible. Thus, as a second contribution, this
article proposes a complete framework for radically new product introduc-
tion that is designed to do effective and speedy marketing research. The frame-
work is enabled by the Internet, electronic markets, and advanced
data-processing technology.
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First, using a prototype allows for the collection of richer market informa-
tion. In the case of digital products (e.g., software, music, e-books), customer
measurement can be done rapidly once an interested on-line shopper clicks
on the product image. Second, the use of an electronic auction market enables
the collection of unbiased price information. Such price information is signifi-
cant because consumers are making real decisions. Third, Internet data collec-
tion is fast. If the product is a digital one, then the test drive can also be done
quickly. For physical products, the data-collection period is speeded up by
the Internet. Moreover, the test drive of a physical product may be done digi-
tally if the prototype is a digital simulation of the physical product. Any one
interested in a digital mobile phone can log onto developer.phone. com/
dev/ts/ and download UP.SDK to try a simulator on the computer screen
that feels and functions exactly the same as a physical digital mobile phone.

Theoretical and empirical research in this area will continue in the future.
This paper only deals with radically new product introduction, but the full-
revelation problem is pervasive in many areas of marketing research when-
ever the incentive of consumers is at odds with the incentive of the marketing
researcher. Future research can explore other domains in marketing research
where constructing a full-revelation mechanism may require more effort and
different approaches than in the case of new product introduction.

The framework presented here will yield more profits for companies pur-
suing radically new product strategies under the conditions of Proposition 2.
Empirical research is expected once comparisons based on industry data are
available.

Other questions remain open to further research as well. As shown above,
auctioning off one or more units of a product will not affect either the full-
revelation mechanism or the producer’s profit if k and | are known. However,
itis intuitively known that by auctioning off more products in the first round,
the producer may attract more potential bidders to participate in the first round,
and thus k and | could be influenced by the decision for the first-round auc-
tion. The relation between the number of products auctioned off in the first
round and the proportion of the potential consumer population that will be
attracted by the first-round auction remains an open question.

There may also be other alternatives to the format of Stage 4, designed here
as an SPSB auction. The reason an SPSB auction was chosen for Stage 4 is that
it stimulates bidders to bid their true valuations. Using backward induction,
it can be proved in Proposition 1 that bidders will also bid their true valua-
tions. For other market mechanism, the proof, if any, will not be that straight-
forward. However, two facts are important here: First, the Revenue Equivalence
Theorem in auction theory [13, p. 889; 25] implies that there are alternative
auction mechanisms first-price, sealed-bid, English, Dutch) that yield the same
profit for the producer as an SPSB auction. Second, if the producer knows the
demand curve, and the consumer population is large enough to be treated as
a continuous variable, putting a monopoly-level quantity of products for sale
in an SPSB auction is equivalent to producing a monopoly-level quantity of
products and selling them in a retail market at the monopoly price, in the
sense that both yield the monopoly profit for the producer. Therefore, a retail
mechanism, as a non-auction mechanism, is a possible alternative in the sec-
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ond round. Further research is necessary to see whether these alternatives
also represent full-revelation mechanisms.

In addition, determining k (the ratio between the size of the whole poten-
tial consumer population and the number of consumers who have come to
the first-round auction) can also be done empirically. More research is needed
to understand how to estimate k more accurately.

And finally, the new product introductory framework presented here is
not used to reduce the financial risk in research and development, which is
endogenous for a radically new product strategy. However, the same
philosophy applies if the R&D process has multiple stages. Market data
collected upon the interim outcome of R&D can be used during the R&D
process.

Appendix

Proof of Proposition 1:

The proof is presented in two parts.

(1) In the Second Round

There are kiI-1 bidders in the second round, with valuations v, v,, ..., v, . Let

V,V,, ...,V,,, denote the ordered statisticsof v, v,, ..., v,  suchthat V, 2V, >

.. 2V, . Suppose that the auctioneer puts x units of the product on auction, 1
<x <kl-2. Then the first x highest bidders will each win a product. Consider
bidder i with valuation v, and bid b,. Suppose all the other bidders are bidding
their true valuations in the second round, that is, b,_  for all j #i. The trivial
case where V_ =V _ is ignored. Assuming that the density function for the
distribution of V___is __(Vv), the density function for the distribution of V_

x+1 gx+1

givenV _ is gxlm(v).
If b,>v, then bidder i’s expected net payoff is

Vi

u)= [} (=)0 )V + [ 1f) = W)G e WG, (V)

du; (b;) b
Thus db. = (v; = bi)gx|x+1(bi )IV gen(V)dv<o
If b,<v, then bidder i’s expected net payoff is
bI
ui(bi) = .IO (Vi _V)gx+1(v)dv

du,(b
Thus=>0 d—b| (Vi =b;)g,..(b;) >0
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Therefore, the optimal bid for bidder i is b,= v,. Thus, in the second round
all the bidders will bid their true valuations.

(2) In the First Round

Consider bidder i with valuation v, and bid b,. Suppose all the other bidders
are bidding their true valuations in the first round, that is, bj =v forall j #i.
Further suppose that if all the bidders are bidding their true valuations, the
producer’s production will be kx” following (1c).

Since the first round is also an SPSB auction (but now with only one prod-
uct), bidder i cannot get any benefit in the first round by deviating from the
true valuation. Concerning the second round, bidder i may benefit from over-
bidding if the producer is induced to produce more than kx units for the sec-
ond-round auction.

Suppose bidder i overbids, and suppose the producer is induced to pro-
duce kx > kx" units of product. There are two situations in which bidder i may
get more benefit compared with telling the truth.

Situation 1. Bidder i is able to win a product by telling the truth, thus | <x.
By overbidding, bidder i wishes to induce more products in the second round
and thus lower the price. HOV\(ever, since V,,,, through V/ is not affected by
bidder i’s overbidding, kx > kx is impossible.

Situation 2. Bidder i is not able to win a product by telling the truth, thus i
> x . By overbidding, bidder i wishes to induce more products in the second
round and thus win a product at a lowered price, that is, x > i. However, the
only chance that the producer may increase the production is if setting the price
at b, is more profitable, since other than b’s increase nothing else is changed. In
this scenario bidder i still cannot win the product, thus x > i is impossible.

Therefore, both of the above situations are impossible.

The best strategy for bidder i is to tell the true valuations in both rounds.
Since | is an arbitrary choice, the proposed on-line auction-based radically
new product introductory framework is a full-revelation mechanism.

Q.E.D.

Proof of Proposition 2:

For convenience we first derive the following results. Suppose the producer
knows the true demand curve.

If the true situation is a high demand, and the producer chooses to produce
g,, products, the profit is:

1
BT, =a,p, (@0,) )5,

a—ch,
2

ch,

2

. a .
Thusq, = ,and ET, b_1 ( )°— S2, where asterisks

denote optimal solutions.
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If the true situation is a low demand, and the producer chooses to produce
d,, products, the profit is:

1

En =q,(—(a-q,) —¢)-S,
1A%,

a—ch, dE*—i a—cb228
g AndER =p (S,

Thusq, =

a/c>b,>b =>q, >q ,and Em, > ETn . Thus, if the producer knows the
true situation, the high-demand situation will result in more production and
more profit.

Now we go back to the question in Proposition 2. Since ET;VI* >0, then ETL*
> 0. If the producer chooses option 1 (i.e., goes directly to mass production)
and chooses to produce g,, products, the expected profit is:

1 1
Em, =rla,, b_1 (a-q,,) -¢) -S,] + (1-n|[aq,, E (a-q,,) —¢) -S,]

r 1-r

a_c oo T lor
2 2d MYNETD b, T

Thus the optimal quantity is qM* =
1

—[r+(@1-r)/1]

b, '

Er, = -S, +adq, —cq,, —dgg

(ad-c)®

ad in which ad —¢ > 0.

= —Sz +
Consider the following three situations:

a c,la, c
—_—_ ) — _+_ -
Wit G506 G 59 "9z,

Then, whether the true market demand is low or high, the producer can
always get non-negative profit by mass production under choice 1.

A producer who chooses option 2, that is, employs the proposed frame-
work, will incur a cost of S, for the prototype and the arrangement for the
first-round auction. From Proposition 1 it is known that the bids in the first
round are not biased and reflect the true market demand. Since | is large, the

producer will find out the true situation from the data,” and can produce ac-
a ¢, 1a

; c 1,a-ch,\2 — *
cordingly. Note that 0 < -GG +59 -0 =S, < b—z( , 2)"-S,= Em , thus by

following choice 2, the producer will go to mass production under both
low demand and high demand.
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Then the producer’s expected profit is:
Em, = 8[rEm, + (1-NET]-S,

=555+ 3 (@0 L Z (1-pd)(bd-1)]
2d ad

Note that 1-b,d =(1 -r)(1 —%) >0, b,d -1 :r% 1) %0,

2 1
ET;\‘* > ET{VI*
c? ad—c)?
<=> 55(1 =b,d)(b,d -1) - (1-9) % -S,+(1-9S,>0 (a.1)
E-5HEE L)~ :
@Y 20 02 2g) T 0SER

Then if the true market demand is low, the producer will get negative prof-
its from mass production under choice 1.

However, if the producer follows choice 2, and then observes a low de-
mand, the producer can change the supply from qM* to qL*, and still get a non-
negative profit from mass production. Therefore, the producer will still go to
mass production under both low and high demand. The criterion is not
changed:

ET;\: > ET;VI*

¢’ ad - ¢)?
<=> 55(1 —b,d)(b,d -1) - (1-5) % -S,+(1-9S,>0 (al)

(3) IfEM < S, <Em,’

If the true market demand is low, not only the producer will get a negative
profit from mass production under choice 1, but it also cannot get a positive
profit b){ shifting the supply from q,, to the optimal supply qL* under choice 2
(i.e., Erp <0). Thus the producer will cancel the mass production if it observes
a low market demand. The expected profit is then:

Em, = &Em, - S,

1 a-ch
2‘51‘5r52+5rb1( 5 )

Em, >Em,
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1 a-ch, , (ad—c)’
) - >

<=> -S4 (1-anS,+ 8 (— 2q O (@.2)

Note that Erj, = &rEm, - S, > J[rEm, + (1-r)Er 1-S, > Er, if (a.1) is true,
thus (a.1) => (a.2). This implies that (a.2) is a stronger condition than (a.1).

Q.E.D.
NOTES

1. There are other behavioral explanations as well. For example, Shiv and
Fedorikhin speculate on the confliction of a human being’s heart and mind in
making decisions [19]. This paper focuses on situations where monetary conse-
guences dominate the decision-making process.

2. The problem of extending information about a sample to a whole population
is heavily studied in econometrics. This paper uses the econometric fact that if an
unbiased sample is large enough, it can represent the whole population with little
error. For simplicity it is assumed that the demand curve obtained from the sample
is the same as the demand curve of the whole population.

3. Strictly speaking it is an x + 1 price sealed-bid auction, since if x products are
being sold, the final price will be the x + 1'th highest bid. This is still an SPSB
auction because it is simply a generalization of the one-product case. Also, if the
consumers in the first round are only a sample of the consumers in the second
round, x should be replaced by kx, where k is the ratio of the numbers of consumers
in the two rounds.

4. Actually x + 1 products need to be produced, because one will be shipped to
the winner of the first round.

5. From now on “consumer” and “bidder” will be used interchangeably, as the
consumer will participate in auctions.

6. The truthful-revelation mechanism still holds if the auctioneer sells more than
one product in the first round. Moreover, selling more products in the first round
may attract greater participation by consumers.

7. There is always a possibility that the producer cannot recognize the true
demand by the | sample points. However if | is large, this possibility is very small.
Without loss of generality, it is assumed to be 0.
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