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Abstract: The Internet provides unprecedented ability for marketersto learn about their
customers and offer custom products at special prices. The technology, marketing and
economics of using the Internet for oneto-one marketing is examined. We find that, under
very general conditions, a seller can make higher profits by adopting a "mixed" strategy of
serving conventional segmentswith standardized productsat a uniformpriceand serving the
direct marketing segment with customized products at differentiated prices. Surprisingly, the
seller can raiseits prices for both standard and customized products as customization and
information collection technologies improve. The seller’s best response to reduction in
technology costsisto increaseits customization effort at the expense of its standard products.

1 Introduction

Orne-to-one marketing turns the norma concepts of marketing on their head. While
the focus of conventiond marketing isto inform the potentiad customers about its product and
help them make a sdection, the focus of one-to-one marketing isfor the vendor to do the
learning ingteed. 1n one-to-one marketing, the vendor may learn about the cusomers desires
and needs, build a persondized product for each customer and sdll it to him at a specid price
[Pine, Peppers & Rogers, 1995]. While thiskind of marketing has been the norm for
businessto-business transactions, the information gathering and processing hurdles have
prevented the extensive use of this goproach in consumer marketing. Till now thet is. The
Internet is beginning to change this caculus.

The Internet and consumer tracking technologies dlow sdllersto build a connection
with specific households and individuas and to send a persondized message or product to a
carefully sdlected audience [Hagd and Rayport 1997, MeKenna 1995]. Such a one-to-one
interactive communication on the Internet facilitates alearning relaionship between the
sdlers and the cusomers, enabling large-scae product design with rich individudized
features. Advanced manufacturing technologies such as flexible manufacturing systems
(FMSs) and computer integrated manufacturing (CIM) permit sellers to customize goods or
sarvice for individud customersin high volume a rdaively low codts.

Toillugrate the vaue of ane-to-one marketing, next consider an example of direct
marketing of customized persond computers by Ddl Computers. Rather than create a few
models of persond computers and market them, Ddll alows the cusomers to interact with
Dell viaitsweb dte, or off-line for larger corporate purchases, to create a unique product.
Dl then builds the persond computer on its specid assembly lines where the product is



dreedy identified with a particular individud order by abar code. At each Setion, the
ubassambly added is dictated by the cusomer’s choice. Thiskind of marketing, which
crucidly depends on the interactivity of the Internet, is changing the marketing of many
consumer products.  Even firms (such as Compag) thet built their reputation on dedler
digtribution, are changing. Levi Strauss directly markets tailored jeans over the Internet by
successfully leveraging consumer preference information.

The impacts of dectronic markets on firm's product and marketing strategies have
been examined empiricaly by Rayport and Sviokla[1994] and Bessen [1993]. Theimpacts
of reduced buyer search cost on price, alocationd efficiency, and different parties incentives
to invest in dectronic markets are examined in Bakos [1997]. Baasubramanian [1998]
andyzes the competition between conventiond retallers and direct marketers. However,
these researchers do not examine the potentia of the Internet as an information-gathering tool
for one to one marketing.

Thefocus of our paper isto sudy the impacts of reduced costs of learning customer
preference on amonopoly seler’s production and pricing policy. The new Internet
technologies and marketing methods raise a number of questions: Who benefits from one-to-
one marketing? Should firms that have the ability to customize dso sl non customized,
mass market items? We anayze these and other Smilar issues using an economics model of
the Internet marketplace.

In the following sections we describe the Internet technol ogies used to learn about
customers, using customer information for marketing, and examine cosdy the srategies and
benefits from product customization. We build on the mode of spatia competition in Sdop
[1979] by adding product customization. We show that when the sdller is a mongpalig,
adopting mass customization and discriminatory pricing dlows it to make higher profits
Under very generd conditions, the seller’s optima srategy is to provide customized products
a differentiated prices while smultaneoudy providing sdected standard products a a
uniform price. As customization and informeation collection technologies advance, the sdler
should expand its sdes of custom products and increase the price of its Sandard products.

2 Customer Tracking Technologies

Through numerous tracking technologies and interactivity, the Internet providesthe
vendor a higtoricaly unpardleed opportunity to learn about the cusomer and market a
custom product. These technologies form the cornerstone for sellers to collect customer
prefererce information on an individud basis. A description of some of these technologies
follows.

1 IPaddressof linking page. When auser clicks on alink on apage, the request for web
resource a the new site includes the IP address of the site on which the page containing
the link ishosted. This provides the marketer with information that he may useto
customize a marketing message. As an example, consider a consumer who clickson a
link to an audio equipment retailer’ s Ste from aweb page of a magazine often reed by
audiophiles. The request sent by the user’ s browser includes the URL of the magazine



site. The retailer may choose to first show pages with high-end audio equipment bundled
with other accessories purchased by audiophiles.

2 Logpage. Mog servers maintain alog page. It contains awedlth of information that can
be used on ared time basis to customize the offerings. Servers such as Microsoft' s 1S
dlow the log to be in rdaiond database dlowing essy datamining. Thelog containsa
history of vidits, pages viewed, time between resource requests, etc., dong with the IP
address of the requestor.

3 Us regidration and authenticated access: Many Sitesrequire the user tolog in and
provide information such as demogrgphics  Even if the Site does not reguire regigtration,
the billing or shipping address identifies the specific areain which the user resides and
many marketing companies sell databases that alow a marketer to glean aggregate
datistics about the consumer.

4. Cookies. Persgtent cookies are small amounts of text, afew tens of bytesin each
ingtance, that are stored on the browser’ s hard disk by a server. The next time the user
requests the same URL or vidits the same site, the cookie placed by the server is sent to
back toit. A server cannot get acookie that itself does not place. Furthermore, the
information contained in the cookie is an encapsulation, possibly just a database key or
identifier that may be encrypted, of the user’ s interaction with that specific server.

Cookies may be used in anumber of different ways autometic log in upon visting aste,
shopping carts, customer identification for customization, etc. Amazon, CDNow, and
Barnes & Noble are just afew examples of companies that use cookies for customization.

5 Cdllaborative Filtering: Some vendors combine user identification with a clever form of
data mining to customize the gppearance of aweb page or offer the customer products to
purchase. A common format employed by Amazon and Barnes & Noble (using Firefly
Technology) is to use the purchase history of a customer and othersto extrgpolate whet a
particular customer might like to purchase. The customer’s purchase history is compared
to find others that have bought smilar books. The books that many such other smilar
customers have bought but have not been purchased by the customer in question become
the recommendetion for this customer.

Marketing professionals commonly refer to the many decisonsthat go into marketing
aproduct as themarketin g mix. The marketing mix includes product design, price,
promation, and digtribution. Information about the customer can be usad to offer custom
products (Ddll), specid ded on prices (book purchases by affinity groups such asthe Linux
group), promation (banner advertising depends on search term on Y ahoo) and distribution
(direct Internet sdes channd). In this paper we focus on the new product customization and
differentiated pricing strategies enabled by the Inter net and customer tracking technologies
We next modd an dectronic marketplace and examine the vaue of customization in this
SHting.

3 Using Customer Information for Product Customization



Asin Sdop [1979)], the basic setting is ill acircular market of unit circumference. A
sdller adbpting customization is represented by an arc dong the circle (see Figure 1) that
represents a continuous spectrum of customized products fitting al buyerswhose ided tastes
liewithin that spectrum. In Figure 1, thearc [L,R] isthe sdler’ s customized product
spectrum and dso its direct marketing segment. From here on we will use the phrases "direct
marketing segment” and "customized product spectrum”* interchangeebly. The two end
points (L and R) of the spectrum represent the sdler's product offeringsin the conventiond
ssgments [A,L] and [R,B], i.e. those buyers not covered by the spectrum. For smplicity, we
assume that buyers have complete product information and that no buyer search occurs.

Buyers with heterogeneous tastes are uniformly distributed along the circle with
dendity one. Each buyer has a unitary demand subject to reservetion price r . The fit cost of
buyersis t per unit disance dong the circle. Ignore sdlers fixed costs. Assume t ?r to
ease analyds. Assume production of standard products demonstrates condtant returns to scale
and normdize margina production cost to zero for convenience of expodtion.

Customization entails an extra cost which depends on the scope of customized products.
Assume exigting technology alows a sdler to provide a customized product spectrum of
length x at cost ax® ? bx, where a,b?0. Here a isthe margind customization cost of
product scope and b isthe margind cogt of collecting buyer information. Wecdl x the
sdler’s customization scope

Customization scope meesures the sdller’ s manufacturing flexibility (afirm providing
agtandard product has zero manufacturing flexibility). Hexibility in manufacturing means
the ability to reconfigure manufacturing resources so as to produce different products
efficiently [Sethi and Sethi 1990]. An obvious measure for production flexibility isthe
volume of the set of products the system is capable of producing [Chetterjee et . 1984].
Here volume can be expressed by the number of different product typesin the set [Browne et
d. 1984, and Gerwin 1987], if they can be counted, and if nat, by the range of Szes, shapes,
etc. [Proth 1982]. Theintroduction of flexibility into amanufacturing system requires high
initid investments [Gupta and Goyd 1989]. For example, anumericaly controlled turning
center costs $300,000 to $400,000 while an FMSingdlation can baloon to $25 million
[Bobrowski and Mabert 1988]. The quadratic cost term (ax* ) in the customization cost
function reflects the diseconomies of scope in manufacturing investment; customization
becomes increasingly difficult and costly as customization scope increeses.

The technologies for information collection and data mining discussed in the previous
section have congiant returns within a very large range of number of buyers consdered. For
example, the cost for Dell to process each additiona custom order should not vary much.
The linear term (bx ) captures the constant margina cost of collecting buyer information.

We assume that the sdler can only price discriminate to the second degree, i.e., the
sdler decide on the offerings and prices and each customer picks his surplus maximizing
product. Consequently, asdller providing a standard product charges asingle price, and a
sler adopting customization ssts adistinct price for each product variety he produces.

We congider three cases next:
?? Pure gandardization: only a single standard product;



?? Pure customization: only cusomized products, and
?? Mixed Srategy: the sdller may offer both customized and non-customized products
smultaneoudy.

3.1 Pure Strategies: Only Standard or Only Customized Products

The case of providing asingle sandard product has been well studied in the literature
2

[Sdop 1979 and Tirole 1988]. The monopoaly priceis % and profitis ;—t . We next examine

asdler’ s profit under pure customization. If the sdler serves only the direct marketing
segment with customized products, he can price as high as buyer reservation utility r. The
sdler hasto choose the customized product pectrum length X to maximize his profit:

Max rx?ax??bx, 0?x?1.
X

7
We find that the optima length of the customized product spectrum is r2_b and that the
a

) 2
sller sprofitis 20"
4a

3.2 Mixed Strategy: Both Customized and Standard Products

As described in Figure 2, we assume that the circular market is not fully covered and
that buyer reservetion pric eis sufficiently high to exceed the sdler’ s highest pricein the
direct marketing segment. The other cases are examined in Dewan, Jing and Seidmann
[1999].

The sdler'stotd profit is composed of two parts: the profit from the conventiona
segments, ? ., and the profit from the direct marketing segment, ?,. The seller can not price

discriminate in the conventional market segments and chargesa single price p for products

L and R (see Figure1). Thelength d of conventiona segment [A,L] or [R,B], is determined
by the location of the buyer who isindifferent between buying and not buying. We have

d,?r?p

gncer ? p?td ? 0. Thesdler's prafit from the conventional ssgmentsis

?C?zprip.

In the direct marketing segment of the eectronic market, the sdler can observe each
buyer's preference location and therefore can provide tailored products and then price
discriminate. To extract maximum surplus from buyersin the direct marketing segment, the
Hler gpplies such apricing scheme: charging the sum of the conventiond market price and
the buyer fit cost of purchasing the closest conventional market product (either L or R,
depending on the buyer'slocation). In other words, for abuyer located in the direct



?
marketing segment & distance y (y ? r t p)aNayfromthedosestmdpoint, the price

chargedis p ?ty. Thisisthe highest price the sdler can charge to prevent buyer y from

switching to the conventiona market product. Under this pricing scheme, buyersin
conventional segments [A,L] and [R,B] will choose products L and R respectively. This
pricing scheme diminates arbitrage opportunities among buyers. Figure 2 showsthe sdler’s
market segmentation and pricing scheme. The sdler’s profit from the direct marketing
segment is

?, 72’05(p’?ty)dy? ax® ? bx.

Thefirg termin this formulation is the profit from the direct marketing segment. The
remaining terms are the extra cost of providing a customization scope of length X.

The sdller has to choose conventiona market price p and product spectrum length x
to maximize his total profit'

Max 2p—° 2’>l(|o’>ty)dy”<":t><2 ? bx.

Solving this problem gjves optimal conventiondl market price p* ? %
a

2
2r? 4b . Theseller'stotd pfOfI'[IS—'?(r 2b)

ima product rum length x™ ? ~ -7
Optimel procuict specrum fengt 8a? 3t 2t 2(8a?3)

nonzero product spectrum length requires b 2L 5 . Whenb? L and a? —(r ?b), the

?
highest price in the direct merketing segmert, 4?—;);“ Jislessthan r (seeFigure 2).
a s

When b?% and a?%(r 2b), wehave a ?% and the seller prefers the mixed

2
Srategy to pure standardization since his profit under the mixed srategy, — o (r?2b) ,
2t 2(8a? 3t)

2
exceeds r2_t , the profit of providing one standard product.

r 3t . . (r?b)* .
When b ? 2 and a?;(r ?b) , Sler profit under pure customization, et is
a
2

even |less than the profit under pure standardization, % . Therefore the mixed Strategy

dominates both pure srategies of Sandardization and customization when the margina
customization cogt is rddively high compared with fit cost and margina information

adlection cost (a ? %(r ?b) ) and when margina information collection cost is sufficiently
r



low (b ? %). When a ? %(1? 5y and b7 %,Wehavea?% and pure customization
r

(r?by jr2 r2, (r?2)?

dominates pure standardization and the mixed srategy ( : : -~
2t 2t 2(8a?3)

)-

When a ? %(1? E)2 and b? % , pure standardiization dominates pure customizetion and the
r
mixed srategy. Thisresult isformaly stated asfollows.

Proposition 1. A) When a? %(r ?b) andb? % , the seller will adopt a"mixed" strategy of
r

providing both standard and customized products. The seller pricediscriminatesin thedirect
2r?4b : .

, and charges a uniform price of
8a? 3t

? ? 2
Lo Ur?2p) in the two conventional segments of length (a2 2)r 2bt each. Theseller's
2 2(8a?3t) (8a? 30t
r_2 5 (r ? 2b)? ;

2(8a?3t)

mar keting segment (customization scope) of length

total profitis

B) When a ? %(1’?9)2 and b? % the seller will produce a single standard
r

2
product, charging a price of % and earning a profit of r2_t;

C) When a ? %(1’?9)2 and b? % the seller will produce only custom zed
r

r?

products and choose a customization scope of 25 setting price at buyer reservation utility
a

)

?
r and earning a profit of %
a

When b ? % ada? %(r ?b) , the highest pricein the direct marketing segmert,
r

4ar ? 3ot

8a? 3t
Intuitively, Proposition 1 says that when margina customization cogt is rdatively high but
margind information cogt is sufficiently low, providing both customized and andard
productsisthe optima strategy. When both margind customization and information costs
arerdatively high, the sdller’ s best choiceisto provide a standard product. When
informetion codt isrelatively high but margind customization cogt is sufficiently low, the
sler will choose provide only customized products. Propostion 1A) invdidates the
common conjecture that customized products will completdly drive out standard productsin
electronic markets.

, Islarger then r , violaing our basic assumption in the beginning of section 3.2,



We next andyze the managerid implications of the sdler’ s optima product and
pricing strategy basad on Proposition 1A). Under pure standardization, there is a sgnificant
deadweight loss due to buyer fit cost. This deadweight lossis relieved under the “mixed”
Srategy snce asmdler conventiona market is served because of ahigher conventiond
market price. In contrast, a pure customization strategy eiminates the deadweight loss of
buyer fit cost and dlowsthe seller to extract full buyer surplusin the direct marketing
segment, but entails extra costs and leads to insufficient market coverage, introducing new
sources of inefficiency. The“mixed” strategy inheritsthe virtues of both pure
standardization and pure customization and compromises their drawbacks.

Sdler profitisadecreasing functionin a and b. Astechnologiesadvance, a and b
will decrease and sdller profit will increase (see Figure 3). The seller will respond to
technological advances by both raising conventional market price and expanding
customization scope Raising the conventiond market price entaillsasdes and profit lossin
the conventiona segments, but the sdller can charge a correspondingly higher pricein the
direct marketing segment. In fact, the sdler will deliberately serve smdler conventiona
segments and a larger direct marketing segment. Consstent with intuition, the focus of the
sler's“mixed” srategy will shift towards more customization as technologies improve.

In Figure 4, we see that the sdller's profit first decreases and then increases as fit cost

t increases. Thereasonisasfollows. Ast decreases, product prices will decrease, the
conventiona segmentswill expand and the direct marketing segment will contract. When t
isdoseto r , the Hler's prafit gain in the conventiona segments dominates the profit lossin
the direct marketing segment. As t increases, prices will rise and the sdller will cover
smaller conventiona segments and alarger direct marketing segment. When t isdoseto

4ar
3(r ?b)
conventional ssgments. The intuition is thet, when fit cost is smdl, the sdller will exploit the
conventiond segments more than the direct marketing segment, and vice versawhen fit cost

islarge. The sdler's conventiond market priceis higher than %,themonopoly price of

, the sdller's profit gain in the direct marketing segment exceeds his profit lossin the

providing one standard product.

Theratio of the directmarketing segment szeto the tota size of the conventiond
ﬂ. When a?i(r ?byandb? L,Weobtainawupperbound
dar ? 2tr ? bt ar 2

onthisratio: v ? 1. The seller serves customized productsto less than half of histotal
market. Thisratioincreasesasa and b decrease. Astechnologies advance, the seller will
provide customized products to an increesing fraction of its market.

segmentsis v ?

r?2b ..
,will increeseasa or b
8a?3t

decreases. The net effect of adopting mass customization and price discrimingtion is higher
market power and profit for the monopoly sler.

The sdler'stotd market size, as measured by { ?



As technologies advance, exigting buyersin both conventiond and direct marketing
segments are worse off snce priceswill al increase, but the buyers originaly priced out of
the market will gradudly join the conventiond segments. It is not obvious how aggregate
buyer surpluschangeswith a and b. Thetotad buyer surplusis

u’>2(r’)p) p ’?2’72(r’)p ?ty)dy

? ;2[325&2 224ar’t72 3(220% 2 2o 21 )t7.
(8a? )t
7
5 - 24(r 2b)* t, 50 and 6(r 2b)t "
’?a (8a?3t)® ?b (8a?3t)?
Therefore total buyer surpluswill decrease when a or b decreases and buyers, asa group,
will be wor se off when customization and information collection technol ogies advance.

When a’?—(r ?b) and b’?E we have

The =ller benefits from differentiated pricing in the direct marketing segment. The
advantage of pricing flexibility in eectronic markets can be seen directly from Figure 2.
Whatever the conventiona market priceis, the triangle areain the direct marketing segment
represents the extra surplus that the seller can extract from those buyers. To quantify the
advantage of price discrimination in éectronic markets, we next compare with the Situation
in which the sdler does not price differentiate among buyers The sdller charges asingle
price p on al market ssgments and chooses customization scope X to maximize his profit:

Max 2p p'>px’>ax2’?bx

p,X
4ar ? bt
8a?t

29 ?
X 2 M . Thesdler soptima profitis 2 2 222 20U ?b)
8a? Ba?t)t

2 2 2 2,2 2
of price discrimination is 22 2 L (r ? 2b) 5 dar® ? 2bt(r ? b) 5 tr° ? 4t°b(r ? b)
2t 2(8a?3t) (8a?t)t (8a?X)(Ba?t)

Solving this problem we obtain the optimd price p* ? and cugtomization scope

. The profit premium

t%r? 2 4t° (r'> )
2 22 5
(822 3t)(8a ?t)t

2
Whena? ? orb? %,Weobta'n p ? % X ? 0ad? ? ;—t Therefore

Providing one standard product [ Salop 1979] is a limiting case of our model when
customization cost is prohibitively high or when information collection cost approachesits

o T
upper limit, —.
2

For the slers to adopt mass customization, margind information collection cogt b
must be sufficiently low (b ? % ). Thelate 1970s and early 1980s dreedy witnessed



significant progress in customization technologies such as FMSsand CIM. However mass
customization had been primarily applied to industry goods but never became amgjor
production practice for consumer products. One key barrier was the cost of collecting
preference information from individua buyers, which had been too high for mass
customization to be more profitable than mass production of standardized products. Aswe
have seen, reduced cogts of learning and customizetion provide sdllers with new marketing
opportunitiesin eectronic markets. Even though collecting buyer information and mass
cugtomization entall higher cogts than traditional mass production of a sardard product,
persondized targeting and price discrimination enabled by dectronic markets may ill dlow
slersto make higher profits. Therefore the sdller has the incentive to adopt direct marketing

and mass customization by leveraging informeation technologies to his best advantage.

4 Conclusion and Future Extensions

Asasuperior communications channd, the Internet has the unparaleed cgpability to
enable realtime information exchange between buyers and sdllers, facilitating anew learning
relationship between these two communities. Coupled with maturing flexible manufacturing
technology, consumer preference information obtained viathe Internet is ushering sdlersinto
anew one-to-one marketing paradigm of mass customization and price discrimination. Itis
true that the reduced buyer search cost shifts market power to buyers, but the reduced sdller
learning cost may aso shift the market power back to the sellers. Aswe have shown, aseller
adopting customization can charge more for the persordlized product festures, snce removal
of fit cost increases buyer’ s resdud willingness to pay.

We identify the conditions under which asdler will bendfit from explaiting such
direct marketing advantages as readily available buyer preferences, finer market
segmentation, and pricing flexibility endowed by the Internet. In particular, wefind thet the
sdler will adopt a“mixed” srategy of providing both customized and standard products
when the margind customization cogt is relatively high and themargind information
collection cogt is sufficiently low. It is counterintuitive thet the seller adopting customization
should operate as a“quas direct marketer” and o provide standard products at the edges of
his customization scope.

However, the advantage of customization can not be fully exploited without price
discrimination. We devise an optimal piece-wise linear pricing scheme reflecting second
degree price discrimination, under which the seller can regp the maximum benefit from
customization. Compared with asdler providing a standard product, the seller adopting
cugtomization will price higher and cover alarger market. This result supports the popular
belief in the press that mass customization dlows the sdller to sdl more and charge nore.
When customization and information collection technologies advance, the sdler should
expand his customization scope and raise his standard product price. The sdler’s market
coverage and profit grow while total buyer surplus suffers.

One immediate extension to our current work isto study sdllers' product and pricing

drategies in a competitive market usng asmilar modding framework. Ancther potentialy
fruitful extenson isto relax an implicit assumption in this paper that customization generates

10



perfect product fit. Customization-based product competition then becomes verticd, and
sdllers compete on the degree of product fit.

5 Appendix: Table of Notation

a: coefficient of diseconomies of scope in manufacturing

b : information collection cost per customer;

d: the size of each conventiona segmernt;

p : conventional market price;

r - buyer reservation utility;

t : fit codt rate;

u: tota buyer surplus,

v: theratio of the direct marketing segment sSize to the totd conventiona market sze;
x : thelength of customized product spectrum or direct marketing segment;

y - the distance between a buyer and the conventiona market product closer to him;
7c: Hler profit from the conventional sagments;

24 ; sdler profit from the direct marketing segment;

2 : tota sdler profit.

A the boundary of the left conventional segment;

B: the boundary of the right conventiona segmert;

L : the standard product for the left conventiond segment, dso the left end point d the
customized product spectrum;

R : the gandard product for the right conventiona segment, dso the right end point of the
customized product spectrum;
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Direct Marketing

Figure 1. A Sdler’s Market Segments and Customization Scope.

L and R are the two end points of the customized product
spectrum. Buyersin the left and right conventiona segments will

choose L and R respectively.

Reservation Price
Highest Price

Conventiond
Market Price

Left Direct Right

Figure 2. Market ssgmentation and pricing in the
mixed strategy
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Figure 3. Monopoly profit as afunction of information gethering cost.

Profit
2 2
A ool s (r ? 2b)
2t 2(8a? 3t)
0 r dar d t

3(r ?b)

Fgure 4. Monopoly profit as a function of fit cost
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