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This dissertation has three parts that study the impactfofrmation technology
on competition and vertical relationships from differeatgpectives.

The first part focuses on an electronic market where prodiotmation
is important for consumers to identify their ideal produstiahe Internet greatly
reduces consumers’ search cost. The model studies howeedearch cost influ-
ences social welfare and retailers’ incentive to providedpct information. It is
found that if technology reduces consumers’ search costdmate products and
compare prices, sellers who invest in providing valuabfermation may not be

able to recover their investments. Therefore, by lowergltess’ incentive to pro-
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vide product information, reduced search cost may nedgiivgact social welfare
as consumers have to search more to identify their idealystodlrhe study also
shows that sellers need to develop the capability of, angtagipn for, information
provision in order to make profits, even though some conssimed sellers may
free ride.

The second part extends the first model. In the second mb@emanufac-
turer decides whether to distribute products through teetednic or the physical
channel, or through both the channels. In the model, difterbannels have differ-
ent search costs for consumers, different abilities torgffeduct information, and
different reach to consumers. The model suggests that thefacurer uses both
the channels when product information is very valuable amdiyct information
is largely about digital attributes, or when the producbinfation is not valuable.
The model also suggests that when the manufacturer chamsed through both
the channels the manufacturer need not sell through thewatisknown electronic
retailer. This part also discusses the case where the nwuardas vertically inte-
grated. That is, the manufacturer itself operates in oneethannels.

The third part continues the second part and focuses on firerical in-
tegration (VI) strategy. It examines firms included in 19987 InformationWeek
500 and COMPUSTAT database to study the impact of competitvéronment
on how IT affects the level of vertical integration. It is fadithat the competitive
environment moderates the impact of IT on vertical intagrat in more dynamic
environments IT is associated with a decrease in VI, and irerstable environ-

ments IT is associated with an increase in VI.
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Chapter 1

Implications of Reduced Search Cost

and Free Riding in E-Commerce

1.1 Introduction

It is argued that electronic markets are frictionless amedefore more efficient than
physical markets. In fact price comparison engines (ahoplsots) may eliminate
all search costs. For instance, if a consumer wants to psech®ook on the Inter-
net, she can visit pricescan.com and receive real-time mformation from more
than 20 book sellers. The consumer can then jump directlpécseller's website to
make the final purchase. However, an important function ob&kat is to provide
information services for consumers to assess their setiigfafrom consuming the
product as well as information about how to use the produet giurchasing it.
This information is costly to provide. If some firms providestinformation but do

not make any sales because of the presence of price compangmes/shopbots,
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it reduces their incentive to provide this information.

The free riding problem was first examined by Telser [102].argued that
retail competition might dissuade retailers from offerprgsale services. Retailers
providing presale information, incur additional costssréfore they must charge
a higher price compared to those who do not provide thesécesrvA consumer
may be convinced to purchase the product by the servicesdaeehby the retailer.
However, the consumer may buy the product from anotherleetaho charges a
lower price. In this way, retailers who do not provide thevgar free ride on those
who provide the service.

Many researchers have studied instances of free ridingl&iand Williams
[96] found that free riding consumers take advantage obpaleson’s expertise and
time, but have no intention of buying from the store. Theyenibiat free riding
increases the price disparity between free riding and neafiding retailers, and
drives consumers not currently free riding to free ride mfilture. Free riding also
leads to less information and services provided for conssinaad therefore leads
to less demand for the product [78]. In spite of the freergdproblem, in physi-
cal markets full-service sellers still exist as high seamas$t deters consumers from
free riding. However, in electronic markets, the distanegveen any two stores is
just a click away. If the reduced search costs enable consumeasily find lower
prices, it is not clear if any seller would provide free infation service.

In the model presented in this chapter, we examine a marketenhforma-
tion service is valuable to consumers, and retailers coeripetell a set of horizon-

tally differentiated products. In particular, we examihe incentives of sellers to



provide free information service when consumers’ searatscare reduced. The
paper is related to the literature in economics and in in&dgrom systems. First,
in the search cost literature [107, 90, 100] consumers Bdardower prices for
commodity products. In this literature consumers don’tchagy information ser-
vice; they simply search for lower prices. This literaturerefore sidesteps the free
riding problem. In this paper consumers have to first seanchrid receive product
information before purchasing the product.

Second, Alba et al. [2] and Bakos [9] make the point that ebattrmarkets
not only lower search cost for price information but alsoéowearch cost for prod-
uct information. Electronic markets enable consumers silyeaompare products
sold by competing vendors. Therefore, by providing prodaofdrmation, sellers
can differentiate themselves and decrease consumers’ ggitsitivity. This point
is also made by Lal [66], Lynch and Ariely [59], and Zettelmey115]. In these
models sellers sell heterogeneous products, therefoxéca@roviders do not need
to worry about the free riding problem. In the model preseémehis chapter, sell-
ers sell homogeneous product, so product information isptoe extent, a public
good.

Third, the literature suggests that lower search costsldmake electronic
markets more efficient than comparable physical marketsthedmnarket price
should go down to the competitive price [16]. However, in kess where con-
sumers need information service before their purchasegitpected that competi-
tive price would eliminate the sellers’ incentive to prawishformation service and

may prevent the likelihood of trade, thereby reducing dacédfare.



It is found that as long as a certain proportion of consumave fa positive
search cost, some sellers do provide free information senéven in the presence
of free riding, sellers are better off incurring the costpaviding free information
service and having the reputation as sellers who providanmdtion service, as
against sellers who always free ride. It is also found thahasompetition in the
market increases, fewer sellers provide free informatermise.

In this market a decrease in search cost has a direct andiegcirichpact on
the social welfare. The directimpact is that a decreasearcbeost increases social
welfare by decreasing the cost of each search. The indirgszct is that it reduces
social welfare by reducing sellers’ incentives to provia®rmation service, which
in turn increases the amount of search required by consunigre net impact
of reduced search cost on social welfare depends on whiehtesf stronger. This
suggests that if free riding is also considered, a decr@esgsirch cost may increase
or decrease social welfare.

The rest of the chapter is organized as follows. The modeitarakssump-
tions are described in section 2. The equilibrium is presgnt section 3 and sec-
tion 4 examines the impact of different parameters on thdibum. We conclude

in section 5 with a discussion of the main results.



1.2 The Model

There is a continuuiof risk neutral sellers, with mas A retailer sells different
categories or class&sf products. In this model sellers are electronic retaiens
compete by sellingN (N > 2) horizontally differentiated products for a product
category. The paper examines the case of a specific prodegiocg. Sellers are of
two types. A proportiom (0 < a < 1) of the sellers, called type-1 sellers, have the
reputation for and the capability to provide free pre-safermation service. The
rest of the sellers, called type-2 sellers, do not provide@iormation service. The
main difference between the two types of sellers is that-tiygellers can choose
whether to provide information service for a specific prddiategory, while type-
2 sellers do not have the ability to provide any informatiernvie®. It is assumed
that the sellers’ ability to provide information serviceinslependent of the model
i.e.,a is exogenous.

The objective of providing the information service for a Gifie category is
to help consumers identify their ideal product and to prewidormation about how

to use and maintain the prodfictit may be noted that information service serves

1This implies that the number of sellers is very large and camdgarded as infinite. This
assumption is widely used in the search cost literature J7:390].

2A book retailer sells books and books on Game Theory may bsidered a product category.
Similarly, an Electronic Goods’ store sells consumer digsband Projection TVs may be consid-
ered as a product category.

3Type-2 sellers can't provide information service, as sslteeed to first incur a significant sunk
cost to build the infrastructure for providing informatisarvice. For example, providing informa-
tion service requires a significant investment in technigkdgcapabilities and domain expertise that
may be beyond the type-2 sellers capacity. It is also an émgloeality of electronic markets that
there exist sellers who never provide information service.

41t is assumed that the information service is objective. Tesumers may also believe that
the retailers provide an unbiased description of the prisland they are more likely to trust the
information service provided by the retailers comparechtinformation service provided by the



more than one purpose. First, it helps consumers in idémgjfthe product that
fits them best. Second, information service is useful to gomess as it provides
information about how to use and maintain a product. Theegfihe information
service for a specific category helps consumers receive ghamm utility from
consuming their ideal product. Every consumer who visitgpetl store can ac-
cess the information service, if the type-1 seller provithdsrmation service for
that category, regardless of whether she purchases atohat All sellers procure
products at constant marginal cost, which is normalizee@to without loss of gen-
erality. However, type-1 sellers incur a cost\of> 0, if they provide information
service for a specific product category. This cost is inddpahof the number of
consumers who visit the electronic store to access thenrdton service.

There is a continuum of risk neutral unit demand consumetis massB.
A consumer in the model is interested in the specific prodatdgory under con-
sideration. However, each consumer has one ideal prodactXiout ofN in that
product category) that maximizes her utility and she deravetility of R > 0 from
consuming this product. However, if a consumers purchageeduct at random,

she receives an expected utility of> 0 wherer < R. Itis assumed that each

product matche8/N consumers and that each consumer needs the information

service to identify her ideal product.
It is also assumed that there are two types of consumers. popion f
(0 < B < 1) of the consumers have zero search cost. These consunjeys en

the process of visiting stores and evaluating differendpots. Hence they are

manufacturers.



referred to as shoppers [100]. The remaining consumers agasitive search
costK (K > 0). These consumers are referred to as non-shoppers. oreref
the impact of electronic markets on consumers’ search castde interpreted as
decreasingK. As is common in this literature, it is also assumed that oores's
have perfect recall i.e., they can return to any seller threyehpreviously visited
without any additional cost. Itis also assumed that K, i.e., the product category

is important to consumers so that they will always make alpmase.

1.3 Market Equilibrium

Each seller takes as given the consumers’ equilibrium behand the strategy of
the different types of sellers, and chooses its strategyaximize expected profits.
For a specific product category, sellers choose their indtion service and pricing
strategy. First, the type-1 sellers determine whetherawige information service
for that product category. If a type-1 seller provides infation service for a spe-
cific product category, it is refereed to as type-1a sellettfat product category. If
a type-1 seller does not provide information service forec#fr product category,
it is referred to as a type-1b seller for that product catggdiherefore for each
product category, there are three types of sellers, typéyfpa-1b, and type-2. Of
course as stated above, type-2 sellers do not provide iattwmservice for any
product category. It is to be noted that for a given produtggary, all the sellers
sell all theN products.
We focus on the symmetric equilibrium (as in Varian [107] &tdhl [100]),

where type-1 sellers choose to provide information serfocea specific product
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category with the same probability and sellers set pricesraing to the price dis-
tribution function of their type. Le# be the probability that a type-1 seller provides
information service for the product category under consitien, andfgy(-), Fg(-),
hg(lg) (g € {1a, 1Db, 2) denote the density, cumulative distribution, and the aggh
(lowest) price charged by typgsellers for this product category. Given that all the
products in the category have the same expected demandsgusned that a type-1
seller charges the same price for all the products in thegoage It is clear that
there is no pure strategy equilibrium where all type-1 self@ovide information
service for a specific product categbry

Consumers need the information service to identify theialigeoduct. The
value of information of information service is the diffegenin utility from buy-
ing their ideal product after receiving the informationsee, R, and the utility of
buying a product at random, Consumers know who has the ability to provide in-
formation service i.e., they know who is a type-1 seller am s a type-2 sellér
However, consumers do not know if a type-1 seller providé&simation service for
their category of interest, unless they visit the type-leselTherefore, a consumer
will search for information service, if the value of the infieation serviceR —r,

is greater than the expected cost of finding the informateywice. However, if the

SThis assumption is stronger than necessary. The resulisasdbng as the difference between
the utility from consuming the ideal product and a non-idgalduct is greater than the search cost
K. The assumption of equal prices is just used to simplify #position.

61f all type-1 sellers provide information service for a sifieproduct category, then each type-1
seller has an incentive to not provide information servimetfiat product category and to charge a
slightly reduced price.

"For example, consumers know that Amazon.com and Barneshledoom provide information
service. Therefore consumers visit one or more of suchstoraentify their ideal product in the
product category of interest. On the other hand, consunrersuaie that some on-line stores never
provide information service for any product.



value of the information service is lower than the expectest of finding the infor-
mation service, a consumer may not search for informatiovicees and may buy

a product at random. In this paper we focus on the case whereatbe of infor-
mation serviceR — r, is greater than the expected cost of finding the information
service so that consumers search for information serviagerlthe case where the
cost of finding the information service is greater than itsigas briefly discussed.

If the value of information serviceR — r, is greater than its expected cost,
consumers will search for information service to identigit ideal product. After
having identified their ideal product a consumer may seancloiver price amongst
type-2 sellers. In other words, a consumer’s search syragsedivided into two
stages. In stage-1, if she decides to search for informagovice, she will search
amongst type-1 sellers for information service. In eaclhit ¥ts a type-1 seller,
she will learn the prices charged for tie products in that category, and assess
the information service, if the seller provides informatgervice for that category.
In stage-2, she will search for lower price. Since she kndvas, ton average, a
type-2 seller charges a lower price (as some type-1 sellets ia cost to provide
information service), in stage-2 she will only search amiypg-2 sellers. As stated
earlier shoppers have zero search cost and non-shoppers pasitive search cost
K, whereK is the cost of visiting an electronic store for a specific pidcategory,
and learning the prices charged. For each visit in stageelnon-shoppers incur
an additional cost to check if the seller provides informatservice. If this seller
provides information service, the non-shoppers incur aitiatal cost to read this

information. It is assumed that compareddothe cost of checking for and reading



the information is ignorabl®,

A shopper has zero search cost. Therefore, in stage-2 aasheappsearch
the whole market to find the lowest price. On the other handprashopper’s
decision to search in stage-2 is contingent upon whethezxpected gain from an
additional search outweighs her search d¢stThat is if g is the lowest price a

non-shopper has observed in stage-1 qsdtisfies:

q q
/ - p)fz(p)dIO:/ F2(p)dp < K (1.1)
0 0

she will stop and purchase at the type-1 seller charginQtherwise, she will visit

type-2 sellers until she finds a seller whose prcsatisfies equation (1.1).

Proposition 1.1 Let Exg(-) (9 € {1a, 1b, 3) be the expected profits of a type-g
seller from a specific product category. In equilibrium,

(@) Exg(p) < =g for every price p, and kEq(p) = =4 for every price p in the
support of K(-).

(b) Tl = Tqp-

For a specific product category a type-1 seller chooses tadaanforma-
tion service with probabilityy, and each typer seller sets a price according to
Fg(p). In equilibrium, all the sellers of one type have the sameeetqul profits.
Moreover, type-1la and type-1b sellers also have the sanec®gprofits, other-

wise ¢ is not the equilibrium probability. For example,4f;, < zj,, a type-la

8The cost of checking for and reading the information is igainere for simplicity. The results
in this paper are not influenced by the cost of checking forraading the information in stage-1.
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seller would be better off if it were to stop providing infoation service for that
specific category.

In the equilibrium, each type-1 seller charges a price thasfees equation
(1.1). Otherwise, no consumer will purchase from that sefs long as equation
(1.1) holds, no non-shopper has an incentive to search ge-<ta Therefore, con-
sumers’ equilibrium search behavior is; (a) a non-sho@selong as equation (1.1)
is satisfied, always stops her search in stage-1 afterngséitype-1a seller, and
purchases her ideal product from the type-1 seller chathi@¢pwest price that she
has seen in her search sequence, (b) a shopper, after ydentier ideal product
in stage-1 will search the whole market in stage-2 and pseher ideal product
from a type-2 seller charging the lowest price for that piduTherefore, as in
Stahl [100], in equilibrium, type-2 sellers are only ablestll to shoppers at the
competitive price p = 0) andF»(p) degenerates to a poinp(= 0). Note that
when entering the market the type-2 sellers aim to make gyoaltive profits, but
competition forces them to charge the competitive pricett@mother hand, type-1
sellers charge positive prices and make strictly positivdits®. Finally, equation
(1.1) can be rewritten as:

q<K (1.2)

It is clear from the equilibrium behavior of sellers and aamgrs that no
type-1 seller charges the competitive price, and that appkrs search and pur-

chase in stage-2 from type-2 sellers at the competitiveepritis also clear that

9Assume that type-1 sellers make zero profits. Then typedlEsshould charge positive prices
to recoverV. If the lowest price that type-1a sellers charg&is> 0, a type-1b seller can always
make positive profits by chargingy —¢ > 0. Therefore, a contradiction to proposition 1.1. In other
words type-1 sellers always charge positive prices and retaktly positive profits.
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type-1 sellers only sell to non-shoppers. A non-shopperchea a sequence of
type-1 sellers until she finds information service (i.e déim type-1a seller). After
receiving the information service she purchases her ideayzt from the seller
charging the lowest price in the sequence of type-1 sellsited by her. Of course,
if a non-shopper visits a type-1a seller as the first sellensgits, she will purchase

her ideal product from this type-1a seller.

Proposition 1.2 For a type-1 seller charging p, its expected demand from aifpe

product category is:

(1-p§)B 1

«S  1—(1-0)L— Fu(p]
1—AB  O[1— Fia(p)]

«S (L= (L—0)1 - Fu(p)])

D1a(p) =

(1.3)

Dip(p) =

(1.4)

For a specific product category, a type-1b seller never esaagprice higher
than or equal td14, otherwise, no consumer will return to buy from this sellér.

can also be shown thhfy, is infinitely close tohi,. Or, equivalently, the support of

Fib(-) is [l1p, h1a).

Proposition 1.3 All type-1a sellers charge the same price for all the produncta

product category, i.e.gh = h1a = K.

The equilibrium price distribution of type-1b amg, andhi, are as shown

below.

12



Fin(p) = 1— —— (1— £) Y (15)

1—6 hla
S V
lip = 62hya, hig = —— 1.6
1b la, '1a (1—ﬁ)B(l—t9) ( )

From equation (1.6) and proposition 1.3,

\/ aS

S S E

(1.7)

The above analysis assumes that non-shoppers searchhewtfirtd infor-
mation service, i.e., they search until they visit a typesdléer. In other words if the
value of information serviceR — r, is greater than its expected cokt/#, a non-
shopper will search until she finds information service. &e this assume that
a non-shopper has visited several type-1b sellers and hashéound a service
provider. If the lowest price that she has observed so fgr ghe will continue to
search for information service if the expected value frorother search is greater
than her search costi.e.,d{R —r) + (1 - 0) [ Fin(p)dp > K. However, as
longasR—r > K/0,0(R—r)+ (1-0) f,‘fb Fip(p)dpis always greater thali.
As a result non-shoppers will always search until they firidrimation service, and
all the results discussed above hold. On the other hafk-if < K /6, some non-
shoppers may purchase without receiving information servin this paper we are
interested in examining the incentives of sellers to previde information service
when information service is valuable for consumers to idigtheir ideal product.

The case whelR —r < K/ is not discussed further, as information service is not

13



very important in these markets.

1.4 Equilibrium Analysis and Implications

We first examine the impact of the proportion of type-1 ssllen, proportion of
shoppersf), and search cosK() on the competition and the type-1 sellers’ incen-
tive to provide free information servic@¥) for a specific product category. The

impact ofa, #, andK on social welfare is analyzed subsequently.

1.4.1 Managerial Implications

Result 1.1 (a) There is no equilibrium where all type-1 sellers provid®rmation
service for a specific product category i.6.,< 1; (b) & decreases witla and

increases with B.

A manager needs to investigate both market relatednd B) and search
cost related parameterK (and ) to arrive at the firm’s information service and
pricing strategy. First, as long as non-shoppers searcinformation service,
type-1 sellers make positive profits whereas type-2 setferise zero profits. The
reason is that non-shoppers purchase from type-1 sellpesdive prices whereas
shoppers purchase at type-2 sellers at the competitive.pfiibe point is that the
price competition amongst type-2 sellers competing foo zearch cost consumers
drives their prices down to the competitive level. The asialyn this paper suggests
that in markets where information service is valuable tosconers, sellers who do

not provide any information service will find it difficult to ake positive profits.
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In this model profits are the economic rents of the reputatiwrand the
capability to provide free information service. From a ngeréal perspective, if
consumers value information service, sellers need to lestalhemselves in the
information service market in order to make positive profithis is true even if
some sellers and consumers free ride. Intuitively, norppglrs visit a sequence of
type-1 sellers for information service. However, as nooggiers cannot distinguish
between type-1a and type-1b sellers they may visit somelpmellers before they
visit a type-1a seller in their search for information seevi Therefore, if a non-
shopper visits a few type-1b sellers before visiting a typeseller, after receiving
the information service from a type-1a seller, she may gé&bad purchase from a
visited type-1b seller charging a lower price. This enabjps-1b sellers to charge
positive prices and make positive profits.

Type-la and type-1b sellers make equal profits. This is egyieas follows.
A non-shopper, on visiting a type-1b seller, may continusetarch for information
service amongst type-1 sellers. However, a consumer mgunchase from a type-
1b seller if it later visits another type-1b seller chargaigwer price. On the other
hand if a consumer visits a type-1a seller as the first seftlervsits, she always
stops her search and purchases from this type-1a selles.iShecause a type-la
seller’'s price makes another search unprofitable for a hopgger. Therefore, in
equilibrium the savings of a type-1b seller from not promglinformation service
for a specific category are equal to the expected loss fromurnars continuing to
search for information service. The nature of the mixedaggequilibrium is such

that it makes a type-1 seller indifferent between being atya or a type-1b seller.
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In this way type-1 sellers make equal profits and are indifieto free riding. The
key point is that in equilibrium no seller can profitably (j.eake more profits than
type-1la sellers) free ride on other sellers by charging @tqwice.

It is clear that the incentive of type-1 sellers to provideefinformation ser-
vice (@) decreases with the increase in the proportion of typelérseh). In other
words, the higher the proportion of type-1 sellers, fewgetl sellers provide in-
formation service for a product category. It is interestihgt in a market where
information service is valuable to consumers, if there isn@nease in the number
of sellers with the capability to provide information sewji.e., if the market be-
comes more competitive, a smaller proportion of type-leselprovide information
service. This is due to the fact that the profits of each tygeller decreases with
the increase in competition (an increase in the proportiaype-1 sellers) as the
profits from selling to non-shoppers is shared amongst @&targmber of type-1
sellers. However, the profits of type-1a sellers decrease ian the profits of
type-1b sellers, causing some type-la sellers to switcbdorning type-1b sellers,
resulting in a lowe# 0. Itis also apparent that as the demaBdi for a product cat-
egory increases, the probability that a type-1 seller wdMde information service

for that category increases.

Result 1.2 (a) 6 increases with K and decreases with(b) There exists a K> 0,
and ' > 0, such that when K< K’, or # > p’, no seller provides information

service, i.e., there is no market with sellers providing frdfermation service.

101t can be easily shown th&z1a = (1 — £)BK/(aS) — V andEzxyp = 0(1 — f)BK/(aS). It
is clear thaloEx15/0a| > |0Ex1p/0a| = 0 |0Er1a/00a].
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It is clear that the incentive to provide information seevigenerally de-
creases, with a decrease in the search cost, and with aagearethe proportion of
shoppers. Given other parameters, if the search cost idawryr the proportion
of shoppers is very high, a manager should decide not to giedvee information
service, as the firm would not be able to recover the cost ofighiray this service. It
is said that high search cost may lead to market failuredH8yvever, this research
suggests that low search cost may also lead to market fadls@nsumers may not
have access to information service to identify their ideatipict. This suggests that
when search cost is very low, firms should provide informragervice only when
they are able to charge for the service. This fee can be ingalead in different
ways. For instance, some sellers ask consumers to pay forftrenation service,
and in some electronic stores consumers need to registeroliding biographi-
cal information before they can receive the informatiorveer. Therefore, there
are circumstances where increased search costs not onbagecsellers’ profits,
but also benefit consumers by increasing sellers’ incembiyaovide information

service.

1.4.2 Social Welfare Analysis

This section examines the impact®of #, andK on social welfare. LeBT Sand
ST She the consumers’ and sellers’ total surplus. Consumera’ $orplusBT S
isequaltoB- R— TP — TSC whereT P is the consumers’ total payment, and
T SCis the consumers’ total search cost. It is straightforwhed €ach consumer,

on average, visits /B type-1 sellers. Since the cost of visiting a type-1 seller fo
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a non-shopper i&, the total search cost {4 — f)BK /0. Sellers’ total surplus is

STS=TP — Su0V. Therefore, social welfar&V is,
K
W:B-R—(l—ﬂ)Bg—Saev (1.8)

Therefore,0W/06 = (1 — f)BK /62 — SaV. From equation (1.7), it is
clear thatl— f)BK > SaV, sooW/o0 > 0. The intuition is that an increaseén
has two effects; (i) it increases social welfare by lowemogsumers’ total search
cost for information service, as there are a higher numbeypd-1a sellers, and
(i) it decreases social welfare by increasing sellerst cbproviding information
service, as more type-1a sellers incur the informationisemmostV. However, the
first effect outweighs the second. Therefore, when morersefirovide informa-
tion service, social welfare increases. The other parasalso influence social
welfare. Equation (1.8) can be written 8¢ = w(@(a, £, K), a, B, K). In
other words, each parameter has two effects on social welf@irst, it has a direct
impact. Second, it also influences social welfare by influené.

The impact of a decrease KK on social welfare is examined first. The
direct impact of a decrease K is that social welfare increases as consumers
cost of each search is reduced. The indirect impact of a dsermK is that it
decreases social welfare as a decrease decreases a seller’s incentive to provide
information servicef). The total impact of a decrease khis determined by the
sum of the direct and the indirect impacts and can eitheeas®s or decrease social
welfare. It is straightforward that?W/o0K?2 < 0. That is, asK decreases (so

0 also decreases), the direct impact dominates the indimgeadt as long a8 is
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sufficiently high. In other words, when there are a large neind type-1a sellers
a decrease K increases social welfare by reducing consumers’ seardh a®s
there are still enough service providers in the market. Hewebelow a certain
value off a decrease iiX causes the indirect impact to dominate the direct impact.
In other words, when there are a small number of type-larseiebegin with, a
decrease ik reduces social welfare by reducing type-1 sellers incerntiprovide
information service and as a result consumers have to saantith larger number
of type-1 sellers to find information service, even though ¢bst of each search
is reduced. The impact of an increase in the proportion opgérs {#) on social
welfare is analogous to the impact of a decreask inThis analysis suggests that
depending on the value éf, a decrease in search cost)(or an increase in the
proportion of shoppers3), may increase or decrease social welfare.

Next the impact of the proportion of type-1 sellers (s examined. The
direct impact of an increase i is a decrease in social welfare as it increases
society’s cost of information service. The indirect impattn increase im is a
decrease in social welfare as it reduces a seller’s ineztaiyprovide information

service. Therefore an increasedrunambiguously reduces social welfare.

1.5 Conclusion

The model presented here examines a market where informsti@ice is costly to
provide but has the characteristics of a public good. Conssimethe other hand
use the information service to identify their ideal produdbwever, after receiving

the information service consumers may search for a loweepfThe paper exam-
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ines the competition in horizontally differentiated magkehere information ser-
vice is valuable to consumers to identify their ideal praduad where technology
reduces consumers’ search cost. The analysis suggests that setting a seller
needs to develop the capability of and reputation for sergrovision to make pos-
itive profits. Otherwise, no non-shopper will visit them f&ervice and purchase
from them. This is true even though there are sellers anducoass who free ride.
The analysis also suggests that a seller cannot make gogitits by free-riding
all the time. It is interesting to note that when the competiin the market for
information provision increases, fewer sellers providerimation service. In the
market examined in this paper, increased competition astonfprmation service
providers is not in the interests of the incumbent firms as agthe society at large.
Obviously, incumbents do not prefer increased competamit reduces their prof-
its. Similarly, from social welfare perspective, an in@ean competition reduces
social welfare. It is also clear that if the search cost isltwg or if the proportion
of shoppers is very high, no seller will provide any free nnfiation service.

The model also provides another interesting social wettzselt. A decrease
in search cost may increase or decrease social welfare. Wlsegeaproportion
of sellers provide information service, a decrease in $eaost increases social
welfare by decreasing the cost of each search. On the othdr iithe proportion of
sellers providing information service is low, a decreass=iarch cost reduces social
welfare by reducing sellers incentive to provide informatservice which in turn
increases the amount of search required by consumers. ddggests that if free

riding is also considered, a decrease in search cost magaser decrease social
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welfare. As indicated earlier all these results apply taZumtally differentiated
markets where information service is valuable for consgneidentify their ideal
product. If the expected utility of buying a product at ramdis not very different
from searching for information service to identify onesatblproduct, the above

results need further exploration.

Appendix

Proof of Proposition 1.2 A common result in the search cost literature is
that there are no point massesHiy(-). The intuition is that some consumers will
visit two or more type-1b sellers for a specific product. Hriis a point mass gt
the type-1b sellers charging can increase its profits by lowering the price slightly.
This violates proposition 1.1.

Since no shopper purchases from type-1 sellers, the expdetmand of
type-1 sellers comes from non-shoppers. Each non-shogsgskon searching
type-1 sellers until she finds a type-1a seller. Each seardhk & type-1a seller with
probabilityd. Therefore, in the first round, on averag€l— f) B non-shoppers will
find information service and the re@t — 6)(1 — f)B non-shoppers will continue
to search. Thereforgl — 0)"~19(1 — £)B non-shoppers need to search exactly
n sellers to find information service. Each type-1 sellegspective of whether
it provides information service for this product categaysampled by a specific
consumer with the same probability(k S). Therefore, in tha'" round, itis visited
by (1 —6)"1(1 — f)B/(aS) non-shoppers.

The demand of a type-1a seller chargipgomes from two kinds of non-

shoppers: (i) those who visit this seller as the first typeelles they visit. They
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will stop and purchase at this seller, so the expected derfrand this kind of
consumers igl— p)B/(aS), (ii) those who visin— 1 (n=2, 3, ...) type-1b sellers
before visiting this seller. Each of these consumers witthase from this seller if

it charges a price lower than time— 1 type-1b sellers she has already visited. As a
result, [1— F1o(p)]"~1(1—0)"~1(1 — B)B/(aS) non-shoppers will purchase from
this seller in then'" round. Summing these,

(1-p5)B
oS

+00
D1a(p) = > [(1—6)(1 - Fip(p)]"* = Equation (1.3)
n=1

The expected demand of a type-1b seller chargingyderived by summing
the expected demand from consumers who receive informagorice in then'"
(n =2, 3,..) round. For any non-shopper who receives information servi the
nt" (n = 2, 3, ...) round, she will return and purchase at a type-1b sellerdfamly
if she has visited this seller in the finst— 1 rounds, which occurs with probability
(n—=1)/[(1 — H)a Y], and that this seller’s price is the lowest in the sequerfce o
sellers visited, which occurs with probability [ Fin(p)]"?[1 — F1a(p)]. SO
the demand from these non-shopperélis- 8)"~16(1 — £)B[1 — F1n(p)]"2[1 —
Fia(p)](n = 1)/[(1 — H)a S]. D1p(p) is calculated by summing up these demands.
|

Proof of Proposition 1.3 This is proved by ruling out the possibilities that

l1a # hi1a.
For a specific product, a type-1b seller never charges a pigter than or

equal toh1,, otherwise, no consumer will buy this product from thiseselSuppose
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that there exists @ such thathy, < p’ < hia. If p’is in the support ofF15("),
then from equation (1.3), we ha@5(h1a) = D1a(p’), @s no consumer visits more
than one type-la seller. Singé < hia, Em1a(h1a) > Em1a(p’), which violates
proposition 1.1. So, no type-1a seller chargési.e., F1a(p’) = F1a(h1p). The
type-1b seller who chargdsy, will earn profits only from consumers who first visit
this seller and then immediately visit a type-1a seller gimyh1,. If this seller
charges, its expected demand does not change,dus strictly higher tharhy,.
So if it chargesp’, a price not in the support d¥,(+), it will be strictly better off.
This also violates proposition 1.1. Therefohay is infinitely close tohis. Ofr,

equivalently, the support d¥1p(-) IS [l1p, h1a).

Since it has been already shown thgj is infinitely close tchig andFip(p)
is continuous, there are just two possibilities that nedattoonsidered.

(1) Suppose thdts < l1p. Then one can always find @ such thali; <
p’ < lip. Itis clear thatD14(l15) = Dia(p’).Therefore Ex1a(p’) = p'Di1a(p’) —
V > Em1a(l1a). This violates proposition 1.1.

(2) Suppose thdtg is in the support ofF1p(p). Then we have:

a-pB,
aS

Eria(h1a) =

(1-§)B 1

25 1-(A—0)1=Fulmn @ "

E7T1a(| 1a) =

Solving Ex1a(l1a) = Em1a(h1a),
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_ 1 I1a
Fio(l1a) =1 — 10 (1 - h_la) (1.9)

Sinceli, is in the support of1(-), the type-1b seller who charghg will

have:
1-p8B 01 — Fra(l1a)]
aS [1—-(1-0)1— Fu(l1a)]?

Erip(l1a) = l1a

Substituting equation (1.9) into the above equation, tesalEx1p(l13) =
[(A— p)B/(a9)]0[1—F1all 1a)]h§a/|1a- Suppose thgb is in the support ofF15(p),
andp is infinitely close tchi4. Sol1p < l15 < P. Ifitchargesp, its expected profits
will be Ezan(p) = [(1 — B)B/(a9)]0[1 — F1a(P)] p. FromEz1p(l1a) = Ezin(P),
yields:
h2
[1 - Fia(PIP = [1 - Fia(1a)] 7 2
a
Since it is always true thais < p < higandFia(l1a) < Fra(p) < 1, the

equation above never holds. In suny, = h15. Since anyq € [l1p, h1g] satisfies

equation (1.2), it is straightforward that a type-la sellerge. B

Deduction of Equations (1.5)-(1.6)Equation (1.3) and equation (1.4) can

be rewritten as:

~(1-p)8B
D1a = aS
(1.10)
_@a-ps o
Din(p) = oS {1-1—-0)[1—- Fw(p]}?

In the equilibrium, every type-1b seller has the same exgaeptofits. As-
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sume that botlp and p are in the support o1, (), andp is infinitely close tdhy,.

Therefore,
. (1-p5)B 0 B
() = s A= A=) = Futhm= a2 2~ Y
— (1_ﬂehla1 (1.12)
oS

Solving Ezr1p(p) = Ex1p(P), results in equation (1.5). Sinédap(l1p) = O,
lib = 6%h1a. As Emia = [(1— B)B/(aS)]h1a — V, solving Ex1p(p) = Ex1a

results in equation (1.6).
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Chapter 2

Information Technology and
Manufacturer’s Distribution

Strategy

2.1 Introduction

The IS literature has examined the impact of informatiohtetogy on markets in
terms of the implications of reduced search costs [9, 16¢ Jddience of reduced
search costs is manifested in the increasing reach of tlr@héc channel [36].
However, a key function of the market is to provide produftiimation that enables
consumers to identify their ideal product [24, 44, 54, 8@]tHe physical distribu-
tion channel, retailers provide product information thigbyroduct demonstrations

and test-drives. On the other hand, in the electronic cHateehnologies such
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asVisualizationare improving and allowing electronic retailers to providereas-
ingly sophisticated information to consumers. Jiang andoBsat [62] study vir-
tual product experience (VPE) technology where visual rmbratllows consumers
to manipulate web product images and functional controbkssaconsumers to ex-
perience different features of a product. For example, atlsand.com, consumers
can create images of their body shape to virtually “try onfael items to see how
an item will fit them [105].

A manufacturer has to decide how to distribute its productshe ulti-
mate consumers. A manufacturer’s distribution strategyfisenced, among other
things, by the characteristics of the product (i.e., thenmfation services required
to demonstrate, use, and service the product [85]) and theenaf the competi-
tion in the retail market [104]. Prior research also suggésat not all products
are sold through every channel [18]. Therefore, the ohjeddf this research is to
analytically examine how the reduced search cost and thheasmg reach of the
electronic channel, along with the increasing ability o# #ectronic channel to
provide product information, affect a manufacturer’'sulisttion strategy.

The distribution literature indicates that if the manutaet sells through in-
dependent retailers, two kinds of externalities need toonsidered — pricing and
service externality [22]. The pricing externality is thaicé retailer makes pricing
decisions to maximize its own profits but does not consicenmhanufacturer’s prof-
its. This causes the retailer to charge aretail price thdifferent from the price that
maximizes the manufacturer’s profits. A manufacturer mag akpect the retailer

to provide information services, such as product demotistrmand test-drives, that
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increase a consumer’s demand, utility for the product, &edatillingness to pay
[111]. The second externality deals with the provision afrsinformation services,
as the retailer may not have the incentive to provide as muicimation service
as the manufacturer would like. The free-riding problem esathis externality
more complex than the pricing externality [78, 102]. Forrapée, if each con-
sumer receives product information at a service providdrthen purchases from a
non-service provider for a lower price, no retailer would\pde these information
services. Free riding, therefore, leads to a reductionformation service provided
to consumers, which leads to reduced demand for the prod8tt A suboptimal
level of information service may reduce the manufactunarsits.

The literature in Marketing has studied the above probleangely in the
context of the traditional physical channel [56, 58, 60, F&wever, the electronic
channel has different characteristics compared with tlysipal channel. First, the
retailers in the electronic channel provide different lswa information services
compared with the retailers in the physical channel. Retaitethe physical chan-
nel can provide information about both digital and physad#iibutes of products,
whereas retailers in the electronic channel can providenmtion only about dig-
ital attributes [66]. For example, if a consumer wants tochase a new brand of
perfume, she can’t ascertain through the electronic cHamnether she likes the
perfume, without examining it at a physical store. On theeptiand, the product
information electronic retailers can provide for bookslm@st as rich as that pro-
vided by any physical retailer. Second, consumers’ seavsts@re significantly

reduced in the electronic channel [2, 59]. Reduced seards oothe electronic
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channel may enable consumers to receive product inform&tion one channel
and then purchase from another channel for a lower price.

The IS literature has examined the impact of reduced searsthon price
competition in the retail environment [9, 16, 23, 27, 98]. jitncal studies in this
area find substantial price dispersion. In general, electimarkets exhibit as much
price dispersion as traditional markets.

There is also a literature that examines the interactiowden physical and
electronic channels [20, 21, 48, 87, 115]. For example, innGéteal [20], con-
ventional retailers use the electronic retailer (i.e.réferral intermediary) to price
discriminate between the price-sensitive consumers irekbetronic channel and
the retailer’s other customers. Similarly, Riggins [87] swiers the difference in
the characteristics of electronic and conventional chbooesumers, and shows
how the “digital divide” can be used by multi-channel regadl to achieve better
segmentation. Zettelmeyer [115] examines the competiteiween two integrated
manufacturers who operate in both the channels. He findshem the reach of
the Internet is high, neither firm provides information i ttonventional channel,
and only one of the firms offers information in the electrodmannel. However,
in his model, both channels have the same ability to offedpcbinformation, and
consumers incur the same search cost in both channels. fiégredce between the
two channels is that the electronic channel incurs a muchrdg@erero) marginal cost

of offering information.

1in one survey [92], 66 percent of the consumers said thatlilmysed using one channel while
purchasing in another. Similarly, Ratchford, Lee, and Rdar [86] show that about 39 percent of
the respondents used the Internet to get information béfesepurchased vehicles from dealers.
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The objective of this study is to examine the manufacturdistribution
problem in an environment where product information is it for consumers
to identify their ideal product, and there are two channirahtives that have dif-
ferent search costs for and reach to consumers and diffeapabilities to provide
product information. A manufacturer’s distribution prebi, then, is to choose a
distribution strategy that induces retailers to make pgand information service
decisions that maximize the manufacturer's profits. Spmifi, this paper ex-
amines the impact of information technology on three keyaldes that impact
the functioning of markets: (i) consumers’ reduced seaost on the Internet, (ii)
increasing reach of the electronic channel, and (iii) tHeedint types of product
information offered in different channels. In other worgsien the different search
costs, reach, and information service capabilities aaddffsrent channels, when
should a manufacturer sell through the physical channelelictronic channel, or
both the channels?

This study differs from the extant literature in four impeont ways. First,
the IS literature has examined retailers’ price competitiothe electronic chan-
nel [9, 10, 11, 16]. In contrast, this paper focuses on theaghpf reduced search
cost on manufacturers’ distribution strategy. Second,issudsed above, a key
role of the market is to provide product information to emabbnsumers to iden-
tify their ideal product. This paper differs from the dibtrtion channel literature
as it examines the manufacturer’s distribution strateggnnenvironment where
product information is important for consumers to identigir ideal product, and

different channels have different capabilities to proypdeduct information. Third,
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the IS literature on information provision focuses on infiation that can be deliv-
ered electronically [10, 11, 35]. In this paper we dividedarect information into
two parts: information about physical attributes and infation about digital at-
tributes. We examine how the two types of information infeceemanufacturers’
and retailers’ decisions. Finally, the literature examinthe interaction between
physical and electronic channels focuses on how the clastats of consumers
in the electronic channel can be used to achieve more effigree-discrimination
and segmentation [87]. In contrast, this paper examineghemformational char-
acteristics of the product affect a manufacturer’s distidn strategy.

This study has two main results. First, it shows that the rfeaoturer will de-
cide to add an electronic channel in addition to sellingulgiothe physical channel
either when product information is very valuable and praduormation is largely
about digital attributes, or when the product informatismot valuable. Second,
when the reach of the electronic channel increases, it ialnatys beneficial for the
manufacturer to sell through both the channels. In thisrenment the manufac-
turer may sell only through the physical channel even thdbglelectronic channel
can provide a comparable level of information. Also, whea tfanufacturer sells
through both the channels, it need not sell through the meltkmown electronic
retailer in the electronic channel. This paper also exasiine environments where
the manufacturer has its own electronic store and whereetfader has stores on
both the channels (e.qg., Circuit City and Circuitcity.com).

The rest of the chapter is organized as follows. The assomgtf the model

and the timing of the game are described in section two. @etliree presents the
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equilibrium. The results of the analyses are presentedatiosefour, and section
five discusses some extensions. The limitations of the ma@etliscussed in sec-

tion six. Section seven concludes the chapter.

2.2 The Model

2.2.1 Assumptions

A manufacturer produces two horizontally differentiateducts at a constant
marginal cost, which is assumed to be zero without loss oéigdity. The man-
ufacturer can sell to consumers through independenteedait the physical (con-
ventional) channel, or the electronic channel, or both.r&laee two independent
retailers, retailer C and retailerd&hat operate in the physical (conventional) and
the electronic channel, respectively. Each retailer &eitb products, if it sells. The
model is symmetrical in the following sense. Each of the tnadpcts perfectly fits
half of the consumers where each consumer purchases onlgrodaect, and has
a unit demand for that product. However, consumers neediptadformation to
identify their ideal product. Each consumer receives aytlf @, from consum-
ing her ideal product and a utility @b, (®, < ®p) from consuming the non-ideal

product® This setup is similar to Lal and Sarvary [66] except for thet that here

2The duopoly environment is commonly used in the literatdtais also reflects our interest in
the interaction between the two channels. That there is oméyretailer in each channel does not
mean that the manufacturer chooses only one retailer in@stmel. For example, in the physical
market, the manufacturer may divide the market into sewxelusive territories (e.g., in terms of
geography), and in each territory it may choose one retdilee duopoly model is also applicable
to this environment. Please see section 6 for further déonon this issue.

3In this paper, for ease of exposition, we use ideal/nonkigezducts to explain how informa-
tion increases consumers’ expected utility. Of cours@rimftion can increase consumers’ expected
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each retailer sells the same set of products.

Product information consists of two parts: information atyohysical char-
acteristics and information about digital characterssti®roduct information helps
consumers to identify their ideal product. With full infoation (i.e., information
about both characteristics), consumers can identify ideal product with a high
probability 8, and get an expected utility d® = ®pé, + (1 — 6,). Without
any product information, consumers can only choose thealigroduct with a low
probabilityg (6 < 6n), and if they purchase, they get an expected utility ef R
(r = Opé + O (1—6)). With only part of the product information, consumers can
identify their ideal product with a probability betwe@&randd, and get an expected
utility betweenr andR.®

It is assumed that each retailer can decide whether to prquidduct in-
formation. In different channels product information i®yded to consumers in
different ways. In the physical channel product informatie provided via prod-
uct demonstrations, trials and test-drives, and facexte-Eommunication. To offer
product information, the retailer in the physical chanmelurrs a (periodic) fixed
cost of V¢ (e.g., to build show rooms and stock products, to train ifssggersons to
demonstrate products and answer questions, and so on)leRemithe electronic

channel do not need to incur such costs and only post infeomatbout digital

utility in other ways. For example, consumers can get higixpected utility by receiving informa-
tion about how to use and maintain a product. Our results asltbng as information increases
consumers’ expected utility, no matter how many productsrttanufacturer makes and retailers
carry.

“Digital characteristics are attributes that can be comoatad through text, pictures, and sound.
Physical characteristics are attributes that can only benwanicated through touch, taste, and smell.

Sdp, @), 6h, andé; are used to derive the expected utiliti®andr. The rest of the model is
developed in terms dR andr. @y, @y, 6, andd, are not used in the paper any further.
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attributes on their web sites. The cost of providing prodiicirmation in the elec-
tronic channel\Vg, is therefore very low compared wiVc. However, the retailer
in the physical channel can offer information about bothsated and digital char-
acteristics, whereas the retailer in the electronic chlacar@not offer information
about physical characteristics (please see Lal and Sd®&@fpage 487-488 for an
excellent discussion about the difference in informatierviee provision between
the two channels). Therefore, the retailer in the electrahiannel is only able
to provide consumers with information about digital chéeastics of the product.
With information about digital characteristics only, cangers get an expected util-
ityof Rp (r < Rp < R).

The mass of consumers is normalized to 1, without loss ofrgéitye® Con-
sumers incur a positive search cé& in the physical channel. In the electronic
channel their search cod{, is greatly reduced. The search cost in the physical
channel is the transportation cost of visiting the physietdiler, whereas the search
cost in the electronic channel is the cost of identifying a@aching the electronic
store’s web site. For expositional simplicity we assumé tha cost of providing
product information for the electronic retail&fg, and the consumers’ search cost
in the electronic channeK g, are zerd. However, consumers are heterogeneous in
terms of their willingness to transact through the two clasinit is assumed that

all the consumers can purchase through the physical chaHoelever, a fraction

61n this setup the number of consumers and the demand is fixediever, we have solved the
case where this assumption is relaxed. The results in tipisr@ae invariant to this assumption.

"This assumption implies that if both the channels are chosaailer E will always provide
product information. However, we have solved the model whetailer E incurs a positive cost
to provide product information, and consumers incur a ansigit the electronic retailer. All the
results in this paper remain valid in that model.
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S of these consumers also consider transacting througheb&a@hic channel. We
refer to these consumers who can purchase at both the chamelulti-channel
consumers. This implies that a proportior-15 of consumers can only purchase
through retailer ¢ We refer to these consumers as physical-channel consdmers.
It is also assumed that a retailer cannot price discrimiagénst consumers on the

basis of their access to different channels.

2.2.2 Sequence of Moves

This is a three-stage game. Figure 2.1 shows the sequena®/esnm the game. In
stage 1, the manufacturer decides the channel structuag.isllit chooses whether
to sell through retailer C only or through both the retaifé¥sThen the manufac-
turer decides the price structure to charge to the retg)lef{ is assumed that the
manufacturer adopts a two-part tariff [56, 58, 60, 79, 1@fisisting of a wholesale
price Py and a fixed fee. According to the Robinson-Patman Act, the manu-
facturer should treat the retailers uniformly. Thus, thenafacturer is “prevented

from giving different terms to different retailers in thensaretailer class (discoun-

8These consumers do not purchase in the electronic chanhete Thay be several reasons for
this. For example, they may have no access to the Intermgtntiay not know the electronic store’s
location on the web, or they may not feel secure about puire@dlrough the electronic channel.
US Census Bureau [93] statistics suggest that E-Commeles sanstitute less than 3 percent of
retail sales.

9Here itis assumed that the physical retailer reaches eveisumer in its market (or its exclusive
territory). We do not consider consumers who can transdgtthrough the electronic channel, as
this proportion may be very low. Adding this category of aamers only adds to the complexity
of the model without adding any new insights. The resultshis paper are attributable to the
consumers who can purchase from both the channels. Pleasea®n 6 for further discussion on
this issue.

101 ater in the paper we also consider the alternative of cimgositailer E only, and the alternative
of the manufacturer itself selling through the electrortiarnel.
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ters, merchandisers, etc.), unless these reflect corrdspbuoost differences.” In
this model, it is assumed that the manufacturer incurs theesaost to sell to the
two retailers, and as a result, the manufacturer cannatichis@ate between the re-
tailers by charging them different fixed fees or differentoldsale prices. It is also
assumed that the manufacturer has little control over tta@leées’ information ser-
vice strategy, i.e., it is expensive for the manufactureviite and enforce contracts
specifying provision of product information.

If the manufacturer
chooses

both th tailers The retailers The retailers Consumers
0 € retarer \ deCide their » Set prices » Search &

The manufacturer | L= service strategy purchase

chooses the

channel structure _

andPy, W /\ 5:;%':; i(t:s Retailer C Consumers

If the manufacturér service strategy =y Sets its price ==-| search &

chooses purchase

retailer C only

Figure 2.1: Sequence of Moves

Retailers accept any contract that gives them a non-negatofé. Once
the channel structure is determined, retailers move in &xétwo stages. In stage
2, retailers decide whether to provide product informatidn stage 3, they set
their prices. LetPc (Pg) be the price charged by retailer C (retailer E). This two-
stage game for retailers is introduced because the infaymatovision decision
has greater commitment attached to it, whereas pricinges can be more eas-

ily changed [58]-1 Once retailers set their prices, their information pramisand

11For example, in the physical channel, to provide produairmfation a store has to invest in
well-stocked showrooms and hire and train knowledgeahésparsons. In contrast to these com-

36



pricing decisions become known to consumers. Consumershuase their search
strategies to maximize their surplus. For example, if onailex provides product
information and the other doesn’t, then consumers who cachpse at both the
channels have many choices. They may purchase directly fin@eninformation
service provider, or they may purchase directly from the-service provider for
a lower search cost or lower price but get a lower expectdiyutr they may
receive product information at the information servicevier and then purchase

from another retailer for a lower price.

2.3 The Market Equilibrium

The manufacturer has two choices: sell through retailerl¢ onsell through both
the channels. Let be the manufacturer’s profit if it chooses retailer C only,
and z 2°' if it chooses both the channels. If the manufacturer chocstedler C
only, retailer C has monopoly over all the consumers. Eactswmer receives a
surplus ofR — K¢ — P¢ if retailer C provides product information, and a surplus
of r — K¢ — Pc if retailer C doesn't provide product information. As a riésu
if retailer C provides product information, it chargBs— K¢ and sells to every
consumer. Retailer C’s profits are theg = (R — K¢ — Py) — W — V. On
the other hand, if retailer C doesn’t provide product infation, it charges — K¢
and makes a profit of. = (r — K¢ — Py) — W. Therefore, if the manufacturer

chooses to sell through retailer C only, retailer C will pd@/product information

mitments that are costly to make (and once made, costly &rsey, the pricing decisions can be
more easily changed.
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if zc > n¢ (thatis if, R —r > V¢) and will not provide product information
otherwise. The manufacturer’s strategy is to choose a sht#erice and a fixed
fee to maximize its profits. For example, the manufacturey aiargeW = 0 and
Py = R— K¢ — Ve whenR —r > V¢, and chargdV = 0 andPy =r — K¢
whenR —r < Vc.12 Therefore,

R— Kc — Ve if R—r > Ve
TG = (2.1)

r—Ke ifR—r <Vc
The subsequent analysis focuses on the cases where bothatieets are chosen.
As is apparent here, subgame perfection is the appropoatam concept in this
game. Therefore, we identify the equilibrium behavior gdrackward induction
i.e., we first specify consumers’ search strategy, follobwgdetailers’ pricing and

service strategy, and finally the manufacturer’s pricind e@imannel strategy.

2.3.1 Consumers’ Search Strategy

Once retailers’ product information and pricing strategiee set, consumers choose
their search strategy based on their search cost, and thegoaind information ser-
vice strategies of the retailers. Ldt(Ug) be the utility of purchasing the product
if a consumer receives product information from retailerr&diler E).Uc is R
when retailer C provides product information andvhen retailer C doesn’t pro-
vide product information. SimilarhJg is Rp when retailer E provides product

information and when it doesn't.

12This is one of the many optimal solutions that maximizes tla@ufacturer’s profits.
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A consumer who can purchase only at the physical channelvesca sur-
plus of Uc — K¢ — Pc from purchasing from retailer C. If this surplus is non-
negative the consumer purchases from retailer C. A multmsbbconsumer may
have four alternative search strategies. She can get auswpUc — K¢ — Pc
if she receives product information from retailer C and pases from retailer C,
and a surplus of)g — Pg if she receives product information from retailer E and
purchases from retailer E. These two search strategiestdovadve free riding.

In the third strategy, a multi-channel consumer can get plgsiof Uc —
Kc — Pg if she receives product information from retailer C and pases from
retailer E. Note that this free-riding strategy is consédieonly when retailer C pro-
vides more valuable product information. The benefit of fiding is that a higher
level of product information allows the consumer to identier ideal product with
a higher probability. However, if retailer C doesn’t progigroduct information,
there is no need for a multi-channel consumer to free-ridediting retailer C first
and then purchasing from retailer E. The consumer will beéebeiff purchasing
directly from retailer E.

A multi-channel consumer’s fourth choice is to visit regaiE for product
information and then purchase from retailer C, and get a ssirplUg — K¢ —
Pc. Note that this free-riding strategy is considered only whetailer E provides
product information but retailer C doesn’t. A multi-chahnensumer chooses her
search strategy from the four alternatives to maximize bgplss.

Each retailer decides its information service and pricitigtegy to maxi-

mize its expected profits. The above analysis shows thatigtehtheUg, the
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more likely that multi-channel consumers will purchasenfreetailer E. In other
words, providing product information doesn’t decrease alain As it is assumed
that the cost of providing product information in the eleaic channel is zero,
retailer E always provides product information add = Rp. Given retailers’
information service and pricing strategies, consumers follgw different search
strategies giving rise to different equilibria. The difat cases when both the re-
tailers are chosen are examined below.

When both retailers provide product information, a multachel consumer
receives an expected utility d® from purchasing the product if she receives the
product information from the physical retailer. She reesia utility of Rp < R
if she receives the product information from the electraosiailer. This difference
in the utility received is determined by where she receillesgproduct information,
not by where she purchases the product. In this case a nhmaltinel consumer has
three choices: (1) visit and purchase from retailer C, (2if @isd purchase from
retailer E, and (3) free ride by visiting retailer C and themghasing from retailer
E (it can be easily shown that in this particular case puiolgadirectly from retailer

C dominates visiting retailer E and then purchasing frorailet C).

Case 1 When both retailers provide product information @Rd- Rp <
K¢, the strategy of purchasing directly from retailer E dontesathe free-riding
strategy of visiting retailer C and then purchasing fronaifet E. The reason is that
the surplus from the free riding strategyRs- K¢ — Pe. Given thatR— Rp < K¢,
this surplus (i.e.R— K¢ — Pg) is less than the surplus &p — Pe from purchasing

directly from retailer E. Therefore, there is no free ridinghis case. The intuition
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is that when the value of information about physical chamastics R — Rp) is
lower than the cost of receiving iK(), a multi-channel consumer has no incentive
to incur the search cost to free ride. As a result, she visitsast one store. She
purchases from retailer CR — Pc — K¢ > Rp — Pg and purchases from retailer

E otherwise. This case is referred to as Case 1.

Case 2 When both the retailers provide product information &dRp >
K¢, a multi-channel consumer always first visits retailer Ciidirproduct informa-
tion. The reason is that in this case the surplus from freegidy visiting retailer C
first and then purchasing from retailer ERs- K¢ — Pe. SinceR— Rp > K¢, this
surplus (i.e.R — K¢ — Pg) is greater than the surplus B — Pg from purchas-
ing directly from retailer E. After visiting retailer C foufl product information, a
multi-channel consumer purchases from retailer E5f< Pg and purchases from
retailer E otherwise. The intuition is that when the valuenédrmation about phys-
ical characteristicsR — Rp) is greater than the cost of receiving K¢), a multi-
channel consumer will always get the information. Therefdahe multi-channel

consumer is likely to free-ride in this case. This case isrrefl to as Case 2.

Case 3 Inthe next case, when the manufacturer chooses both thiergta
only retailer E provides product information, i.el¢ = r, andUg = Rp. As the
search cost in the electronic channel is zero, a multi-chleconsumer will always
first visit retailer E for information about digital charadistics, as the surplus from
purchasing from retailer C after receiving the productinfation from retailer E is

always greater than the surplus from purchasing direatiyfretailer C. Therefore,
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the multi-channel consumer is likely to free-ride in thiseaThe consumer receives
a surplus oRp — Pg if she purchases from retailer E, and a surpluBpt K¢ — Pc

if she purchases from retailer C. The consumer will purches@ fretailer C if
Pe — Pc > K¢ and from retailer E otherwise. This case is referred to as @ase

As stated earlier, if the cost of providing product inforroat(Ve) and the
search costi g) in the electronic channel are positive, retailer E may moviae
product information under some circumstances. As a residfifional cases arise in
such an environment. For example, there may be a case wheegailer provides
product information when the manufacturer chooses botlthia@nels. However,
including these additional cases makes the model more exmpthout changing
any results or adding new insights.

In sum, the physical-channel consumer who can purchasetimaygh the
physical retailer always purchases, as long as she receines-negative surplus.
As stated above, the multi-channel consumer needs to debiele to receive prod-
uct information, and where to purchase. The multi-chanaesamer will purchase
from retailer C ifPe > Pc + g, whereg can be described as the electronic retailer’s
price premium. This price premium reflects retailer E's adage in search cost
and its disadvantage in the product information it can affeconsumers. There-
fore, g is contingent orlJc (eitherR orr), Rp, andKc. In case 1, where both
retailers provide product informatiol — Rp < K¢, and there is no free riding,
gis Kc — (R— Rp). In case 2, where both retailers provide product infornmatio
but R — Rp > K¢, the multi-channel consumer will always first visit retai@

for product information. Retailer E then must offer a disdoeamthatPg is below
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Table 2.1: Case Description and retailer E’s Price Premium

Case #| Case Description Uc|g

Case 1| Both retailers provide information andR | Kc — (R— Rp)
R—Rp < K¢

Case 2| Both retailers provide information andR | 0~
R— RD > Kc

Case 3| Only retailer E provides information | r Kc

Pc, otherwise no consumer will purchase from retailer E. Tiogeg in this case

would be 0 (i.e., negative and infinitely close to zero), which meara thtailer C
has a small price premium over retailer E. In case 3 wherem@tdyler E provides
product information, the multi-channel consumer will ay@dirst visit retailer E
for product information. Retailer E can then prevent thesgsamers from free
riding by chargingPe < Pc + K¢. Therefore, in this casg would beK¢. Table

2.1 shows retailer C’s information service level and retdiis price premium in

different cases

2.3.2 Stage 3: Retailers’ Pricing Strategy

As stated earlier, after both retailers decide their infation service strategy the
price premium of retailer E over retailer @, is determined. The multi-channel
consumer purchases from retailer CFf > Pc + g and purchases from retailer
E otherwise. Of course, the physical-channel consumer ognpurchase from
retailer C. This type of price competition has been studigtiéniterature on price
promotions [81, 84]. One common result in this literaturéhist there is no focal
pure-strategy equilibrium, thus, mixed-strategy equitilm has to be considered.

The intuition is that if one retailer charges a fixed pricegther retailer will have
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an incentive to slightly lower its price and sell to all theltrahannel consumers. In
the mixed-strategy equilibrium each retailer choosesritsedrom its equilibrium
price distribution, and it receives the same expected profittharging any price in
the support of the distribution. Mixed strategy is intetpteas price promotion in
the theory literature and as price dispersion in empiricalies [97]. LetFc(p) and
Fe(p) be the equilibrium (cumulative) price distribution furarti of the physical

and the electronic retailer.

Proposition 2.1 When both the channels are chosen the two retailers’ pridei-dis
bution function and profits are as shown below:

(A) The equilibrium price distributions are:

E[l_ (1= A Uc —Ke - PM)] when p<Uc —Kc+g

1 otherwise
(2.2)
1_(1—ﬂ)(Uc—Kc—PM)+9 when p< Uc — K¢
Fe(p) = pP+9— Pum (2.3)
1 otherwise
(B) Retailers’ profits are:
Exc =(1- Uc—-—Kc=Py)—W-—0
mc =(1-p)Uc c M) c (2.4

Ere = (1 —p)(Uc — Kc —Pu)+9] - W
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Table 2.2: Retailers’ Expected Profits in Different Cases

Case #| Retailers’ Expected Profits

Case 1 Erci1=1-B(R—-Kc—-Puw)—W-\Vc
Eregr = (1 - f)(R—Kc — Pw) + Kc — R+ Ryl =W
Erco=(1- B (R—-Kc—-Puw)—W-\Vc

Ca%€ 2 Ergy = flA— f)(R—Kc — Pu)] =W
Ercs=1-p8)(r —Kc—Puw)—W

Ca%e 3 Ergs = BlAL— A — Kc — Pu) + Kg] = W

Whereoc is V¢ if retailer C provides product information, and O if it do&sn
All the proofs are in the appendix. Equation 2.4 shows reitslilprofit functions in
the general case. For each specific case, retailers’ prafitins are calculated by
substituting specifig andUc (shown in Table 1) into the general case (Equation
2.4), and are shown in Table 2.2. For convenience, we useotlogving notation

for the retailers’ profits under different cases.

2.3.3 Stage 2: Retailers’ Information Service Strategy

This section answers the question: if the manufacturer sd®both the channels,
who will provide product information to consumers? As rietak always provides
product information, only retailer C has to decide whetlepttovide product in-
formation. As a result, there are two possible outcomesigsttage: (i) both offer
product information, or (ii) retailer E alone offers produdormation. Retailer C’s
information service strategy would depend on its profit fiorcin each situation.
Given that retailer E provides product information, if ik C provides product
information, its profit would beEzcy = Exc2 (shown in Table 2). If it doesn'’t

provide product information, its profit would bézc3. Therefore, given that re-
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tailer E provides product information, for retailer C to piae product information,

we should havd&Ercy > Encs, i.€.,

1-pH(R=-1)=Vc (2.5)

In sum, if(1— f)(R—r) > Vc andR — Rp < K¢, the competition is in
case 1. If(1 — p)(R—r) > Vc andR — Rp > K¢, the competition is in case
2. If(1-p)(R—-r) < V¢, only retailer E provides product information, and the

competition is in case 3.

2.3.4 Stage 1: The Manufacturer’s Choice of Distribution Struc-

ture

The manufacturer chooses a distribution structure thaimmaes its profits. The
manufacturer’s profits consist of two parts: wholesalegand the fixed fee. After
the channel structure is chosen, the manufacturer neeti®tse a wholesale price
and a fixed fee to maximize its profits. If only one retailerl®sen, as discussed
earlier, the manufacturer can easily appropriate the tbiahnel profits. However,
when both the retailers are chosen, the competition is agtriondifferent retailers
have different revenues and different costs of providirigrimation service. There-
fore, the manufacturer may not be able to appropriate altti@anel profits. The
manufacturer’s profits and the structure of the two-paitftahen it chooses both

the retailers are as follows:

Proposition 2.2 The manufacturer’s profit and its profit-maximizing priceldixed
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fee when it chooses both the channels are:

[ 1o Bg+o
n;’,,thzuc—Kch(1_ﬁ)cz(1—2ﬁ)—2uc

1 Pv = (Uc — Kc) = (Bg+vc)/(1— B)? (2.6)
B

‘W——l_ﬁ(gﬁ-vc)

It is clear that the manufacturer will choose both the retaiwhen adding
the electronic channel in addition to selling through thggtal channel increases
its profits, i.e., whem PP > z&. From equations (2.1) and (2.6) and table 1, we

have the following proposition:

Proposition 2.3 The manufacturer will choose both the retailergsif< 0.5 and

one of the following conditions holds:

(A)R—Rp < Ko — L% and R—r » C
1- 24 1-§
(B) R—r <vc+Kcﬁ((11_;ﬁ2)€,) and\e < R—r < 1\icﬁ (2.7)

(C) R—r < V¢

These conditions are shown in Figure 2.2. They are discluisdbd follow-

ing section.

2.4 Analysis of the Equilibrium

The manufacturer has two choices for its vertical structioechoose retailer C

only, or to choose both the retailers. In this section we wdiscthe forces that
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influence the manufacturer’s distribution strategy. Thec®bnic channel has ad-
vantages and disadvantages compared with the physicahehaonsumers may
have a higher willingness to pay in the electronic chanreh ih the physical chan-
nel, as they incur a lower search cost in the electronic atlai®n the other hand,
the electronic channel can only provide information abbetdigital characteris-
tics. This may decrease consumers’ willingness to pay iretbetronic channel.
When choosing the distribution structure, the manufactnesds to consider the
value of information about digital characteristid®®{ — r), the value of informa-
tion about physical characteristicR & Rp), search costK¢), and the proportion
of multi-channel consumergy. If both the channels are chosen, these parameters
have two effects on the manufacturer’s profits. First, agcatdd above, they in-
fluence the manufacturer’s profits by influencing consumailingness to pay in
each channel. Second, they determine the manufacturefissgoy influencing the
price competition between the two channels, which detezmihe retailers’ profits
and thereby the price that the manufacturer can charge thiders. Next, we ex-
amine the price competition between the two retailers whath the channels are

chosen.

2.4.1 Price Competition Between the Two Channels

Lemma 2.1 As the electronic retailer’s price premium (g) increasés manufac-

turer is more likely to sell through both the channels.

It is clear that the manufacturer adds the electronic cHamaddition to

selling through the physical channel, when the addition okw retail channel
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increases its profits. Intuitively, the manufacturer woaittl the electronic retailer
when some consumers are willing to pay a higher price in teetenic channel
compared with what they pay in the physical channel when taeufacturer sells
only through the physical retailé?. This may happen when the subgame is in case
1 orincase 3.

When only retailer C is chosen, it charges the monopoly phaen both
the channels are chosen, the two retailers compete for theechannel consumers,
although retailer C still has monopoly over the physicauiel consumers. In the
equilibrium price distributions, for any pricp, F(p) is the probability that the
retailer charges a price equal to or lower th@rFrom Fc (p) andFg(p) in Propo-
sition 2.1, it is straightforward that ag retailer E’s price premium over retailer C,
increases, botkc (p) andFe(p) decrease. This implies that when retailer E has a
large price premium over retailer C, both retailers are légtyl to engage in price
competition, i.e., they are more likely to charge highecegsi

The intuition for this result is that when retailer E has géprice premium
over retailer C (i.e., the electronic channel's advantageearch cost is much larger
than its disadvantage in the information service levelgiler C has to lower its
price significantly to attract the multi-channel consumeiwever, because re-
tailer C cannot discriminate between the two types of corganit ends up charg-
ing a much reduced price to the physical-channel consumwbish may reduce its

total profits. For retailer C, the higher the electronic et price premium, the

13This model focuses on the demand side variables that areiuf by IT. The results of the
model are about the impact of the nature of product inforomatand consumers’ willingness to
purchase from the electronic channel, on retail competitiod on the manufacturer’s distribution
strategy, other things being equal.
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greater the decrease in its revenue from selling to its phisshannel consumers,
when it competes for the multi-channel consumers. This tewlee physical re-
tailer’s incentive to compete for the multi-channel consusn If retailer C has less
incentive to engage in price competition, retailer E of seuvould be more likely
to charge higher prices to the multi-channel consumersrefbie, price competi-
tion is reduced when retailer E has a significant price premouer retailer C. This
increases channel profits, and the manufacturer's probts thoosing both the
retailers are higher than when only retailer C is chosen.réffbes, when retailer
E’s price premium is such that retailer C would rather laygeincentrate on the
physical-channel consumers where it has a monopoly, aatereE charges a high
price to the multi-channel consumers, the manufactureraeentikely to choose

both the channels instead of selling through retailer C.only

Type of Products and the Value of Product Information

Result 2.1 When the value of product information is high, as the valuaefofma-
tion about digital characteristics increases, the mantdeer is more likely to sell

through both the channels.

This result is illustrated using Figure 2.2. The X-axis esgamts the value of
information about physical characteristid®,— Rp, and the Y-axis represents the
value of information about digital characteristié® — r. Any point on this graph
represents a specific product category. If the point moyggwiard, the value of
information about physical characteristics increasebgipoint moves upward, the

value of information about digital characteristics in@es; and if the point moves
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Figure 2.2: Channel Choice

diagonally from bottom left, the value of full informationdreases. The shaded
regions represent conditions under which the manufactuilesell through both
the channels.

In the regions above the line AB that includes regions I,nd &8l, the value
of full information is high!* Specifically, in region | the value of full information
is high, however, the product characteristics are primpaligital in nature. In this
region, if both the retailers are chosen, both provide pcodidormation and there

is no free riding. Here retailer E has a significant price puemas it can provide

14From Figure 2.2, it is clear that for any point above the lir, #he value of full information

(R—=r = (R—Rp) + (Rp —r)) is greater than/c /(1 — ). For any point below the line AB,
R—r <Vc/(1-5).
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a comparable level of product information but has an adggnia search cost. In
this region, if the manufacturer chooses both the retailetsiler C charges the
physical-channel consumers close to its monopoly priceé ratailer E charges the
multi-channel consumers a higher price. Therefore, inrdgson the manufacturer
will sell through both the channels. This happens in casehk ¢bndition set (A)
in proposition 2.3 defines this region. Products such asdedesktop computers
are an example of products in this region.

In region Il product information is very valuable but infoation is increas-
ingly about physical characteristics Bs— Rp increases. In this region the elec-
tronic retailer's advantage in search cost is comparabltstdisadvantage in the
provision of product information. If the manufacturer ckes both the channels,
even though there is no free riding, it will result in aggresgrice competition be-
tween the two retailers. Therefore, the manufacturer witlahoose to sell through
both the retailers in this region. This region also fallsase 1.

In region Il information about physical characteristiRs- Rp, is very valu-
able. In this region every multi-channel consumer visitailer C first, and retailer
E only sells to those consumers who, after visiting retaldor full information,
visit and purchase from retailer E at a lower price. In thise;sasince retailer E's
price premium is negative (0, it is clear that price competition between the two
retailers would be very severe. Specifically, in this castiler E has to charge
below R — K¢ to induce consumers to free-ride and purchase from retil&his
would also cause retailer C to charge a lower price and amguigs regular/high

price, R — K¢, has a lower probability. On the other hand, if only retailersC
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chosen, it always chargéd— K. As a result, the total channel profits when both
retailers are chosen would be lower than when only retailisrdBosen. Therefore,
in this region, the manufacturer will only sell through iktaC. This happens in

case 2. New brands of perfume are examples of products inetisn.

Result 2.2 When the value of full information is low, the manufacturell sl
through both the channels. When the value of full infornmaisointermediate, the

manufacturer will sell through retailer C only.

This result can also be illustrated using Figure 2.2. In #ggan OAB the
subgame is in case 3. In this region, if the manufacturer weerghoose to sell
through both the retailers, as suggested by Equation 2&|ereC will not pro-
vide product information. However, in this region, if the mudacturer were to sell
through the physical retailer only, since the physicaliletavould be a monopo-
list, as suggested by Equation 2.1, it may provide produotination and charge
a higher price. In other words, choosing only retailer C pites the manufacturer
the likely benefit of full information. On the other hand, g region, retailer E
has a price premium df¢c. Therefore, in the OAB region, the manufacturer trades
off the benefit of full information from retailer C when rd&i C is the only retailer
chosen, against the benefit from the electronic retaileitepremium when both
the retailers are chosen.

In region V and VI product information is not valuable and thanufacturer
prefers the benefit of the electronic retailer’s price premiver the benefit from
the physical retailer’s product information. Thereforethis region the manufac-

turer sells through both retailers, even though the mbléinmel consumers may
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free-ride by visiting retailer E and then purchasing frorrailer C. The condition
sets (B & C) in Proposition 2.3 define this region. Producthsagmusic CDs and
computer accessories are examples of products in thisregio

In region 1V product information is moderately valuable.tlvs region the
manufacturer prefers the benefit of the physical retaifmésluct information when
retailer C is the only retailer, over the electronic retélgrice premium ofK¢
when both the retailers are chosen. Therefore, in this neiiie manufacturer will
sell through retailer C only. Products such as clothingéa@lpare examples of
products in this region.

In summary, the manufacturer will choose both the channéksnwetailer
E has a high price premium. This happens when full infornmatsovery valuable
and product information is largely about digital charasters. This implies that
as technology enables the electronic channel to provideowep product infor-
mation, more and more products will fall into region |, ané thanufacturer will
be more likely to sell through both channels. The manufactwill also choose
both the channels when full information is not valuable. &thothe above situa-
tions the manufacturer gets higher profits by making useeétactronic channel’s
advantage in search cost. A manufacturer will sell only ugtoretailer C, if the
product has very valuable physical characteristics, omagreduct information is

only moderately valuable.
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2.4.2 The Proportion of Multi-Channel Consumers (3)

Result 2.3 Wheng is below a certain value, with an increase fghthe manufac-
turer is more likely to sell through both the channels. Wifeis above a certain
value, with an increase iff, the manufacturer is less likely to sell through both the

channels.

From Equation 2.6, it can be shown that whgnthe proportion of multi-
channel consumers, is belgf% = g/(3g + 2vc), n,{’,lo”‘ increases ag increases.
In other words, when there are a small proportion of mularairel consumers, the
manufacturer is more likely to choose both the channels whamcreases. But
when g is aboveg/(3g + 2v¢), n,t\’,,omdecreases a6 increases, which means that
the manufacturer is less likely to choose both the channels.

Wheng increases, more consumers may purchase from the electtuamie
nel. However,p also has an impact on price competition. From proposition 1,
it is clear that the higher the value ¢f the higher the probability that the two
retailers will charge a lower price. Whehis low, retailer C would rather con-
centrate on charging a higher price to the physical-charm@$umers where it has
a monopoly, instead of competing aggressively to sell tostineall proportion of
multi-channel consumers. Since retailer C does not cormguggeessively for the
multi-channel consumers, the electronic retailer is ablehiarge a higher price to
these consumers. As a result, multi-channel consumersanelikely to purchase
from the electronic channel at a higher price. This increasannel profits. In this
circumstance, an increasefinincreases the likelihood that both the channels would

be chosen. However, when there are a large proportion of-chdinnel consumers,
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the physical retailer cannot ignore these consumers, angdrtbe competition be-
tween the channels is more aggressive. That is, yghierhigh, retailer C will price

aggressively to compete for the multi-channel consumetbgr than concentrate
on the smaller proportion of physical-channel consumersrevit has a monopoly.
This price competition will decrease channel profits. Inhsan environment, the

manufacturer is less likely to choose both the channels.

Profits

both
™

v v

£ the proportion of multi-channel consumers

Figure 2.3: Impact off on Manufacturer’s Profits.

This result is illustrated in Figure 2.3. Whghis below*, 720" increases
with an increase i, and the manufacturer is likely to sell through both the chan-
nels. However, beyong*, n,‘\’,,mh decreases with an increasefinand the manu-
facturer is less likely to sell through both the retailerhisTsuggests that though
is expected to increase as Internet technology diffuseéldurit is not necessarily

beneficial for the manufacturer to always sell through bb&éahannels.
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p is the proportion of consumers who are willing to transacbtigh the
electronic channel. However, it is likely that there are ynalectronic retailers for
the manufacturer to choose from. In this regard, it is pdssiat consumers’ will-
ingness to transact through the electronic channel differsss different retailers,
i.e., each electronic retailer may have a unigudhis difference in the willingness
to transact through different electronic retailers may be t varying levels of trust
for different electronic retailers. As there are differeacn familiarity and expe-
riences with, and reputation of, different electronic lleta, consumers may have
a different willingness to transact through each electrortailer. For example,
in the Book industry, Amazon.com, Textbookx.com, and Bookpgom may have
different levels ofg.*®> Therefore, when the manufacturer decides to sell through
the electronic channel, the manufacturer may have to chomseelectronic retail-
ers with different levels off. Here it is clear that the manufacturer need not choose
the electronic store with the highest rather, it should choose the electronic store

whosegf is equal tog*.

When the Proportion of Multi-Channel Consumers Is Very High

Result 2.3.1 When the proportion of multi-channel consumers is very htbke

manufacturer will choose to sell through only one channel.

15For the manufacturey is the proportion of consumers who are willing to transachuigh the
electronic channel. On the other hand, each electronideetas a uniqug. These two definitions
of § are consistents for the manufacturer will be determined after the manufactahooses an
electronic retailer who has a specific For example, assume that a fractiés(f1) of consumers
are willing to purchase from Amazon.com (Bookpool.com).rédboth g and 1 are related to
specific stores. If the manufacturer chooses Amazon.caen,Ator the manufacturer will bgo.
In other words, a fractiofp = S of consumers are willing to purchase from the electronicydea
(if the electronic channel is chosen).
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When the proportion of multi-channel consumers is very hiigtine manu-
facturer were to choose both the channels, the price cotiguelietween the chan-
nels would be extremely high. Therefore, as is clear fronppsdion 2.3, wher
is sufficiently high the manufacturer will choose to sellaigh only one channel.
So far we have only compared choosing both the channels Wwithsing retailer C
only. However, wherp is close to 1 the manufacturer may weigh the benefits of
choosing retailer C only against those of choosing reté&ilenly.

When retailer E is the only retailer, it will chardg®,, whereas when retailer
C is the only retailer, retailer C will charge@ — K¢ — V¢ if R—r > V¢, or
charger — K¢ otherwise. Therefore, IRp > max (R — K¢ — Ve, r — K¢), the
manufacturer will sell through retailer E only; otherwigayill sell through retailer
C only. The interesting point here is that, for the manufeatuthe distribution
problem requires a consideration of both the channels ohgrwsome consumers
have access to only one channel. If all the consumers camggedrom both the

channels, the manufacturer may sell through only one channe

2.5 Model Extensions

In this section we relax some of the assumptions of the moe=gnted in sec-
tion two. So far it was assumed that the manufacturer anditbedtailers in the
physical and the electronic channel are all independeradi ether. In section 5.1
we examine the case where the manufacturer considers imggtatown electronic
store instead of selling through an independent electrstoie. In section 5.2 we

examine the case where the physical and the electronicsstoegointly owned.
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2.5.1 Manufacturer Owns the Electronic Retailer

The Internet makes it easy for a manufacturer to have its ¢&atrenic store. Here
we examine the scenario where the manufacturer can itsetbtgas the electronic
retailer, i.e., the manufacturer’s distribution decisiserto sell through retailer C
only, or to choose retailer C and its own electronic storgépaell through retailer
C and an independent electronic store. Specifically, we exathe manufacturer’s
distribution problem where it considers selling through d¢tectronic channel itself,
but its own electronic store may have a differgntompared with the independent

electronic retailer.

Result 2.4 If the manufacturer'ss is close to the independent electronic retailer’'s
f, the manufacturer should itself sell through the elecitazhannel. If the manu-
facturer’s g is too low, or too high, compared with the independent eledtroe-
tailer’'s g, the manufacturer should sell through the independentmeleic retailer

in the electronic channel.

In the original mode)s is the proportion of multi-channel consumers who
are willing to transact through the electronic channel.sltikely that the manu-
facturer’s electronic store can have a differgncompared with the independent
electronic retailer. In such a situation it is interestiaggkamine whether the manu-
facturer should sell through its own electronic store orarsendependent electronic

retailer.

Figure 2.4 shows the profits of the manufacturer when itfiisethe elec-

tronic retailer, and when the electronic retailer is indegent. It is clear that if the
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Profits P if the manufacturer itself is the electronic retailer

7Pt if the electronic retailer is an independent retailer

Bi

The proportion of multi-channel consumers

Figure 2.4: Manufacturer’s Own Electronic Store

manufacturer and the independent electronic retailer theveame?, the manufac-
turer’s profits are always higher when it itself is the elentc retailer, because it
is in a better position to control the price competition asrthe channels. In other
words, given the physical retailer’s strategy, a manufactowned electronic re-
tailer would make (e.g., pricing) decisions to maximize m@nufacturer’s profits,
whereas an independent electronic retailer would makesibes to maximize its
own profits. Therefore, if the manufacturer’s own store drelihdependent elec-
tronic store have the sanfg the manufacturer is better off selling through its own
electronic store rather than through the independentrelactstore.

However, if the manufacturer and the independent eleatraatailer have
different 8, the picture is different. Assume that the independenttele re-
tailer's f is e (please see Figure 2.4). When the manufactuggr(say ) is

much lower than the independent electronic retailgrg.e., fm < i), a smaller
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proportion of consumers pay a higher price in the manufactielectronic store,
compared to the proportion of consumers who are willing tchase at a higher
price from the independent electronic retailer’s storenitairly, when a larger pro-
portion of consumers can purchase at the manufacturecsehec store, compared
to those who are willing to transact through an independ&ttr®nic retailer’s
store (i.e.,fm > fn), the price competition between the channels is much higher
and the manufacturer’s profits are lower. Therefore, theufaaturer should itself
sell through the electronic channel whenjtss close (i.e.fi < fm < fn) to the
independent electronic retaileys(fe), and not when itg is too low or too high
compared to the independent retailef’s

When the manufacturer is very high, it is not profitable for the manufac-
turer to choose both the independent physical retailer laananufacturer’'s own
electronic store. The manufacturer may choose to sell dmbyugh its own elec-
tronic store, or sell through an independent physical lestaind an independent
electronic retailer with moderaje. However, the manufacturer may also have an-
other alternative, the manufacturer may consider opeyatsnown physical store.
For example, Dell is well known for selling directly througe Internet. This im-
plies that Dell.com’ss is so high that it has chosen to not sell through independent
physical retailers. To serve consumers who may not purobalsee, Dell has set

up its own stores in large shopping malls [61].
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2.5.2 Integrated Retailers

So far it has been assumed that the retailers in the physidaha electronic chan-
nel are independent of each other and that they compete acth@her. However,
the interaction between the two retailers could also be exdjye/complementary.
This can happen when the physical and the electronic retaite jointly owned®

In this case there is no price competition between the twaileesl’ In this en-
vironment the higher thg, the higher the channel profits, and the more likely the
manufacturer will sell through both the channels.

A manufacturer may also have to choose between two alteesat{i) two
independent retailers in different channels, and (ii) oniegrated retailer that oper-
ates in both the channels. It is clear that in this situatisn the independent elec-
tronic retailer'sg is likely to be different from the integrated retaileps® In this
case if the integrated retailer/sis too low compared to the independent electronic
retailer's #, the manufacturer might not select the integrated retawen though

doing so will reduce free-riding and eliminate inter-chakhprice competition.

2.6 Discussion of the Model

In this section we discuss two limitations of the model. Firsthe model the man-

ufacturer chooses only one retailer in each channel (ie model does not consider

18For example, Circuit City owns physical stores as well asraes in the electronic channel
through Circuitcity.com. Similarly, Barnes & Noble operatstores in the physical and electronic
channels.

17Ancarani and Shannkar [4] find that integrated retailersgihigher average prices than inde-
pendent electronic retailers.

18For example, for consumer electronics, Circuitcity.conyrave a lowey than Amazon.com.
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consumers who can purchase from two or more physical stiasdhe emphasis
here is on price and service competition across the two @lanim an environment
where the manufacturer chooses two or more retailers in baenzl, competition
exists not only across the two channels but also within eaemmel. The nature
of the competition within the same channel has been studidddrasimhan [81].
For example, if there are two physical retailers (say, A anéhBhe conventional
channel, there will be three types of consumers in the physttannel:

1) Consumers who have access to retailer A but not to retailer B

2) Consumers who have access to retailer B but not to retailer A

3) Consumers who have access to both retailer A and retailer B

Therefore, in the physical channel, the retailers will cetegfor consumers
who can purchase from both the retailers. On the other hétia electronic chan-
nelis introduced, each physical retailer will also competl the electronic retailer
for consumers who can purchase from the electronic retiéthat specific phys-
ical retailer. Such an environment may lead to aggressingetition between the
retailers in the physical and in the electronic channel. Aemovolved model may
be required to formally analyze this type of environmentwdwer, it is not clear
whether such retail competition will benefit the manufaetwas it will reduce re-
tailers’ incentive to provide product information, andaleduce channel profits
and thus the manufacturer’s profits. Therefore, in the glayshannel, if the man-
ufacturer chooses many retailers to cover more geogrdpeas, it may choose
physical retailers who are geographically apart from edbbrpto reduce the price

competition within the channel.
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The second limitation of the model is the assumption thatpthesical re-
tailer is able to reach all the consumers. This is largelg &a the manufacturer
can choose one physical store in each retail market. Howemerclear advantage
of the electronic retailer is that it can reach consumers kviean very remote and
isolated areas. In other words, the physical retailer mdy wgach a fractiom.c
(Ac < 1) of consumers. The remaining (i.e51c) consumers may have no access
to the physical retailer. If the manufacturer adds an ededatrretailer, the electronic
retailer can independently reach a proporttbaf the consumers. Thus, if both the
channels are chosen, there will be four types of consumers:

1) Consumers who have access only to the physical retailercal/¢ghem
physical-channel consumers. The mass of this type of coasuisic (1 — f).

2) Consumers who have access only to the electronic retadés. call them
electronic-channel consumers. The mass of this type ofurnass is(1 — A¢c)p.

3) Consumers who have access to both the retailers. We cail nielti-
channel consumers. The mass of this type of consumegs/s

4) Consumers who do not have access to any retailer. The m#ss ofpe
of consumers il — Ac)(1 — f).

It may seem that the manufacturer should add the electrbaicree| because
the electronic retailer can reach electronic-channelworess who do not have ac-
cess to the physical retailer, and the higher the electn@taler’s ability to reach
new consumers, the better. However, this is not the case.réds®n is that as
the reach of the electronic retailer increases (i.e.f ascreases) the proportion

of electronic-channel consumers increases (ile= Ac)p increases), but so does
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the proportion of multi-channel consumerg(?). This means that there are fewer
physical-channel consumers (i&; (1 — ) decreases). As a result, the physical
retailer has more incentive to compete with the electrogtigiler for multi-channel
consumers. In other words, the electronic retailer’s giiiti reach more consumers
has two effects for the manufacturer.

1) The manufacturer can sell to new consumers. This has tveosnpact
on the manufacturer’s profits.

2) The physical retailer competes more aggressively wighelectronic re-
tailer for the multi-channel consumers. This has a negatigact on the manufac-
turer’s profits.

The analysis of the impact ¢f in the original model can also be applied to
this new model (where the physical retailer reacheq1c < 1) of consumers).
That is, wheng is low, the proportion of multi-channel consumers is alse lo
and the physical retailer focuses on selling to physicalrckel consumers, rather
than engaging in aggressive price competition with thetedac retailer for multi-
channel consumers. Therefore, the first (and the positifegtadominates when
S is low. However, wherpg is high, the second (and the negative) effect domi-
nates. In this case the price competition between the tworgha is very severe
and the manufacturer’s gain in selling to more new consuieraot outweigh the
decrease in profits from selling to multi-channel consunaeis physical-channel
consumers at a lower price. In sum, the results in the papeararnfluenced by the
assumption that the physical retailer can reach all thewuess. In other words,

our results also hold when the electronic channel can reastconsumers.
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2.7 Conclusion

The Internet is an additional channel for manufacturersawgide information about
and sell their products. However, the electronic channgldnaperties that are dif-
ferent from the physical channel. In this paper we examinve information tech-
nology affects a monopoly manufacturer’s distributionlpgeon. Specifically, the
paper examines how the introduction of the electronic chhnwith its reduced
search cost and increasing reach but limited capabilityagige product informa-
tion, influences the manufacturer’s distribution problé&mespite the reduced search
cost and increasing reach, the benefits of selling througjn the channels are re-
duced, and sometimes outweighed, by the free riding and fiice pompetition
between the two channels.

The model suggests that a manufacturer would sell througnthe chan-
nels when the electronic store has a high price premium begshtysical store. This
can happen when the product information is very valuablelamgroduct informa-
tion is largely digital in nature, or when the product inf@tion is not valuable.
This result is consistent with the empirical study by Carléma Chevalier [18], in
which they find that the manufacturers’ channel selectiansiten is influenced by
the product category and whether the product is subjecetriding. The model
also suggests that when the manufacturer chooses to selpgthboth the retailers,
there is an increase in price competition between the tworakla. Therefore, when
the manufacturer sells through both the channels, it neesisléct an electronic re-
tailer with the optimal reach, rather than selecting the ta@sl-known electronic

retailer.
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This paper emphasizes the case where the retailers in tlegcphgnd the
electronic channel are independent retailers who compitesach other. A man-
ufacturer may be interested in using the physical chanretlanelectronic channel
in a complementary manner. This can happen when the physieder also owns
the electronic retailer. Since the same retailer owns thesipal and electronic
stores, they will not engage in aggressive price compatitiih each other, and
this can benefit the manufacturer if, as discussed in sebtitime 5 of the physi-
cal retailer’s electronic store is not too low compared ® ghof the independent
electronic retailer.

This study suggests some interesting predictions that esaxamined em-
pirically. For example, when product information is vallebnd the product cat-
egory is such that the two channels provide very comparaldd of product in-
formation, the product is more likely to be available in btk channels. In this
case the price competition between the channels is alse®d® be reduced, and
the retailers are less likely to engage in frequent promstidn this environment,
the price dispersion in each channel is expected to be lavthblaverage prices in
the two channels may be quite different. Similarly, the @rwompetition between
the physical and the electronic retailers would be lessreaf/product information
is not valuable. It would also be interesting to empiricakamine the prediction
that a manufacturer is more likely to choose only one chawheh, for a specific
product category, a very large proportion of the potentmistimers have access to
both the channels.

In this paper we examined a market where the product categaew, there
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is no competition on the manufacturer’s side, and all thesaorers need the prod-
uct information to identify their ideal product. The diswiion problem would be
different in a more mature market where some consumers Heeady identified
their ideal product (and do not need the product informataod there are compet-

ing manufacturers. This is an interesting problem for feitesearch.

Appendix

Proof of Proposition 2.1

To construct the mixed-strategy equilibrium for case 1, aeehthe follow-
ing properties:

(1) Each retailer’s price distribution (cumulative) is tionous.

(2) No retailer would have a mass point strictly below thehleist value in
its price distribution.

(3) If retailer E's price distribution (cumulative) has a ssapoint atPeg,
retailer C will chargePg — g with zero density. If retailer C has a mass poinPat
retailer E will chargePc + g with zero density.

(4) Retailer E's price distribution is frorfe to R — K¢ + g. Retailer C’s
price distribution is fromPe—gto R — Kc.

The proofs for these 4 propositions are essentially the setige proofs for
Propositions 2 to 5 in Narasimhan [81]. From now on,Fetbe the lower bound
of retailer E’s price distribution.

From the propositions above, it can be easily shown that e da retailer
C has a mass point & — K¢. Retailer E does not have a mass point in its price

distribution. This is also proved in Narasimhan [81]. Thuken retailer C charges
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its highest price, it sells only to consumers who purchadg foam the physical
channel, and when retailer E charges its highest price nitsel to multi-channel
consumers only when retailer C chardes- Kc.

We then derive the two retailers’ profit functions in case fork the above
propositions, we know that the support of retailer C’s priggribution is [Pe—g,
R — Kc], and that for retailer E isRe, R — K¢ + g). Here Pe and probpc =
R — K¢) are to be determined. Leétbe the probability that retailer C charges
R—Kc.

In the equilibrium, the physical-channel consumers alwayshase from
retailer C. The multi-channel consumers will purchase fretaiter C if Pe — Pc >
g, and from retailer E otherwise. If retailer C charges- K¢, it sells only to the
physical-channel consumers. On the other hand, retaileak&sthe same expected

profits if it charges a price in the supportiét (p). Therefore,

Erc(p) = (1= (R=Kc —Pu)—W-Vc (2.8)

Exc(p) =[1-4)+ Q- Fe(p+9)l(p— Pm) —W—-Vc (2.9)

Solving the two equations above results in:

FE(p+g):%[l— (L-H(R=Kc - PM)]

P— Pwm
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. FE(p):%[l— (1-p)(R-Kc - PM)i|

P—g— Pum

Similarly, we have

Ere(p) = po(R—Kc +9—Pm) - W (2.10)

Exe(p) = AlQ—Fc(p—9)l(p— Pm) - W (2.11)

Therefore:
J(R—Kc+g—Pwm)

Fe(p)=1—
c(p) 0t g— Pu

Solving Fc(p)lp=pc—g = 0 andFe(p)|p=p = O, we get:

PeE—-g=0(R-Kc+9—Pw)—9g+ Pum
Pe=(1-p8)(R—-Kc—Pu)+9g+ Pwm

_@-A(R-Kc—Pw)+g
R—Kc +9— Pwm (2.12)

B9
—1-
b+ R—Kc+9g— Pwm

=90

From Equations (2.8)-(2.12), we can easily get the priceidigion func-
tions for case 1.

Similarly, we can get the price distribution functions fase 2 and case 3.

Proof of Proposition 2.2

From Proposition 2.1 and Equation 2.5, the fixed fee only erfaes whether
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retailers will accept the contract. The wholesale priceugtices retailers’ pricing
strategy and determines which retailer makes higher profiterefore the stages
of the game can be modified in the following manner withoutngiiag anything:

In stage 1, the manufacturer chooses the distributioregyand the whole-
sale price. The manufacturer also promises non-negatogfor retailers. In
stage 2 and stage 3, the retailers make service and prictoigjales. In stage 4’ the
manufacturer charges the fixed fee. The manufacturer'snapfixed fee is such
that one retailer will make zero profits and the other retait@ekes non-negative
profits. More specifically suppose that before stage 4’ the tetailers’ profits
(after they pay the wholesale price but before they pay thexifiee) arer and
mg. ThenW = min(zs, n¢), and finally Exc = 5 — W, Exg = 7 — W.
Therefore, the manufacturer’s profit® + 2 - min(z¢, 7). In other words, the
manufacturer’s ability to extract profits from the two chalmis restricted by the
less profitable retailer. From equation (2.4), the manufactcan get all the chan-
nel profits only wherPy, is such thaPy = (Uc — K¢) — (B9 +vc)/(1— f)? and
the two retailers make equal profits. By < (Uc — K¢) — (B9 + vc)/(1 — B)?,

we haver > 7, so the manufacturer’s profit is:

2N = Py 4+ 27f = 28(1— f)(Uc — Ko) +[1 —28(1— p)IPu  (2.13)

On the other hand, iPy > (Uc — Kc) — (89 +oc)/(1 — B)?, we haver) < zf,

so the manufacturer’s profit is:

TP = Py + 218 = 2(1- f)Uc — Ko) + (2 - DPu —20c  (2.14)
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When both channels are chosen, from the equations (2.13p&al) (it can
be easily shown that whef > 0.5, the manufacturer’s profits increase why .
So it will choosePy, as high as possible. The highest wholesale price retailer C
can accept i¥Jc — Kc — oc/(1 — B). On the other hand, the highest wholesale
price retailer E can accept i$c — K¢ + g/[#(1 — B)]. The highest wholesale
price the manufacturer can set should be the minimum of ttvese As a result,
Pv < Uc—Kc—oc/(1—p), and either retailer C or retailer E makes zero profits.
Therefore, if retailer C provides product information, thanufacturer’s profits will

be Py as it cannot charge a positive fixed fee, and
7P = Py < R—Kc—Ve/(1—f) < R—Kc — Ve (2.15)

When g > 0.5 and retailer C does not provide product information, the

manufacturer’s profits will be:
P = Py <r — K¢ (2.16)

From equations (2.1), (2.5), (2.15), and (2.16), it is clédet as long as
p > 0.5, the manufacturer will not choose both the channels. Thetion is
that when a large proportion of consumers have access toréiatiters, the price
competition will be too severe. As a result, the manufactui## not choose both
channels whei > 0.5.

From equations (2.13) and (2.14), it can be easily shownthahg < 0.5,

the manufacturer’s profit increases wify whenPy < Py, = (Uc —Kc) = (B9+
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ve)/(1 — B)? and decreases witRy whenPy > Py. As a result, it will choose
Py = (Uc — Kc) — (Bg + vc)/(1 — B)? to get all the channel profits. In this

circumstancezy = Py + 275 = Pu + 2z¢. Therefore,

n&oth:UC_KC+ﬁg+UC(2_

1
1-2) 1-p

) — 2vc
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Chapter 3

The Impact of IT on Vertical

Integration

3.1 Introduction

There is a significant literature in IS examining the cooation capabilities of IT
[46, 15]. This literature suggests that by lowering exteowrdination costs, IT
will lead to an overall shift towards more use of markets tordmate economic
activity. Hitt [49] provides empirical evidence that theeud IT is associated with a
decrease in vertical integration (VI). Similarly, Dewaraét[34] and Hitt [49] find
that less vertically integrated firms have higher demandif@apital, implying that
these firms invest in more IT to coordinate with external siepg.

The transaction cost economics (TCE) literature [28, 118¢ssts that mar-
kets generally have production cost advantages due toadeation, economies

of scale, and market-induced efficiency. However, therecasts (e.g., coordina-

74



tion, writing and monitoring contracts, and opportunisre$@ciated with market
exchanges. Since IT can reduce some of these costs, ISaleseahave argued
that IT will lead to greater use of markets [25, 26], and coasatly the levels of
VI will decrease.

Not withstanding the above observations about VI in somsteqly and IS
literatures, over the last 25 years, the average level of ié economy appears to
have increased. Fan and Lang [39], for example, examing-segiment firms and
report that between 1979 and 1997, the average level of véased by about 40%.
If we examine all the firms in the COMPUSTAT database, the aestavel of VI
has not decreased, but increased in the last 20-30 yeatseRdL plots the level of
VI for recent periods for multi-segment firms and for all thenfs in the economy.
As shown in Figure 3.1, the pattern of increase in the levelesfical integration
for multi-segment and all the firms has persidted

Given that the levels of investments in IT have continuatigreased over
the years, the increasing trend in VI is surprising. It isqiole that IT is used
extensively to reduce internal coordination costs, angusttexternal coordination
costs. Since there is a strong evidence in the IS literahaeIT investments are
associated with a decrease in VI, it requires us to explathdu and explain the
possible gaps across different streams of research.

Consider the following two scenarios. In the semiconductalé&ctronics

manufacturing —a dynamic industry — OEMs like Cisco, Erics$tortel Networks,

1There is a jump in the level of VI in 1998. This is partially dieeSFAS 131, the new segment
reporting standard that has lead to an increase in the nuafitsmgments reported by many firms
[7]. The trend in VI is consistent even if we were to discoun& increase in 1998.
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Figure 3.1: Trend in Vertical Integration

3Com, Phillips Electronics, etc., outsource manufactutingontract manufactur-
ers like Solectron, and use IT to reduce external coordinatosts [53]. Generally,
the level of VI in this industry is quite low. In contrast, irstable industry like the
petroleum industry, firms such as BP, ChevronTexaco, Shellaiordinate pro-
duction (exploration, drilling, pumping, refining) and glibution (from refineries,
to terminals, to roadside gas stations) in large verticaitggrated organizations
[88]. In this environment, firms use IT to reduce internal rwation costs [114].
Thus, under different competitive environments, IT mayuaacoordination costs
differently.

The above examples raise the question whether coordinetists can be
the basis to make the argument that IT will lead to a decrea$é iTherefore, the

goal of this paper is to examine (a) the impact of firms’ contpetenvironment on
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how IT affects the level of VI, and (b) how the interactionween IT and the level
of VI impacts firms’ coordination and production costs.

In this study, we analyze firms included in 1995-1997 InfaiordaMeek 500
and COMPUSTAT. The research makes two important contribati&irst, the anal-
ysis suggests that the competitive environment moderheesipact of IT on VI
— in a more dynamic environment IT is associated with a degr@a VI, and in a
more stable environment IT is associated with an increasg.i8econd, the study
provides empirical evidence that IT reduces coordinatimst The analysis also
suggests that the use of IT to organize production in morécedly integrated firms
is associated with an increase in production costs. Givemtipact of IT on coor-
dination and production costs (which favor lower levels ¢f We finding that IT
is associated with an increase in VI in more stable envirorises not consistent
with the coordination cost argument about the impact of ITVénTherefore, the
analysis suggests that there is a need to go beyond efficmntgiderations and
incorporate strategic reasons for vertical integration

The rest of the chapter is organized as follows. Section 2gmts the theory
and the hypotheses. Section 3 discusses the data and thblesyiand section 4
presents the empirical analysis. Section 5 concludes vdiscaission of the results,

and presents directions for future research.

3.2 Theory and Hypotheses

Below we first examine how a firm’s competitive environmentugafices the rela-

tionship between IT and VI, and then examine the performéinee the coordina-
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tion and production cost) implications of the interactiaivieeen IT and VI.

3.2.1 Competitive Environment and the Choice of VI level

We assess an environment by the uncertainty in demand antd lepmpetitive
stability. Dynamic environmentsare characterized by uncertainty about, and un-
predictability of, customer tastes and preferences, andymtion and service tech-
nologies [77]. Firms can respond to this uncertainty by nizjag more activities
internally. For example, Walker and Weber [108] found thathdnd uncertainty
increased the likelihood of internal production in autom®nanufacturing. Al-
ternatively, firms can choose to reduce their VI level to rtamflexibility, as they
require a changing set of assets and capabilities to corfiy#e103]. In contrast to
dynamic environments, in stable competitive environmeggsets and capabilities
are more enduring and operational efficiency and market paveskey [38]. Thus,
firms can take advantage of stable market conditions by ariggnmore activities
inside the firm [47]. Alternatively, firms can choose to foarstheir core com-
petencies and opt for narrow vertical specialization [83]ese arguments suggest
that firms in different environmental contexts may makeedéht commitments in
specialized assets, and choose different levels of VI.

When demand is very unpredictable, the likelihood of exceesialized
capacity without alternative use, or insufficient capaditgreases. D’Aveni and
llinitch [32], for example, find that in dynamic environmentertically integrated

firms are associated with higher risk, as they are less agaptertically integrated

2We use the terms dynamic environment and demand uncertatatghangeably depending on
the grammatical context.

78



firms have many vertical links between their different ynigsding to high inter-
dependence among them. Such interdependence may make tib lzatapt because
of the difficulties in changing strategies, abandoning tdiedechnologies, or fill-
ing unevenly balanced upstream or downstream capacityrardic environments,
firms may be better off by reducing their VI, and instead u$intp coordinate with
external partners with the necessary assets and capbiiblta [41], for example,
found technological uncertainty to be associated with &epeace for collaboration
over acquisition (i.e., vertical integration), as a way ob®omizing on the cost of
committing to a technology with uncertain demand and as &itexible and faster
mechanism to adapt to changes in technology.

Lee [70] discusses how firms in Computer and electronics tneégsvhere
technologies change rapidly and demand is very unpredétabe electronic ex-
changes to collaborate on design. These electronic exelalpw firms to share
product content information to support product changesrdduces cycle time for
new product introductions and improves responsivenes® ttstract manufactur-
ers like Solectron provide manufacturing capacity to meetdiating demand [53].
Solectron has established a web-enabled extranet thatsaifdormation sharing
with customers. Thus, OEMs make reduced commitments in faaetwing capac-
ity and instead use IT to coordinate production with Sotattr

Now consider an environment where demand is steady (orasurg), but
competitors behave like symmetric oligopolists and selhdardized goods to ho-
mogeneous markets (e.g., Petroleum industry). In staligettive environments

firms may have the incentive to perform more activities imédyy, thereby increas-
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ing the level of VI. In this environment, there are fewer titeefrom substitute
products and lower risks of radical change introduced by c@wpetitors, and the
competitive dynamics do not involve aggressive competi3]. Under these con-
ditions, firms can safely gear up to produce more in-housede@ase revenue and
capture wider value add and margin by integrating vertcg@l’]. Increasing VI
can also increase entry barriers [94], enhance market p@wercontrol input and
output prices), offer opportunities for creating one-stbppping that can increase
switching costs [19], and provide experience curve adyg#dl]. Hence, in com-
petitively stable markets vertical integration may offéfedent advantages.

Firms can use IT to organize more activities internally ai a®use IT to
coordinate more activities with external suppliers. Thguarents presented above
imply that how IT is used is influenced by the characteristicthe environment.
This leads to the following hypotheses:

H1 (a): As demand uncertainty increase, IT is likely to beoasged with
greater decrease in vertical integration.

H1 (b): As competitive stability increases, IT is likely te Bssociated with

greater increase in vertical integration.

3.2.2 Performance Implications of the Impact of IT on Vertical

Integration

IT has implications for the coordination and productiontéoghe value chain that
affect the level of VI chosen by a firm [46]. In this section wamine the impact

of IT on coordination and production cost.
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Coordination Cost

Coordination cost s the cost of finding suppliers and pastmeggotiating and spec-
ifying delivery arrangements, monitoring execution of wants, and taking correc-
tive actions when required. Information technologies sagkhe Internet and open
standards like eXtensible Markup Language (XML) can lowen$i cost of co-
ordinating with members of the value chain [73]. In this mefydT can reduce
coordination costs.

A firm may choose to respond to its environment by increasmy/i. For
example, in the context of distribution, John and Weitz [&(nd that the like-
lihood of a direct channel (rather than intermediariesjeases with uncertainty.
Nevertheless, coordination of production and informatlows is very complex in
vertically integrated firms. Subunits in vertically intaggd firms have to adapt to
demand and other fluctuations by extensively coordinatiagsters from one line
of business to another. However, information sharing cdnge coordination costs
in vertically integrated firms [33]. Brews and Tucci [14] repthat IT can reduce
coordination costs relating to information gathering,isien making, and compli-
ance monitoring needed when producing internally. Siryildree and Billington
[55] suggest that firms can share production plans, capaetyand and inventory
information to coordinate the value chain and substitutermation for inventory.
In this regard, IT can reduce coordination costs by makifigrmation transpar-
ent, and enabling production and distribution scheduldsetoptimized [70]. For
example, the adopters of ERP systems, software often useddbtime informa-

tion sharing and coordination in vertically integrated f;nshow superior coordi-
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nation performance [50]. Also, firms that have IT capaleititto share information
have observed superior operational and financial perfocen@j. In this regard,

the organization of the value chain where a firm performsygiets within a more

vertically integrated structure reflects managerial aha@tusing IT-based internal
coordination to respond to the environment faced by the firm.

As an alternative to performing more activities interngdlyirm may choose
to respond to its environment by becoming less verticaltggrated. In this con-
text, IT can reduce the cost of coordinating with externglptiers. Clemons and
Row [25] and Clemons et al. [26] argue that IT can reduce theafestchanging
information and the cost of monitoring the performance bkotparticipants in the
value chain. IT can also be used to search, identify, anddawate with external
suppliers. Gosain et al. (2004), for example, find that tghomodular design of
interconnected processes and structured data conngdiivé@nabled supply chains
provide the flexibility to support changes in orders (offigrilexibility) as well as
the ability to partner with different supply chain playepstnering flexibility).

Electronic Data Interchange (EDI) systems are examplegdafnblogies
used to coordinate with suppliers. EDI systems decreaselic@bion costs as they
are associated with fewer shipment errors and better guslipments [99], and
decrease in delayed payments as well as credit orders [83.the EDI systems
in the manufacturing context, firms in the retail industrg excreasingly relying on
Collaborative Planning, Forecasting, and Replenishment R}Rdols [70]. These
IT initiatives have reduced coordination costs in the tatadustry by lowering

inventory levels and by reducing stock outs [68].
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Though there may exist differences in coordinating the e/ainain in dif-
ferent environments, the above arguments suggest thanlTeckuce coordination
costs whether firms respond to their environment by perfogmore activities in-
ternally (i.e., if they choose less VI) or by coordinatingnaactivities with external
partners (i.e., if they choose more VI). These arguments tedhe following hy-
pothesis:

H2: IT is associated with a decrease in coordination cost.

Production Cost

Production cost includes the cost of material and laborlimgin producing goods
and services. The impact of IT on production cost is contimge the environment
and the level of VI. When demand is very unpredictable, thee risk of supply
failure to the customer (e.g., where there is stock out duad@rproduction) or the
risk of overproduction for the firm. In response to demandeutainty, a firm may
choose to use IT to perform activities in a more verticallggrated organization,
especially when demand uncertainty makes it difficult tordowte with external
suppliers [31]. In this case, managers suffer from “illustd control” that they can
manage the uncertainty by conducting more activities iatiy.>

In environments with significant demand uncertainty if a fuses IT to
perform activities in a more vertically integrated struetusuch organization may
increase production costs. The argument is that if a firmsitsvan many special-

ized assets in uncertain environments, it will often be ksdldiith assets that are

3|llusion of control [67] is the tendency for human beings &iéve that they can control or at
least influence outcomes which they clearly cannot
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not useful when conditions (e.g., consumers’ tastes arfdnereces, technologies)
change. Internal production may also lead to a cost disadgarbecause of the
inability to achieve efficient scale in production [101]. R production costs can
increase with VI as the uncertainty of the environment iases. Also, in dynamic
environments, if a firm performs more activities internatlye difficulty of orga-
nizing production due to unpredictable demand may resytacurement of ma-
terial at a premium, or shipment through expensive mode, (@iigshipping). Dy-
namic demand conditions may also require many change otiagtréead to more
re-work. Similarly, rush orders may require overtime lghiocreasing production
costs. Thus, production costs can increase with VI as demmacgltainty increases.
However, if firms choose a lower level of VI and instead used Tdordinate more
activities with suppliers with specialized assets neagdsathe new environment,
then such external coordination can reduce productiorscdir example, in the
electronics industry, firms use B2B exchanges (e.g., Comarde=2open) to find
and coordinate activities with suppliers with specific éssad capabilities [70].
Such IT based coordination with external suppliers avaglg/rcapital investments
and also saves costs associated with change, rework, apgtExt management
that are associated with increase in production costs iremertically integrated
firms.

In competitively stable environments, a firm may use IT tofgoen more
activities inside a vertically integrated organizatioiithle firm has significant mar-
ket share, then performing more activities internally caduce production costs,

provided that the firm is able to achieve economies of scaleernal production
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can also provide learning and experience curve advantdgesipwever, having
in-house captive demand may give rise to agency problenjsljavcan raise pro-
duction costs, since in-house production units often dohawe the incentives to
be as efficient as market suppliers. Markets enforce disei@nd efficiency on
suppliers, which may be absent under internal production.

In summary, the above arguments suggest that use of IT toiaeyproduc-
tion in more vertically integrated firms is likely to be assted with increase in
production costs. In contrast, if firms use IT to coordinataeractivities with ex-
ternal partners (i.e., if they choose lower level of VI), guation costs may fall as
firms can benefit from the scale advantage of specialistslanceaoid risky capital
investments and agency problems that are associated wetimath production. The
above arguments lead to the following hypothesis:

H3: Use of IT to organize production in more vertically intated firms is

likely to be associated with increase in production costs.

3.3 Data and Variable Measures

3.3.1 Data

This study uses data from multiple sources. Firm level IThsipgg data from 1995
to 1997 are drawn from InformationWeek 500. This list was ped annually
by Information Week, together with Computer Intelligence)(@hd has been used
in prior research in IS [8]. We match the IT spending data fier firms listed in

InformationWeek with data from COMPUSTAT. We also use datafthe Bureau
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of Economic Analysis (BEA) to estimate the level of VI.

3.3.2 Variable Measures
IT Spending

Two commonly used measures of IT spending are employedniija IT budget,
and (ii) the ratio of IT budget to sales. The annual IT budgetdach firm in
InformationWeek 500 was compiled by Information Week fralephone surveys.
The sales data was obtained from COMPUSTAT. The annual IT ddusigd sales
data were then adjusted using the price and inflation inaex the Bureau of Labor

Statistics.

Vertical Integration

Vertical integration refers to the extent to which a firm @sproduction processes
from raw materials to the final product within its boundaf@s]. Three methods
have been used in the literature to estimate firms’ vertidaigration: the ratio of
value added to sales, the VIC index by Maddigan [72], and érgoal relatedness
index by Fan and Lan [39]. The ratio of value added to sale®issuitable for
our cross-industry study since we cannot meaningfully canap/I among firms
in different industries. In the value added to sales measiyé, the firm produc-
ing the input will have a higher value added to sales ratio tih@ firm producing

the final output, even though there may exist no differenadeénVI levels of the
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firms [3, 69]* Though both Maddigan’s, and Fan and Lang’s VI measures use
the Input-Output table from the Bureau of Economic AnalyBEA), Maddigan’s
index ignores the level at which a firm participates in a dpeitidustry. For exam-

ple, a car manufacturer will report the same value of VI noterathether its tire
factory contributes 1% or 100% of the tires its car factorgausAccordingly, we
employ the index by Fan and Lang [39] as the measure for VI.

To assess VI, the following three step process is used. , kuestinvesti-
gate each firm's segment information in COMPUSTAT’s Segmenalshse. For
each firm, its primary segment (the 4-digit-SIC segment whith highest sales) is
identified, and all the other segments are considered asdagosegments. Sec-
ond, for each secondary segment, we calculate the vergledédness between this
secondary segment and the primary segment based on thef@g7Qutput (10)
table from BEA? The value of the vertical relatedness between the two seigmen
is determined by two factors: (i) the dollar value of the setary segment’s output
required to produce the primary segment’s output, andh{@)dollar value of the
primary segment’s output required to produce the seconskegynent’s output. If
the two segments have strong make-buy relationship acwptdithe material flow
data in the 10 table, they will have a high value of verticdtedness. Third, based

on the calculation from the first two steps, we assess eacls fifhtevel using the

4Here is an example provided by Adelman [3]. Suppose thaethes 3 firms in an industry.
Assume that the first firm buys nothing and sells its produxfiam 2. Firm 2 manufactures using
the input from firm 1 and sells to firm 3, a distributor. If eadhttee 3 firms contributes 1/3 of the
total value added by the industry, firm 1 would have a valuesdekhles ratio of 1, while firm 2 has
a ratio of 0.5 and firm 3 has a ratio of 1/3. If firm 2 integrateskveards to absorb firm 1, its new
ratio will be 1. But if it integrates forwards to absorb firmtBe new firm will have a ratio of 2/3.

SThe table reports for each pair of industries sand j, the dollar value of’s output required
to producej’s total output, and the dollar value & output required to produdes total output.
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following formula:

V=WV,
j
In the above formulaWy; is the ratio of thejth secondary segment’s sales to the
total sales of all the secondary segments, ént the vertical relatedness between
the jth secondary segment and the primary segment. If a firm'esargecondary
segment(s) has (have) very strong vertical relatednedsitsitprimary segment,

then the firm will have a high VI index and will be regarded ambéighly vertical

integrated.

Competitive Environment

Two measures are used for competitive environment: (i) eeimencertainty, and
(ii) four-firm concentration ratio. The demand uncertaintgasure reflects the in-
stability/variance in industry sales in the industries mfparticipates in. For each
firm, past five years’ data on sales are used to calculate tharttuncertainty for
each year. More specifically, demand uncertainty is caledlasing the following

regression equation:

In(yy) =a+bx + &

whereytis the yearly sales of a particular industry the firm parttgs in, and;is
the year. Growth rate is the antilog of the estimate of theesgjon slope (b). As

suggested by Keats and Hitt [63] demand uncertainty is thigrof the standard
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error of the regression slopbk)(®

The four-firm concentration ratio is the sum of the marketsbaf the top
four market share leaders in an industry. A high four-firmazntration ratio im-
plies a stable competitive environment. For example, whemdustry has a few
well established players, each incumbent knows who thenpatitors are and how
they will behave, thus there is less uncertainty about thereaf the competitive
interaction [63].

One advantage of the demand uncertainty and four-firm caratem ra-
tio combination of measures for competitive environmerhéa they complement
each other. As discussed earlier, since demand unceriaingyated to the vari-
ance in sales over time, it measures uncertainty on the die(oansumer) side of a
firm. Four-firm concentration ratio, on the other hand, iswgde measure of uncer-
tainty on the supply (competition) side of the firm. When cldting the demand
uncertainty (or four firm concentration ratio) of a firm thaeoates in multiple in-
dustries, we weight demand uncertainty in each industriy thi¢ proportion of the
firm’s sales from that industry. The two measures of comipgeté#nvironment are

calculated using the COMPUSTAT Segment database.

6We also run the analysis with two other alternative measnirdemand uncertainty: (i) antilog
of the standard error normalized by the sales of that ingusts smaller industries may have more
variability, and (ii) antilog of the standard error nornzalil by the growth rate of the industry - as
growing industries may have a higher variability. The resate consistent across these alternative
operationalizations.
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Performance Measures

We are interested in the impact of firms’ VI on coordinatiomnl gmoduction costs.
We use three different measures for coordination cost:€ijrfg), General, & Ad-
ministrative cost divided by Sales (SGA), (ii) Inventoryrtaver, i.e., Cost of Goods
Sold divided by Average Inventory, and (iii) Receivablesitwer, i.e., Sales divided
by Average Receivables. SGA reflects the selling and admamig costs incurred
to coordinate activities inside the firm and with suppliensl @ustomers, and thus
is an aggregate measure of coordination cost [33]. Invgrntwnover indicates the
efficiency with which a firm converts inventory into salesyght reflects the effi-
ciency of coordination with suppliers [49]. Similarly, Réables turnover reflects
the efficiency of coordination with customers [49].

The second performance variable of interest is the prooluatost. Pro-
duction cost is measured as the Cost of Goods Sold divided leg $23]. The
data for all the performance measures is drawn from COMPUSAATthis is a
cross-industry study and performance varies from industigdustry, we normal-
ize performance (e.g., production cost) by dividing a firpreduction cost by the

average production cost of all the firms in the same industry.

Industry Capital Intensity

Industry capital intensity is an alternative explanationthe level of VI as firms
in capital intensive industries are expected to be moreacadist integrated [15].
Thus, Industry Capital Intensity is included as a controlalge. This variable is

calculated from COMPUSTAT Segment database. For each sedimentified as
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an SIC/NAICS code) i, we calculate its total assét3;( and its total salesYALE)
based on the segment data from all the firms that participagegment. If a firm

participates in n segments, the firm’s industry capitalisity is calculated as:

n
s AT
CAP= —
; SSALE

wheresis the sales of this firm in segmenand

n
S= Z S
i=1
In other words, the Industry Capital Intensity of a firm is tlagital intensity of all
the industries the firm participates in weighted by its salé¢kose industries.

The other control variables in the study include Capital Strte - ratio of
total liabilities to sales [51], and Debt to Equity ratio [49The level of VI and
coordination and production costs may also be influencetidgdtale of operations
and the number of employees involved in operations. So saldsthe number
of employees are also included as control variables. Silyilarms with larger
market share and firms in growing industries may be moreoadlyi integrated.
Thus, market share and industry growth rates are also usszh&®l variables for
VI [49]. Also, manufacturing firms may have different levelsVI compared to
service, and agriculture and mining firms. Therefore, itguiype is also used as
a control variable. The level of IT investments may be infeexhby the alternative

investment opportunities a firm has, so Growth Options em@itbook vale of assets
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Table 3.1: Sample Characteristics

Minimum | Maximum | Mean Std.Deviation

IT Budget(in Million Dollars) | 0.634 5105.01 | 228.52 | 477.8
IT/Sales 0.000 0.374 0.007 0.020
VI(Vertical Integration) 0.000 0.293 0.020 0.044
UNC(Demand Uncertainty) 0.002 0.346 0.040 0.037
FOUR(Four-firm concentration) 0.126 1.000 0.645 0.218
CAP(Capital Intensity) 0.242 70.662 4.403 9.908
MS(Market Share) 0.003 1.000 0.215 0.211
GRR(Growth Rate) -0.193 0.852 0.087 0.122
DEQ(Debt to Equity) -138.918 | 125.298 | 2.213 10.950
GROP(Growth Options) 0.092 43.252 1.943 2.989
CST(Capital Structure) 0.101 8.966 0.988 1.272
SALES(in Million Dollars) 75.13 168919.00| 10530.09| 18788.02
EMP(Employees in thousands) 0.57 825.00 47.2066 | 87.02
COST(Production Cost) 0.008 1.531 0.875 0.308
SGA 0.006 2.703 0.679 0.422

Inv Turns(Inventory Turnover) | 0.017 9.580 0.958 0.785

to market vale of the firm [34] - is used as a control variabtd To’

3.4 Empirical Analysis

3.4.1 The Models

We are interested in two research questions: (i) how dodastidection between IT
and the competitive environment influence a firm’s VI leveld &ii) how does the
interaction between IT and VI influence firms’ coordinatiomdgroduction costs.
Prior studies [34, 49] have shown that OLS estimation wilesufrom simultaneity

bias since a firm will choose its IT investment given its Videvand vice-a-versa.

"Please refer to the regression models for the set of contsels for a specific regression model.
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Hausman tests on our dataset also show that VI and IT budgenaogenous, thus
rejecting the OLS formulation in favor of two-stage leasti@egs (2SLS). There-
fore, we use a 2-equation model for the first research queat@ausality may run

not only from IT to VI, but also from VI to IT. The model is shovinelow:

ViIi= ap+a1lTi +a2UNGC + a3l Ti -UNG 4+ asFOUR
+as5lTi - FOUR 4+ asCAR 4+ a7M§ 4+ agCST

+0a9DEQ; + ajoSales+ a11EMRB + 012GRR Vb
+ai13Tii + a14T2i + a1sTs + U,

ITi = yo+ 71V Ii +y2UNG + y3FOUR + p4V I -UNG
+y5V1i - FOUR + y6C AR + y7Sales ()

+y8DEQ + y9CST + y10GROR + u;

where VI (VI;), IT (IT;), demand uncertainty (UN four-firm concentration ratio
(FOUR), industry capital intensity (CAR, market share (M3, capital structure
(CST;), debt to equity (DEQ), sales (Salgy the number of employees (EMP
growth rate (GRR), and growth options (GRQR represent the characteristic of
firm i respectively’ We also use three dummy variables to serve as control vagabl
for VI. T1is 1if firm i has segment(s) in agriculture or mining industriesisTl if
firm i participates in manufacturing industries, anglig 1 if firm i participates in

service industries.

8Based on the rules widely used in empirical studies, if aaei is a dollar amount (such as IT
budget), or number of people (such as number of employdeg)pears in logarithmic form. Other
variables, such as VI and IT spending such as the ratio of igbuto sales, are in their original
form.
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For the second research question, the following model id:use

PE = Bo+f1lTi+pVIi+B3lTi - VI + BaUNG
+psFOUR + fsCAR + f7M§ (PF)
+p8CST + poDEQ; + proSales+ f11EMPB + ur

where the dependant varialfieF- is performance (coordination cost or pro-
duction cost).

The VI, IT, and PF models also use interaction terms. Foratdes that
are involved in the interaction (e.g., IT, UNC, and FOUR in ¥iemodel), we
center them by subtracting the mean from each variable. €egtean reduce
multi-collinearity among these variables and make theaggjon coefficients more
meaningful. For example, after we center IT, UNC, and FOUR@\| model,a
is the impact of IT when UNC and FOUR are at their average level

Two-stage least squares method (2SLS) is used to assessedeh In-
strumental variables include 2-digit SIC segment and yearrdy variables. Each
2-digit SIC industry segment instrument variable takedaevaf 1 if the firm partic-
ipates in this 2-digit industry and O otherwise. These erogs variables capture
industry specific effects [110]. We also use 2 year dummyatéeis,Y 1995 and
Y1996. For example, if a data point is for the year 1995, th#895= 1. The year
dummy variables capture any variances that are relatedhty such as IT prices,

interest rates, price of oil, level of defense expenditueés [49].
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3.4.2 Data Analysis
The VI Model

Table 3.2 presents the 2SLS estimates of the VI model thatiexs how the com-
petitive environment moderates the impact of IT orP\tih the VI Model, the over-
all effect of IT on Vlisa1+a3sUNC+asFOUR. Herexq reflects the effect of IT when
demand uncertainty and four-firm concentration ratio atkeit average level® a3
andasare the interaction effects related to demand uncertamdyfeur firm con-

centration ratio respectively.

Table 3.2: The VI Model

(Constant) -0.143* | (0.061)] | CST | -0.007** | (0.003)
1T -0.001 | (0.005)] | DEQ | 0.000 (0.000)
UNC -0.103 | (0.19) GRR |-0.017 | (0.06)
IT -UNC (a3) | -0.329* | (0.14) EMP | -0.037** | (0.007)
FOUR 0.057** | (0.025)| | SALES| 0.037** | (0.008)
IT - FOUR(as) | 0.046" | (0.021)] | T1 0.009 (0.01)
CAP 0.002%* | (0.001)| | T2 0.021 | (0.02)
MS -0.035 | (0.028)] | T3 -0.004 | (0.005)

N: 596; AdjustedR?: 0.086; F Statistic: 4.730
Note: Standard errors are in parenthesis.
xxx— P <00, *x%x—p<0.05=*—p<0.10

As indicated in Table 3.2, botlizandas are significantas is negative and
significant (at p = 0.016 level), suggesting that IT is assecl with greater decrease
in VI in more dynamic environments. Thus, H1 (a) is supparteds positive and

significant (at p = 0.030 level), suggesting that IT is assted with greater increase

9Please note that though we report the R-square here, thedeshjas no natural interpretation
(Wooldridge [113]).

10since the three variables (IT, UNC, and FOUR) are centerédisnmodel, their means, after
centering, are zero.

95



in VIin more stable competitive environments. Thus, H1 §xalso supported. The
moderating role of competitive environment on the impad@adn VI is illustrated
in Figures 3.2 and 3.3. To make the illustrations simple, wétedying the impact
of demand uncertainty we let four-firm concentration ratibé at its average level,
and vice aversa. We probe the impacts using the procedurenerG. al ([29], pp.

273) and report the significance of the simple slopgs$¢3UNC andai+asFOUR)

at selected pointst

0.05
= 0.00
i
o
F
=005 ~
S} \
<
(o
Z -0.10

0.15

0.00 0.10 0.20 0.30
UNC

Figure 3.2: Moderating Role of Demand Uncertainty

As shown in Figure 3.2, when demand uncertainty is belowl;&0T has
a positive impact on VI. This impact is significant (at p = 0.86hen demand un-

certainty is -0.04. This suggests when demand uncertantgriy low firms use IT

11The procedure specifies the standard error of the simple sibpach point so that its signifi-
cance can be calculated.

12pfter centering, the range of demand uncertainty is fror84Q@o 0.35. More than 56% of the
firms have demand uncertainty below -0.01.

96



0.02

0.00 /r/
-0.02 /

/

Impact of IT on VI

-0.04

-0.40 -0.20 0.00 0.20
FOUR

Figure 3.3: Moderating Role of Four-firm Concentration Ratio

to become more vertically integrated. However, as demaeértainty increases,
the impact of IT becomes negative. When demand uncertaiatytsaverage level
(i.e., zero), firms use IT to become less vertically integglafThe overall impact of
IT is negative and significant (at p = 0.04 level) when demamckuainty is 0.07.
In sum, the analysis suggests that as demand uncertaimgases, IT is associated
with a decrease in VI.

Figure 3.3 shows how four-firm concentration ratio influentdee impact
of IT on VI. When the four-firm concentration ratio is below eage (i.e., below
zero), IT has a negative impact on VI. This suggests that fusesIT to become
less vertically integrated when the four firm concentratgtio is below the average
level. However, when four-firm concentration ratio is ab@awerage, firms use

IT to become more vertically integrated. This impact is gigant at 0.10 level
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when concentration is at 0.25 and is significant at 0.05 letedn concentration is
0.35. This analysis suggests that as four firm concentraéibo increases, IT is

associated with an increase in VI.

The IT model

As discussed earlier, IT and VI choices are made simultagigoln this section we
examine how IT investments are influenced by VI, demand waicgy, and four

firm concentration ratio.

Table 3.3: The IT Model

(Constant) | 3.573** (0.611) CAP | 0.033** | (0.01)
Vi -0.656 (2.829) SALES | 1.022** | (0.074)
UNC 1.091 (3.509) GOP | -0.129%* | (0.039)
FOUR 0.551 (0.435) DEQ | 0.007 (0.008)
VI-UNC (ya) | -402.703** | (151.611)| | CST | 0.206*** | (0.075)
VI-FOUR (ys) | 50.472* | (19.762)

N:575; AdjustedR?: 0.367; F Statistic:34.246
Note Standard errors are in parenthesis.
xxx— P <00L*x%x—p<005=—p<0.10

In the IT model, the impact of demand uncertainty on ITy3y4VI and
the impact of four firm concentration ratio on IT jg+ysVI. Table 3.3 presents
the 2SLS estimates of the IT model. As shown in table 343is negative and
significant (at p = 0.008 level). This suggests that when cemancertainty is
high, a decrease in VI is associated with increase in IT tnwests. Similarly, the
coefficient ofys is positive and significant (at p = 0.011 level). This indesathat
in more stable competitive environments increase in VI sbasited with increase

in IT investments. We probe the impacts and report the sagritie of the simple
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Figure 3.4: Moderating Role of VI (a)

slopes {2+y4VI and y3+ysVI) at selected point$3

Figures 3.4 and 3.5 illustrate these results graphicallfigure 3.4, when VI
is -0.02, the impact is positive and significant (at p =0.@8&I) suggesting that in
dynamic environments decrease in VI is associated witleas® in IT investments.
Similarly, when V1 is 0.05, the impact is negative and sigrafit (at p = 0.05 level),
suggesting that in dynamic environments increase in ViIsseaated with decrease
in IT investments. Figure 3.5 also yields consistent resulYhen VI is 0.02, the
impact is positive and significant (at p =0.03 level) suggesthat in stable com-
petitive environments increase in VI is associated witligase in IT investments.

In summary, the VI and IT model provide results that suppdri(&) and H1 (b).

B3Here we focus on the moderating role of VI in the impact of dedhancertainty and four firm
concentration ratio on IT. We also studied the moderatitgy@bdemand uncertainty and four firm
concentration ratio in the impact of VI on IT. That analydsogoroduces very similar results.
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Performance

Table 3.4 shows the 2SLS estimates of the PF model. Sincestf@mance mea-
sures are relative to sales, in Table 3.4, the ratio of IT butlgsales is used as the
measure for IT. In the above equation, the impact of IT ongrerhnce has two
parts. The first pari$y, reflects the ‘general’ impact of IT when VI is at the average
level. The second parf, reflects the impact of IT through its interaction with VI.
As the level of VI is an endogenous choice made by a firm, arakgims choice is
influenced by IT, it is important to consider the impact of theeraction between
IT and VI on performance. In this regaf reflects how the use of IT to organize
activities in more vertically integrated (i.e., high VI) kess vertically integrated
firm (i.e., low VI) affects performance. Thug;+p3VI is the overall impact of IT

on performance.

100



TOT

Table 3.4: Performance Models

SGA Inventory Turnover Receivable Turnover Production Cost
(Constant) | 1.127***  (0.427) 1.556** (0.774) 2.178***  (0.361) 0.393 (0.324)
VI 2.896** (1.204) 0.93 (0.28) 1.03 (1.058) -0.083 (0.943)
IT (f1) -13.696**  (6.557) 45.274*%*  (17.174) 3.032 (7.994) -3.648 (5.138)
IT-VI(p3) | 249.917** (105.013) | -653.008** (271.661) | 32.762 (125.966) | 189.506** (85.058)
UNC 2.365 (1.608) -6.823** (2.81) -1.201 (1.329) -3.32%*  (1.197)
FOUR -0.854***  (0.29) 0.635 (0.454) -0.255 (0.213) 0.074 (0.191)
CAP -0.023***  (0.006) -0.045***  (0.011) -0.003 (0.005) -0.02***  (0.004)
MS 0.963***  (0.286) -0.61 (0.498) 0.161 (0.232) 0.113 (0.211)
CST 0.062 (0.095) 0.018 (0.061) -0.084***  (0.028) 0.029 (0.023)
DEQ 0.00 (0.003) -0.015** (0.006) 0.005 (0.003) -0.005* (0.003)
EMP 0.131** (0.065) 0.113 (0.117) 0.056 (0.054) -0.075 (0.052)
SALES -0.123* (0.068) -0.066 (0.125) -0.171** (0.058) 0.089 (0.054)
N 471 542 537 598
AdustedR? | 0.08 0.04 0.07 0.09
F 4.82*%** Jrxx 3.563*** 6.16***

Note: Standard errors are in parenthesis. keyx — p < 0.01, x« —p < 0.05 * — p < 0.10




Coordination Cost SGA: Table 3.4 shows that IT has a negative ‘general’ impact
on SGA (significant at p = 0.031 level), and a positive impacE&A (significant at
p = 0.014 level) through its interaction with VI. This sugtgethat IT is associated
with a decrease in coordination cost when VI is at the avelagd. However, for
firms with higher levels of VI, IT’s negative impact on coandtion cost weakens.
Moreover, for firms that use IT to organize their activiti¢saavery high level of
vertical integration, the impact of IT on SGA may be positihis is consistent
with the claim that there are bureaucracy costs associaitidhghly vertically
integrated organizations [33]. Overall, the analysiséirgupports hypothesis H2.
Figure 3.6 illustrates the total impact of IT on SGA. The fgwhows that the
overall impact of IT on SGA is influenced by the level of VI. Whehis less than
0.05, IT has negative impact on SGA. This holds for 90% of tiradit* However,
when VI is higher than 0.05, IT has a positive impact on SGAs Bhggests that for
firms whose VI is very high, IT may be associated with an inseda coordination
costs.

Inventory and Receivables Turnover: The analysis of the ang T on in-
ventory turnover is very similar to the analysis for S&AT has a positive general
impact (significant at p = 0.010 level) on inventory turnoged a negative impact
(significant at p = 0.019 level) through its interaction with Therefore, IT can
increase inventory turnover for firms with lower level of \dpgcifically for firms
with VI of 0.06 or less). This analysis also largely suppdngpothesis H2. In the

analysis of the impact of IT on receivables turnover, theegalnand the interaction

14pfter centering, VI has a range from -0.02 to 0.27. 90% of thedihave VI less than 0.05
15please note that firms want lower SGA and higher inventoryoer.
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Figure 3.6: Impact of IT on SGA

impact of IT are not significant. Thus, the analysis with remiales turnover does

not support hypothesis H2.

Production Cost The impact of IT on production cost also has two components:
the general component and the component that is influencételishosen level of
VI. As shown in Table 3.4, the general impact of IT is not siigaint, i.e., when VI

is at its average level, IT has no impact on production cosweéver, the interaction
between IT and VI is positive and significant (at p = 0.027 levEhis suggests that
the use of IT to organize production in more vertically imsgd firms may be as-
sociated with increase in production costs. Figure 3.%8tithtes the overall impact
of IT on production cost. Itis clear that for firms with higHevels of VI (i.e., when

VI is above 0.02, which is associated with 15% of the firms & sample), more

IT leads to increase in production cost. This finding is cetesit with TCE argu-
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ment that the market has advantage in production cost ahdripnizing activities
inside vertically integrated organizations may lead ta@ase in production costs
[28, 74]. Thus hypothesis H3 is supported by the analysis.

In summary, H2 and H3 suggest that IT decreases (increasesjication
and production costs when firms organize their activitiekess (more) vertically
integrated structures. Thus IT favors less verticallygraged firms from efficiency
(i.e., coordination and production cost) point of view. Hmer, H1 (b) suggests
that firms use IT to become more vertically integrated undecsic circumstances.
This raises the question: why do some firms choose to be mareally integrated
when it can increase coordination and production costsirmpkcation here is that
efficiency considerations, by themselves, do not explagnctioice of VI in some

circumstances. This issue is explored further in the dsoussection.
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3.5 Discussion and Conclusion

Before discussing the implications of the findings, it is intpat to recognize the
limitations of this study. The analysis was performed udifignvestment data
collected by InformationWeek. The Information Week 500gautedly includes
leading users of IT in the US. To that extent the sample is noaraly random
sample. However, if we can show the differences in the imp&€t on VI under
different competitive environments using this sample,aih @ctually bolster our
claim. Further, this dataset has been used in prior resé@amtamine the economic
impact of IT investments [8]. Also, since these firms areilegdsers of IT, they are
likely to make more judicious use of IT that other firms carrfefrom. The data
may also be considered old. However, since the data prettedaternet boom
and bust periods, it may be free of the overreactions comyrasdociated with that
period.

The ability to use IT to cost-effectively coordinate withpgliers and busi-
ness partners has received much attention in the IS literaflihis stream of re-
search generally suggests that firms are likely to lower tieand rely more on
markets. The analysis in this paper suggests that thoughalb® associated with
decrease in VI, the impact of IT on VI is not uniform acrossemVironments. In
more dynamic environments IT may be associated with gretgerease in VI as
firms try to maintain flexibility by reducing commitments ipexialized assets and
instead use IT to coordinate more activities with outsidengas and specialists.
We find that such organization of activities where a firm clesos lower level of

VI may reduce production costs. This is consistent with TGfuarents that ven-
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dors may have lower production costs due to economies of ssiacialization and
market efficiency. However, interestingly, the analysiggasts that in more stable
competitive environments, a firm may use IT to organize motiwiéies inside the
firm as there may exist opportunities to increase revenukcapture value add and
margin.

The IS literature suggests that IT is associated with deerga VI as IT
reduces coordination costs. The research presented hgggests that IT reduces
coordination and production costs in less vertically indgd firms. Organizing
activities in more vertically integrated firm is associateith higher coordination
and production costs. Thus we should see a general decre¥$eGiven that for
firms in more stable competitive environments, IT is asdediaith increase in VI,
the coordination cost argument that IT will lead to a deaeead/| is not supported
in such environments.

The IS literature has so far concentrated on efficiency demnations, such
as coordination cost, to examine the impact of IT on VI. Hogrea key implica-
tion of this research is that firms may choose coordinatiavégiance) structures
for strategic rather than efficiency reasons [82]. For eXamgn increasing pro-
portion of the value-add is shifting from manufacturing émsce. Firms like IBM
and HP are moving from manufacturing to IT services. Firnesgarshing down-
stream to capture this value-add by establishing direaticglships with customers
using IT and embedded IT [65]. Direct relationships allownBrto understand cus-
tomer preferences, build switching costs, and sell moreymts by cross-selling

and up-selling. Fronmueller and Reed [42], for example, fivad forward integra-
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tion is associated with differentiation advantage. Thagha service component of
the economy increases, and firms integrate into downstrearkets for strategic

reasons, it is important to look beyond efficiency consitiens and take a more
integrative approach to study the impact of IT on VI. This&tgic perspective is
also consistent with the recent call by Santos and Eisen[t#}to take a broader

look at organizational boundaries.

One strategic motive for VI is to use VI as an entry barrier. étically
integrated firm can raise costs for competitors by redudmegprice of output or
by increasing the price of input. Thus, the threat that adasgytically integrated
firm can engage in price squeezing, deters entry of lessratsg)firms. For exam-
ple, in the petroleum industry discussed earlier, it mayrigaed that large firms in
this environment organize operations in vertically insggd structures, not for ef-
ficiency reasons, but to deter entry of specialist playedsfferent markets. Antill
and Arnott [5] suggest that with the growth in the depth agditlity of crude and
product markets, the case for vertically integrated op@natin the oil industry has
become less convincing. They provide an analysis of thadsarto competition
and efficiency that vertically integrated “super majors2 able to exploit.

The fashion industry provides another interesting exaroplihe strategic
use of VI. In this industry product life cycles are short ariffiedentiation advan-
tages built on product styling can be quickly imitated. Alknv cost global man-
ufacturing has become the norm where producers exploitritat®r costs in de-
veloping countries. However, even in this environment sesréically integrated

firms (e.g. Zara) have achieved competitive advantage fgmghcompetition to-
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wards speed and timing [89]. In this strategy, verticalgna¢ion allows flexible
and fast cycle manufacturing with rapid learning about@uugtr demand and pref-
erences, a strategy not available to the more efficient (mgecoordination and

production costs) but vertically disaggregated firm [64].
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