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The Internet is rapidly growing as a marketing medium. This year online advertising
expenditures will reach approximately $20 billion in the US alone. Two formats dominate
online advertising: (i) websites buying advertising links from each other and (ii) search
engines selling sponsored links on their results pages. The first part of the dissertation
studies the former advertising model and investigates the network structure that emerges
from advertising links. In a world in which consumers ‘surf’ the WWW, websites’ revenues
originate from two sources: the sales of content (products and services) to consumers, and
the sales of links (traffic) to other sites. In equilibrium, higher content sites tend to purchase
more advertising links, mirroring the Dorfman-Steiner rule. Sites with higher content sell
fewer advertising links and offer these links at higher prices. Thus, sites seem to specialize
in terms of revenue models: high content sites tend to earn revenue from sales of content,
whereas low content sites tend to earn revenue from sales of traffic (advertising). I test these
findings in a variety of empirical studies. The second part of the dissertation explores the
other dominant form of online advertising: paid placement. Here, a search engine auctions
sponsored links next to the search results to advertisers who submit bids for the price that
they are willing to pay for a click. The model focuses on two key characteristics of this
problem: (i) the interaction between the search list and the list of sponsored links and (ii)
the dynamic forces that influence bidding behavior when sites compete for the sponsored
links over time. The findings explain the seemingly random order of sites on the sponsored
links list and their variation over time.
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Abstracts

“Network formation and the Structure of the World Wide Web” download

We model the commercial World Wide Web (WWW) as a directed graph emerging as the
equilibrium of a game in which utility maximizing Web sites purchase (advertising) in-links
from each other, while also setting the price of these links. A key feature of our model is
that we consider sites to be heterogeneous in terms of their “content”, i.e. their inherent
value to consumers. In a world where consumers ‘surf’ on the WWW, sites’ revenues/profits
originate from two sources: (i) the sales of content (products) to consumers, and (ii) the
sales of links (traffic) to other sites. We find that in equilibrium, higher content sites tend
to purchase more advertising links mirroring the Dorfman-Steiner rule. Sites with higher
content sell less advertising links and offer such links at higher prices. As such, there seems
to be specialization across sites in terms of revenue models: high content sites tend to
earns revenue from the sales of content while low content ones from the sales of traffic
(advertising), a tendency that is increasing with the size of the browsing population. In
an extension, we also allow sites to establish (reference) out-links to each other beyond the
sales of advertising links and find that there is a general tendency to establish reference link
to sites with higher content. Overall, there is a strong positive correlation between a site’s
content and the number of its in-links. We also explore network formation in the presence
of search engines and find that the higher the proportion of people using these, the more
sites have an incentive to specialize in certain “content areas”. Our results have interesting
practical implications for ‘search-engine optimization’, the pricing of Internet advertising
as well as the choice of Internet business models. They also shed light on why successful
search engines (e.g. Google) can use simple heuristics based on in-links to rank sites with
respect to their content.

“CAM: A spreading activation network model of sub-category construc-
tion when categorization uncertainty is high” download

A large body of research suggests that people process the entities that they encounter by
placing them into mental categories (Barsalou 1992). Although previous research examines
how people access information in hierarchical category structures, it does not examine how
people construct individual new categories and, in particular, how the locus of these new
categories may depend on the structure of the entire hierarchy. We describe this latter
process with a spreading activation model of hierarchical category structures that we call
the Category Activation Model (CAM). In an experiment and an empirical study, we show
that the CAM reliably predicts the probability that a person will construct a new category
at a specific location within a category structure, and we provide evidence that accessibility
is the mechanism that underlies category construction.
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“Bricks & Clicks: The Impact of Product Returns on Multi-Channel
Retailers” download

The Internet has increased the flexibility of retailers allowing them to operate an online
arm in addition to their physical stores. While the online channel offers retailers potential
advantages in selling to customer segments that value the conveniences of online shopping,
it also raises new challenges. These include the higher likelihood of costly product returns
when customers’ ability to “touch and feel” the product is important in determining fit.
We study competing retailers operating dual channels (“Bricks and Clicks”) and examine
how pricing strategies and the level of physical store assistance change as a result of the ad-
ditional Internet outlet. On the supply-side, firms endogenously determine prices and how
much to invest in store characteristics that assist customers in finding matching products
(e.g., greater shelf display capacity, more qualified staff, floor samples). On the demand-
side, we capture two relevant sources of customer heterogeneity: (i) retailer preference, and
(ii) shopping trip costs. A central result we obtain is that when differentiation among retail-
ers is not too high, having an online channel actually increases (costly) investment in store
assistance levels while prices are set higher. We also examine how firms’ range of product
categories can vary between the two channels. Our main finding here is that even though
it is costless to offer products online, retailers will sell only a limited assortment over the
Internet. In particular, only “safe” products with a low chance of being returned will be
sold online, while retailers’ full range of products will be sold in physical stores.

“The Race for Sponsored Links: A Model of Competition for Search
Advertising” download

We model search advertising as a game in which a search engine sells sponsored links to
competing websites on a search page. We focus on two key characteristics of this problem:
the interaction between the list of search results and the list of sponsored links on the search
page and the inherent differences in click-through rates between sites. We find that both
of these characteristics have a significant effect on sites’ bidding behaviors and equilibrium
outcomes. In three extensions, we also explore (i) the endogenous choice of the number of
sponsored links that the search engine sells, (ii) the case in which sites bid for sponsored
links in multiple search contexts and (iii) a dynamic model in which websites’ bidding be-
haviors are a function of their previous positions on the sponsored list. Our results give
meaning to the seemingly random order of sites on search engines’ lists of sponsored links
and provide normative insights for both buyers and sellers of search advertising.
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“Joining the Network: Personal Influences as Determinants of Diffu-
sion” download

We study the word-of-mouth effect in a diffusion process in a social network. Aggregate
diffusion models ignore the possibility that an individual who is connected to many others in
a social network may have a higher adoption probability (degree effect). Furthermore, the
density of connections in a group of already adopted consumers may also affect the adoption
of individuals connected to this group (clustering effect). We analyze data from one social
network for which we know the individual connections between every pair of members. The
results support the existence of both degree and clustering effects. We also show how a
linear degree effect at the individual level can be the underlying determinant of the Bass
model. Furthermore, we present a new methodology to determine the influential power
of every individual. Surprisingly, we find that highly connected individuals have a lower
average influential power (average influence on a particular person). However, the results
suggest that the large number of connections counterbalances the small average influential
power, such that highly connected individuals have a higher total influence than their less
connected counterparts. We also find evidence that gender and age affect influential power.

“Quality and Advertising in a Vertically Differentiated Market” download

In this paper, we examine firms’ quality positions when consumers can only consider pur-
chasing products that they are aware of through advertising. Consumers compare the prod-
ucts they are aware of, and choose the product that maximizes their utility net of price.
Firms choose product quality in a first stage, their advertising strategy in a second stage,
and set prices in the last stage. Two forms of advertising are studied— blanket and targeted.
Under blanket advertising, firms communicate to all consumers and the probability that
each consumer sees an ad depends on the level of ad expenditure. We find that when blan-
ket advertising is relatively ineffective, i.e., it is costly to ensure high consumer awareness,
both firms will choose a light level of ad spending. This allows firms to select relatively
undifferentiated qualities, without concern of intense price competition. When blanket ad-
vertising is very effective, the high quality firm expends heavily on advertising, while its rival
differentiates with a low quality product and expends less on advertising. Interestingly, in a
mid range of advertising effectiveness, one firm chooses a high quality product, but because
its rival positions close by, it selects a low ad expenditure to avoid competing fiercely in
prices. Under targeted advertising, firms choose the specific segment(s) they wish to make
aware of their product. We identify conditions such that both firms choose equally high
quality products, but advertise to different segments. This can result in a middle pocket of
unserved consumers, even though consumers with lower willingness to pay are served.
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