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Introduction

� The purpose of this paper is to understand
how display advertising a�ects consumers’
online search behaviors.

� We hypothesize that display ads cause
consumers to search for the advertised
brand.

� We also hypothesize that display ads
cause consumers to search for
competitors’ brands because the ad also
primes the product category.

� We use our �ndings to explore the
economic impacts of advertising spillovers
display advertising market on the search
advertising market and on �rms’
investment in advertising.

+
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Related Literature

Research on Advertising and Online Searching

� Mayzlin and Shin (2011): separating equilibrium in which high
quality �rms opt invite the consumer to search.

� Swasy and Rethans (1986): found in the lab that advertising
for new products creates curiosity among consumers with high
product category knowledge.

� Menon and Soman (2002): advertising that cued curiosity
increased time spent and attention on gathering information
but did not increase the number of clicks on links for more
information.

Research on E�ects Across Media Channels

� Alba and Chattopadhyay (1985): cueing a brand inhibited
recall of other category and related brands.

� Nedungadi (1990): priming of a minor brand increases
retrieval and consideration of major brand, but not vice versa.
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Related Literature

Research on Display Advertising E�ectiveness

� Dreze and Hussherr (2003): users avoid looking at display
ads, but frequency increased unaided brand recall.

� Lewis (2010): click-through rates modestly decline in the
number of impressions shown a user.

� Goldfarb and Tucker (2011a,b): limits on targeting reduce,
but match and obtrusiveness increase ad e�ects on surveyed
purchase intent.

Research using Search to Measure Ad E�ectivness

� Joo, Wilbur, and Zhu (2011): consumers’ exposure to branded
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The Natural Experiment

� Yahoo! sells the primary ad unit on Yahoo!’s front page,
www.yahoo.com, to one advertiser for the whole day or splits
the day between two advertisers.

� In an ad split, Yahoo! rotates delivery of the two advertisers’
ads every second.

� Users who arrive on \even" seconds see one advertiser’s ad
while those who arrive on \odd" seconds see the other ad.

� This provides a natural experiment to analyze the e�ects of
advertising.
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Treatment v. Control

� We use ad splits where the target and control ads were from
unrelated product categories.

� We record the anonymous user’s searches on Yahoo! for ten
minutes after the ad is delivered.

� The delivery of each target (control) ad impression marks the
start of a treatment (control) period.

� Each period ends either after ten minutes or when another
impression is delivered to the same user, whichever comes
�rst.

I Ten minutes should be long enough for users to act upon the
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The Ad Campaigns

Date of Ad Split Target Ad Control Ad

11 January 2011

10 February 2011

29 June 2011





The Search Keywords

� We recorded searches that had the advertiser’s or competitors’
brands as search terms.

� Lists of competitors’ brands were collected online.

� Progressive’s Competitors’ Brands

I 14 brands.
I Examples: State Farm, Allstate, Geico, and USAA.
I Source: Dec. 2009 Mintel auto insurance industry report.

� Acura’s Competitors’ Brands
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Distribution of Total Number of Exposures to the Test Ad

Samsung Galaxy Tab



Distribution of Total Number of Exposures to the Target
Ad for Users Who Visited the Front Page 10 times
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Measuring the Search Lift

Searchijt = �j + �jADit + �ijt

� Searchijt is a indicator variable equal to one if user i searched
for brand j during period t.

� ADit is a indicator variable equal to one if user i is delivered
the target ad at s[(is)-333(d4(use)-1(t)-333(ad)-333ing7i0icd [(�)]TJ
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� ADit is a indicator variable equal to one if user i is delivered
the target ad at time t.

� �ijt is the residual which we cluster at the individual level in
estimation.

Using OLS, we estimate �j to obtain the average increase in
searches for product j caused by the display ad.
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Signi�cant Lift in Searches for the Advertiser
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No Signi�cant Decrease in Searches for Any Competitors:
Progressive’s Competitors
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No Signi�cant Decrease in Searches for Any Competitors:
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Two Sets of Robustness Checks Con�rm the Main Findings

Limiting the sample to just �rst impressions and to users who visit
only once.

� Pros: Eliminates concerns about misattributing.

� Cons: Misses out on the majority of impressions, obtains a
di�erent average e�ect for a di�erent composition of
impressions, weaker results due to smaller sample sizes.

Decompose the branded search counts into words, queries, and
domains clicked.

� Pros: Provides a much richer viewt5 TdTse the e�siewt5 TdTsetnd
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Robustness Checks Limiting the Sample to the First
Impressions

!"##$%&'(#) $

*+'+,)-$,.$,/)$

0+12,$+'(1)22+.3

*+'+,)-$,.$"2)12$4/.$4)1)$

-)#+5)1)-$.3)$+'(1)22+.3

6&+#7$8.,&#$

%)&19/$*+0,

6&+#7$8.,&#$

%)&19/$*+0,

*.4)1$:."3-

;<=$>?

@(()1$:."3-

;<=$>?

6&+#7$8.,&#$

%)&19/$*+0,

*.4)1$:."3-

;<=$>?

@(()1$:."3-

;<=$>?

Samsung Galaxy Tab Advertising Campaign

%&'2"3A$B&#&C7$8&D EFE <GH I;G JIK LEI LMGH <FI

N##$>.'(),+,.12 ;;E F<K L;ME IOEKJ FFJ LIOJ;H FOHEJ

Acura Advertising Campaign

N9"1& IO<<< IOGHK EMM IOMGK F<G LKFE IOFFE

N##$>.'(),+,.12 IFOGH< IGOIMI EOF<; IMOGMF KOEHK LFO<IM IKOHJ;

Progressive Auto Insurance Advertising Campaign

P1.A1)22+5) IOIH< EHH LFHE IOIGG MGK LEFM IOMH;

N##$>.'(),+,.12 HFK HFM LIOFF< IOJKK FHK LFOIJE FOM<;



Search Composition Robustness Checks

� As expected, there were statistically signi�cant increase in
clicking on the Brands’ URLs.

� There were statistically signi�cant increase in clicking and
searching for sales channels’ websites.

I For example, Samsung Galaxy Tab increased clicking to Best
Buy, Staple’s, Target, Apple’s Store website, and ebay.

� There were signi�cant increase in clicking to review websites.

I Acura ad increase clicking to Motortrend.com,
caranddriver.com, edmunds.com, and autobytel.com.

I
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Increasing Searches Decreases Costs for Search Advertiser

� Increase in searches leads to a greater expected number of
clicks on a search ad.

� The increase in clicks may make entry into advertising on new
keywords cost-e�ective.

� More directly, it can also decrease the CPC for a �x expected
number of clicks by the nature of the generalized second price
(GSP) auction.
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Decreasing CPC for a �xed expected number of clicks

� In the GSP auction, CPC is increasing with CTR on a given
search result page.

I In equilibrium of the GSP auction, CPC for ads at the top
page of the page, a higher CTR spot, is more than that for ads
at the bottom of the page.

� Because the increase of searches increases the expected
number of clicks, holding the expected number of clicks
constant permits an advertiser to bid for a lower CTR ad
position, lowering the CPC.

� As a result, display advertising increases the marginal
pro�tability of a click for both the display advertiser and its
competitors by increasing the number of searches.

Display advertising is both a strategic complement and
complement to search advertising

Formal Model
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Advertising Investment and Competitive Spillovers

� Grossman and Shapiro (1984) assume that advertising only
increases awareness of the advertised product.

� We extend their model to incorporate spillovers, allowing
awareness of a �rm’s products to increase when customers
receive a competitor’s ad.

� We �nd:

I Advertising investment decreases in the magnitude of
spillovers.

I Prices are increasing and decreasing in spillovers over di�erent
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Magnitude of Spillovers vs. Equilibrium Prices

Prices are increasing and decreasing in spillovers over di�erent
ranges of spillovers.
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Conclusion

� Display ads increased searches for both the advertiser’s brand
as well as its competitors’ brands.

I Advertiser’s branded searches increased by 30% to 45%.
I Competitors’ brands increased by as much as 23%.
I Total increase in competitor-branded searches was 2 to 8 times

the increase for the advertiser’s brand.
I \iPad" received twice as many incremental searches as \Galaxy

Tab."

� The extra searches create a cost-complementarity between
display and search advertising.

� The presence of positive spillovers may reduce advertising
investment relative to no spillovers.
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Future Research

Positive advertising spillovers raise many questions:

� Will researchers �nd proportional e�ects on sales and pro�ts?

� Are there similar spillovers from all other forms of advertising?

� Are the spillovers illustrated in online search a proxy for
customer search behavior more generally?

� Are online search queries a proportional representation of
causal attention induced by the ad?

Smart phones and tablets provide mobile access to online search
allowing customers to inquire about people, locations, products,
and services.

We hope to see future research explore these and other
related questions, leveraging these new technologies, to help
advertisers and publishers improve the e�ectiveness of advertising
and the e�ciency of advertising marketplaces.
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Table: Percentage Lift in Searches

Control Search Lift from Advertising

Searches Estimate OLS T-stat Cluster T-stat Estimate OLS T-stat Cluster T-stat
Percentage

Lift
Competitor/

Own

Samsung Galaxy Tab Advertising Campaign

Samsung Galaxy Tab 958 19.78 20.57 424 6.20 6.32 44.3% 1.00

All Competitors 16,662 89.87 82.42 994 3.79 3.81 6.0% 2.34

Apple Ipad 9,851 68.64 63.21 857 4.23 4.25 8.7% 2.02

Motorola Xoom 663 17.23 16.74 151 2.79 2.79 22.8% 0.36

Blackberry Playbook 317 11.92 11.34 71 1.89 1.90 22.4% 0.17

Viewsonic 18 2.55 3.00 14 1.39 1.39 77.2% 0.03

Acura Advertising Campaign

Acura 3,539 38.12 38.34 1,555 11.84 11.78 43.9% 1.00

All Competitors 401,927 445.80 389.84 12,035 9.43 9.44 3.0% 7.74

Volkswagen 5,840 52.12 48.24 894 5.64 5.62 15.3% 0.58

Hyundai 5,399 50.05 46.94 853 5.59 5.55 15.8% 0.55

Lexus 3,907 42.54 39.37 631 4.86 4.85 16.2% 0.41

Volvo 2,183 31.39 29.31 478

2,183
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Table: Percentage Lift in Searches for Progressive’s
Competitors

Control
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Table: Percentage Lift in Searches for Acura’s Competitors

Control Search Lift from Advertising  

Searches Estimate OLS T-stat Cluster T-stat Estimate OLS T-stat Cluster T-stat
Percentage

Lift
Competitor/

Own

Acura 3,539 38.12 38.34 1,555 11.84 11.78 43.9% 1.00

All Competitors 401,927 445.80 389.84 12,035 9.43 9.44 3.0% 7.74

Volkswagen 5,840 52.12 48.24 894 5.64 5.62 15.3% 0.58

Hyundai 5,399 50.05 46.94 853 5.59 5.55 15.8% 0.55

Lexus 3,907 42.54 39.37 631 4.86 4.85 16.2% 0.41

Volvo 2,183 31.39 29.31 478 4.86 4.75 21.9% 0.31

Subaru 3,004 37.21 34.82 521 4.56 4.58 17.3% 0.33

Honda 19,594 97.46 87.44 1,293 4.54 4.57 6.6%
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Table: Percentage Lift in Searches for Samsung Galaxy
Tab’s Competitors

Control Search Lift from Advertising  

Searches Estimate OLS T-stat Cluster T-stat Estimate OLS T-stat Cluster T-stat
Percentage

Lift
Competitor/

Own

Samsung Galaxy Tab 958 19.78 20.57 424 6.20 6.32 44.3% 1.00

All Competitors 16,662 89.87 82.42 994 3.79 3.81 6.0% 2.34

Apple Ipad
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A Stylized Model of Complements

Pro�t Function
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Ad Awareness Investment and Spillovers

We adapt Grossman and Shapiro (1984) to the setting with
advertising spillovers. Given

� a unit mass of consumers, uniformly distributed on unit line

� two �rms, located on opposite ends of the line

� that if a consumer is aware of a product, he is also knows its
price

� that consumers know of a �rm if they receive an ad

� that receiving an advertiser’s ad also makes the consumer
aware of the competitor’s product with a certain probability

Go Back



Ad Awareness Investment and Spillovers

Let

� �i - Fraction of consumers to receive �rm i ’s ad

� � - Spillover of awareness to competitor from receiving an ad

� � - Transportation cost

� R - Reservation price

� D(�), P, and c - Quantity demanded, unit price, and unit
cost, respectively.
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Demand Curve for Firm i ’s Product

Di (Pi ;Pi0 ; �i ; �i0 ) = (�i + ��i0 )

�
(1 � (�i0 + ��i )) + (�i0 + ��i )
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Equilibrium Prices and Pro�ts

Pe = c + �
2� (1 + �)�e
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