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How did I get here?

• 1986-1990: BSEE 

• 1990-1996: GTE, Booz-Allen, MS Telecom Eng. 

• 1996-2000: MIT Sloan (Erik) 

• 2000-Present: CMU Heinz College  
(Information Systems Management & Public Policy)



Have fun! 
Be passionate about your 

research!
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What is EoD?
• “Research on the 

economics of 
digitization studies 
whether and how 
digital technology 
changes markets.”  
 
— Goldfarb, 
Greenstein, and Tucker 
(2015)



What Changes?

• Digital technology reduces the cost of {replicating, 
transmitting, storing, processing, …} information 

• Some things become easier to do 

• Some things become harder to do 

• What stays the same?
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Why is this fun? (Questions)
• New opportunities to test and build on established 

theories in new settings 

• Digitization is driving change faster than {firms, 
markets, policies, institutions} can respond. 

• Opportunities to leverage academic-industry 
(academic-policymaker) partnerships 

• Opportunities to work on questions at the sweet 
spot between rigor and relevance



Why is this fun? (Data)

• Digitization opens access to new datasets 

• Public data (learn how to scrape!) 

• Industry data (learn how to ask!)



Why is this fun? (Methods)

• Digitization gives rise to useful methodological 
approaches 

• Natural experiments (industry expertise) 

• Field experiments / RCTs (industry cooperation)



Musings on Industry 
Partnerships

• Friends, alumni, guest speakers, industry 
conferences, trade press, … 

• “You have questions, I have tools/time…” 

• “I need to publish…but I’m happy to anonymize 
& share detailed results” 

• Be respectful, honor your word 

• Try to keep the lawyers out of the process



Sample research from 
industry partnership

• Firm’s Question: How do consumers behave in our VOD 
menus? Help with experimental design. 

• Academic Question: Herding behavior in online ratings? 

• Approach: Randomized experiment, in real world 
marketplace with real customers/money/products 

• New menu: Movies shown in decreasing order of likes 

• Swap movies in menu in positions with “wrong” 
number of likes



Results

• Demoted/promoted movies 
have more/fewer likes 
conditional on rank 

• Demoted/promoted movies 
return to true position
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EoD of Markets for 
Entertainment

• Digital markets for physical entertainment products… 

• Digital markets for digital products… 

• Piracy 

• Pricing, windowing, … 

• Bundling 

• Market power



Predictions

“The Internet is a nearly perfect market because 
information is instantaneous and buyers can 
compare the offerings of sellers worldwide. The 
result is fierce price competition, dwindling 
product differentiation, and vanishing brand 
loyalty.”  

 — Robert Kuttner, Business Week 1998



Predictions

• Low Prices: Low search costs drive prices toward 
MC 

• Low Menu Costs: Retailers can make small price 
changes to respond to competitors  

• Low Dispersion: Any retailer pricing above market 
price will lose significant sales



Methodology
• Products: matched sample of 20 book and 20 CD 

titles, mix of popular and general selection titles 

• Retailers: 16 Internet outlets, 16 conventional outlets 
(in 6 different states) 

• Product data: prices, tax/shipping & handling, 
availability, delivery time 

• Time frame: February 1998 – May 1999 (Monthly) 

• Over 8,500 price observations



Price Levels — Books

• Book prices 6-16% lower on the Internet depending 
on what is included in price.



Price Changes — Books

Many Internet Price changes are as small as 5 cents



Price Dispersion
Kernel Density Plots on De-meaned Price Data — Books



Amazon.com

• 75-85% market share in books (dominant positions 
in CDs, videos, …) 

• Lowest price 2% of the time. 
• Prices 40% higher than lowest market prices 

(DealTime.com) 
• Nearly identical prices and services as BN.com 

and Borders.com. 10x market share.



Amazon.com

• 75-85% market share in books (dominant positions 
in CDs, videos, …) 

• Lowest price 2% of the time. 
• Prices 40% higher than lowest market prices 

(DealTime.com) 
• Nearly identical prices and services as BN.com 

and Borders.com. 10x market share.

Fierce price competition?  
Vanishing brand loyalty?



Possible Explanation: 
Technological Solution

• As soon as customers start to use shopbots, 
dispersion will be driven to zero as expected…





Brand and Loyalty at 
Shopbots



What doesn’t change?
• Search costs (prices, reputation, quality)! 

• Johnson et al (2004): Households that shop visit only 1.2 
book, 1.3 CD, and 1.8 travel sites per month. 

• Hann and Terwiesch (2003): $3-6 implied cost to re-bid in a 
NYOP auction 

• Bajari and Hortacsu (2003): $3.20 implied cost of entering 
eBay auction 

• Brynjolfsson, Dick, and Smith (2004): $6-7 implied cost of 
searching on shopbot
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Release Windows

Hardcover Paperback

6-12 Months

 ???     
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Proposed Experiment

• Randomly assign books to multiple treatment 
groups 

• Delay eBook release by varying amount of time 
within treatment groups 

• Measure impact



Natural Experiment: 
Publisher X vs. Amazon

• Amazon and “Publisher X” dispute over prices 

• <April 1, 2010: Hardcover and Kindle released 
on same day 

• April 1, 2010: No new Kindle titles from publisher 
(print still released) 

• June 1, 2010: All Kindle titles return to Amazon



Natural Experiment



Summary Statistics

Sales totals for first 20 weeks after release in each channel



Summary Statistics

Sales totals for first 20 weeks after release in each channel



Related Questions
• iTunes vs. DVD (channel conflict? windowing?) 

• Netflix/sVOD vs. iTunes (cannibalization? 
information discovery?) 

• Bundling vs. unbundling songs/albums 

• iTunes pricing 

• …



What Changes?
• Digital markets for physical entertainment products… 

• Digital markets for digital entertainment products… 

• Pricing, windowing, channel conflict… 

• Piracy 

• Bundling 

• Market power



(Anti-)Piracy Questions

1. Does piracy harm producers? 
2. Does piracy harm consumers? 
3. What can be done to mitigate harm?



Question #1: 
Does piracy harm 

producers?



Does Piracy Harm Sales?
No (3) Yes (23)

Oberholzer and Strumpf (2007, J. 
of Political Economy) 

Smith and Telang (2009, MIS 
Quarterly) 

Andersen and Frenz (2010, J. of 
Evolutionary Economics)

Hui & Png (2003, Contrib. to 
Economic Analysis & Policy)  

Peitz & Waelbroeck (2004, Rev. of 
Econ. Res. on Copyright)  

Zentner (2005, Topics in Econ. 
Analysis and Policy) 

Stevens and Sessions (2005, 
Journal of Consumer Policy) 

Bonnie et al. (2006, Rev. of Econ. 
Res. on Copyright) 

Michel (2006, Topics in Econ. 
Analysis and Policy) 

Rob and Waldfogel (2006, J. of 
Law and Economics) 

Zentner (2006, Journal of Law and 
Economics) 

Bhattacharjee et al. (2007, 
Management Science) 

DeVany and Walls (2007, Review 
of Industrial Organization) 

Hennig-Thurau, Henning, Sattler 
(2007, Marketing Science) 

Rob and Waldfogel (2007, J. of 
Industrial Economics) 

Liebowitz (2008, Management 
Science) 

Bender and Wang (2009, Intl. 
Social Science Review) 

Danaher et al. (2010, Marketing 
Science) 

Waldfogel (2010, Information 
Econ. and Policy) 

Bai and Waldfogel (2012, 
Information Econ. and Policy) 

Danaher et al. (2013, J. of 
Industrial Economics) 

Hong (2013, J. of Applied 
Econometrics) 

Danaher and Smith (2014, Intl. J. 
of Industrial Organization) 

Ma et al. (2014, Information 
Systems Research) 

Adermon and Liang (2014, J. of 
Econ. Behavior & Organization) 

MkKenzie and Walls (2016, B.E. J. 
of Econ. Analysis and Policy) 

Peer-reviewed Publications



Question #2:  
Does piracy harm 

consumers?



Piracy and Bollywood
• Telang and Waldfogel (2017, 

Information Economics and 
Policy)  

• Examine output in Bollywood 
after introduction of VCR in 
mid-1980s 

• Significant drop in industry 
revenue, industry output, and 
average quality (IMDB ratings)

Bollywood Output

Average IMDB Rating



Question #3:  
What can be done? 

(Rightsholders)



Question #3a:  
What can be done? 

(Rightsholders)



Study Channel Product Questions Years

NBC-iTunes EST Television Piracy? DVD? 2007-08

ABC-Hulu Streaming Television Piracy? DVD? 2009

Make Content Available
Natural Experiments



• NBC refuses to extend 
contract with iTunes 
August 2007. Apple 
refuses to sell new NBC 
seasons. 

• NBC removes all content 
from iTunes on December 
1, 2007 

• NBC restores all content 
to iTunes on September 9, 
2008

NBC v. Apple iTunes



• Extract (BitTorrent) piracy 
and (Amazon) DVD rank 
data for NBC vs. non-NBC 
(ABC, CBS, FOX) content 

• 2 week window before and 
after each event 

• 5,200 episodes (75 series)

NBC v. Apple iTunes



Impact
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Results: Impact of iTunes 
Removal on Piracy
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• 11% increase in NBC piracy 
versus ABC, CBS, and FOX. 

• ABC, CBS, and FOX piracy 
also increases by 5% 

• No change in NBC’s DVD 
sales (vs. ABC, CBS, FOX) 

• Smaller decrease in piracy 
when NBC returns to iTunes

NBC v. Apple iTunes
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• May 1, 2009: ABC 
announces that they will 
add their content to Hulu 

• July 6, 2009: ABC starts 
streaming TV shows on 
Hulu

ABC and Hulu



• Extract (BitTorrent) piracy 
and (Amazon) DVD sales 
data for ABC vs. non-ABC 
content 

• 2 week window before 
and after July 6, 2009 

• 71 series

ABC and Hulu



Impact
• 18% decrease in 

ABC piracy (vs. 
control group) 

• 7% decrease in 
control group 
piracy (relative to 
trend) 

• No change in DVD 
sales



Question #3b:  
What can be done? 

(Governments / Industry)



Can anti-piracy efforts help?



Anti-Piracy Options
Demand-Side Supply-Side
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HADOPI
• Question: Did the French 

“HADOPI” graduated 
response law affect digital 
music sales? 

• Data: iTunes music sales, 
July 2008 to May 2011 
(EMI, Sony, Universal, 
Warner)  

• France and Control 
Group (UK, Italy, Spain, 
Germany, Belgium)



* Total iTunes track sales units for the four majors

HADOPI Results



Estimation



Differencing by Genre
• EMI Music interviews 8,173 French 

customers in Oct-Nov 2010 
• Piracy demand varies by genre 

• Highest: Rap/Hip-Hop 
• Average: Rock, Pop 
• Lowest: Christian, Classical, Folk, Jazz



Estimation



Estimation



Estimation



Megaupload
• Question: Did the 

shutdown of Megaupload 
change digital movie 
sales? 

• Data:  
• Movie digital sales & 

rentals 9/11-5/12 
• Country-Level 

Megaupload 
Penetration Ratio (MPR)



ΔSales v MPR



Megaupload Results
• Danaher and Smith (2014, 

International Journal of 
Industrial Organization) 

• No correlation between 
MPR and sales changes 
before shutdown 

• Aggregate 7-9% increase 
in revenue 
• Higher for sales than 

rentals



UK Site Blocking
• Question: Does blocking 

access to piracy enabling 
sites change user behavior? 

• Setting: UK Digital Economy 
Act 2010 

• Piratebay blocked (May 
2012) 

• 19 popular sites blocked  
(Oct-Nov 2013) 

• 53 popular sites blocked 
(November 2014)



Data
• Data obtained from company who tracks (with 

permission) site-level visits by a panel of users 

• Split customers into 10 groups based on usage of 
blocked sites in the month prior to the blocks 

• Observe before/after visits to 
• Blocked sites 
• Unblocked piracy sites 
• Legal sites 
• VPN sites



TPB Block: Treatment Intensity vs.  
Change in Visits to Paid Legal Streaming
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TPB Block: Treatment Intensity vs. 
Change in Visits to Other Torrent Sites
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Results
• 5/12 Piratebay block: Very little change in visits to 

legal sites (significant increase in VPN usage and 
in visits to other pirate sites) 

• 10/13 19-site block: 12% increase in visits to legal 
streaming sites. 

• 11/14 53-site block: 6% increase in visits to paid 
legal sites, 10% increase in ad-supported sites



19-Site Block: Treatment Intensity vs. 
Change in Visits to Paid Legal Streaming
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Results
• 5/12 Piratebay block: Very little change in visits to 

legal sites (significant increase in VPN usage and 
in visits to other pirate sites) 

• 10/13 19-site block: 12% increase in visits to paid 
legal streaming sites. 

• 11/14 53-site block: 6% increase in visits to paid 
legal sites, 10% increase in ad-supported sites



Search and Piracy
• Question: Does search 

rank impact choice 
between pirated and 
legal content? 

• Does this apply to 
users who state a 
preference for pirated 
or legal content in their 
search terms?



Google Search



Google Search



Google Search



Randomized Field 
Experiment  
(3 phases)



Screening Phase



Search Engine



Condition 1: Control

• No manipulation of results from original searches 

• 10 pages, 10 results/page



Condition 2: Legal Content 
Manipulation

• First 3 results on each of the 10 pages replaced (if 
necessary) with legal options. 

• Infringing links in positions 4-10 on first page 
replaced with legal options (e.g., Amazon, iTunes).



Condition 3: Piracy Content 
Manipulation

• First 3 results on each of the 10 pages replaced (if 
necessary) with piracy options. 

• Legal links in positions 4-10 on first page replaced 
with piracy options (e.g., piratebay, torrentz).



Results: 
Between Conditions



Stated Preference?

“The RIAA might not like it, but the simple fact is that when 
people are searching for [artist] [track] mp3 and [artist] 
[track] download, chances are they're not looking to 
buy, but to download for free. … 
Even if Google magically did show them Apple, Amazon 
and Emusic as the top results … the people doing those 
searches wouldn't go there.” (emphasis added)



Results:  
Expressed Intent

Number (%) of users who purchased legally after using search terms expressing 
“legal intent” (legal domain, buy, rent) or “infringing intent” (pirate, torrent, free).



Notice Sending

• Question: Are notices 
effective at changing 
user behavior? 

• Real-world randomized 
experiment of copyright 
policy



Background
• Rightsholders and ISPs partner in UK on a 2 prong 

IP-protection program 

• Public education campaign of dangers/harm from 
piracy and availability of legal alternatives 
(started Jan. 2016) 

• Notice sending program to households observed 
sharing copyrighted material (started Jan. 2017)



Anti-Piracy Impact
Demand-Side Supply-Side
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d 20-25% increase in 
French digital music 
sales (Danaher et al, 
Journal of Industrial 

Economics, 2014)

7-9% increase in digital 
movie sales (Danaher 
and Smith, IJIO, 2014)

Increase in legal 
consumption after large 

number of blocks 
(Danaher et al. 2017)

Changes in search 
rank cause 

significant changes 
in consumption of 
piracy (Sivan et al. 

2016)

“Stay Tuned”



What Changes?
• Digital markets for physical entertainment products… 

• Digital markets for digital entertainment products… 

• Pricing, windowing, channel conflict… 

• Piracy 

• Bundling 

• Market power



Closing Thoughts…
• Have fun. Find a question you are passionate about! 

• Enormous research opportunities in EoD  
(pace of change, great questions, novel data, experimentation, …) 

• Enormous industry partnership opportunities in EoD 

• Rigor and Relevance: Use right methods for right questions 

• Don’t assume your audience is automatically as passionate as you are. 

• Motivation: Why is this interesting? Why should they care? 

• Results: 80/20 rule: 

• Can you present your core results in a single chart/table? (Goolsbee-technique) 

• Then focus on detailed methodology/results



Thank You
mds@cmu.edu


