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Today’s tools focus on the present

But there’s so much more information available!



The Web Changes Everything
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Content Changes

 Large scale Web crawl over time

 Revisited pages

 55,000 pages crawled hourly for 18+ months

 Judged pages (relevance to a query)

 6 million pages crawled every two days for 6 months



Measuring Web Page Change

 Summary metrics

 Number of changes

 Time between changes

 Amount of change

Top level pages change by more and 

faster than pages with long URLS.

.edu and .gov pages do not change 

by very much or very often

News pages change quickly, but not 

as drastically as other types of pages



Measuring Web Page Change

 Summary metrics

 Number of changes

 Time between changes

 Amount of change

 Change curves

 Fixed starting point

Measure similarity over 

different time intervals
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Measuring Within-Page Change

 DOM structure 

changes

 Term use changes

 Divergence from norm

 cookbooks

 frightfully

 merrymaking

 ingredient

 latkes

 Staying power in page Time

Sep.       Oct.       Nov.       Dec.



Accounting for Web Dynamics

 Avoid problems caused by change

 Caching, archiving, crawling

 Use change to our advantage

 Ranking

Match term’s staying power to query intent

 Snippet generation

Tom Bosley - Wikipedia, the free encyclopedia

Thomas Edward "Tom" Bosley (October 1, 1927 October 19, 2010) was an American 

actor, best known for portraying Howard Cunningham on the long-running ABC sitcom 

Happy Days. Bosley was born in Chicago, the son of Dora and Benjamin Bosley.

en.wikipedia.org/wiki/tom_bosley

Tom Bosley - Wikipedia, the free encyclopedia

Bosley died at 4:00 a.m. of heart failure on October 19, 2010, at a hospital near his 

home in Palm Springs, California. … His agent, Sheryl Abrams, said Bosley had been 

battling lung cancer.

en.wikipedia.org/wiki/tom_bosley
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What’s the last Web page you visited?

 Revisitation patterns

 Log analysis

 Browser logs for revisitation

Query logs for re-finding

 User survey for intent



Measuring Revisitation

 Summary metrics

 Unique visitors

 Visits/user

 Time between visits

 Revisitation curves

 Revisit interval histogram

 Normalized
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Four Revisitation Patterns

 Fast

 Hub-and-spoke

 Navigation within site

 Hybrid

 High quality fast pages

 Medium

 Popular homepages

 Mail and Web applications

 Slow

 Entry pages, bank pages

 Accessed via search engine



Search and Revisitation

 Repeat query (33%)

 web science conference

 Repeat click (39%)

 http://websci11.org

Query  websci 11

 Lots of repeats (43%)

Many navigational

Repeat 

Click

New 

Click

Repeat 

Query
33% 29% 4%

New 

Query
67% 10% 57%

39% 61%

http://websci11.org/




7th



How Revisitation and Change Relate

January February March April    May        June July   August     September

Content Changes

People Revisit

January February March April    May        June July   August     September

Why did you revisit the last Web page you did?



How Revisitation and Change Relate

January February March April    May        June July   August     September

Content Changes

People Revisit

January February March April    May        June July   August     September

Why did you revisit the last Web page you did?



Possible Relationships

 Interested in change

Monitor

 Effect change

 Transact

 Change unimportant

 Find

 Change can interfere

 Re-find



Understanding the Relationship

 Compare summary metrics

 Revisits: Unique visitors, visits/user, interval 

 Change: Number, interval, similarity

2 visits/user

3 visits/user

4 visits/user

5 or 6 visits/user

7+ visits/user

Number of changes Time between changes Similarity

2 visits/user 172.91 133.26 0.82

3 visits/user 200.51 119.24 0.82

4 visits/user 234.32 109.59 0.81

5 or 6 visits/user 269.63 94.54 0.82

7+ visits/user 341.43 81.80 0.81
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Comparing Change and Revisit Curves

 Three pages

 New York Times

Woot.com

 Costco

 Similar change 
patterns

 Different revisitation

 NYT: Fast (news, forums)

Woot: Medium

 Costco: Slow (retail) 0
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Within-Page Relationship

 Page elements change 

at different rates

 Pages revisited at 

different rates

 Resonance can 

serve as a filter 

for interesting 

content
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Exposing Change with Diff-IE

Diff-IE

toolbar

Changes to page 

since your last 

visit

http://bit.ly/DiffIE



Interesting Features of Diff-IE

Always on

In-situ

New to you

Non-intrusive

http://bit.ly/DiffIE



http://bit.ly/DiffIE

Examples of Diff-IE in Action



Expected New Content
http://bit.ly/DiffIE



Monitor
http://bit.ly/DiffIE



Unexpected Important Content
http://bit.ly/DiffIE



Serendipitous Encounters
http://bit.ly/DiffIE



Unexpected Unimportant Content
http://bit.ly/DiffIE



Understand Page Dynamics
http://bit.ly/DiffIE



Attend to Activity
http://bit.ly/DiffIE



Edit
http://bit.ly/DiffIE



Unexpected 

Unimportant Content

Attend to Activity

Edit

Understand 

Page Dynamics

Serendipitous 

Encounter

Unexpected Important 

Content

Expected          

New Content

Monitor

Expected Unexpected



Monitor
http://bit.ly/DiffIE



Find Expected New Content
http://bit.ly/DiffIE



Studying Diff-IE
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http://bit.ly/DiffIE

SURVEY

How often do 

pages change?

o   o o o o

How often do 

you revisit?

o   o o o o

Install

Diff-IE

SURVEY

How often do 

pages change?

o   o o o o

How often do 

you revisit?

o   o o o o



Seeing Change Changes Web Use

 Changes to perception

 Diff-IE users become more likely to notice change

 Provide better estimates of how often content changes

 Changes to behavior

 Diff-IE users start to revisit more

 Revisited pages more likely to have changed

 Changes viewed are bigger changes

 Content gains value when history is exposed

14%

51%

53%

http://bit.ly/DiffIE
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Web content changes provide valuable insight

People revisit and re-find Web content

Explicit support for Web        

dynamics can impact how         

people use and understand the Web 

Relating revisitation and change enables us to

 Identify pages for which change is important

 Identify interesting components within a page



Thank you.

Web Content Change 
Adar, Teevan, Dumais & Elsas. The Web changes everything: Understanding the dynamics of Web 
content. WSDM 2009.

Elsas & Dumais. Leveraging temporal dynamics of doc. content in relevance ranking. WSDM 2010.

Kulkarni, Teevan, Svore & Dumais. Understanding temporal query dynamics. WSDM 2011.

Web Page Revisitation
Teevan, Adar, Jones & Potts. Information re-retrieval: Repeat queries in Yahoo’s logs. SIGIR 2007.

Adar, Teevan & Dumais. Large scale analysis of Web revisitation patterns. CHI 2008.

Tyler & Teevan. Large scale query log analysis of re-finding.  WSDM 2010.

Teevan, Liebling & Ravichandran. Understanding and predicting personal navigation. WSDM 2011.

Relating Change and Revisitation
Adar, Teevan & Dumais. Resonance on the Web: Web dynamics and revisitation patterns. CHI 2009.

Studying Diff-IE
Teevan, Dumais, Liebling & Hughes. Changing how people view changes on the Web. UIST 2009.

Teevan, Dumais & Liebling. A longitudinal study of how highlighting Web content change affects 
people’s web interactions. CHI 2010.



Example: AOL Search Dataset

 August 4, 2006: Logs released to academic community

 3 months, 650 thousand users, 20 million queries

 Logs contain anonymized User IDs

 August 7, 2006: AOL pulled the files, but already mirrored

 August 9, 2006: New York Times identified Thelma Arnold

 “A Face Is Exposed for AOL Searcher No. 4417749”

 Queries for businesses, services in Lilburn, GA (pop. 11k)

 Queries for Jarrett Arnold (and others of the Arnold clan)

 NYT contacted all 14 people in Lilburn with Arnold surname

 When contacted, Thelma Arnold acknowledged her queries

 August 21, 2006: 2 AOL employees fired, CTO resigned

 September, 2006: Class action lawsuit filed against AOL



Example: AOL Search Dataset

 August 4, 2006: Logs released to academic community

 3 months, 650 thousand users, 20 million queries

 Logs contain anonymized User IDs

 August 7, 2006: AOL pulled the files, but already mirrored

 August 9, 2006: New York Times identified Thelma Arnold

 “A Face Is Exposed for AOL Searcher No. 4417749”

 Queries for businesses, services in Lilburn, GA (pop. 11k)

 Queries for Jarrett Arnold (and others of the Arnold clan)

 NYT contacted all 14 people in Lilburn with Arnold surname

 When contacted, Thelma Arnold acknowledged her queries

 August 21, 2006: 2 AOL employees fired, CTO resigned

 September, 2006: Class action lawsuit filed against AOL

AnonID Query QueryTime ItemRank ClickURL

---------- --------- --------------- ------------- ------------

1234567 jitp 2006-04-04 18:18:18 1 http://www.jitp.net/

1234567 jipt submission process 2006-04-04 18:18:18 3 http://www.jitp.net/m_mscript.php?p=2

1234567 computational social scinece 2006-04-24 09:19:32

1234567  computational social science 2006-04-24 09:20:04 2 http://socialcomplexity.gmu.edu/phd.php

1234567  seattle restaurants 2006-04-24 09:25:50 2 http://seattletimes.nwsource.com/rests

1234567  perlman montreal 2006-04-24 10:15:14 4 http://oldwww.acm.org/perlman/guide.html

1234567 jitp 2006 notification 2006-05-20 13:13:13

…
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Example: AOL Search Dataset

 Other well known AOL users

 User 927 how to kill your wife

 User 711391 i love alaska

 http://www.minimovies.org/documentaires/view/ilovealaska

 Anonymous IDs do not make logs anonymous

 Contain directly identifiable information

 Names, phone numbers, credit cards, social security numbers

 Contain indirectly identifiable information

 Example: Thelma’s queries

 Birthdate, gender, zip code identifies 87% of Americans



Example: Netflix Challenge

 October 2, 2006: Netflix announces contest

 Predict people’s ratings for a $1 million dollar prize

 100 million ratings, 480k users, 17k movies

 Very careful with anonymity post-AOL

 May 18, 2008: Data de-anonymized

 Paper published by Narayanan & Shmatikov

 Uses background knowledge from IMDB

 Robust to perturbations in data

 December 17, 2009: Doe v. Netflix

 March 12, 2010: Netflix cancels second competition
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 October 2, 2006: Netflix announces contest

 Predict people’s ratings for a $1 million dollar prize

 100 million ratings, 480k users, 17k movies

 Very careful with anonymity post-AOL

 May 18, 2008: Data de-anonymized

 Paper published by Narayanan & Shmatikov

 Uses background knowledge from IMDB

 Robust to perturbations in data

 December 17, 2009: Doe v. Netflix

 March 12, 2010: Netflix cancels second competition

Ratings

1: [Movie 1 of  17770]

12,  3,  2006-04-18       [CustomerID, Rating, Date]

1234,  5 ,  2003-07-08  [CustomerID, Rating, Date]

2468,  1,  2005-11-12   [CustomerID, Rating, Date]

…

Movie Titles

…

10120,  1982,  “Bladerunner”

17690,  2007,  “The Queen”

…
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 October 2, 2006: Netflix announces contest

 Predict people’s ratings for a $1 million dollar prize

 100 million ratings, 480k users, 17k movies

 Very careful with anonymity post-AOL

 May 18, 2008: Data de-anonymized

 Paper published by Narayanan & Shmatikov

 Uses background knowledge from IMDB

 Robust to perturbations in data

 December 17, 2009: Doe v. Netflix

 March 12, 2010: Netflix cancels second competition

Ratings

1: [Movie 1 of  17770]

12,  3,  2006-04-18       [CustomerID, Rating, Date]
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…

Movie Titles

…

10120,  1982,  “Bladerunner”

17690,  2007,  “The Queen”

…

All customer identifying information has 

been removed; all that remains are ratings 

and dates. This follows our privacy policy. . . 

Even if, for example, you knew all your own 

ratings and their dates you probably couldn’t 

identify them reliably in the data because 

only a small sample was included (less than 

one tenth of our complete dataset) and that 

data was subject to perturbation.


