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A user-oriented webpage ranking algorithm based on user attention time

Motivations

Demand for personalized search engine

Utilize implicit user feedback
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Main Ideas

Acquiring the user attention time on each 
document.
Analyzing the user’s interest implicitly 
reflected by the attention time.
Re-rank the search results for a better user 
experience.
Assumption: a user shall have more or less 
the same amount of interest towards similar 
documents.



A user-oriented webpage ranking algorithm based on user attention time

Organization of the Talk

Related work
Acquisition of user attention time samples
Prediction of user attention time
User-oriented webpage ranking
Experiment results
Future work
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Previous Work I

Implicit user feedback
– White, Ruthven and Jose. “The use of implicit evidence for 

relevance feedback in web retrieval”. In Proc. of the 24th BCS-
IRSG European Colloquium on IR Research. 2002.

– Fox, Karnawat, Mydland, Dumais and White. “Evaluating implicit 
measures to improve web search”. ACM Transactions on 
Information Systems. 2005.

– Fu, X. “Evaluating sources of implicit feedback in web searches”. 
In RecSys ’07: Proc. of the 2007 ACM Conference on 
Recommender Systems. 2007.
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Previous Work II

Query history
– Google Web History

(http://www.google.com/history)
Click data [Documents clicked are considered as of more 
interest.]

– Joachims. “Optimizing search engines using clickthrough data”. In 
KDD ’02. 2002.

– Sun, Zeng, Liu, Lu and Chen. “Cubesvd: a novel approach to 
personalized web search”. In WWW ’05. 2005.

– Radlinski and Joachims. “Query chains: learning to rank from 
implicit feedback”. In KDD ’05. 2005.

– Dupret, Murdock and Piwowarski. “Web search engine evaluation 
using clickthrough data and a user model”. In WWW ’07. 2007.
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Previous Work III

Attention time [Collecting the time user pay on each 
document]

– Kelly and Belkin. “Reading time, scrolling and interaction: exploring 
implicit sources of user preferences for relevance feedback”. In 
SIGIR ’01: Proc. Of the 24th Annual International ACM SIGIR 
Conference on Research and Development in Information 
Retrieval. 2001.

– Kelly and Belkin. Display time as implicit feedback: understanding 
task effects. In SIGIR ’04: Proc. of the 27th Annual International 
ACM SIGIR Conference on Research and Development in 
Information Retrieval. 2004.

– Halabi, Kubat and Tapia. “Time spent on a web page is sufficient 
to infer a user’s interest”. In IMSA ’07: Proc. of the IASTED 
European Conference. 2007.



A user-oriented webpage ranking algorithm based on user attention time

Organization of the Talk

Related work
Acquisition of user attention time samples
Prediction of user attention time
User-oriented webpage ranking
Experiment results
Future work



A user-oriented webpage ranking algorithm based on user attention time

User Attention Time

For texts
– The attention time over a document includes 1) the time a 

user spends on reading the summary and 2) the time in 
reading the actual contents.

For images
– The attention time includes 1) the time that a user spends 

on looking at the thumbnail and 2) the time on the image 
itself.

We developed a customized Firefox browser to 
capture this type of information.
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Our Customized Web Browser
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Acquisition of Attention Time

In the initial search result page, we trace the mouse 
or tablet pen for capturing the attention time t1 a 
user spends on a certain text summary or a 
thumbnail image.

For the loaded webpage containing the actual image 
or text content, we records the duration t2 the 
document is actively displayed to the user.

Attention time = t1 + t2. To increase the accuracy, a 
truncation threshold, tmax, to represent the maximum 
reading time for a document of a certain length.
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Essential Concept

Prediction based on the content similarity of 
two documents.

We assume if the contents of two documents 
are sufficiently similar, then a user shall have 
more or less the same amount of interest 
towards either of them.
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Estimating Document Similarities

A good estimation of Sim(d0, d1) plays a critical role 
in attention time prediction.
For texts, we utilize the “simpack” open source 
package (Bernstein et al. 2005; Ziegler et al. 2006) 
accessible from

http://www.ifi.unizh.ch/ddis/simpack.html
For images, we adopt the implementation offered by 
the open source content based image retrieval 
library at

http://www.semanticmetadata.net/lire/
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Attention Time Prediction (I)

Sim(d0, d1) - the content similarity between document 
d0 and d1, where Sim(d0, d1) ranges in [0,1].

{tatt(u, di)|i =1, · · · , n} – acquired attention time 
samples by user u for documents {di}.

When a new document dx arrives, we calculate the 
similarity between dx and all the documents in the 
training set. We then select k documents which have 
the highest similarity with dx.
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Attention Time Prediction (II)

Predict the attention time for dx by:

where
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User-oriented Webpage Ranking (I)

Compute a normalized attention time offset

where rank(i) denotes Google’s webpage 
rank for document i and the parameter κd

controls how sharp the drop-off is.
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User-oriented Webpage Ranking (II)

derive the overall attention time for i as

where the parameter               is a user 
tunable value moderating how much he 
would prefer the user oriented ranking.
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Prototype Search Engine

Server Side
– Forward user query to Google and download the 

first 300 records.
– Predict the attention time for each record whose 

attention time is not acquired.
– Re-rank these records through their overall 

attention time.
Client Side
– Acquire the attention time samples and 

periodically send to the server as well as user 
identification numbers.
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Evaluating Webpage Ranking

We use the sum of the absolute differences 
of each page’s rank against its rank in the 
user’s ideal need as the error measurement 
for a webpage ranking result.
– For texts, a user is asked to read the top 20 

records in a ranking result and then provide his 
ideal ranking for these records.

– For images, a user is asked similarly for the top 4 
pages.



A user-oriented webpage ranking algorithm based on user attention time

Text Search Results (I):“Web search 
technology”

Error measurement
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Text Search Results (II)
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Text Search Results (II)
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Text Search Results (III)
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Text Search Results (III)
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Text Search Results (III)
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Image Search Results (I): “Web search 
technology”
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Image Search Results (II)



A user-oriented webpage ranking algorithm based on user attention time

Image Search Results (II)
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Image Search Results (III)
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Future Work

Investigate and employ algorithms that work 
for both text and image elements in 
measuring document similarity.
Apply onto user-oriented multimedia ranking.
Investigate and employ learning algorithms 
that work for document ranking, based on the 
user’s ideal ranks provided.
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