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User Satisfaction

‘‘ If you cannot measure it, 

you cannot improve it.’’
William Thomson, Lord Kelvin 

(1824–1907)



Which is Better?



New vs. Old



Web Search is Interactive

Add Terms

Ano nuevo state reserve

Hiking; san francisco

Hiking; san francisco bay area

Ano nuevo state reserve; mile

Nature trails; san francisco

China camp state park

Fort funston

Search on New 

Terms

Add Terms

Rephrase Previous 

Query
Search on New 

Terms

Search on New 

Terms
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Fort funston



Web Search is Interactive

Ano nuevo state reserve

Hiking; san francisco

Hiking; san francisco bay area

Ano nuevo state reserve; mile

Nature trails; san francisco

China camp state park

Fort funstonLearned about 

three hiking areas



Web Search is Interactive

Ano nuevo state reserve

Hiking; san francisco

Hiking; san francisco bay area

Ano nuevo state reserve; mile

Nature trails; san francisco

China camp state park

Fort funston

PREDICT TASK SUCCESS

TASK AS CONTEXT



Clickstream Data

Actions: Q 4s



Clickstream Data

Pattern: Q 4s RL 1s



Clickstream Data

Pattern: Q 4s RL 1s SR 53s



Clickstream Data

Pattern: Q 4s RL 1s SR 53s SR 118s END



Clickstream Data

 Action sequence  Graph.
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Goal 1: Q 4s RL 1s SR 53s SR 118s END

START END
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Clickstream Data
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Goal 1: Q 4s RL 1s SR 53s SR 118s END

Goal 2: Q 3s Q  5s SR 10s AD 44s END

START

END
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Modeling User Sessions

λ1

λ2

λ4

λ3

λ5

λ7

λ6

λ8

λ9

Goal 1: Q 4s RL 1s SR 53s SR 118s END

Goal 2: Q 3s Q  5s SR 10s AD 44s END

Goal 3: Q 4s RL 1s SR 53s SR 118s END

Goal 4: Q 3s Q  5s SR 10s AD 44s END

………………………………………..
Goal n:  Q 4s RL 1s SR 53s SR 118s END

Goal n-1: Q 3s Q  5s SR 10s AD 44s END

 Each set of goals may be represented by a first 

order Markov Model:

 Small state space:

 Transition Probabilities:
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Markov Model

 Build two models: 

λ1

λ2

λ4

λ3

λ5

λ7

λ6

λ8

λ9

Goal 1: Q 4s RL 1s SR 53s SR 118s END

Goal 2: Q 3s  Q  5s SR 10s AD 44s  END

Goal 3: Q 4s RL 1s SR 53s SR 118s END

Goal 4: Q 3s  Q  5s SR 10s AD 44s  END

………………………………………..
Goal n:  Q 4s RL 1s SR 53s SR 118s END

Goal n-1: Q 3s  Q  5s SR 10s AD 44s  END

λ1

λ2

λ4

λ3

λ5

λ7

λ6

λ8

λ9

Goal 1: Q 4s RL 1s SR 53s SR 118s END

Goal 2: Q 3s  Q  5s SR 10s AD 44s  END

Goal 3: Q 4s RL 1s SR 53s SR 118s END

Goal 4: Q 3s  Q  5s SR 10s AD 44s  END

………………………………………..
Goal n:  Q 4s RL 1s SR 53s SR 118s END

Goal n-1: Q 3s  Q  5s SR 10s AD 44s  END

Successful Goals

Unsuccessful Goals



Classifying New Goals
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New Goal : Q 4s RL 1s SR 53s SR 18s END
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Modeling Time

 Attach a time distribution to each transition in the Markov 

chain.

STR
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RL

SR

END

AD



Markov Models Do Much Better Than Baseline 



User Behavior Outperforms Relevance based 

Prediction



Successful Goals More Likely to Use Shortcuts

Action following query Odds-ratio

SC      Shortcut 2.0

SR      Search result 1.8

RL      Also-Try 1.2

SP     Spell-correction 0.9

Q        Query 0.5

END   End of goal 0.1

Odds-ratio of transitions from query to other actions in successful 

goals, compared to unsuccessful goals.



Highly Probable Successful Paths

Highly probable successful paths

Q SR END

Q SR SR END

Q SR SR SR END

Q SR SR SR SR END

Q AD END

Q SC END

Q SR Q SR SR END



Highly Probable Unsuccessful Paths

Highly probable unsuccessful paths

Q END

Q Q END

Q OTH END

Q SR Q END

Q Q Q END

Q RL END

Q Q SR Q SR Q END



Conclusions and Future Work

 Predict success using a Markov model that 

captures user behavior

 We can predict goal success with 82% 

accuracy

 The Markov model outperforms relevance 

based models

 Build other predictive models for sessions

λ
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Goal 1: Q 4s RL 1s SR 53s SR 118s 

END

Goal 2: Q 3s  Q  5s SR 10s AD 44s  

END

Goal 3: Q 4s RL 1s SR 53s SR 118s 

END

Goal 4: Q 3s  Q  5s SR 10s AD 44s  

END

………………………………………..
Goal n:  Q 4s RL 1s SR 53s SR 118s 

END

Goal n-1: Q 3s  Q  5s SR 10s AD 44s  

END
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λ
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Goal 1: Q 4s RL 1s SR 53s SR 118s 

END

Goal 2: Q 3s  Q  5s SR 10s AD 44s  

END

Goal 3: Q 4s RL 1s SR 53s SR 118s 

END

Goal 4: Q 3s  Q  5s SR 10s AD 44s  

END

………………………………………..
Goal n:  Q 4s RL 1s SR 53s SR 118s 

END

Goal n-1: Q 3s  Q  5s SR 10s AD 44s  

END



Questions?

Ahmed Hassan

hassanam@umich.edu


