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Research Question

• If a user wants web results on a particular query-sense, e.g.

‣ planning a ski trip to mont blanc ...

• Can their interaction with the web results be affected by the 
query-sense distribution in the vertical results?

• This study: Do the query-senses in the image results affect user 
interaction with the web results?
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Research Question

• If a user wants web results on a particular query-sense, e.g.

‣ planning a ski trip to mont blanc ...

• Can their interaction with the web results be affected by the 
query-sense distribution in the vertical results?

• This study: Do the query-senses in the image results affect user 
interaction with the web results?

Are there “spillover” effects 
between image vertical results 

and web results?
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Research QuestionsResearch Questions

RQ1 How do the query-senses in the web results affect user 
interaction with the web results?

RQ2 How do the query-senses in the image results affect user 
interaction with the web results?

RQ3 Is there an interaction between the query-senses in web 
results and the image results? 

RQ4 Can the images affect user interaction with the kinds of web 
results retrieved by a competitive commercial system?
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Motivation and Research Questions
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Conclusion

Outline
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• User Study 1 (RQ1-3) and User Study 2 (RQ1-4)

• Both studies run on Amazon’s Mechanical Turk (AMT)

• Participants were given a search task and a search interface and 
asked to find a webpage containing the requested information

• Search tasks were unambiguous, but associated with an 
ambiguous entity

• Example: Find a website that contains information about what 
causes a snow avalanche.

Study Overview

snow 
avalanche

chevy 
avalanche
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Study Protocol
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Experimental Variables

• Image results: manipulated the display of image results and their 
query-sense distribution in the initial SERP

‣ no images: no blended image results

‣ on-target: 6 images on the same query-sense as the task

‣ off-target: 6 images on a different query-sense than the task

‣ mixed: 3 on-target and 3 off-target

‣ always presented between web ranks 3 and 4

• Web results: manipulated the query-sense distribution of the 
web results (more on this later)

13
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search task
initial query 
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mixed images

Initial SERP
example
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Search Task Design

• Objective: design unambiguous tasks associated with an 
ambiguous entity (the initial query)

• Entity inclusion criteria

‣ has wikipedia disambiguation page

‣ appears in the AOL query log (exact match)

‣ triggers the image vertical in a commercial system (Bing)

‣ retrieves vertical image results associated with two senses

• Search task construction

‣ 80 manually-constructed search tasks

‣ each search task was associated with one sense

‣ target sense: the sense associated with the search task

‣ off-target sense: the other sense

15

Thursday, October 17, 13



Search Task Design
example
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Search Task Design
example
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Search Task Design
example
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• Two senses: Yukon the Canadian province and the GMC truck
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• Initial Query: Yukon

• Search task: Find a website that contains tourism information 
about the Canadian province of Yukon.

• Target sense: Yukon, the Canadian province

• Off-target sense: Yukon, the GMC truck

• On-target and off-target images cached using Bing’s Image 
Search API and then curated to ensure equal image quality

19

Search Task Design
example
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Image Results
examples
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User Study 1 (RQ1-3)

• All top-10 web results on the off-target sense except for one

• Web condition: on-target web result shown in rank 1, 3, 4, 8, 
and 10

• 9,600 AMT HITs: 80 tasks x 4 image conditions x 5 web 
conditions x 6 (redundant) search sessions per condition

21

prev 1 2 3 4 5 6 7 8 9 10 nextprev 1 2 3 4 5 6 7 8 9 10 nextprev 1 2 3 4 5 6 7 8 9 10 next

layouts for 
no images
condition

layouts for 
on-target, off-
target, and 
mixed images 
conditions
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User Study 2 (RQ1-4)

• Top-10 algorithmic web results from Bing Web Search API

• Tasks binned based on distribution and rank of on-target 
algorithmic results

• Binning based on NDCG, considering the on-target sense as the 
relevant class

• Web condition: 

‣ high (on-target) bin: 16 tasks (20%) with highest NDCG

‣ low (off-target) bin: 16 tasks (20%) with lowest NDCG

‣ mid bin: the 48 tasks (60%) with NDCG in the mid-range

• 6,400 AMT HITs: 80 tasks x 4 image conditions x 20 (redundant) 
search sessions per condition

22
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Research QuestionsResearch Questions

RQ1 How do the query-senses in the web results affect user 
interaction with the web results?

RQ2 How do the query-senses in the image results affect user 
interaction with the web results?

RQ3 Is there an interaction between the query-senses in web 
results and the image results? 

RQ4 Can the images affect user interaction with the kinds of web 
results retrieved by a competitive commercial system?
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Outcome Measures

• User Study 1

• found answer (binary-valued): did the participant find the 
answer page in the initial SERP web results?                
(implies no reformulation)

• number of clicks (real-valued): how many times did the 
participant click on the initial SERP web results?              
(with or without reformulation)

• User Study 2

• number of clicks (real-valued): how many times did the 
participant click on the initial SERP web results?              
(with or without reformulation)

24
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User Study 1 Results
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• Note: average web clicks < 1.0 due to reformulations without 
web clicks

all 1 3 4 8 10 

no images 0.458 0.633 0.479 0.479 0.354 0.344 

off-target images 0.468 0.640 0.517 0.465 0.367 0.352 

mixed images 0.469 0.656 0.515 0.446 0.360 0.369 

on-target images 0.526 0.715 0.571 0.471 0.429 0.444 
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• RQ1: The rank of the (on-target) answer page had a significant 
effect (p<.001) on user interaction with the web results

• All post-hoc comparisons significant except b/w rank 8 and 10

User Study 1 Results
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• RQ2: The query-senses in the image results had a significant 
effect (p<.001) on user interaction with the web results

• Post-hoc comparisons showed a significant difference between 
the on-target condition and all other image conditions 

User Study 1 Results
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• RQ3: There was no significant interaction between the answer 
rank and the image results

• However, there was an interesting trend... 

User Study 1 Results

prev 1 2 3 4 5 6 7 8 9 10 next
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User Study 2 Results
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• Note: average web clicks < 1.0 due to reformulations without 
web clicks

all high mid low 

no images 0.841 0.941 0.877 0.631 

off-target images 0.846 0.950 0.885 0.622 

mixed images 0.846 0.937 0.870 0.684 

on-target images 0.867 0.891 0.883 0.797 
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• RQ1: The distribution and rank of the on-target web results had 
a significant effect (p<.001) on interaction with the web results

• Post-hoc comparisons between all bin-pairs were significant

User Study 2 Results
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• RQ2: Considering all search tasks together, the effect of images 
was not significant

User Study 2 Results
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• RQ3: Image condition and bin-assignment showed a significant 
interaction effect (p<.05)

• The query-senses in the image results had a significant effect on 
initial SERPs that were assigned to the low bin

User Study 2 Results
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Discussion

• RQ1: The query-senses in the web results affect user 
interaction with the web results

• RQ2/RQ3: The query-senses in the image results can affect 
user interaction with the web results, but it depends ...
‣ If many of the top web results are largely consistent 

with the task, then the images have no effect

• RQ4: The images can have an effect on commercial-
quality web results that are not heavily biased towards the 
target sense
‣ This will be the case for web results that are heavily 

diversified across query-senses
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Implications

• Diversity Ranking

‣ Approaches to diversity ranking assume homogeneous 
results (e.g., only web results)

‣ New approaches may need to consider the amount of 
diversification within other components in the page

• Aggregated Search

‣ Approaches to vertical selection and ranking assume 
that all false positive predictions are equally bad

‣ New approaches may need to consider their (positive or 
negative) effect on other components in the page
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Open Questions

• Factors that may affect the magnitude of the effect:

‣ Vertical salience: image-based (e.g., video) vs. text-
based (e.g., blogs) vertical results

‣ Vertical position: may depend on the user’s assumptions 
about the system (the degree of coherence between 
components)

‣ Prior knowledge about the query-senses: does the user 
recognize the multiple query-sense in the vertical 
results?

‣ Layout: some layouts may make it more explicit that 
results in different components come from independent 
systems
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Conclusions

• Image vertical results can affect user interaction with the 
web results

• However, it depends on the extent to which the web 
results are consistent with the task

• The magnitude of the effect may be greater when the web 
results are heavily diversified

• Suggests the need for more integrated aggregated search 
and diversity ranking decisions
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Thank you!
Questions?
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