
Measuring and Evaluating 
Bias in Search Engines

Valerie Lemuth

�1



Motivation

!2



Motivation

!3



Motivation

!4



Motivation

!5



Motivation
• Users trust the ranking of search engines (Pan et al. 2007) 

• Users select the top search results, regardless of their 
relevance (Keane et al. 2008) 

• Users accept false information presented by search engines 
(White 2013) 

• Search engines could influence the results of an election 
(Epstein and Robertson 2015) 
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Motivation

Do search engines deliver biased search results for 
controversial topics? 
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Contributions
1. Related Work - found big gap 

2. Approach - developed new method  

3. Experiment - implemented method 

4. Findings 

!11



Definitions
• Bias 

• The deviation from the reference distribution 

• Reference distributions 

• Stance distributions or facts regarding the topic, from different sources  

• Multiple reference distributions per topic 

• Biased search results 

• If the stances of the search results deviate from the expected reference 
distribution
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Related Work
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• 25 papers 

• Discussing search engine bias 

• Detecting search engine bias



Approach
• Focus: 

• One search engine 

• Specific topics 

• During a time frame 

•  At a selected location 

• Detecting bias that has the potential to influence the society at 
the location
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Top Queries �qϵQt
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60% Pro 

30% Con 

10% Neutral

r1 :
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Abortion

= as(q)

60% Pro 

30% Con 

10% Neutral

?  Pro 

?  Con 

?  Neutral

= ?
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60% Pro 

30% Con 

10% Neutral

r1 : - K artificial search results 

- Assign “random” stances  

based on r 

- Calc. aggregated stance 

- Repeat �  1000 times≥

Topics �  tϵT Ref. Distr. �rϵRt Simulated Ref. Distr. �Pr Sample �Sr

2. Reference Distribution
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Topics �  tϵT Ref. Distr. �rϵRt Simulated Ref. Distr. �Pr

60% Pro 

30% Con 

10% Neutral

r1 :

P[0.6,0.3,0.1]

Sample �Sr

2. Reference Distribution
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Probability �   pr(as(q))

For each query of a topic

�as(q1) �as(q2)

�as(q1) = 1

�as(q2) = 4.5
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�  is the probability that the ranking of the search results,  
seen by an arbitrary search engine user,  
on a given topic �,  
in a time frame and at a location,  
reflects the expected distribution � . 

     The higher � , the higher the probability that there is no bias.

pr(t)

t

rϵRt

pr(t)



Experiment
• Search Engine: Google  

• Location: US 

• Time of measurement: December 2020 

• Controversial Topics: Nine 

• abortion, climate change, death penalty, gun control, mandatory vaccination, marijuana 
legalisation, nuclear power, same sex marriage, universal heart care  

• Top Queries: 3 -9 per topic  

• Reference Distributions: 2-3 per topic of the categories opinion poll, market 
information and political landscape
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Experiment

Topic Most asked queries  
  Frequencies Weights 

Abortion
abortion 
abortions 
pill abortion 

100 
17 
10

0.79 
0.13 
0.08

Most asked queries - Abortion:

qϵQt
f(q) w(q)t
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Experiment

Topic            (Opinion Poll)             (Market 
Information) 

           (Political 
Landscape)

Abortion
46% Pro-Choice 
49% Pro-Life 
5% Unknown 

- 
47% Pro-Choice 
53% Pro-Life 

Reference Distribution - Abortion:

t r1ϵRt
r2ϵRt r3ϵRt
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Experiment

Topic            (Opinion Poll)             (Market 
Information) 

           (Political 
Landscape)

Abortion
46% Pro 
49% Con 
5% Neutral

- 
47% Pro 
53% Con 

Reference Distribution - Abortion:

t r1ϵRt
r2ϵRt r3ϵRt
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Experiment
Stance Classification - Abortion:
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Search Results (merged across queries) Validation



Experiment
Stance Classification - Abortion:
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• Trained topic 

• Error rate of 0.25

Search Results (merged across queries) Validation



Experiment
Aggregated Stances - Abortion:
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• Value range of [-4.54, 4.54]



Experiment
Simulated Reference Distribution - Abortion:
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Opinion Poll Political Landscape



Experiment
Bias Assessment - Abortion:
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Experiment
Bias Assessment - Abortion:
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Probability � :pr(as(q))

Probability � :pr(t)
�popinion(Abortion) = 0.9 ⋅ 0.00249 + 0.1 ⋅ 1 = 0.1022
�ppolitical(Abortion) = 0.9 ⋅ 0.00236 + 0.1 ⋅ 1 = 0.1021

Opinion Poll Political Landscape
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Topic Opinion Poll Market Information Political Landscape

Abortion 0.1022 0.1021
Climate Change 0.5702 0.3447

Death Penalty 0.1620 0.1927

Gun Control 0.4020 0.3583 0.1198

Mandatory Vaccinations 0.5887 0.1

Marijuana Legalization 0.5410 0.2960

Nuclear Power 0.8241 0.1

Same Sex Marriage 0.6137 0.7158

Universal Health Care 0.6197 0.4665
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Conclusion
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• The developed approach allows detection of bias in a search 
engine 

• In experiment, approach is successfully used for nine topics 
and shows a likely bias for two topics



Future Work
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• Add more topics and reference distributions to experiment 

• Compare multiple search engines using the same topics and 
location 

• Compare behaviour of search engine for multiple locations 

• Integration of bayesian statistics to the reference distribution 

• Study behaviour of search engine over time



Questions ?
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Probability �   pr(as(q))

For each query of a topic

Permutation test:



Top Queries
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Ref. Distr.
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Agr. Stances
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