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§ Imagine a friend or a loved one 
you know suffer(s) from eczema

§ You see an add on Twitter 
claiming probiotics are helpful 
in treating eczema

§ You decide to search online for 
“probiotics” and “eczema”
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§ 90% of the search results are incorrect (either inconclusive 
or helps)

§ The authoritative result (WebMD) is at rank 8

§ Top ranked URLs are inconclusive or incorrect

§ What would people do? 

§ What will be the final decision?
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§ All returned search results are relevant (about probiotics)

§ Precision at 9 is 100%

§ If someone believes what search results say, it will be a waste 
of money and effort
§ Search results are useless!

§ What if we are dealing with serious illness (diabetes or 
cancer)?
§ Search results might be harmful!
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Problem Definition
§ Search engine finds relevant documents containing correct 

and incorrect information

§ Searchers are influenced with incorrect information in 
search results and make potential harmful decision

§ How does health-related incorrect information present in 
web search affect people’s decision making process?
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§ Similar to [Pogacar et al, ICTIR 2018], results biased towards 
incorrect information reduced people’s accuracy to 32% 
while results biased towards correct information increased 
accuracy to 67%.

§ Majority, authoritativeness and quality are among the 
important aspects people pay attention to when using online 
search.

§ People have subconscious biases when using online search 
for health purposes such as rank and helpful bias.
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§ Prior study

§ Study Design
§ Medical treatments

§ Experimental conditions

§ Performance measures

§ Results

§ Conclusion & Future Work
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In our prior work: (ICTIR 2018)
§ Asked people to use our search engine to determine the 

efficacy of different medical treatments for a number of 
health issues

§ We biased the search results towards correct or incorrect 
information

§ We further manipulated the top ranked results (correct at 
rank 1 or 3)

§ We measured participants’ accuracy when deciding about 
the efficacy of the medical treatments
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In our prior work: (ICTIR 2018)
§ Results biased towards incorrect information reduced 

people’s accuracy from 43% to 23%

§ Results biased towards correct information increased 
accuracy from 43% to 65%

§ Participants’ accuracy was only 59% if the top two results 
were incorrect compared to 70% accuracy when the rank 1 
item was correct

§ More self-reported knowledge reduced the effect of incorrect 
information on accuracy

§ More interaction with the search results results in more 
correct decision
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Follow-up study
§ Think-aloud protocol to understand what people are 

thinking when using search results with a mixture of correct 
and incorrect information

§ What factors affected the decision making process?

§ How can we improve the search results to better support 
people’s health-related decisions?
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§ Participants were told to think-aloud while they search for 
the answer to a question about the effectiveness of a 
treatment for a health issue.

§ Participants had to classify the medical treatments as 
§ Helpful: Treatment has direct positive effect

§ Unhelpful: Treatment is ineffective or has a direct negative effect

§ Inconclusive: Unsure about the effectiveness

§ Participants practice the think-aloud doing a tutorial task.
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§ Participants think-aloud while answering 4 different 
questions about the treatment effectiveness.

§ The searcher keeps notes of participants’ reactions.

§ Eye-tracking in the think-aloud to capture eye movements

§ Retrospective think-aloud where searcher asks questions 
about the think-aloud.
§ Video recording (with eye-movement) reviewed by participants post 

hoc with further information elicited

§ Post-task questionnaire: participants answer open general 
questions about online health search.
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§ The medical treatments and associated medical conditions 
were all formulated as “Does X help Y?”
§ Examples: Unhelpful: “Do insoles help back pain?”

§ Each medical question was classified as helpful or 
unhelpful, as determined by the corresponding Cochrane 
Review 
§ Internationally recognized as the highest standard in evidence-

based health care resources

§ Each participant had 2 helpful and 2 unhelpful treatments, 
4 total
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Medical Treatment Efficacy

Does caffeine help asthma? Helpful 

Does traction help low back pain? Unhelpful 

Do probiotics help treat eczema? Unhelpful 

Do benzodiazepines help alcohol withdrawal?  Helpful 

Does cinnamon help diabetes? Unhelpful 

Do antioxidants help female subfertility? Unhelpful 

Does melatonin help treat and prevent jet lag? Helpful 

Does surgery help obesity? Helpful 
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SERP Experimental Conditions
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§ Search Result Bias 

§ 8:2 ratio of results 

§ 8 correct, 2 incorrect

§ 2 correct, 8 incorrect

§ Topmost Correct Rank 

§ Always had a correct 
result at rank 1 or rank 3

Correct Incorrect

Incorrect

Correct
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SERP Experimental Conditions
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§ Search engine result pages collected from different 
search engines (Google, Yahoo, Bing)

§ Total of 158 documents 

§ For each medical treatment, we have a pool of 8-10 
incorrect documents and 8-10 correct documents

§ Correct documents agrees with truth

§ Incorrect documents contradicts the truth



Instructions & 
classifications

Document title, snippet, url

Clickable link, to take to 
document page

Submit Answer

SERP Page:



A. Ghenai, M. Smucker,  
C. Clarke

Performance measures
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§ Accuracy

§ Fraction of correct 
responses

§ A correct response 
agrees with the truth

Ø White and Hassan’s 
judgment of Cochrane 
review is used as the 
truth

§ Harm

§ Fraction of harmful 
decisions

§ A harmful decision is 
opposite of the truth

§ Inconclusive is not 
considered a harmful 
decision
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Coding scheme
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§ Think-aloud data are transcribed

§ We use Nvivo 12 qualitative data analysis tool

§ We use mixed methods coding research approach:

§ Top-down (some codes inspired by prior work such as 
rank)

§ Bottom-up (some codes are added during the coding 
process)
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Coding scheme
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§ A total of 20 different codes

§ The coding was performed by one author twice 

§ Different time periods to measure intra-rater reliability

§ Overall Weighted Kappa = 0.7

§ Only report first time period coding
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Experimental Details
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§ Total of 16 participants:
§ All native English speakers
§ Gender: 7 Male, 9 female
§ Major:  7 Engineering and Mathematics, 9 Arts and 

Science
§ Age: between 18 and 28, average of 21 

§ 37.5% less than 20
§ 56.25% between 20 and 25
§ 6.25% greater than 25
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Experimental Details

The Positive and Negative Influence of Search Results on 
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§ The experimental conditions with the medical treatments 
were randomly assigned to participants

§ Generalized linear (logistic) mixed effect models 
implemented in R and the lme4 package to determine 
statistical significance

§ Participants and medical treatments modeled as random 
effects in the models
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Results 
Bias

Correct decisions Harmful decisions

Correct 0.67 ± 0.08 0.06 ± 0.03

Incorrect 0.32 ± 0.06 0.28 ± 0.06

Independent 
Variable

Dependent Variable Pr(>Chisq)

Search Result Bias Correct Decision << 0.001
Topmost Correct Rank Correct Decision 0.8
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Results 
Bias

Correct decisions Harmful decisions

Correct 0.67 ± 0.08 0.06 ± 0.03

Incorrect 0.32 ± 0.06 0.28 ± 0.06

Independent 
Variable

Dependent Variable Pr(>Chisq)

Search Result Bias Correct Decision << 0.001
Search Result Bias Harmful Decision << 0.01

Search Bias stat. sig 
on correct & 

harmful decision
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Results – Coding
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No Name Participants References

C1 Majority 14 36
C2 Authoritativeness 13 153
C2 Stats & studies 12 20

C6 Advertisements 7 16

C7 Date 7 15

C8 References 7 12

C9 Negative information 6 15

C10
Information 
representation 5 18

C12 Prior_belief 5 8
C14 Readability 4 8
C13 Relevance 4 7
C15 Past_experience 3 3
C16 Text_length 3 3
C17 Images 2 6
C18 Rank 2 4
C19 Social_factor 1 2
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Results – Coding
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No Name Participants References

C1 Majority 14 36
C2 Authoritativeness 13 153
C2 Stats & studies 12 20

C6 Advertisements 7 16

C7 Date 7 15

C8 References 7 12

C9 Negative information 6 15

C10
Information 
representation 5 18

C12 Prior_belief 5 8
C14 Readability 4 8
C13 Relevance 4 7
C15 Past_experience 3 3
C16 Text_length 3 3
C17 Images 2 6
C18 Rank 2 4
C19 Social_factor 1 2

If participants are 
exposed to results 
geared towards a specific 
direction, they end up 
being influenced by what 
the majority of the 
search results state. 

The majority of the search results 
stating that the treatment helps 
or that the treatment does not 
help or looking for a consensus of 
different search results. 
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Majority/Prevalence
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“I’m going to say helps because a lot 
of people, like it was just, the vast 
number were in agreement.”

“So I’m seeing a lot of doctors 
recommending the melatonin pill. 
Yeah, I think this helps.”

“I think that’s the common thread 
that we’re seeing. So I’m going to 
submit and say it does help.”
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Results – Coding
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No Name Participants References

C1 Majority 14 36
C2 Authoritativeness 13 153
C2 Stats & studies 12 20

C6 Advertisements 7 16

C7 Date 7 15

C8 References 7 12

C9 Negative information 6 15

C10
Information 
representation 5 18

C12 Prior_belief 5 8
C14 Readability 4 8
C13 Relevance 4 7
C15 Past_experience 3 3
C16 Text_length 3 3
C17 Images 2 6
C18 Rank 2 4
C19 Social_factor 1 2

Participants pay 
attention to 
authoritativeness.
(We did not control for 
authoritativeness)

The trustworthiness and 
reliability in the content of the 
search results page. 
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Authoritativeness
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“ Health.com, I’ve seen it before, not 
really…  I don’t really rely on it for 
information the first time I see it.”

“WebMD. It’s a more trustworthy 
source, I think.”

“Okay. I don’t really know what this 
website is. Medications for 
management of alcohol withdrawal.”



A. Ghenai, M. Smucker,  
C. Clarke

Results – Coding
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No Name Participants References

C1 Majority 14 36
C2 Authoritativeness 13 153
C2 Stats & studies 12 20

C6 Advertisements 7 16

C7 Date 7 15

C8 References 7 12

C9 Negative information 6 15

C10
Information 
representation 5 18

C12 Prior_belief 5 8
C14 Readability 4 8
C13 Relevance 4 7
C15 Past_experience 3 3
C16 Text_length 3 3
C17 Images 2 6
C18 Rank 2 4
C19 Social_factor 1 2

Participants look for 
clues for quality

The quality of the search results 
page such as the presence of ads, 
research studies or 
reference/citations.
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“ Oh, this one does not look very 
legitimate. Because there's so many 
ads and stuff.’’

“So this looks like a research study, so 
I think it’s pretty reliable.”

“ By this point I would click to see the 
source, but at least it provides 
sources, so this could be good.’’
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Results – Coding
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No Name Participants References

C1 Majority 14 36
C2 Authoritativeness 13 153
C2 Stats & studies 12 20

C6 Advertisements 7 16

C7 Date 7 15

C8 References 7 12

C9 Negative information 6 15

C10
Information 
representation 5 18

C12 Prior_belief 5 8
C14 Readability 4 8
C13 Relevance 4 7
C15 Past_experience 3 3
C16 Text_length 3 3
C17 Images 2 6
C18 Rank 2 4
C19 Social_factor 1 2

Participants do not 
mention rank 
(unconscious bias)

The order of search results in 
the SERP page that might 
effect the trustworthiness and 
reliability of the pages. 
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Position/Rank bias?
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“I’ll just go to the first link, even 
though it’s wikiHow, it is the first 
link. I don’t really know much about 
search engines, but I feel like the first 
link…. They’re trying to give you the 
most helpful link. So I’ll just open it, 
but still.”



A. Ghenai, M. Smucker,  
C. Clarke

Retrospective Think aloud
§ Get insights of new strategies participants used during the 

study that might not be captured during the concurrent 
think-aloud part, such as:
§ Reading pages that state the medical treatment does not help in order 

to understand the opposite arguments (three participants).

§ In case of no consistency between search results, the participant 
looks at the dates the information was published in order to check 
whether the non-agreement happens because of time difference (two 
participants). 
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Post Task Questionnaire
No Question Yes No Maybe
1. Do you believe that exposure (i.e. most results say the treatment 

helps/does not help) is important in determining the effectiveness of 
the medical treatment? And why? 

13 2 1

2. Do you believe that rank (i.e. highly ranked results say the treatment 
helps/does not help) is important in determining the effectiveness of 
the medical treatment? And why? 

9 6 1

3. Do you believe that quality is important in determining the 
effectiveness of the medical treatment? And please elaborate on what 
quality means to you? 

15 0 1

4. Do you believe that the web page layout is important in determining 
the effectiveness of the medical treatment? And why? 

12 2 2

5. Do you believe that social factors (i.e. experience of other people you 
know such as friends, family etc.) is important in determining the 
effectiveness of the medical treatment? And why? 

9 5 2

6. Did you notice any manipulation of the search results? If yes, then can 
you guess what was it? 

9 7 0

7. How do you describe your experience with the think-aloud process? -
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Participants are 
consciously aware of the 
influence of majority.
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authoritativeness, 
readability, page layout
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No Question Yes No Maybe
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Social factor is a type of 
subconscious bias 
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The deceptive aspects were 
successful: Only one 
correct guess!  
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- Most participants found the 
think-aloud insightful
- Only two found it challenging!
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Conclusion

PAGE  47

§ Search results have a mixture of correct and incorrect information

§ People might be negatively influenced and potentially harmed by 
the incorrect information

§ To help people make correct decisions, we need to gain insights  
about strategies people use during the decision making process.

§ Understanding this cognitive biases is a complex phenomenon.

§ The think-aloud results revealed some intuitions people use doing 
online health search.
§ Delivering credible and authoritative results 

§ People consider quality when doing online search
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Future Work
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§ Authoritativeness effect on health-related online search

§ Rank effect on bigger study

§ Larger and more varied population 

§ Extend current effectiveness measures to include a notion of 
negative gain




