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ABSTRACT
The majority of US Internet users have searched the internet for
health-related information. When people conduct these health
searches, searching for information about medical treatments is
among the more common reasons. While being a convenient and
fast method to collect information, when used by people for health
search, search engines can be biased toward results saying treat-
ments are helpful, regardless of the truth. The presence of incorrect
information in search results may potentially cause harm, espe-
cially if people believe what they read without further research
or professional medical advice. In this paper, we aim to better un-
derstand the decision making process of determining the efficacy
of medical treatments using search result pages. We conducted a
think-aloud study in order to gain insights on strategies people use
during online search for health related topics. We found that, even
when participants are careful and focused on the task, biased search
engine results can significantly influence people to make decisions
consistent with the bias. The chief reason biased search engines
results were able to influence participants is that participants often
considered what the majority of the search results stated as part of
their decision-making. We also found that participants looked for
indications of authoritativeness and quality when evaluating online
content. While rank bias and a bias towards wanting treatments
to be helpful has been found in prior studies, our participants did
not reveal these biases as part of their spoken thoughts. Our re-
sults imply that more attention should be paid to search engines’
biases given people’s bias towards accepting the most common
answer in the results as the correct answer. When search results
are biased toward incorrect results for health-related searches, dire
consequences may be the result.
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1 INTRODUCTION
The majority of US Internet users have used web search to look
for information about a health issue or a medical treatment [7].
However, there is an increased concern over the lack of account-
ability and dubious quality of this online content. Prior research
[38] has shown that search engines can be biased towards stating
that medical treatments are helpful, regardless of the truth.

In our prior work [25], we measured the effect of search results
on people’s ability to correctly determine the effectiveness of health
treatments. We discovered that search results in the health domain
can have a substantial, statistically significant, effect on people’s
decisions. When search results were biased towards incorrect infor-
mation, the study participants’ accuracy inmaking correct decisions
was reduced from 43% to 23%; when biased towards correct infor-
mation, participants’ accuracy increased from 43% to 65%. While
we had expected the biased results to influence people, we were
surprised by the strength of the effect. A potential concern was
that participants were in some way simply echoing back to us the
most common answer as a means to please us researchers who
had created the search results. Another concern was that partici-
pants might have failed to approach the task seriously and were
not carefully considering the search results, and thus failed to find
the correct information among incorrect results.

To investigate these concerns and better understand the decision
making process while people use search engines for health related
purposes, we designed an experiment that combined participant
think-aloud and one-on-one interviews with the original exper-
iment. Collecting and analyzing think-aloud data has been used
to build models of cognitive processes during a problem solving
task[35].

For the experiment reported in this paper, we asked participants
to determine the effectiveness of four medical treatments. We pro-
vided participants with search engine results pages that they had to
use to answer the questions about the treatments’ efficacy. While
doing the task, we asked participants to say out loud what goes
through their mind by stating directly what they think. Later, we
asked participants about their decisions during the task, as well
as generally about their use of search engines for health related
purposes. We found that:
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• Even with a careful focus on the task, participants are being
heavily influenced by a search result bias. When biased to-
wards correct information, participants’ accuracy reached
67%, and the accuracy was reduced to 32% when search re-
sults were biased towards incorrect information. It seems
that even when working diligently at this task, it is easy to
be influenced by the search results.
• The majority view in the search results, the apparent author-
itativeness of sources, and the apparent quality of sources
are among the most important aspects people pay attention
to when using search engine results to answer health related
questions.
• While prior work shows that rank [1, 11] and optimism bias
(believing treatments help) [37, 39] are factors that effect
people’s online search, participants did not think-aloud these
biases. Rank and optimism bias are examples of subconscious
biases during the complex process of online health search.

We next discuss related work. We then cover the details of the
study and present the study’s results, along with our conclusions.

2 RELATEDWORK
The work proposed in this paper builds directly on that of Pogacar
et al. [25]’s work. The key finding of that study is that search results
can have a substantial and statistically significant effect on people’s
decision about the efficacy of medical treatments. The study showed
that when search results are biased towards incorrect information,
people’s accuracy in decision making was reduced from 43% to 23%
while, when biased towards correct information, people’s accuracy
increased from 43% to 65%. Furthermore, the work showed that the
rank of the topmost correct result has an effect on people’s accuracy.
The study found that prior knowledge of the medical treatment
helped protect participants from the presence of incorrect informa-
tion in search results, and that participants were generally biased
towards stating that a medical treatment is helpful, regardless of the
truth. Results showed that, even when there was always a correct
answer in either rank 1 or 3, participants were not always able
to successfully find the correct answer. More importantly, search
engines can potentially harm people with a mix of correct and in-
correct information. This research showed that search engines may
have a substantial impact on people’s decisions about the efficacy
of medical treatments. In order to overcome current search engine
limitations and build ones that better support people’s decision
making, it is paramount to further explore the reasons leading peo-
ple to be heavily influenced by misleading information in search
results.

In the Pogacar et al. [25] study, limited information about the
participants’ interaction with search results, e.g., click behavior and
search logs, was collected. In the work presented here, we extend
the Pogacar et al. [25] study by investigating, in more detail, the
interaction between people and search engines. In doing this, we
aim to shed light on possible explanations of the impact of search
results on people’s decision making about the efficacy of medical
treatments.

A large amount of prior work has looked at the quality of on-
line health-related content [14, 28, 33] and how people evaluate

the credibility of online medical information to make their deci-
sions [4, 8, 13, 34]. Tang et al. [33] compared the search results of
Google to those of a domain-specific health and depression search
engine. Results showed that, while Google returns more relevant
documents, the domain specific search engine returns more correct
search result pages. While the quality of online medical content is
questionable, prior work looked at the amount of trust people have
in the online health information they find online [30–32]. White et
al. [36–39] demonstrated that search engines have a strong content
bias towards stating that medical treatments are helpful even when
they actually are not.

Lau et al.[18] conducted a controlled laboratory study to un-
derstand whether providing high quality search results improves
people’s accuracy when searching online for health related infor-
mation. Results showed that when participants were provided with
high-quality search results from reliable sources (such as PubMed,
MedlinePlus, and HealthInsite), the participants’ accuracy in an-
swering health questions increased compared to when they were
not provided with search results.

Kammerer et al. [15] conducted a controlled laboratory study
to understand the behavior and decision making of people when
they evaluated web search sources about specific medical issues.
The authors selected two different treatments for a certain health
issue. The controlled search results had a mixture of different source
credibility levels (medical institutions, journals, forums). Later, the
authors asked participants to evaluate which treatment was better.
Using eye tracking, participants’ logs, and verbal protocols, they
found that people spend less time and effort evaluating search
results when they believe the Web to be a reliable and accurate
source of information. Furthermore, people tend to be more certain
and require less justifications of information when they trust the
Web as a source.

There is a substantial amount of research on using the think
aloud method to study the criteria people employ in assessing
information sources. Prior studies [21, 26] used verbal protocols to
look at the features of search result pages used to gauge search result
quality. Lucassen et al.[21], for example, investigated how users
evaluate the trustworthiness of Wikipedia content by analysing the
think-aloud data. Authors manipulated the quality and the topics
to generate varied Wikipedia content with topics familiar to the
users. Results showed that participants consider the textual features,
references and images when evaluating Wikipedia content.

Further, think-aloud protocols have been used in prior studies [5,
20] in order to shed light on the process of evaluating the credibility
of online sources. Elsweiler et al.[5] conducted a think-aloud user
study in order to look at how people access the credibility of search
result pages. Results showed that people are not certain when
accessing the credibility of online sources. People use ten different
cues in order to access the credibility of sources and the use of these
cues differ for each participant and each topics.

Additionally, verbal protocols in prior studies showed the im-
portance of trust in source selection. Sillence et al. conducted a
significant amount of work looking at trust in online health infor-
mation ([30–32]). They [31, 32] designed a three-stage model of
trust when searching for information online. They also [32] con-
ducted a think-aloud user experiment with menopausal patients
and a larger-scale experiment [30, 31]. These studies showed that



Figure 1: User interface showing search results. Clicking on
a result’s title took the user to that result’s web page. On
the right side, the page shows instructions and the different
efficacy definitions [25].

participants rejected sales sites as well as low-quality design content
even though they were legitimate sources. Second, when looking
at high-quality designed sites, participants trusted content coming
from medical institutions or health experts but also personalized
content from people similar to the searchers. Third, participantsâĂŹ
decision-making processes were influenced by online information:
they used online content to reinforce a decision they had already
made to find supporting facts and build confidence about their
decisions [32]. Other think-aloud studies [22, 23] focused on the im-
portance of people as information sources especially when dealing
with the clinical decisions.

3 MATERIALS AND METHODS
3.1 Study Design
At the start of the study, each participant read and signed a consent
form and then completed a demographics’ questionnaire. We also
calibrated our eye tracking device to measure the participant’s eye
movement. In addition, participants read detailed instructions about
their participation before proceeding with the study.

After these preliminary steps, participants had the chance to
practice determining the effectiveness of a medical treatment using
the search results. During the practice task, participants were asked
to articulate and say their thoughts out loud. After this practice
task, we started video and audio recording of the participants. Then,
participants began the main study where they had to determine the
effectiveness of four medical treatments while thinking out loud
(concurrent think-aloud).

While participants were doing this search task, a researcher took
notes about their verbal and non-verbal interactions. After finishing
the search task, we showed participants the video recording of their
participation, with their eye movements, to help them remember
their thoughts, and asked them questions about their decisions
(retrospective think-aloud). Finally, we asked participants general
questions about their usage of search engines for health related
purposes (questionnaire). The study was designed as a web applica-
tion and the search results were modelled as a traditional style of
web search engine. We recreated the interface of Pogacar et al. [25]

Table 1: This table shows the medical treatments with their
corresponding efficacy

T Medical Treatment Efficacy
T1 Do antioxidants help female subfertility? Unhelpful
T2 Do benzodiazepines help alcohol withdrawal? Helpful
T3 Do probiotics help treat eczema? Unhelpful
T4 Does caffeine help asthma? Helpful
T5 Does cinnamon help diabetes? Unhelpful
T6 Does melatonin help treat and prevent jet lag? Helpful
T7 Does surgery help obesity? Helpful
T8 Does traction help low back pain? Unhelpful

for our study. Figure 1 shows the interface that participants used
during the study.

3.2 Study Material
Our study material is publicly available1. In this section, we briefly
explain the study material. Refer to Pogacar et al. [25]’s work for a
detailed explanation regarding the study material.

We controlled search result content in two respects. First, search
result bias, which was either correct or incorrect. Second, topmost
correct search result, where we placed the first correct result at either
rank 1 or 3. Furthermore, we measured participants’ performance
by tracking the fraction of correct decisions and the fraction of
harmful decisions. Participants had to determine the efficacy of
medical treatments as either helpful (the medical treatment has a
direct positive influence on a specific illness), unhelpful (the medical
treatment has either a direct negative influence or no influence on
a specific illness) or inconclusive (medical professionals are not sure
about the effectiveness of the medical treatment).

3.2.1 Medical Treatments. We used a list of eight medical treat-
ments from our prior study [25]. Each medical treatment can either
be: helpful or unhelpful. These treatments were originally taken
from those developed by White and Hassan [38] who determined
the effectiveness of each of these treatments by reading the corre-
sponding Cochrane Review [3, 12] and then reaching a consensus
to determine the treatmentâĂŹs efficacy.

Out of the eight medical treatments, four were helpful and four
were unhelpful. Table 1 shows the list of the medical treatments
with their corresponding effectiveness. To re-create the conditions
of our prior study [25], participantâĂŹs prior beliefs concerning the
eight medical treatments were purposely not collected in this study.
Specifically, we aim to better understand the results of the prior
study and we are not studying how beliefs change. Furthermore,
by not asking for prior beliefs, we aim to have the participants be
as natural as possible in the experiment.

3.2.2 Search Results. During the study, we asked participants to
pretend they had a question about the effectiveness of a medical
treatment and had decided to use a search engine to help them
answer this question. We showed participants a web page that had
ten search results, with the general appearance of a standard search
engine results page (SERP). The search results were either biased
1https://cs.uwaterloo.ca/~aghenai/user_study_pages.html
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Table 2: This table shows the list of post-task questions
along with the counts of responses for each question.

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 elabo-
rate on what quality means to you?

15 0 1

4 Do you believe that the web page layout
is important in determining the effec-
tiveness 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?

-

towards correct or incorrect information. When biased towards
correct information, we showed eight correct search results and
two incorrect ones. When biased towards incorrect information, we
showed participants eight incorrect search results and two correct
ones. We further controlled the rank of the topmost correct result
page to either be at rank 1 or 3. We randomly assigned the search
results to the corresponding ranks from a pool of 8-10 correct and
8-10 incorrect documents. For every search result, we first showed
the title followed by a snippet and a link to the actual page where
the participant can click to check the page content. We did not
force the participants to check all the ten presented search results
because we wanted them to behave as naturally as possible.

3.2.3 Documents and Snippets. To create the SERP pages used in
our study, we collected documents about the efficacy of the medical
treatment. We used the same 158 documents used in our previous
study [25] for this purpose. Every document is either correct (con-
tains information about the treatment efficacy that agrees with med-
ical consensus, i.e., agrees with the Cochrane review) or incorrect
(contains information about the treatment efficacy that contradicts
with medical consensus, i.e., disagrees with the Cochrane review).
For every search result, we showed the document’s title, URL, and

snippet. We use the same snippets generated for the previous study
[25].

3.3 Performance and Statistical Significance
We measured the participants’ performance by computing two dif-
ferent measures: 1) the fraction of correct decisions and, 2) the
fraction of harmful decisions. A participant’s decision is correct if
it agrees with medical consensus. For these treatments an incon-
clusive decision is considered an incorrect decision as all medical
treatments in the study were either helpful or unhelpful. Further, a
participant’s decision is harmful if it is opposite to medical consen-
sus where inconclusive is not considered a harmful decision.

The fractions of correct and harmful decisions are the dependent
variables. The search result bias and the topmost correct are the
independent variables. In order to measure the statistical signifi-
cance of the independent variables on the fractions of correct and
harmful decisions, we used generalized linear mixed effect model
in R. More details about the modeling method can be found in the
previous study [25].

3.4 Think-aloud Protocols
We used a think-aloud protocol during the study in order to reveal
potential factors influencing the decision making process of people
using search engines to answer health-related questions. We com-
bine two types of the think-aloud protocol in the study: concurrent
and retrospective think-aloud.

3.4.1 Concurrent Think-aloud. During the think-aloud task, we
asked subjects to articulate their thinking and decision making
process while doing the search task (concurrent think-aloud - CTA).
We chose to apply CTA as it is helpful in extracting immediate
thoughts while doing the task [17]. This is helpful in order to reveal
potential factors influencing the decision making process of people
using online search to answer health-related questions.

We captured the think-aloud data through audio recording of
the participants with the aid of a computer microphone. In addi-
tion, we recorded the screen of the computer as the participant
completes the search task using Tobii Pro Studio software2. While
participants articulated their thoughts, we noted the non-verbal
responses during the think-aloud in addition to the words said by
the participant (such as pauses, smiles, misreading, periods of si-
lence, pace of speech, body movements, tone variations and volume
changes).

One known challenge of the concurrent think-aloud method is
that participants might find it difficult to simultaneously articulate
their thoughts while doing the search task [16]. In order to address
this limitation, we implemented a number of mitigating strategies.
First, we restricted our recruitment process to people with English
as their first language. With English as their native language, we
believe that it is easier for participants to express thoughts while
performing study tasks. Second, we designed a practice task where
participants complete a short training task before starting the actual
study. We presented ten search results and asked the participant to
answer a question about the effectiveness of a medical treatment.
During this training task, participants get a chance to think out

2https://www.tobiipro.com/product-listing/tobii-pro-studio/
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loud while determining the effectiveness of a medical treatment.
Third, we believe that the study is suitable to apply the think-
aloud protocol as the tasks are of intermediate level of difficulty [2].
Finally, during the think-aloud task, there is no interaction between
the participant and the searcher in order to not annoy or distract
the participant. Instead, a “KEEP TALKING” sign is used to remind
participants to talk and encourage the thinking-aloud.

3.4.2 Stimulated Retrospective Think-Aloud. After the concurrent
think-aloud, a stimulated retrospective think-aloud - RTAwas used in
which we asked participants about their thoughts after completing
the search task [16, 27]. The RTA, where participants were asked
questions after finishing the study tasks, is a more natural activity
than the concurrent think-aloud process [16]. We implemented the
RTA method as it is helpful in the case where participants do not
verbalize enough of their ideas. It is also a chance to obtain deeper
thoughts and better interpret and validate the CTA (such as asking
about pauses and facial expressions, etc.) [17].

In the stimulated retrospective think-aloud study, there was a
delay between the study task and the discussion afterwards. In
order to help participants remember their thoughts, we used eye
tracking during the search task. During the RTA part, while playing
back the video recording of the concurrent think-aloud data, we
showed participants the captured eye movements to help them
recall their thoughts and ideas. We performed eye tracking using a
Tobii Pro X3-120 3 device mounted on the monitor.

Later, participants were asked further ad-hoc questions about
their decisions and interactions with the search results as the CTA
video recording is being played. When formulating the questions,
we paid special attention to not introduce any bias, and we avoided
leading questions. For this reason, we always made sure to ask
questions that start with “What”, “When”, “Where” and “How”.
Examples of the questions we ask participants in this part are:

• What was it that made you decide to click on this specific
page?
• How did you make up your mind and decided that the treat-
ment is unhelpful?
• What did you think of the content in this web page?

3.5 Post-task Questionnaire
After the CTA and RTA (the think-aloud parts), we provided a
post-task questionnaire where we orally asked participants general
questions about using online search for health purposes. Further-
more, this questionnaire provided a chance to gather feedback about
the think-aloud experience. In this part, we asked open questions
where subjects have the ability to provide responses in the way
they prefer (no restricted choices). This type of question is help-
ful to gain additional varied insights about the decision making
process of participants while doing the search talk [16]. The full
list of questions asked in the post-task questionnaire are shown in
Table 2. While designing the questions, we paid special attention
to the wording and made sure that the questions were not biased
or double-barreled [16].

3https://www.tobiipro.com/product-listing/tobii-pro-x3-120/

3.6 Transcription
We video recorded the concurrent and retrospective think-aloud
process while participants interacted with the search task and audio
recorded the questionnaire part. An outside vendor transcribed all
the parts of the collected data. The reported results in this paper
were based on the transcribed data. The transcription service in-
cluded timestamps for the transcribed scripts, and filler words were
removed from the transcripts.

3.7 Coding Scheme
After transcribing the think-aloud recordings, we undertook a cod-
ing process in which we generated tags in order to quantify the
observations during the think-aloud. We used QSR International’s
NVivo 12 qualitative data analysis software [19] for the coding
process.

We performed a qualitative analysis for the think-aloud data us-
ing a mixed methods research approach for both the bottom-up and
the top-down approach [10]. Some of the codes were inspired by ex-
isting research about possible cognitive biases of using web search
for health related purposes such as prior belief [37] and rank [1, 11]
(top-down). While other codes had been added and modified as we
explore the think-aloud transcribed data such as advertisements,
statistics and studies (bottom-up). Applying the mixed methods
approach, we aimed to discover the possible strategies participants
apply when using search engine to answer a health related question.
Further, we performed non-mutually exclusive codes to allow more
than one code per item.

The initial coding process was performed by one of the authors
(A). Then, the coding was repeated once again by the same author
at a later date (B). This process was applied to increase the relia-
bility of the final generated codes. We computed the intra-coder
reliability to verify the consistency of the coding between (A) and
(B) [9]. To test the intra-rater reliability, we used Cohen’s kappa
[24]. Cohen’s kappa is the ratio of difference between observed
agreement and probability of chance agreement over probability of
chance disagreement. Cohen’s kappa is known to be more robust
than a simple agreement percentage as it takes into account the
possibility of the agreement occurring by chance [24].

When coding, we kept track of each coding occurrence to com-
pute the frequency counts. Table 6 shows the list of codes with
corresponding frequency counts (references). We used this quanti-
tative method in order to identify which of the codes are more and
less important for participants during the decision making process.

3.8 Participants
We obtained ethics approval from the Office of Research Ethics at
our university. Next, we recruited participants using posters and
email announcements to different graduate student email lists. As
the user study involved an English language think-aloud process,
and in order for participants to be able share their thoughts easier,
one of the recruiting requirements was to have only native English
speakers. All participants gave their informed consent. Following
their participation, we debriefed all participants and provided them
with the correct answers regarding the efficacy of the medical
treatments. We paid participants $15. Participants were 16 students
(7 male, 9 female) from different majors (7 from engineering and
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Table 3: Main results. Based on the decisions the 16 partici-
pantsmade, we compute the fraction of correct and harmful
decisions. Fractions are shown along with their standard er-
rors.

Results Bias Fraction of Decisions
Correct Harmful

Correct 0.67 ± 0.08 0.06 ± 0.03
Incorrect 0.32 ± 0.06 0.28 ± 0.06

Table 4: Statistical significance of independent variables.

Independent Variable Dependent Variable Pr(>Chisq)
Search Results Bias Correct Decision ≪ 0.001
Search Results Bias Harmful Decisions ≪ 0.01
Topmost Correct Rank Correct Decision 0.8
Topmost Correct Rank Harmful Decisions 0.05

Table 5: Confusion matrices. This table shows the decisions
made by the study participants regarding the efficacy of the
2 helpful and 2 unhelpful medical treatments.

Truth Participants TotalUnhelpful Helpful Inconclusive
Unhelpful 13 6 13 32
Helpful 5 18 9 32
Total 18 24 22 64

mathematics, 8 from arts and sciences and 1 from environmental
studies) with an age between 18 and 28 years old (37.5% less than
20, 56.25% between 20 and 25 and 6.25% greater than 25, with an
average age of 21).

4 RESULTS AND DISCUSSION
4.1 Main Results
Table 3 reports the fraction of correct and harmful decisions of the
16 participants corresponding to the search results bias. We see
that, similar to the prior study of Pogacar et al. [25], results with
bias towards correct information leads to an increased accuracy up
to 67% while lowering harmful decisions to 6%. Conversely, results
biased towards incorrect information reduces accuracy to 32%while
increasing harmful decisions to 28%.

Table 4 reports the statistical significance of the search results
bias and topmost correct rank on the correct and harmful decisions.
Similar to the prior study of Pogacar et al. [25], we find that the
search result bias has a statistically significant effect on the frac-
tion of correct decisions and harmful decisions. Due to the smaller
sample, we find that the topmost correct rank has less of an effect
on the correct and harmful decisions.

While doing the verbalization process, participants took longer
to finish the search tasks (4 minutes average participation time per
question in the prior study [25] compared to 10 minutes average
participation time per question in the current study). As the think
aloud study involved closer observation compared to the prior large
computer lab study with very little supervision [25], we expected

participants to take the task more seriously and be more conscious
about their decisions. As a result, we thought search results bias
will have less or no effect on their decisions in this study. How-
ever, results demonstrated once again that search results have a
potentially strong effect on participants’ decisions.

Pogacar et al. [25] as well asWhite andHassan [38] demonstrated
that their studies’ participants have a strong bias towards believing
that treatments are helpful. In literature, this human behavior of
expecting and believing positive events when there is no evidence to
support such expectations is defined as optimism bias [29]. Looking
at the current think-aloud data, we split the participants’ answers
about the medical treatment types into “helpful”, “unhelpful” and
“inconclusive” treatments to further investigate the optimism bias
trend. Similar to prior work [25, 38], the results in Table 5 show that
helpful is the most frequent option people tend to answer during
the study. Furthermore, participants are more likely to answer
inconclusive more frequently thanwhat Pogacar et al. [25] observed
i.e., when thinking out loud, people tend to respond inconclusive
more frequently than when not thinking out loud.

4.2 Think-aloud Method
The coding process shows some insights regarding the potential
reasons why people are influenced by the search results even when
a correct answer is always placed at either rank 1 or 3.

The average participation time of the concurrent think-aloud
part is 39 minutes with a maximum participation of 1 hour and 39
minutes and a minimum of 14 minutes. Table 6 shows the number
of participants mentioning each code and the total number of ref-
erences for that corresponding code. The codes are arranged in a
descending ordered by the number of participants, and then by the
number of references. In this table, we only report the coding per-
formed during the first time period for two main reasons. First, the
Cohen Kappa inter-rater ratio computed was computed between
the coding of the two different time periods and the overall value
was 0.7 which is a substantial inter-rater ratio [24]. Second, we
reached the same main results with both codings. The main coding
results are described as follows:

First, from the transcribed data, 14 out of 16 participants men-
tioned the notion of Majority with a total number of 36 mentions.
Majority means that participants try to find out what most websites
state about the treatment effectiveness or try to look for an agree-
ment between them. 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. This finding explains why
search result bias (both in this study as well as in [25]) has a signifi-
cant effect on people’s decisions. Here, we provide examples of the
majority effect from the think-aloud transcript with the participant
number in parentheses:

(Participant 5) I’m going to say helps because a lot of
people, like it was just, the vast number were in agree-
ment.
(Participant 6) So I’m seeing a lot of doctors recom-
mending the melatonin pill. Yeah, I think this helps.
(Participant 9) I think that’s the common trend that
we’re seeing. So I’m going to submit and say that it does
help.



Table 6: The list of codes with their corresponding description. Each code is assigned a label C1-C16 that we use throughout
the paper to refer to specific codes. The table also shows the number of participants mentioning a particular code, and the
total number of references assigned to the code.

No Name Description Participants References
C1 Majority 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.

14 36

C2 Authoritativeness The trustworthiness and reliability in the content of the search results
page.

13 153

C3 Statistics & Studies The presence of statistics, numbers and detailed research studies in the
search results page.

12 20

C4 Advertisements The presence of messages to promote or sell a product, service or idea
in a search results page.

7 16

C5 Date The date and time the search results page was first published to the
public or the dates mentioned in the page content reflecting how old
the information is.

7 15

C6 References Having a list of sources that have been cited to support the information
in the search results page.

7 12

C7 Negative information Mentioning negative information about the treatment in the search
results page such as listing the side effects or explaining the dangers of
using the treatment etc.

6 15

C8 Information representation The information related to the style of the content presented in the
search results page such as list versus grid representation, colors, the
page layout, capital letters and special characters etc.

5 18

C9 Prior belief Trusting the information that agrees with our prior knowledge (or
belief) and disregarding facts that contradict with it, regardless of the
actual truth [39].

5 8

C10 Readability The style of writing and the quality of content being easy to read [6]. 4 8
C11 Relevance The relevance to the topic about the effectiveness of the medical treat-

ment.
4 7

C12 Past experience Having a prior experience with the topic (either the medical condition
or the treatment) that may effect how much we trust the information
in the search results page regardless of the factual correctness.

3 3

C13 Text length The amount of text content in the search results page which might
impact the reliability. For example, longer explanations might lead to
higher levels of trust.

3 3

C14 Images The presence of visuals in the search results page. The intuition behind
this is that images might help better remember the information which
may interfere with the decision making process.

2 6

C15 Rank The order of search results in the SERP page that might effect the
trustworthiness and reliability of the sources.

2 4

C16 Social factor Relate the information about the topic to people we know. For example,
whether a friend or a family member’s opinion effects our preferences
and decision making.

1 2

Overall 16 326

It is important to note that some people view search results as
individuals having opinions (Participants 5 & 6 in the above exam-
ples). They lean towards a specific direction because they believe
that the majority of search results reflects the majority of opinions
in real life, which is a potentially dangerous misconception. Fur-
ther, we find that 45% of the total codes are about authoritativeness
with 13 participants talking about it, with a total of 153 references.

Authoritativeness refers to the degree of reliability and trustworthi-
ness with respect to specific content. We observed that participants
talk about authoritativeness in three different ways: 40% of the
time, people state that the content is not authoritative (negative
authoritativeness), 34% of the mentions state that the content is
trustworthy (positive authoritativeness) and the remaining 26% are
about not being sure whether or not to trust the content (neutral



authoritativeness). Below, we show some examples of each case
from the think-aloud transcript:

(Participant 17) Health.com, I’ve seen it before, not
really ... I don’t really rely on it for information the first
time I see it.
(Participant 10) WebMD. It’s a more trustworthy
source, I think.
(Participant 14) Okay. I don’t really know what this
website is. Medications for management of alcohol with-
drawal.

The high percentage of mentions regarding authoritativeness
shows the importance of this factor to participants when evaluating
the effectiveness of the treatments. When Pogacar et al. [25] de-
signed the user study, they did not control for the authoritativeness
of search results, as authoritativeness was not one of the indepen-
dent variables. As a result, correct answers are not guaranteed to
be in authoritative search results (a correct answer might appear
in a non-trustworthy source such as personal blogs or forums).
This might potentially negatively affect participants’ performance
especially with an incorrect search results bias. Not controlling for
authoritativeness might be another possible reason why people
have been heavily influenced during the study.

Participants talk about many factors that define the quality of
search results during the think-aloud. Concepts C3-6, C8, C10 and
C13-14 in Table 6 are all about quality. For example, 12 partici-
pants mention 20 times the statistical analysis and detailed research
studies during the think-aloud process (C3) in order to evaluate
the quality of information in the search results. Examples of such
beliefs can be found in the transcriptions:

(Participant 12) ...so this is explaining a study. Who
had been given cinnamon reduced their blood sugar
by 18 to 29 percent. Well that seems like some good
numbers. So that’s interesting. I think, based on that, I’d
probably say that it helps because it had really evidence
from a study.
(Participant 15) So this looks like a research study, so
I think it’s pretty reliable.

We, further note some notion about prior beliefs during the think-
aloudwhere prior belief (C9 in Table 6) refers to the idea of believing
information that agrees with our prior beliefs or knowledge and
ignoring content that contradicts with it. A total of five participants
mentioned the prior belief concept during the think-aloud process
8 times. Below, we show some examples:

(Participant 16) And I was also taught from school
that benezenes are harmful to health so though I might
be bias I have this thought that benzene would not ex-
actly help with certain health concerns.
(Participant 3) So this Kurt Donsbach, PhD ... He will
claim that it has no positive function at all, but I’ve
heard different, so right away I’m not convinced by this
page.

We also coded the concept of rank where Table 6 shows that
only 2 participants out of 16 mentioned rank a total of 6 times. We
show an example from the think-aloud transcript below:

(Participant 19) 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.

Looking at the results, people rarely talk about rank when, in
prior research [1, 11, 25], it has been shown that rank has a potential
effect on people’s decisions. A possible explanation is that people
are unconsciously influenced with the higher ranked search results,
however, they are not enough aware of this effect to vocalize it
during a think-aloud.

We know from White et al. [37, 39] that people have a strong
confirmation bias when using search engines. Further, we noticed
from results in Table 5 and from Pogacar et al. [25]’s work that
people have a bias towards believing that treatments are helpful
(optimism bias). However, in the think-aloud transcription data
and coding process, we fail to find any mention of such biases
(confirmation or optimism bias). Perhaps participants are not aware
of these influences, but are still being biased with such factors
during the search. Further, confirmation as well as optimism biases
are other examples of unconscious biases that the think-aloud study
fails to reveal.

4.3 Retrospective Think-aloud
We audio recorded, transcribed and summarized the data gathered
during the retrospective think-aloud. The average participation
time of the retrospective think-aloud part was 25 minutes with a
maximum participation of 37 minutes and a minimum of 17 minutes.
Looking at the retrospective think-aloud transcription helps in
giving insights of new strategies participants used during the study
that might not be captured during the concurrent think-aloud part.
Here is a list of strategies caught from the retrospective think-
aloud summaries (between parentheses we specify the participant
mentioning the strategy):

• Reading pages that state the medical treatment does not help
in order to understand the opposite arguments. (Participants
3, 7 and 18)
• Finding reliable sources first, then quickly checking rele-
vant less reliable websites (such as answers.com and Yahoo
answers) in order to look for consistency. (Participant 4)
• Reading the search result page first to understand the causes
of the health issue, before reading about the effectiveness of
the medical treatment. (Participant 7)
• Using the first clicked on link as a base reference for all future
websites the participant decides to look at. (Participant 8)
• In case no consistency exists between search results, the
participant tries initiating a new search query with different
keywords. (Participant 9)
• In case of no consistency between search results, the partic-
ipant looks at the dates the information was published in
order to check whether the non-agreement happens because
of time difference. (Participants 9 and 17)
• When the same hostname/website appearsmore than once in
the SERP page, the participant believes that this is a reliable
source. (Participant 9)



• Deciding which websites to click on by looking at URL titles
to check whether they contain the exact words as the search
keywords (Participant 13).
• The participant trusts a non-credible website when there
are other websites that state the same information as the
non-credible website. (Participant 16)
• The participant only opens websites based on prior expe-
rience i.e. the participant opens websites that have been
reliable and helpful in the past and does not trust or does
not open websites that are not familiar. (Participant 17)

4.4 Post-task Questionnaire
Table 2 shows the list of questions as well as the participants an-
swers. From the table, we can notice that 13 out of 16 participants
believe that exposure is important when evaluating the search re-
sult pages, where we define exposure as what the majority of the
search results state. This observation aligns with what we observed
in the think-aloud transcriptions as majority was mentioned by
14 participants in total. Participants are consciously aware of the
influence of majority while evaluating the treatment’s effective-
ness because they possibly believe that majority reflects real life
opinions. When asked about majority, participants explained that
this means what most of the content they were exposed to stated.
It is important to note that the majority opinion is constructed
differently for every participant. While some participants look at
the whole SERP page without clicking on all ten search results (they
only click when they want to know more about the content) to
understand the majority, others define the majority opinion by only
looking at the items clicked on (for example, they only check the
highly ranked results and ignore the lower ranked ones).

Further, when explicitly asked about the rank, only 57% of the
participants believe that rank is important in evaluating the search
result pages. Similarly, looking back at the think-aloud data, we
observed that only two participants mention rank during the think-
aloud task. Again, this shows that rank is a subconscious factor that
effect people’s decision making while doing online search. Next,
15 out of 16 participants strongly believe that quality is important
in doing online search. Eleven participants explained quality as
a notion of authoritativeness, while two participants believe that
quality has to do with readability and three participants stated
that layout is the major factor to determine the quality of websites.
When specifically asked about the layout, 12 out of 16 participants
believe that the page design is important in evaluating the search
results page.

When asked about the social factor (i.e. the experience of other
people we know such as friends and family etc.), only 9 out of 16
participants believe that it is important in evaluating search results.
Social factor is a type of subconscious bias where people tend to
believe that family and friends do not effect the decisions when
they, subconsciously, do.

We, further, asked participants whether they noticed any manip-
ulation of the search results during the study and, if they did, we
asked whether they could guess the factor of manipulation. Seven
out of sixteen participants could feel that there is a manipulation
while seven participants could not notice any manipulation. Four
participants guessed that rank was the manipulation factor while

another four suggested authoritativeness as the manipulation factor.
Two participants thought that the URL was changed during the
study design. One participant suggested that we introduced dupli-
cate results and one participant felt the manipulation was about
correctness (which was the only right guess among all participants).
The participants’ responses suggest that we successfully designed
the deceptive aspects of the study (rank and correctness) so that
participants behaved normally (without any behavioral influences
that would make the observations invalid).

Finally, when asked about the experience of participants with
the think-aloud process, five participants found the study interest-
ing and insightful, five participants found the study was a good
experience, two participants found the think-aloud part to be hard
because of the thinking while talking process, and one participant
found herself being more conscious about the decisions while stat-
ing them out loud.

5 CONCLUSION
When people perform online search regarding the effectiveness of
medical treatments, search engine result pages often contain incor-
rect and misleading results. Due to known content biases, people
can be influenced to believe that ineffective treatments are actu-
ally effective, potentially causing harm. In order to create search
engines that provide better support for decision making about med-
ical treatments, we need to gain insights into the strategies people
use during this decision making process. Understanding cognitive
biases associated with the use of search engines to answer health
related questions is a complex problem, partly because there is a po-
tentially large number of such biases and other unconscious factors
effecting the decision making process. In this paper, we conducted
a think-aloud study where we asked participants to verbalize their
thoughts while using search results to decide about the effective-
ness of a medical treatment. Results revealed some strategies people
use during online searches for health related topics.

We thought that the think-aloud process might lessen the effect
of the search result bias, since participants carefully performed
the task in front of a researcher. However, participants were still
significantly influenced by the misinformation, demonstrating the
degree to which search biases can impact the decision making
process.

Additionally, biased content led participants to believe that search
results reflects real life opinions. In particular, when the majority
of search results reflect a certain view, this can be interpreted as
a majority consensus in the world at large. The implications are
profound when, for example, searching for cancer treatments on
today’s popular web search engines might return a mix of correct
and incorrect results.

Finally, when people use search engines to answer questions,
there are many factors that may unconsciously effect their decision
making, which the think-aloud method used here failed to catch.
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