Communications of the Association for Information Systems

Volume 52 Article 5

2023

Seeking Information Using Search Engines: The Impact of
Negation on Judgments

Varol 0. Kayhan
University of South Florida

Merrill Warkentin
Mississippi State University

Follow this and additional works at: https://aisel.aisnet.org/cais

Recommended Citation

Kayhan, V. 0., & Warkentin, M. (2023). Seeking Information Using Search Engines: The Impact of Negation
on Judgments. Communications of the Association for Information Systems, 52, pp-pp. Retrieved from
https://aisel.aisnet.org/cais/vol52/iss1/5

This material is brought to you by the AIS Journals at AIS Electronic Library (AlSel). It has been accepted for
inclusion in Communications of the Association for Information Systems by an authorized administrator of AIS
Electronic Library (AlSeL). For more information, please contact elibrary@aisnet.org.


https://aisel.aisnet.org/cais
https://aisel.aisnet.org/cais/vol52
https://aisel.aisnet.org/cais/vol52/iss1/5
https://aisel.aisnet.org/cais?utm_source=aisel.aisnet.org%2Fcais%2Fvol52%2Fiss1%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://aisel.aisnet.org/cais/vol52/iss1/5?utm_source=aisel.aisnet.org%2Fcais%2Fvol52%2Fiss1%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:elibrary@aisnet.org%3E

< ommunications of the

Association for Information Systems

Accepted Manuscript

Seeking Information Using Search Engines: The Impact of Negation on

Judgments
Varol O. Kayhan Merrill Warkentin
School of Information Systems and Management Department of Management and Information Systems
Muma College of Business College of Business
University of South Florida Mississippi State University

Please cite this article as: Kayhan, Varol O.; Warkentin, Merrill: Seeking Information Using Search Engines: The
Impact of Negation on Judgments, Communications of the Association for Information Systems (forthcoming), In
Press.

This is a PDF file of an unedited manuscript that has been accepted for publication in the Communications of the
Association for Information Systems. We are providing this early version of the manuscript to allow for expedited
dissemination to interested readers. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final form. Please note that during the production process errors may be discovered,
which could affect the content. All legal disclaimers that apply to the Communications of the Association for
Information Systems pertain. For a definitive version of this work, please check for its appearance online at
http://aisel.aisnet.org/cais/.

Accepted Manuscript


http://aisel.aisnet.org/cais/
http://aisel.aisnet.org/cais/

< ommunications of the

Association for Information Systems

Research Paper ISSN: 1529-3181

Seeking Information Using Search Engines: The
Impact of Negation on Judgments

Varol O. Kayhan Merrill Warkentin
School of Information Systems and Management Department of Management and Information Systems
Muma College of Business College of Business
University of South Florida Mississippi State University
Abstract:

We examine how online searches lead to judgment formation in two contexts where statements are negated
differently. In one context, a statement (of the form “if P then Q”) is negated using “not” (as in “if P then not Q”), while
in the other context, it is negated using a different term or phrase (as in “if P then R”). We show that online searches
to find information about the validity of this statement generate different results in these contexts. Our findings
contribute to extant work on online searches by suggesting that when individuals test the validity of a statement using
search engines, their searches lead to categorically different results contingent on the search context. From a
practical standpoint, we make recommendations to search engine developers and content providers so online
searches generate more inclusive results.
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Seeking Information Using Search Engines: The Impact of Negation on Judgments

1 Introduction

According to Pew Research Center (2019a, 2019b), nine out of ten adults in the US use the Internet,
three-quarters of households have broadband, and eight out of ten own a smartphone. Search engines
are ingrained so much in daily life that individuals conduct online searches even for the most mundane
tasks. However, finding the right information on the Web is not easy. For example, as part of an
investigative report a Wall Street Journal journalist reported that two Google searches, one for “is milk
good for you” and another one for “is milk bad for you,” generated vastly different results (Nicas, 2017). To
make matters worse, at the time of the report, the search results for “is milk bad for you” not only excluded
any health benefits of milk in the result set, but also suggested a wrong and misleading top pick answer
about the harms of milk.

These types of misleading search results are usually attributed to either search engines' design flaws in
picking and promoting results (Nicas, 2017; Tenner, 2018) or individuals' biases in conducting searches
(Kayhan, 2013; White, 2013). However, in this study, we show that there may be another factor in which
the search context also might contribute to misleading search results. As we discuss later, searches
conducted in one context might provide individuals with more confirming evidence about the validity of a
statement compared to another context while all else are equal. Therefore, individuals might be more
likely to confirm the validity of a statement in one context compared to another just because of the nature
of that search context. To explain how this happens, we draw upon the theory of negation (Horn, 1989)
and distinguish between two different types of contexts in which statements are negated differently. We
show that this distinction causes search results to include disconfirming evidence in one search context
and exclude it in the other even though individuals conduct the same type of online searches. This,
ultimately, influences judgments about the information being searched, which may inappropriately
influence important personal and professional decisions.

In terms of theory, this work advances our understanding of conditions under which online searches
influence judgment formation and decision making. Specifically, we suggest that online searches cause
individuals to form more confirming judgments in one type of search context despite the existence of
ample disconfirming evidence. We further suggest that this happens because of the characteristics of this
search context rather than some of the other factors already identified in extant work such as individuals'
cognitive biases or search engines' prioritization or promotion of results. From a practical perspective, we
make suggestions to search engine developers on how to generate more balanced search results, so they
include disconfirming evidence (upon its existence) about a topic being searched. Further, we make
recommendations to content providers on ensuring that their content is included in search results
especially if they are providing opposing views about certain topics. Because opposing views can be
considered disconfirming evidence depending on how search queries are formulated, and thus, eliminated
from search results in certain contexts, ensuring that they are included in relevant search results is
important to help individuals make more informed decisions about their online searches.

This paper is organized as follows. First, we review extant work on searching for information on the Web
and the theory of negation. Then, we distinguish between the two types of contexts mentioned earlier.
Next, we propose three hypotheses to explain why online searches might identify more confirming
evidence in one of these contexts compared to the other. After, we describe our experimental setup to test
these hypotheses, we conclude by presenting the results and discussing the theoretical and practical
implications.

2 Background and Theory Development

2.1 Online Searches and the Theory of Negation

The process of conducting a search on the Web can be summarized in three high-level steps: 1)
submitting a search query to a search engine, 2) analyzing the results, and 3) using the results to make a
decision, form a judgment, or perform a task (Browne, Pitts, & Wetherbe, 2007; Hodkinson & Kiel, 2003;
Kulviwat, Guo, & Engchanil, 2004; Lueg, Moore, & Warkentin, 2003; Marchionini & White, 2007; Sen,
King, & Shaw, 2006). This process might unfold differently depending on the type of online search. For
example, the process is straightforward for navigational searches that are geared toward finding a specific
site’s address. In this case, an individual submits a query using a set of keywords (such as “American
Airlines”) and retrieves the link of a website from the results (http://www.aa.com). These kinds of searches
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are not of concern to this study. Neither are searches to learn about a specific topic. For example,
submitting a set of keywords (such as “Covid-19 symptoms”) to find information and learn about a topic
(i.e., what to expect if Covid-19 is contracted) is out of this paper's scope.

Rather, we are interested in searches by which individuals find and evaluate information about the validity
of a statement, hypothesis, or rule (such as “coronavirus leads to brain fog”). In these kinds of searches,
the search process depends on the set of keywords chosen by individuals. For example, consider that one
wants to test the validity of a statement of the form “if P then Q” using a search engine. In this case, the
individual might choose to use both P and Q in their search query because of multiple reasons. First, the
framing used for the statement might induce individuals to subconsciously use P and Q as search terms.
Prior research provides evidence for this by suggesting that the way information is framed, or presented,
partly determines the types of keywords used in online searches (see Kessler & Guenther, 2017). Second,
and more importantly, including P and Q in a search query might identify the most relevant result set.
Given that search engines rely on keyword-matching (Aujla, Crump, Cook, & Jamieson, 2019; Patel,
2019), using both P and Q as keywords narrows the search space and generates the most relevant result
set. Omitting one of these keywords might result in a broader result set and make it difficult as well as
frustrating to find information about the statement. Therefore, if both P and Q are likely to be used in a
search query, one should expect to retrieve information that satisfies the statement "if P then Q" in search
results. These types of information are referred to as confirming evidence. Similarly, the use of P and Q in
a search query might likely retrieve information that satisfies "if P then not Q" (upon its availability) in
search results. These types of information are referred to as disconfirming evidence. Interested readers
can refer to Hempel (1945) and Nickerson (1998) for more information about what constitutes confirming
and disconfirming evidence.

Even though the nature of confirming and disconfirming evidence is straightforward, the theory of negation
(Horn, 1989), dating back to Aristotle, suggests that disconfirming evidence can take other forms as well.
For instance, natural languages lend themselves to four types of negation (or opposition): (1) correlation
(e.g., double vs. half); (2) contrariety (e.g., good vs. bad); (3) privation (e.g., blind vs. sighted); and (4)
contradiction (e.g., sunny vs. not sunny). For the purposes of this study, the semantic differences between
these oppositions are immaterial, but their syntactic differences are important. From a syntactic
perspective, the four types of oppositions can be categorized into two groups: similar-term opposition
(which concerns contradiction only), where the opposition is created using “not,” and dissimilar-term
opposition (which includes correlation, contrariety, and privation), where the opposition is created using a
different word or phrase. It is this distinction that enables us to differentiate between two search contexts,
which are discussed next.

2.2 Two Contexts: Similar- vs. Dissimilar-term opposition

The syntactic distinction between the two types of oppositions identified above is important because it
determines the nature of confirming and disconfirming evidence regarding a statement. Consider the
statement of the form “if P then Q.” In the case of similar-term opposition, any information that satisfies the
statement of the form “if P then not Q” (for the original statement “if P then Q") is considered disconfirming
evidence. We refer to these types of contexts, where the distinction between confirming and disconfirming
evidence is based on the existence of “not,” as similar-term opposition contexts hereafter.

Consider another statement of the form “if P then Q.” In the case of dissimilar-term opposition, any
information that satisfies the statement “if P then R” (for the original statement “if P then Q”), where R is
the opposite of Q, is considered disconfirming evidence. We refer to these types of contexts, where the
distinction between confirming and disconfirming evidence is based on a different term or phrase, as
dissimilar-term opposition contexts hereafter.

Please note that there could be a third context where disconfirming evidence can include both types of
oppositions discussed above. For example, consider another statement of the form “if P then Q.” Also,
consider that there could be two types of disconfirming evidence for this statement: one that satisfies “if P
then not Q;” and another that satisfies “if P then R.” This type of context is out of this paper's scope. In the
rest of this paper, we focus solely on the first two types of contexts where disconfirming evidence is only
of one form.

As we discuss in greater detail below, search queries geared toward testing the validity of statements in
these two contexts generate different results. In summary, search results include both confirming and
disconfirming evidence in similar-term opposition contexts, whereas they include only confirming evidence

Accepted Manuscript



Seeking Information Using Search Engines: The Impact of Negation on Judgments

in dissimilar-term opposition contexts. The composition of search results, in turn, influences individuals’
judgments. We discuss these and develop our hypotheses in the next section.

2.3 Hypotheses Development

As discussed before, when individuals test the validity of a statement using a search engine, they are
likely to use keywords obtained from this statement in their search queries. For example, if one wants to
test the validity of a statement of the form “if P then Q,” they might choose to use both P and Q in the
search query because doing so might identify the most relevant result set. Otherwise, the individual might
risk obtaining a broader or non-relevant result set that might make it difficult and frustrating to find
information about the statement. Further, the framing, or presentation, of this statement (i.e., "if P then Q")
might subconsciously induce individuals to use both P and Q in their search queries (see Kessler &
Guenther, 2017).

The two contexts, identified earlier, handle the same search query very differently because of the way
search engines work. Popular search engines as well as those commonly used by scholars and scientists
rely on keyword-matching (Aujla et al., 2019; Patel, 2019). Accordingly, search engines identify
documents or sources that include the keywords submitted in queries. If individuals submit the keywords
P and Q in their search queries, search engines will return only confirming evidence (for the original
statement “if P then Q") in a dissimilar-term opposition context. This is because the search engine will
identify only those sources that include both P and Q. Because disconfirming evidence satisfies the
statement “if P then R” (for the original statement “if P then Q”), search engines will likely deem these
types of evidence irrelevant for the search query (because R is not part of the search query). As a result,
disconfirming evidence will be excluded from search results.

On the other hand, in a similar-term opposition context, the same search will return both confirming and
disconfirming evidence. This is because both confirming and disconfirming evidence include the keywords
P and Q (since any information that satisfies the statement “if P then not Q"—for the original statement “if
P then Q"—is considered disconfirming).

Consider an example statement such as “business analysts are technical.” In this case, P could be
“business analysts” and Q could be “technical.” If individuals are asked to test the validity of this
statement, they might use both “business analysts” and “technical” in their search queries due to reasons
discussed earlier. If this is a similar-term opposition context, where the disconfirming evidence satisfies
the statement “business analysts are not technical” (i.e., “if P then not Q”), search results will likely include
both confirming and disconfirming evidence because both types of evidence can be retrieved using the
keywords “business analysts” and “technical.”

However, consider another example statement such as “software development is easy.” In this case, P
could be “software development” and Q could be “easy.” If individuals are asked to test the validity of this
statement, they might use both “software development” and “easy” in their search queries. If this is a
dissimilar-term opposition context, where disconfirming evidence satisfies the statement “software
development is hard,” search engines will likely exclude disconfirming evidence from top results because
these types of information might be irrelevant when the keywords “software development” and “easy” are
used in a search query. In this case, individuals must either use the keyword “hard” explicitly in the same
or another search query or use a higher-level term (such as “difficulty”) to increase the likelihood that both
confirming and disconfirming evidence can be retrieved simultaneously. However, the cognitive costs of
searching for oppositions and the effects of framing, established in extant work, will induce individuals to
resort to “software development” and “easy” as their primary search query, which will exclude
disconfirming evidence.

The peculiarity of the dissimilar-term opposition contexts and the exclusion of disconfirming evidence in
these contexts can be observed in the real-world example discussed in the Introduction section. Recall,
two Google searches, “is milk good for you” and “is milk bad for you,” generated different results in an
investigative report (Nicas, 2017). Here, one can consider "milk" as P and "good" as Q. However, the
second query, which is the opposition of the first, is of the form "if P than R," where P is "milk" and R is
"bad." Because this is a dissimilar-term opposition context, search results might not have included any
health benefits of milk when the search query was of the form "is milk bad for you."

Therefore, we posit that the context determines the composition of search results generated by a search
engine. In a dissimilar-term opposition context search queries are less likely to retrieve disconfirming
evidence and more likely to retrieve only confirming evidence in search results. To the contrary, in a
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similar-term opposition context search queries are more likely to retrieve both confirming and
disconfirming evidence in search results. This leads to our first hypothesis.

Hypothesis 1:  While testing the validity of a statement, individuals conducting searches in
a dissimilar-term opposition context will identify more confirming evidence compared
with individuals conducting searches in a similar-term opposition context.

We also posit that the context determines the type of evidence retrieved from search results such that
individuals retrieve and read more confirming evidence from search results in dissimilar-term opposition
contexts. The reason this happens is rooted in the composition of results generated by the search engine.
As discussed for H1, search engines use keyword-matching to generate results. When individuals are
presented with a statement of the form “if P then Q,” they are more likely to use the keywords P and Q in
their search queries. In a similar-term opposition context (where disconfirming evidence satisfies the
statement of the form “if P then not Q”), this search query will generate a result set with both confirming
and disconfirming evidence. Therefore, individuals will be more likely to retrieve and read both types of
evidence. However, in a dissimilar-term opposition context (where disconfirming evidence satisfies the
statement of the form “if P then R” for the original statement “if P then Q”) the result set will mostly include
confirming evidence and exclude disconfirming evidence (as posited in H1). In this case, individuals have
no choice but to retrieve and read confirming evidence from the results. This leads to our second
hypothesis:

Hypothesis 2:  While testing the validity of a statement, individuals conducting searches in
a dissimilar-term opposition context will read more confirming than disconfirming
evidence compared with individuals conducting searches in a similar-term opposition
context.

Last, we posit that individuals are more likely to indicate that a statement is valid when they test its validity
in a dissimilar-term opposition context. Again, this is due to individuals’ exposure to mostly, and
sometimes solely, confirming evidence. Because search results in this type of context mostly exclude
disconfirming evidence, individuals will retrieve and read confirming evidence (as posited in H2). As a
result, they will be more likely to indicate that the statement is valid. It is worth noting that even if
participants might indicate that the statement is valid, the underlying reason behind this is merely being
exposed only to confirming evidence. This leads to the third and final hypothesis of this study.

Hypothesis 3:  While testing the validity of a statement, individuals conducting searches in
a dissimilar-term opposition context will be more likely to agree with the validity of the
statement compared with individuals conducting searches in a similar-term opposition
context.

To test these hypotheses, we conducted a rigorous experiment which is described next.

3 Experimental Design

For our experiment, we focused on a controversial issue in healthcare: coffee consumption. While certain
studies report that coffee consumption leads to good health outcomes, others suggest that it leads to
particularly bad outcomes including cancer (LaMotte, 2018). The link between coffee consumption and
hypertension is of specific interest to this study because it lends itself to both similar- and dissimilar-term
opposition contexts. This, in turn, allows us to conduct a controlled experiment using the same framing.
For example, consider the statement “there is a link between coffee consumption and hypertension.” Any
information that supports this link is considered confirming evidence. If this is a similar-term opposition
context, any information that satisfies the statement “there is not a link between coffee consumption and
hypertension” can be considered disconfirming evidence. By the same token, since the opposite of
hypertension is low blood pressure (per the Systematized Nomenclature of Medicine: Clinical Terms
(SNOMED CT)), a dissimilar-term opposition context can be created. Therefore, any information that
satisfies the statement “there is a link between coffee consumption and low blood pressure” is considered
disconfirming evidence in this context because hypertension and low blood pressure are at the opposite
ends of the same spectrum, and coffee consumption cannot be associated with hypertension and low
blood pressure at the same time.

This duality is observed in peer-reviewed studies too. Conducting a search through Google Scholar and
PubMed identifies studies that report a link between coffee consumption and hypertension, coffee
consumption and low blood pressure, as well as studies that fail to find a link between coffee consumption
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and hypertension. This creates fertile ground to create these two contexts and test our hypotheses without
manipulating framing.

We used several peer-reviewed studies identified through Google Scholar and PubMed to create three
sets of abstracts (each set consisting of four bogus abstracts). We used the link between coffee
consumption and hypertension as the reference point. Therefore, our first set of abstracts consisted of
confirming evidence and included four abstracts that reported a link between coffee consumption and
hypertension. The second set consisted of disconfirming evidence using four abstracts that reported no
link between coffee consumption and hypertension. This allowed us to generate the similar-term
opposition context. The third set of abstracts also consisted of disconfirming evidence using another four
abstracts that reported a link between coffee consumption and low blood pressure. By combining these
abstracts with the first set of abstracts that reported a link between coffee consumption and hypertension,
we generated the dissimilar-term opposition context.

The development of these abstracts was an arduous task; Appendix A discusses their development
including their realism and validity. Following the development of the abstracts, we created a separate
webpage for each abstract. Each webpage had a title, abstract, bogus author details, and bogus journal
details (see Appendix B, Figure B1 for an example webpage). We also created 30 additional webpages to
act as noise. These did not concern any kind of link between coffee consumption and blood pressure but
were abstracts of other peer-reviewed studies about either coffee consumption or blood pressure, but not
both. All pages were hosted on a web server and included several PHP scripts to track participants’ online
activities.

To enable participants to conduct keyword searches, we used an open-source search engine provided by
Open Search Server (http://www.opensearchserver.com/). This search engine is very similar to Google in
every respect: it indexes webpages, helps users conduct keyword searches, and presents results the
same way Google does. It is highly customizable and provides a Google-like experience. The settings
used for the search engine are described in detail in Appendix C.

As a result, we generated two separate web servers (with each server having its own search engine).
While the two servers indexed both confirming and disconfirming evidence, the type of disconfirming
evidence indexed by these servers differed. As a result, one of the servers hosted a similar-term
opposition context while the other hosted a dissimilar-term opposition context. The nature of confirming
and disconfirming evidence indexed by two servers are summarized in Table 1.

Table 1. Web Servers Used in the Experiment

Web Server 1 Web Server 2
(Similar-term opposition context) (Dissimilar-term opposition context)
Disconfirmin Four abstracts that suggest there is not Four abstracts that suggest there is a link
evidence 9 a link between coffee consumption between coffee consumption and low blood
and hypertension pressure

Confirmin Four abstracts that suggest there is a Four abstracts that suggest there is a link
evidence 9 link between coffee consumption and between coffee consumption and

hypertension hypertension

. Thirty _abstracts on either cofee Thirty abstracts on either coffee consumption
Noise consumption or blood pressure (but not or blood pressure (but not both)
both) P

Please note that we only manipulate the content hosted by the two servers in this experiment. Therefore,
a suitable manipulation check is determining whether each search engine will serve the related content
when participants receive our experiment's instructions and submit search queries. A small-scale pilot
study discussed in the Pretest 3 section of Appendix A demonstrates that search engines successfully
served their content, including the confirming and disconfirming evidence, to participants in both search
contexts even though participants did not know the nature or types of content indexed by these search
engines. This provides further evidence that the manipulation of the content in these two search contexts,
which is the focus of this experiment, worked as intended.
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3.1 Control Variables

To test our hypotheses, we included individuals’ familiarity with the topic as one of the control variables in
this study. Familiarity has its roots in earlier work on decision making (Nickerson, 1998; Tversky &
Kahneman, 1974). For example, Allen and Parsons (2010) show that individuals who have higher domain
familiarity tend to write different statements than those who have lower domain familiarity when they are
asked to search a database using Structured Query Language (SQL). Similarly, both Turner (2001) and
Croskerry (2002) show that individuals exhibit different types of search strategies depending on their
perceptions of the requirements of the search task as well as their approach to problem-solving. For
example, an individual might choose to use an exhaustive search, while another might choose a heuristic-
based search for the same search task. Therefore, in the context of online search, individuals might
choose different search terms and construct different search queries depending on their familiarity with the
statement or the search strategy they adopt for that statement.

Additionally, we use other control variables such as participants’ age (six categories), gender (two
categories), education (six categories), and time spent on the web in a typical day (five categories, by
hours) to control for their approaches in completing the experimental task.

4 Participants and Procedure

Participants were recruited from Amazon Mechanical Turk (AMT). All participants were anonymous, and
all study procedures were consistent with research ethics standards and were approved by the university
Institutional Review Board. Participants received $1 for taking part in the study.

To recruit participants, we created a project in AMT and provided a link for the study. When participants
clicked on this link, a script running at this link assigned them to one of the two web servers in a round-
robin fashion. In the first screen, we captured each participant’s initial familiarity with the link between
coffee consumption and blood pressure (using a 7-point scale) before displaying any other instructions.
The scale used to measure initial familiarity is provided in Appendix B, Figure B2. The instructions defined
the term hypertension in case participants were not familiar with it. An example set of instructions is
provided in Appendix B, Figure B3.

The instructions provided a link to the search engine to conduct searches regarding these statements (see
Appendix B, Figure B4 for the search interface and Appendix B, Figure B5 for the presentation of results).
The instructions did not indicate the number or nature of the webpages indexed by the search engine.

After conducting their searches, participants were asked to return to the instruction page to submit their
answer (“valid,” “invalid,” or “other”) and their level of confidence in their answer. The last step of the

experiment captured the other control variables discussed above.

5 Results

5.1 Participants

A total of 105 participants were recruited across the two groups. However, usable answers were obtained
from only 70 participants. Excluded participants either did not conduct any searches or did not read any
abstracts. The number of participants in each group and their characteristics are presented in Table D1 of
Appendix D.

5.2 Composition of Search Results

We used server-side scripting to capture the result set generated for each search query of each
participant. In each result set we identified the number and nature of the links (i.e., whether confirming or
disconfirming) returned. Then, we calculated the proportion of confirming links in each result set.
Therefore, values closer to 1 represented search results consisting mostly of confirming links, and values
closer to O represented search results consisting mostly of disconfirming links. Consequently, values
closer to 0.5 represented balanced search results with equal number of confirming and disconfirming
links. Note that this ratio did not consider the other abstracts that acted as noise.

Participants conducted a total of 135 searches (all usable). We conducted an ANCOVA, where the
dependent variable was the proportion of confirming links, and the independent variable was the type of
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context. The covariates were familiarity with the statement, age, gender, education, and time spent on the
web. The level of analysis for this model was a single search. Since a participant could perform multiple
searches, linear regression's assumption concerning the independence of errors could be violated.
Therefore, we conducted a Durbin-Watson test on the first order effects. The analysis produced a result of
1.99, which is between the recommended range of 1.5 to 2.5. This suggests that the errors were
independent in the analysis. We also conducted a heteroscedasticity test to check for randomness in
residuals. Three tests of heteroscedasticity (White test, modified Breusch-Pagan test, and F test) were all
non-significant (p>0.05) indicating that there was no evidence of heteroscedasticity.

The results, presented in Table 2, suggest that the composition of search results between the two groups
is significantly different from each other. The proportion of confirming abstracts is 0.55 in the similar-term
opposition context, whereas it is 0.90 in the dissimilar-term opposition context (p<0.001). None of the
control variables are significant.

This suggests that there were equal number of confirming and disconfirming links in search results in the
similar-term opposition context. For example, if participants received four disconfirming links, they also
received four confirming links in the results. However, this value jumped to 90% in favor of confirming links
in the dissimilar-term opposition context. Therefore, on average, 90% of the links returned in a search
result consisted of confirming evidence. For example, if a search result returned four links, all of them
confirmed the relationship between coffee consumption and hypertension. This supports Hypothesis 1.

Table 2. Results for composition of search results
(significant effects are in bold)

ANCOVA:

Dependent variable: proportion of confirming links in search results
Variables Beta Coeff. | Sig.
Type of context 0.34 <0.001
Initial familiarity -0.00 0.95
Age -0.00 0.93
Gender 0.03 0.52
Education -0.02 0.54
Time spent on web 0.02 0.31
Adj. R-Sq = 0.39

5.3 Information Read by Participants

Next, we examined the types of information, or evidence, read by participants by analyzing the types of
links on which they clicked. We assumed that if a participant clicked on a link and retrieved the abstract,
he/she read that abstract. Here, the level of analysis was a single participant.

We built another ANCOVA. The dependent variable was the proportion of confirming links clicked by
participants. The independent variable was the type of context. The covariates were the same.

Table 3. Results for Information Retrieved by Participants
(Significant effects are in bold)

ANCOVA:

Dependent variables: proportion of confirming links clicked by participants
Variables Beta Coeff. Sig.
Type of context 0.39 <0.001
Initial familiarity 0.01 0.62
Age 0.02 0.33
Gender -0.08 0.72
Education -0.01 0.59
Time spent on web 0.00 0.72
Adj. R-Sq = 0.24
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Results, presented in Table 3, show that type of context is significant while the control variables are not.
Comparison of means shows that the ratio of confirming links clicked by patrticipants is significantly
different between the two groups (0.47 vs. 0.86, p<0.001). Therefore, in the similar-term opposition
context, 47% of the links clicked by participants were confirming while the remaining 53% were
disconfirming. This suggests that participants, on average, clicked on equal number of confirming and
disconfirming links. However, this number jumped to 86% in the dissimilar-term opposition context.
Therefore, on average, 86% of the links clicked by participants are confirming links in this group. This
shows that participants in the dissimilar-term opposition context overwhelmingly retrieved and read
confirming evidence. This supports H2.

5.4 Participants’ Judgments

Finally, we evaluated participants’ judgments by analyzing the answers they provided. To analyze the
answers, we used a crosstab. The results, presented in Table 4, show significant differences between
participants’ answers (Chi-Sq=14.86, p<0.001).

Table 4. Agreement with the Statement (by type of opposition)

Similar-term context |Dissimilar-term context
Valid 15 (42%) 28 (82%)
Not valid 13 (36%) 1 (3%)
Other 8 (22%) 5 (15%)
Total 36 (100%) 34 (100%)

As shown in Table 4, only 42% of the participants in the similar-term opposition context indicated that the
statement was valid. In contrast, 82% of the participants in the dissimilar-term opposition context indicated
that the statement was valid. Therefore, more participants indicated that the statement was valid in the
dissimilar-term opposition context with statistical significance (p<0.001). This supports H3.

We also investigated whether participants’ level of confidence in their answers differed across the two
contexts. Therefore, we built another ANCOVA where the dependent variable was decision confidence,
and the independent variable was the type of context. We also included the covariates into the analysis as
before. Results showed that participants’ level of confidence was not statistically different between the two
groups. The means were 5.2 vs. 5.5 for similar- and dissimilar-term contexts respectively (p=0.44). The
covariates did not have any statistical effects either.

5.5 Robustness of the Results

To establish the robustness of our findings, we repeated the experiment with the same settings except
one. We enabled the autocomplete feature of the search engine so that it could make query
recommendations in real time as participants typed their search queries. This feature was nearly identical
to that of Google. Though, in this case, query recommendations were based on the keywords indexed by
the search engine. This provided a Google-like search experience that is commonly observed in many
mainstream search engines.

We recruited an additional 121 participants; however, we received usable responses from only 81 of them.
We used the same two contexts and procedure discussed earlier. The results were same as previously
discussed findings. Participants in the dissimilar-term opposition context received more confirming
abstracts in their search results than those in the similar-term opposition context after accounting for the
control variables (78% vs. 57% respectively, p<0.001). Similarly, participants in the dissimilar-term
opposition context read more confirming links than those in the similar-term opposition context after
accounting for the control variables (68% vs. 46% respectively, p=0.03). Consequently, more participants
in the dissimilar-term opposition context indicated that the statement was valid than those in the similar-
term opposition context (68% vs. 32% respectively, Chi-Square = 10.47, p=0.005). There was no
statistical difference between the confidence levels of participants (5.40 for similar-term opposition vs.
5.79 for dissimilar-term opposition, p=0.28). Note that we also conducted one additional analysis by
combining the data set obtained for this experiment with the first experiment. This allowed us to test
whether autocomplete had a main effect or an interaction effect with the search context. This analysis
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showed that autocomplete neither had any main or interaction effects in any of the analyses during
hypothesis testing.

6 Discussion

6.1 Summary of Results

In this study, we examine how individuals test the validity of a statement in two different contexts where
statements are negated differently. The results of our analyses show that in the dissimilar-term opposition
context, where disconfirming evidence is identified using a different term or phrase in relation to the
original statement being validated, search queries generate mostly confirming evidence (in support of H1).
As a result, individuals retrieve and read more confirming evidence (in support of support H2) and are
more likely to agree with the validity of the statement despite the existence of disconfirming evidence (in
support of H3). Hypotheses of this study and the results are summarized in Table 5.

Table 5. Summary of Findings

Hypotheses Support

1 While testing the validity of a statement, individuals conducting searches in a dissimilar- | Yes
term opposition context will identify more confirming evidence compared with individuals
conducting searches in a similar-term opposition context.

2 While testing the validity of a statement, individuals conducting searches in a dissimilar- | Yes
term opposition context will read more confirming than disconfirming evidence compared
with individuals conducting searches in a similar-term opposition context.

3 While testing the validity of a statement, individuals conducting searches in a dissimilar- | Yes
term opposition context will be more likely to agree with the validity of the statement
compared with individuals conducting searches in a similar-term opposition context.

6.2 Limitations

This paper is not without limitations. First, we conducted the experiment online without the presence of an
experimenter. Therefore, it is possible that participants might have been distracted while completing the
experimental task. However, the logs of the participants (obtained from both AMT and the web server
used for the studies) indicate that participants did not take more than 10 minutes to complete the task.
Therefore, the experimental task was not long or difficult enough to allow for distractions. Further, our
findings are based on a relatively small number of participants (n=70). Even though we demonstrate the
robustness of the results using a second sample (n=81), we urge future research to use a bigger sample
size to extend or validate our work.

Second, we neither manipulated the task importance, nor offered any incentives for decision accuracy.
Although this might raise concerns about participants’ engagement with the experimental task, there is
evidence that most participants took the experiment seriously: if we use the number of links clicked in a
search result as a proxy for a participant’s level of engagement, we see that nearly 68% of participants
downloaded two or more documents from their search results, indicating a reasonable level of
engagement.

Third, we did not use a mainstream search engine, such as Google, to conduct our experiments. This was
because Google changed its terms and conditions at the time of this study and prevented us from building
a custom search engine to index the pages used in the experiment. However, pilot tests conducted using
Google (before it changed its terms and conditions) generated identical results (see Kayhan, 2015).

Fourth, we did not measure participants’ initial beliefs about the statements used in this study. Even
though we measured participants’ initial familiarity with the statements, participants might still have had
initial beliefs. However, it is also worth mentioning that participants had low initial familiarity with the
statements. Therefore, it is likely that they might not have had strong initial beliefs about the statements.

Fifth, our study did not examine the context in which there could be two different forms of disconfirming
information. For example, a statement of the form “if P then Q” can be disconfirmed using information that
satisfies “if P then not Q” as well as information that satisfies “if P then R” at the same time. It is possible
that search strategies employed in this context might generate the same results observed in the similar-
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term opposition context because of the keyword Q that exists in both confirming and disconfirming
evidence. We urge future work to examine searches in this context and determine whether search results
differ from those reported in this study. Further, such an endeavor might shed light on how individuals
form judgments when there are two different types of disconfirming evidence.

Sixth, our study does not examine contexts where there could be negations of disconfirming evidence. For
example, consider a dissimilar-term opposition context, where a statement of the form “if P then Q” can be
disconfirmed using information that satisfies “if P then R.” It is possible that there can also be information
that satisfies “if P then not R.” Even though our study does not account for these types of contexts, the
findings reported for H1 and H2 might still be applicable for them. This is because keywords needed to
retrieve the negated disconfirming information (P and R) are needed to retrieve the disconfirming
evidence for the original statement. Therefore, search results might still include only confirming evidence if
individuals do not use the keywords P and R in their search queries. However, the results for H3, which
concern judgments, might change. Depending on how individuals interpret the negated disconfirming
evidence, these contexts might lead individuals to dismiss the disconfirming evidence. Therefore, H3
might change for the worse to suggest that individuals might form more confirmatory judgments.

Finally, one can criticize the realism of this study by suggesting that there might be very few dissimilar-
term opposition contexts in the real world or that it is unlikely that real search contexts exclude opposition
keywords. Even though these criticisms have some validity, one can argue otherwise. First, there are
many dissimilar-term opposition contexts. For example, consider introversion and extroversion, which
make a dissimilar-term opposition pair. One stream of research argues that a high level of attention is
linked to introversion, while another argues that it is associated with extroversion (see Koelega, 1992).
Similarly, consider an opposition created by boy versus girl. One camp posits that aggressiveness is more
prevalent among boys, while the other suggests that it is more common among girls (Maccoby & Jacklin,
1976; Tieger, 1980). If these examples are presented using “if P then Q,” disconfirming evidence will be “if
P then R.” Therefore, there is no shortage of dissimilar-term opposition contexts if one wants to find them.
Second, it is possible that the titles or abstracts of peer-reviewed studies that are indexed by search
engines commonly used by scientists or researchers might exclude opposing keywords. In fact, the
abstracts used in this study were created based on the real abstracts of peer-reviewed studies which did
not include the opposing keywords (see Appendix A for details). Third, and most importantly, there is no
shortage of peer-reviewed studies that report conflicting and confusing findings. For example, between
1970 and 2020, coffee consumption has been linked to increased risk of heart attack, increased risk of
urinary tract cancer, decreased risk of liver cancer, increased risk of lung disease, reduced risk of stroke,
reduced risk of prostate cancer, reduced risk of heart failure, and reduced risk of heart disease (Brown,
2020; LaMotte, 2018). Therefore, the search context and the nature of disconfirming evidence are
becoming more important in online searches.

6.3 Theoretical Implications

Findings of this study contribute to our understanding of judgment formation and decision making. Extant
work suggests that when individuals are asked to conduct online searches about a statement, rule, or
hypothesis, they might get misleading results either because of their cognitive biases (Kayhan, 2013;
White, 2013) or search engines' promotion of wrong results (Nicas, 2017; Tenner, 2018). As a result,
individuals might form more confirming judgments about the topic being searched. In this paper, we show
that individuals might retrieve misleading search results because of the type of search context as well
regardless of their biases or search engines' biases. This contributes to our understanding of judgment
formation using online searches. When disconfirming evidence is identified using not (as in “if P then not
Q” for the original statement “if P then Q”), online searches return both confirming and disconfirming
evidence. However, when disconfirming information is identified using a different term or phrase (as in “if
P then R,” where R is the opposite of Q, for the original statement “if P then Q”), then online searches fail
to identify disconfirming evidence and overwhelmingly return confirming evidence. This suggests that the
two types of search contexts identified in this paper can be consequential for judgment formation in
addition to the other factors already identified in extant work. Therefore, this study adds to extant work in
online searches by suggesting that search engines, as the most salient IT artifact in online searches, must
be able to account for these two types of search context. Instead of focusing solely on keyword matching,
which can exacerbate the distinction between the two search contexts, developers of search engines must
identify new mechanisms to deal with oppositions and negation so that both confirming and disconfirming
evidence (if exists) can be incorporated to search results.
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6.4 Practical Implications

The web is an incredibly large and rich content repository that is only as useful as the searches we
conduct to find information. In this study, we show how searches conducted to validate the same
statement steer individuals toward different paths because of the types of search contexts in which these
searches are conducted. This, in turn, leads individuals to form different judgments about the validity of
the statement. This is troublesome because it suggests that individuals are likely to form a judgment not
because of their own merit or the availability of best information on the topic, but rather the type of search
context.

Preventing this is not easy because the search context and the algorithms used by search engines are
extraneous factors over which users have no control when they conduct online searches. Therefore, we
must consider training users on how to conduct proper searches for hypothesis-testing tasks (Anderson,
1982; Ferreira, Garcia-Marques, Sherman, & Sherman, 2006; Lau & Coiera, 2009; Tweney et al., 1980).
This can be accomplished by first understanding the ways in which individuals interact with search
engines and then focusing on individuals' cognitive search techniques and learning styles (Hong, Thong,
& Tam, 2004; Recker, Reijers, & van de Wouw, 2014; Riding & Sadler-Smith, 1997; Wang & Doong,
2010). We must also educate individuals on how to test the validity of a statement or hypothesis.
Specifically, we must ensure that a statement or hypotheses should be tested by deliberate attempts to
find disconfirming evidence about that statement or hypothesis (Klayman & Ha, 1987; Kuhn, 2012). We
can do this not only for schoolchildren, but also for adults by developing user guides and best practices for
search engines. As a result, we can change the ways in which individuals formulate search queries and
seek information.

Search engine developers also can offer solutions to help in this regard. One possibility is the
development of an advanced search interface that is specifically designed for hypothesis-testing tasks.
Such an interface might allow users to enter the keywords that make up the hypothesis in separate fields.
For example, a hypothesis of the form “if P then Q” could be validated by entering the keyword P in one
field and the keyword Q in another field. Then, the search engine can not only identify all synonyms of P
and Q, but also their negated forms to conduct a more comprehensive search. This way, search engines
can make the search experience for dissimilar-term opposition contexts less exclusionary and more like
the one observed for similar-term opposition contexts.

Alternatively, search engine developers can find new ways of searching for information, especially for
hypothesis-testing tasks, without exclusively relying on keyword-matching. Some possibilities are using
meta engines (Roussinov & Chau, 2008) or knowledge maps (Chung, Chen, & Nunamaker Jr, 2005; Dang
et al.,, 2012). In this regard, healthcare-oriented dictionaries, thesauri, or semantic networks (such as
those used in the Unified Medical Language System (UMLS)) can also provide more keywords to include
in search queries even if users do not explicitly use them when they search for information. For example,
when the term “hypertension” is searched within UMLS, the system returns 1) the synonyms of
hypertension (such as “high blood pressure”); 2) the antonyms (such as “low blood pressure”); as well as
3) a hierarchical map of all related terms (where the term “blood pressure” is a parent term of both
“hypertension” and “low blood pressure”). Therefore, a search engine that leverages a system such as
UMLS can include all related terms in a search query even if individuals submit only one. This might
generate a more comprehensive search and provide more (confirming or disconfirming) information about
the statement, hypothesis, or relationship being investigated.

Finally, content providers can use certain strategies to ensure that information, especially those providing
opposing views, are included in search results. By content providers, we do not mean content hosting
platforms, but rather entities such as government agencies, non-profits, private businesses, and even
private citizens that provide Web content to serve the needs of others. These entities can and should
determine if and how their content can be conceptualized using "if P then Q," and thus, what kind of
keywords can be used to create both similar-term and dissimilar-term oppositions. For example, consider
a content provider who has information about the effects of coffee consumption on low blood pressure
(e.g., "if P then Q"). Someone searching for the effects of coffee consumption on hypertension (e.g., "if P
then R") might not be able to retrieve this content as shown in this paper. As a remedy, the content
provider can incorporate keywords that include not low blood pressure (i.e., "not Q") as well as
hypertension (i.e., "R") to the content so that a dissimilar-term opposition context can be converted to a
similar-term opposition context using oppositions. As a result, content providers might wield more control
over how their content is indexed by search engines. This could be particularly important for fighting
misinformation, where malicious actors might use specific framing to steer online searches toward certain

Accepted Manuscript



Communications of the Association for Information Systems

content. Those who want to counter such misinformation can and should include oppositions of essential
keywords so that searches conducted toward evidence that confirms misinformation can include
disconfirming evidence as well.

7 Conclusion

Our goal was to understand how online searches lead to judgment formation in two contexts where
statements are negated differently. We demonstrated that searches employed in a dissimilar-term
opposition context, where a statement is negated using a different term or phrase, led to search results
that include mostly, and sometimes only, confirming evidence. This, in turn, led individuals to retrieve and
read mostly confirming evidence from search results, and ultimately, agree with the validity of the
statement—despite the existence of evidence that disconfirmed the statement. On the other hand,
identical searches conducted in a similar-term opposition context, where a statement is negated using
“not,” led to search results with both confirming and disconfirming evidence. This led individuals to retrieve
and read both kinds of evidence from search results and to have less agreement with the validity of the
statement. Our findings deepen our understanding of judgment formation in online searches.
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Appendix A: Development of the Abstracts

Using two databases (Google Scholar and PubMed), we searched for peer-reviewed studies that
examined the relationship between coffee consumption and blood pressure. We identified four papers
supporting the relationship between coffee consumption and hypertension (Burke et al., 1992; Jee, He,
Whelton, Suh, & Klag, 1999; Palatini et al., 2007; Uiterwaal et al., 2007) and three supporting a
relationship between coffee consumption and low blood pressure (Periti, Salvaggio, Quaglia, & Di Marzio,
1987; Stensvold, Tverdal, & Per Foss, 1989; Wakabayashi et al., 1998). Note that the abstracts of the
papers supporting the link to hypertension did not include the phrase “low blood pressure,” and the
abstracts of papers supporting the link to low blood pressure did not include the term “hypertension” in
them.

These studies were published in different journals over a span of 20 years and included samples from
various countries and age groups, reported other disorders, and used inconsistent control variables. Our
pilot studies revealed that these were a major source of confusion for participants, which confounded the
experimental task. Therefore, we changed these abstracts (staying as faithful as possible to the original
ones) by removing certain details about the study samples (such as ages and nationalities), making sure
each abstract reported the same control variables, removing findings about other health problems
unrelated to hypertension or low blood pressure, and changing paper details to make it look like they were
published in the same year and in the same journal. We also created a fourth abstract supporting the
relationship between coffee consumption and low blood pressure to balance the number of studies.

Further, we created another set of four abstracts using the abstracts that supported the link between
coffee consumption and low blood pressure by replacing the phrase “low blood pressure” with
“hypertension” and changing the tone of the corresponding sentences so that the new abstracts did not
support the link between coffee consumption and hypertension. In the end, we had three sets of abstracts
based on the original seven studies: 1) four abstracts indicating that there was a link between coffee
consumption and hypertension; 2) four abstracts indicating that there was no link between coffee
consumption and hypertension, and 3) four abstracts indicating that there was a link between coffee
consumption and low blood pressure. To see whether the new abstracts were a good proxy for the original
abstracts, we conducted a set of pretests, as follows.

Pretest 1

In Pretest 1, we focused on two of the newly created sets of abstracts: those indicating that there is a link
between coffee consumption and hypertension and those indicating that there is no such link. Our goal
was to see whether these two sets of abstracts were credible and whether their credibility was the same
as or higher than that of the original abstracts. Using student participants, we measured (using a 7-point
scale) participants’ levels of confidence in the findings reported in each of these abstracts and compared
them to levels of confidence in the original abstracts. To this end, six participants were given all four
original abstracts on “coffee and hypertension,” six participants were given all four new abstracts on
“coffee and hypertension,” and five participants were given all four new abstracts on “coffee and no
hypertension.”

The abstracts were provided to each participant in a random order to reduce the order effects.
Comparison of mean confidence values revealed statistically significant differences (F(2,14)=14.48,
p<0.001). The mean confidence value for the new abstracts about “coffee and hypertension” was higher
than that for the original abstracts (5.75 vs. 4.42, respectively, p<0.001). In addition, the mean confidence
value for the new abstracts about “coffee and no hypertension” was nearly the same as that for the new
abstracts on “coffee and hypertension” (5.60 vs. 5.75, respectively, p<0.60).

There were no within-group differences among the new abstracts: a one-way ANOVA showed that the
mean confidence value for each new abstract was not significantly different from the other means in the
same set: F(3,20)=1.23, p=0.33 for abstracts on “coffee and hypertension” and F(3,16)=1.67, p=0.21 for
abstracts on “coffee and no hypertension.” Therefore, Pretest 1 showed that the new sets of abstracts
were good proxies for the original abstracts.

Pretest 2

In Pretest 2, we focused on the credibility of the abstracts on coffee consumption and low blood pressure.
We recruited another 13 student participants to measure their levels of confidence in the results reported

Accepted Manuscript



Seeking Information Using Search Engines: The Impact of Negation on Judgments

by the new abstracts. Six of the participants were given all three original abstracts, and seven were given
all four new abstracts. We gave the abstracts to each participant in a random order to reduce the order
effects.

The participants had a higher level of confidence for the new abstracts. The mean confidence values were
4.78 and 5.86 for the original and new abstracts, respectively (F(1,11)=16.16, p=0.002). Further, there
were no within-group differences among the new abstracts; a one-way ANOVA showed that the mean
confidence scores for the new eight abstracts were not significantly different from the other means
(F(3,24)=0.65, p=0.59).

Pretest 3

In Pretest 3, we focused on the similarity between the original abstracts and the new abstracts on “coffee
and low blood pressure.” To this end, we conducted a study in a much smaller scale. We used a search
engine that indexed the original seven abstracts, of which four were on “coffee and hypertension” and
three were on “coffee and low blood pressure.” Thirteen different student participants, who did not know
the number or nature of the pages hosted on the server, took part in this pretest. Six participants were
asked to test the validity of the link between coffee consumption and hypertension, and the other seven
were asked to test the validity of the link between coffee consumption and low blood pressure. While
participants submitted search queries to complete the experimental task, we captured their queries and
the keywords used in each query. Later, we sent these queries to a search engine that indexed the eight
new abstracts. Our goal was to compare the results obtained from the original abstracts with the results
obtained from the new abstracts. If the queries returned the same set of pages, then the new abstracts
would be considered similar to the original abstracts.

For the link between “coffee consumption and hypertension,” all queries provided consistent results: if a
specific query returned only confirming information from the original set of abstracts, it also returned only
confirming information from the new set of abstracts. For the link between “coffee and low blood
pressure,” the new abstracts outperformed the original abstracts for certain queries. This was because
one of the original abstracts reported an inverse relationship between “coffee consumption and blood
pressure” and was not being included in the search results when participants used the phrase “low blood
pressure” in their queries. On the other hand, the queries returned all four abstracts from the new set,
providing better results. Overall, Pretest 3 showed that the new abstracts were good proxies for the
original abstracts.
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Appendix B

I=iERes
A coffee ion and hyp
Abstract
gl : The itudit { i coffee use and hypertension is not well
known.
Aim: We did a prospective study to ii igate if there is a i i coffee
and d of h i
Method: We assessed 1107 subjects with elevated blood pressure who were followed up for 6.4
years. Coffee intake and other life-style factors were ined from regularly ini
i . Incident i P was the

Results: During the follow-up, 561 subjects p i hyp ion, 546

subjects did not meet the criteria for treatment. Coffee drinkers developed hypertension more

frequently than abstainers (53.1% versus 43.9%, P = 0.007). Kaplan-Meier analysis confirmed

that h ion was developed more freq ly by coffee drinkers compared with nondrinkers

(P<0.001). The adj relative risk of hyp ion was greater in both categories of coffee

drinking than in abstainers (hazard ratio, 95% confidence limit (CL) = 1.24, 1.06-1.44).

Conclusion: In subjects for hyp ion an iation was found coffee

consumption and hypertension.

Citation: P.P., D.F., S.M,,C.S,B.T,, G.G., P.AC., & M.L. (2010). Association between coffee

consumption and hypertension. The Journal of Health. 39(7), 545-53.

Figure B1. Sample Abstract
)
e@ http//usfsp.cloudapp.net/CB/z £ * G || @ usfsp.doudapp.net x AR
A
Before we start:
Please answer the following question:
To what extent are you familiar with the effect of coffee on blood pressure?
(7) To a great
(1) Not at all @ 3 4 ®) (© extent

If you have familiarity, please briefly indicate what you currently know about the effect of coffee on blood
pressure:

Figure B2. Initial Familiarity
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=|= u
Gém P
Al
Instructions:
You read a story in the health section of a news website. The story claims the following:
« There is a link between coffee consumption and hypertension.
Note: Hypertension is a high bleod pressure disorder.
Based on the above information, please test the validity of this ¢laim. To do this, click on this link (link
opens in new window). Conduct searches in the custom search engine, then come back to this page and
provide your answer.
Note: the custom search engine searches the abstracts of scientific papers in this area. Please don't use
any other search engine.
O The above claim is VALID.
© The above claim is NOT VALID.
O Other:
\
Please also indicate your level of confidence in your answer:
No Moderate Complete
confidence Confidence confidence
@] @) 6] @) 6] o [¢]
V|

Figure B3. Instructions

=)
@ http/jus et:509( £ - & (g @ OpenSearchServer x A

Abstract Search

Figure B4. Search Page
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Abstract Search

[coffee and hypertension || search |
8 results found (0.0325)

Association between coffee consumption and hyper
Conclusion Inmuuwwwmnmmmmmmmcmm
hypertension. Citation : P.P., DF., SM. C.S., BT, GG PAC,.&,..

hitp://usfsp.cloudapp.net/C! i o ion.php

Coffee intake and incidence of hypertension

Background : The long-term Iongﬂudwu! cvldems for a relation between coffee intake and hypertension is relatively scarce.
Objective : The objective was to assess whether

http://usfsp.cloudapp.net/C! sl orn B php

nolanasochﬂonbmen uﬂnwmmw andhypmﬂ\sloﬂ Citation : S.I., T.A. & F.OP. (2010): The
effect of coffee on blood pressure: Results from a.
http://usfsp.cloudapp.! r\eucmsﬂlabstractsﬂhe-aﬂsct-okoﬂsa-m-blnod—prassum-RasuIts.-wm-cmsmuonaystucy php

Association between habitual coffee consumption and blood pressure levels
The relationship between habitual coffee and

was in 9601 subjects (7506 men and
18-65 years. ﬂmmmnoﬂndﬂm
mtpl/usfsp:loudapp net/Ci habitual-coffe d-blood-p Jevels.php

Habitual coffee consumption and blood pressure

The study aims to examine the relationship between habnualwﬂn consumption and hypertension. The subjects were 3336
males and 3054 females, who received a pmrnﬁromsm

http://usfsp.cloudapp.net/C ind-blood- .php

Coffee consumption and blood pressure
The relation between habitual coffee consumption and hypertension was studied in 500 subjects, males and females, aged
18-62 years. After controliing for sex, agsmdmgm.ma

http//usfsp.cloudapp.net/Cl ind-blood- php

The effect of chronic coffee drinking on blood : a met: lysis of d clinical trials

Our findings provide support for a between coffee and Citation : J.SH., HJ, W.PK.,
S.1, KMJ. (2010): The effect of chronic coffee drinking...
http://usfsp.cloudapp.net/CB/263/abstracts/The-effect-of-chronic-coffee-drinking-on-blood-pi i lysis-of-

controlied-clinical-trials.php

Association of lifestyle and personality characteristics with blood pressure and hypertension: a cross-
sectional study

As a result, our study supports the notion that coffee drinking is associated with hypertension. Citation : B.V, B.LJ., GR.,
G.S.,RJ., P.IB., & R.P. (2010). Association of lifestyle...
http://usfsp.cloudapp.net/Ci of-ifestyle-and- vith-blood-p! o

hypertension-a-cross-sectional-study.php

Figure B5. Presentation of Results
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Appendix C

The Open Search Server software program allowed us to create the search engines used in this study.
We created the search engines using the program’s “web crawler” option. This option creates a search
engine with default settings for an optimal search experience. However, our initial tests revealed that
although this search engine worked as intended, it also searched English stop words (such as “a,” “an,”
“the,” “to,” etc.) in its index if these words were used in queries. Therefore, we set the search engine to
identify and eliminate English stop words in both queries and indexes by adding a new “filter” for stop
words (called “StopFilter”) to the search engine’s English Text Analyzer.

The default settings provided a Google-like search experience. However, unlike Google searches, our
search results did not include ads or sponsored links. Further, the “renderer” that generated the search
results allowed us to insert scripts in the header and footer of the results to capture participants’ online
activities (such as the search queries they submitted and the links they clicked in search results).

The search engines were configured to index only the 38 pages discussed in the “Experimental Design”
section of this paper. Autocomplete was disabled for the first experiment. To test the robustness of the
findings, we repeated the experiment by enabling this feature of the search engine. When enabled, the list
of words and phrases used in autocomplete was generated automatically by the search engine based on
the patterns identified among the indexed pages.
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Appendix D

Table D1. Participant Characteristics

Autocomplete: On

Autocomplete: Off

(N=37) (N=36)

Gender: Gender:
Female 41% Female 39%
Male 59% Male 61%

Education: Education:
High school 16% High school 25%
Some college  41% Some college  33%
Bachelor’'s 35% Bachelor’s 36%
Master’s 8% Master’s 3%
Doctorate 0% Doctorate 3%

. Age: Age:
ggg'c')i:“tg;m 21-29 49% 21-29 50%

30-39 30% 30-39 28%
40-49 11% 40-49 8%
50-59 8% 50-59 8%
60+ 3% 60+ 6%

Time spent on the web: (hours) Time spent on the web: (hours)
Less than 2 5% Less than 2 3%
2-4 19% 2-4 17%
4-6 14% 4-6 25%
6-8 24% 6-8 14%
8+ 38% 8+ 42%

(N=44) (N=34)

Gender: Gender:
Female 45% Female 53%
Male 55% Male 47%

Education: Education:
High school 16% High school 9%
Some college  39% Some college  53%
Bachelor’'s 30% Bachelor’s 32%
Master’s 16% Master’s 6%

Age: Age:
21-29 40% 21-29 46%

Dissimilar-term 30-39 36% 30-39 36%

50-59 4% 50-59 3%
60+ 4% 60+ 3%

Time spent on the web: (hours) Time spent on the web: (hours)
Less than 2 2% Less than 2 6%
2-4 25% 2-4 29%
4-6 30% 4-6 6%
6-8 7% 6-8 24%
8+ 36% 8+ 35%
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