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Abstract

Given the high rates of vaccine hesitancy, web-based medical misinformation about vaccination is a serious issue. We
sought to understand the nature of Google searches leading to medical misinformation about vaccination, and guided by
fuzzy-trace theory, the characteristics of misinformation pages related to comprehension, inference-making, and medical
decision-making. We collected data from web pages presenting vaccination information. We assessed whether web pages
presented medical misinformation, had an overarching gist, used narrative, and employed emotional appeals. We used Search
Engine Optimization tools to determine the number of backlinks from other web pages, monthly Google traffic, and Google
Keywords. We used Coh-Metrix to measure readability and Gist Inference Scores (GIS). For medical misinformation web
pages, Google traffic and backlinks were heavily skewed with means of 138.8 visitors/month and 805 backlinks per page.
Medical misinformation pages were significantly more likely than other vaccine pages to have backlinks from other pages,
and significantly less likely to receive at least one visitor from Google searches per month. The top Google searches lead-
ing to medical misinformation were “the truth about vaccinations,” “dangers of vaccination,” and “pro con vaccines.” Most
frequently, pages challenged vaccine safety, with 32.7% having an overarching gist, 7.7% presenting narratives, and 17.3%
making emotional appeals. Emotional appeals were significantly more common with medical misinformation than other
high-traffic vaccination pages. Misinformation pages had a mean readability grade level of 11.5, and a mean GIS of — 0.234.
Low GIS scores are a likely barrier to understanding gist, and are the “Achilles’ heel” of misinformation pages.

Keywords Inoculation information - Google search terms - Fuzzy trace theory - Disinformation - Health information -
Psycholinguistic properties of websites

Introduction

The politicized response to the COVID-19 pandemic pre-
sents a stark reminder of growing vaccine hesitancy in the
United States and around the world (Stahl et al., 2016).
Although there are a variety of reasons why individuals may
be reluctant to have themselves and their children immu-
nized against COVID-19 and a host of other viruses (Jaiswal
& Halkitis, 2019), medical misinformation about vaccina-
tion has been recognized as a large and growing problem.
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Researchers have made headway understanding the way
social media has been used to spread medical misinforma-
tion and anti-vaccination arguments (Broniatowski & Reyna,
2020; Hussain et al., 2019) as well as the way anti-vacci-
nation messages spread via YouTube videos (Tang et al.,
2021). Another source of medical misinformation about
COVID-19 and vaccination is Twitter (Rosenberg et al.,
2020), a phenomenon crossing many national borders and
languages (Madraki et al., 2021). Caldarelli et al. (2021)
found that the impact of disreputable Twitter posts about
COVID-19 in Italy exceeded 20% in conservative communi-
ties, with 96% of all disreputable URLs shared by political
Twitter groups coming from right- and center right-wing
communities (Caldarelli et al., 2021). There are also left-
wing biases, albeit of different kinds. The approach taken in
the present research was to investigate Google searches that
yield medical misinformation and the cognitive and psycho-
linguistic characteristics of web pages presenting medical
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misinformation about vaccination. To understand the land-
scape of web-based medical misinformation about vacci-
nation we used Search Engine Optimization tools and dis-
course technologies, guided by fuzzy-trace theory (Reyna,
2008, 2012) to assess the characteristics of web pages most
likely to affect medical decision-making.

Search Engine Optimization (SEO) tools are designed
to help businesses develop digital marketing strategies and
understand which Google search terms lead customers to
their competitors’ web sites. We used an SEO website called
Ahrefs (Ahrefs, 2021) to assess aspects of search behavior
related to pages presenting medical misinformation about
vaccination. Ahrefs uses proprietary algorithms and infor-
mation from Google Keyword Planner, Clickstream (Click-
stream, 2021), and other sources. Ahrefs claims to have
indexed 5.02 billion web pages, 9.5 billion keywords in the
US, and created an index of 160 million keywords in the US
(Ahrefs, 2021). Keywords are the words and phrases that
searchers enter into Google, collapsing over typos, spell-
ing mistakes, and minor variations in wording. We cata-
loged the number of organic (unpaid) keywords, and up to
50 ordered keywords people Googled to arrive at each web
page presenting medical misinformation about vaccination.
Organic traffic is the monthly estimated average number of
visits to a site from organic Google searches (as distinct
from AdWords). We further assessed backlinks, the number
of links from other websites leading users to each vaccina-
tion web page. Search volume represents how many times
different keywords are used in Google searches. For every
keyword, we also assessed monthly volume, and monthly
traffic to each web page presenting medical misinformation
about vaccination.

In addition to SEO tools to provide insights into search
behaviors, emerging discourse technologies make it possi-
ble to automatically evaluate the psycholinguistic properties
of text—including those found on web pages. Coh-Metrix
(McNamara et al., 2014) is a discourse technology that auto-
matically computes 106 linguistic variables. Coh-Metrix
is “data rich” (Wolfe & Dandignac, 2021) drawing upon
research with meaningful texts and human research partici-
pants (e.g., Coltheart, 1981). The current research exam-
ines the psycholinguistic characteristics of pages presenting
medical misinformation about vaccination to understand the
web-based information environment. This is useful because
many strategies to correct vaccine misinformation have
backfired (Pluviano et al., 2017).

Recent advances in discourse technologies have enabled
researchers to analyze web sites about vaccines and viruses
automatically. To illustrate, Wolfe et al. (under review) found
that web-page searches reflecting concerns about vaccina-
tion scored significantly higher on Gist Inference Score,
and were significantly more likely to have verified medi-
cal misinformation than other vaccine web pages. Wolfe
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et al. (under review) found that websites in search clusters
expressing vaccination concerns (N = 531) had significantly
more pages with medical misinformation, 7.2% than other
clusters (N = 667,) with 2.1%. Chin, Su, and Chin et al.
(2020) found that misinformation about the HPV vaccine
scored higher on narrativity and word familiarity compared
to accurate information, suggesting the misinformation is
easier to comprehend. Web-based medical information about
influenza has been found to be more difficult to compre-
hend based on the most widely used metric, Flesch—Kincaid
grade level (FKGL), and similar readability measures (Basch
et al., 2019). Additionally, research on HPV vaccines and
clinical cancer trials has found that the readability of these
websites has been rated at a higher level of difficulty than is
appropriate for many readers in the U.S. (Hillyer et al., 2020;
MacLean et al., 2018). However, despite its wide use and
utility, there is reason to believe that FKGL misses important
features of text difficulty.

Fuzzy-trace theory (Reyna, 2008, 2012) posits that people
represent information along a continuum from superficial
verbatim representations that capture precise wording but
not necessarily the underlying meaning, to gist representa-
tions capturing the bottom-line meaning of events without
necessarily retaining specific words. Gist and verbatim rep-
resentations are independent of one another and in reason-
ing, problem solving, and decision-making people exhibit a
strong preference to utilize the most gist-like mental repre-
sentation permissible for a given task. Moreover, experts are
more likely to form useful gist representations while novices
are more likely to rely on superficial verbatim representa-
tions. Thus, forming useful gist representations is essential
in making decisions such as whether or not to be vaccinated.
Gist Inference Scores (GIS; Wolfe, Dandignac, & Reyna,
2019a; Wolfe et al., 2019; Dandignac & Wolfe, 2020; Wolfe
et al., 2021) use Coh-Metrix to automatically assess written
materials for the extent to which they help readers to form
inferences about their bottom-line meaning. Building on
fuzzy-trace theory (Reyna, 2008, 2012) and psycholinguis-
tic research, cohesion and abstractly conceptual language
aid the encoding of meaningful gist representations, and the
lack of cohesion, and greater word concreteness facilitate
verbatim representations. The GIS formula combines six
Coh-Metrix psycholinguistic variables assessing the likeli-
hood that readers will generate meaningful inferences from
texts. Referential cohesion (words and ideas overlap), deep
cohesion (logical connectives), and latent semantic analy-
sis (LSA) verb overlap (actions interrelate across the text
assessed using latent semantic analysis) are weighted posi-
tively, and word concreteness, imagability, and hypernymy
(specificity) for nouns and verbs are weighted negatively.
We have found that reading higher GIS texts predicts better
outcomes related to inferential comprehension (necessary
to understand messages), gist reasoning (necessary to use
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information productively in medical decision-making), and
declarative knowledge (explicit knowledge of facts; Wolfe,
Dandignac, & Reyna, 2019a; Wolfe et al., 2019; Dandig-
nac & Wolfe, 2020; Wolfe et al., 2021). Participants ran-
domly assigned to authentic high GIS texts about breast
cancer scored significantly better than low-GIS participants
on knowledge and reasoning (Wolfe, Dandignac, & Reyna,
2019a). Another study used GIS to predict the outcome of
completing a fill-in-the-blanks comprehension task (Wolfe
et al., 2021). Participants were randomly assigned to read
texts from the National Cancer Institute website. Participants
performed better on the high-GIS texts, while also showing a
greater word variation to fill-in-the-blanks with semantically
similar words (Wolfe et al., 2019). Dandignac and Wolfe
(2020) found comparable outcomes in a national survey of
women, testing the effect of GIS on recall of an article about
soft tissue sarcoma. They found that a greater percentage
of what was recalled was decision-relevant information for
high-GIS texts compared to low-GIS texts (Dandignac &
Wolfe, 2020). Therefore, our research applies Gist Infer-
ence Scores (GIS), a measure of the likelihood that readers
will extract meaningful ideas, or form gist representations,
from text (Wolfe, Wolfe, Dandignac, & Reyna, 2019a; Wolfe
et al., 2019; Dandignac & Wolfe, 2020; Wolfe et al., 2021).

Research suggests that narratives may be more com-
pelling and easier to understand than other approaches to
presenting medical information such as statistics (Fagerlin
et al., 2005), and narratives have been found to be a factor
in vaccine hesitancy (Duchsherer et al., 2020). Thus, we
assessed whether each page presenting medical misinforma-
tion presents a narrative. Emotional appeals have also been
found to influence medical decisions in domains including
bone marrow donation (Studts et al., 2010). Hence, we also
assessed whether web pages presenting verified medical
misinformation used emotional appeals.

As more people get health information online, health-
related topics increasingly become the target of misinforma-
tion (Krishna & Thompson, 2021), with some going so far
as to call medical disinformation “the next phase of bioware-
fare” (Bernard et al., 2021). Wolfe et al. (2021) notes that the
anti-vaccination movement has gone mainstream. One good
explanation for the widespread effectiveness of on-line mis-
information about vaccines stems from fuzzy-trace theory
(Reyna et al., 2021). In essence, people receiving anti-vacci-
nation messages through social media and web searches may
reason that COVID-19 may be a serious threat or the threat
may be exaggerated, and vaccination may be safe or it may
be dangerous; thus the best course of action is to do nothing.
Moreover, people may reason that they are okay now, and if
they get vaccinated, they could either be okay or not okay,
prompting inaction. Importantly, this suggests that medical
misinformation may have negative consequences even when
people don’t believe it.

Although the mere presence of anti-vaccination informa-
tion from like-minded sources may increase vaccine hesi-
tancy, rational arguments in favor of vaccination may be
ineffective due the “myside bias” against information sup-
porting another side of an argument. It appears that in a
politically “polarized environment, people exhibit a strong
‘myside bias’ (Wolfe, 2012; Wolfe et al., 2009) with other
side arguments [about vaccination] apparently having little
effect on gist representations” (Wolfe, 2021, p. 529). Weil
and Wolfe (2022) found that participants judged arguments
about COVID-19 measures largely based on the claim rather
than supporting reasons, and that politically conservative
participants reported higher levels of acceptable risk, lower
risk estimates of activities such as eating in a restaurant,
and endorsed more misinformation (however, Jimenez et al.,
2020, found that perceptions of disease severity and recall of
symptoms did not interact with attitudes towards vaccines,
failing to support the confirmation bias).

Our research questions were: (a) what is the nature of
Google searches that lead people to medical misinforma-
tion about vaccination, and (b) what are the cognitive and
psycholinguistic characteristics of pages presenting medical
misinformation compared to other high-traffic pages about
vaccination that do not present medical misinformation, par-
ticularly as they relate to comprehension, inference-making,
and medical decision-making.

Methods

We manually searched the web for information about vac-
cination on computers void of cookies in private browsing
mode to ensure that previous searches would not influ-
ence subsequent results. Searches were conducted in 2020
from five U.S. States (in the East, Midwest, and West) on
the Bing, DuckDuckGo, and Google search engines. Most
were Google searches, and for these we used search terms
starting with every letter of the alphabet. The rational
for these procedures was to help ensure that we did not
miss any high-traffic web sites that people used to access
information about vaccination that differed markedly from
terms that we might use, and to ensure that biases of loca-
tion and search engine did not cause us to miss high-traffic
sites. Google is by far the most popular and influential
search engine. In 2021 Google accounted for over 86% of
searches worldwide (Statistica, 2022a), and over 93% of
searches in the United States (Statistica, 2022b), which is
why we used it most extensively. We collected misinfor-
mation pages by sometimes using search terms different
from those used by the medical community. We took a
conservative approach to defining medical misinformation.
For example, simply claiming that vaccines are unsafe was
not coded as medical misinformation since different people
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Fig. 1 Number of web pages with verified medical misinformation »

included in analyses

might have different standards for whether something is
safe. Falsely claiming that pharmaceutical companies
make most of their money from vaccines was not coded
as medical misinformation since the misinformation is of
a financial rather than medical nature. However, claiming
that vaccines are unsafe because they are full of toxins
or that vaccines cause autism were classified as medical
misinformation. Coders were instructed that medical mis-
information can take several forms. Some types of medi-
cal misinformation about vaccinations may include gross
exaggerations, conspiracy theories, and outrageous claims
(note that the authors may or may not believe what they
write, some outrageous information online is clearly “click
bait”). Judgments of possible medical misinformation
were submitted to a public health expert for verification.
For each search, we cataloged vaccination results five
Google results pages deep, with a stop rule per search set
when no new URLs were found on the first results page.
We reasoned that it is unlikely for a high-traffic web site
to appear beyond the 5th page of any Google search, par-
ticularly because most users do not search beyond the first
page of results. We manually cataloged URL, title, author,
our search term, medical misinformation judgments, focus,
mentioning COVID-19, domain, search engine, and depth
in search results pages. As noted in Fig. 1, we cataloged
a total of 2010 web pages, however, 82 were removed as
duplicates (between coders), and 107 were removed because
they addressed COVID-19 but not vaccination. We submit-
ted 1821 URLs for SEO analysis, concentrating on data
within the US. Of these, 149 provided no data about the
specific web page, thus we were able to catalog data for 1672
web pages about vaccination in the U.S. Of these pages,
107 were identified as possibly presenting strictly medical
misinformation (other kinds of misinformation such as exag-
gerating the profits pharmaceutical companies make from
vaccines or equating vaccination with the biblical “mark
of the beast” were not included) and evaluated by a public
health expert experienced with vaccine health education. Of
these, 56 were confirmed as presenting medical misinfor-
mation. We also used SEO data about 1565 vaccine web
pages without medical misinformation for comparison, as
well as psycholinguistic and cognitive data about 82 high-
traffic vaccine web pages without medical misinformation
identified by Wolfe et al. (under review). We also present
published psycholinguistic norms for social studies texts for
11th grade through adult readers for comparison (McNa-
mara et al., 2014). Our interest is in generalizable knowledge
rather than specific web pages. We note that not all misin-
formation is intentional disinformation, for example, when
the PBS Frontline page presents multiple perspectives, and
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unrelated pages sometimes share the same title. Thus, infer-
ences about specific pages should be made with caution.
For these 56 pages, we recorded monthly organic traffic
from Google (number of visitors not directed by advertis-
ing—none were the result of advertising), number of back-
links, and number of organic keywords. In order of hits per
page, we collected data on up to 50 keywords, recording
keyword (e.g. “are vaccines safe”), position in search results,
volume (average monthly searches using the keyword), and
traffic (how many visitors the keyword brought to each spe-
cific web page). In addition to judgments about whether a
site presented medical misinformation, coders made judg-
ments of whether it provided readers with an overarching
gist, whether it presented a narrative, and whether it made
an emotional appeal. Web pages were coded as making emo-
tional appeals when the authors appeared to be trying to
influence readers by manipulating their feelings of anger,
sorrow, fear etc. Pages were coded as narrative when at
least part of the text constituted storytelling with characters,
goals, and actions. Overarching gist was operationalized as a
pithy statement about the bottom line meaning of the entire
text. Overarching gist, emotional appeal, and narrative were
operationalized holistically. Coders were also trained on web
sites exemplifying each construct at the begging of the train-
ing period, with the list of exemplars expanding through
each round of rating and establishing inter-rater reliability
and consensus. Initially, two team leaders and the PI rated
blocks of 20 then 30 then 50 web sites discussing whether
each exemplified overarching gist, narrative, or emotional
appeal. The team leaders then trained coders first by provid-
ing examples of texts exhibiting and not exhibiting each trait
and then leading coders in practice and feedback on sepa-
rate blocks of 20 web sites. For example, a web site called
CDC Admits in Federal Court It Has No Evidence ‘Vaccines
Don’t Cause Autism’ (Martino, 2020) was used to exemplify
both an overarching gist (the CDC claims that vaccines don't
cause autism, but they are liars), and emotional appeal (this
is a bombshell story and fact-checkers have been handing
out false claims about our vaccine content, leading to the
near-complete destruction of our business due to demoneti-
zation). The site Jenny McCarthy: "We're Not An Anti-Vac-
cine Movement... We're Pro-Safe Vaccine" (Frontline, 2015)
presents a narrative about her son turning blue and being
rushed to the hospital, and an emotional appeal including a
statement that the doctors “blew it off” as a febrile seizure. A
site called “The Cold Hard Truth About Vaccines” exempli-
fies an overarching gist, (there is a connection between vac-
cinations and miscarriages/still births), an emotional appeal,
and presents a narrative. The Scientific American site Fact
or Fiction?: Vaccines Are Dangerous is an example of a site
that does not have an overarching gist, use narrative, or make
an emotional appeal. All judgments were made by two cod-
ers with differences settled by consensus. After a training

period, for the current study and research reported by Wolfe
et al. (under review), two researchers made each judgment
separately, again with differences being settled by consen-
sus. Inter-rater reliability (IRR) calculated as the conditional
probability that one judge made an affirmative judgment
given that the other had done so (Cedillos-Whynott et al.,
2016; Gwet, 2014) and absolute agreement. For overarching
gist, conditional IRR = 0.76 (absolute agreement 0.93); for
narrative, conditional IRR = (.72 (absolute agreement 0.96);
and for emotional appeal, conditional IRR = 0.81 (absolute
agreement 0.98).

In preparation for Coh-Metrix analysis, for each page, we
copied and pasted the text into a Word document, remov-
ing all images, ads, links and references. Four pages were
unsuitable for Coh-Metrix analysis (e.g., presenting labeled
links rather than expository text). Paragraphs were separated
by two line breaks. The cleaned text was then submitted to
a Coh-Metrix 3.0 analysis online (Coh-Metrix, 2021). For
each text, we cataloged measures of readability and the ease
of making inferences including text length in words, FKGL,
Flesch reading ease, GIS, syntactic simplicity, syntactic
similarity, and verb overlap LSA. To assess the accessibil-
ity and ease of processing web pages conveying medical
misinformation about vaccination, we examined word-level
and whole text-level psycholinguistic variables for each
text. Word-level Coh-Metrix measures recorded include
word concreteness, word frequency, age of word acquisi-
tion, familiarity of content words, concreteness of content
words, imagability, and Colorado meaningful word norm.
Coh-Metrix whole text variables cataloged include narrativ-
ity percentile, referential cohesion percentile, deep cohesion
percentile, verb cohesion percentile, connectivity percentile,
temporality percentile, and causal verb indices.

Results

Organic traffic from Google to pages presenting verified
medical misinformation (i.e., visitors connecting via web
search rather than ads) ranged from 2400/month to less than
1 per month according to Ahrefs analytics estimates based
on data from Google and proprietary algorithms. Table 1
presents monthly traffic, backlinks from other web sites,
number of organic keywords and search cluster based on
clustering of web pages by the Google keywords used to
reach them for pages with more than one visitor per day.
Table 1 demonstrates that the distribution of pages pre-
senting medical misinformation is heavily skewed with just
a few pages accounting for the majority of traffic. Because
traffic was also skewed for vaccination web pages without
medical misinformation, the differences in traffic between
vaccination misinformation pages (mean = 135.8, standard
deviation = 425) and non-misinformation vaccination pages
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Table 1 Web traffic, backlinks, keywords, and cluster for medical misinformation web pages with summary and comparison

Title of Web Page Monthly Backlinks ~ Organic Keywords Cluster
Organic
Traffic
Truth Will Prevail 2400 174 1666 Dangers of Vaccination
Should Any Vaccines Be Required for Children 1400 13,900 2737 Arguments Against Vaccination/ Anti-Vax
Vaccines - Pros & Cons 1300 4250 1109 Arguments Against Vaccination/ Anti-Vax
Jenny McCarthy: “We’re Not An Anti-Vaccine 933 427 536 Arguments Against Vaccination/ Anti-Vax
Movement, We’re Pro-Safe Vaccine”
Dangers of Vaccinations 797 2 48 Dangers of Vaccination
The Pros & Cons of Immunization 137 0 66 Arguments Against Vaccination/ Anti-Vax
How Can Vaccines Cause Damage 98 24 66 Dangers of Vaccination
Vaccinations: Know the Risks and Failures 87 852 127 Vaccine Facts
8 Reasons to Delay Vaccines for Kids 81 55 70 Alternatives to Standard Vaccination
The Truth About Vaccines 50 0 47 The Truth About Vaccines
The World Needs COVID-19 Vaccines. It May 44 468 141 Arguments Against Vaccination/ Anti-Vax
Also be Overestimating Their Power
The Plausible Connection Between Vaccines and 41 57 58 SIDS and Vaccines
SIDS
Vaccine Papers: An Objective Look at Vaccine 39 165 44 Dangers of Vaccination
Dangers
All Vaccination Web Pages Without Medical 1062.8 13,000.1 308.2
Misinformation Mean (Standard Deviation) (7742.8) (303,927.3) (938.7)
[Median]# [17] [78] [77.5]
Vaccination Medical Misinformation Web Pages 135.8 805.0 144.1
Mean (Standard Deviation) [Median] (425.0) (2375.1) (444.9)
[3] [57] [19]

1 Adapted from Wolfe et al. (under review) excluding data from pages with medical misinformation.

(mean = 1062.8, standard deviation = 7742.8) was not sta-
tistically significant F(1,1560) = 0.802, p = 0.37. However,
the proportion of pages presenting medical misinformation
about vaccination with at least one visitor from an organic
Google search per month, 54.5%, was significantly lower
than for pages that did not present medical misinformation,
77.4%, Xz(l) = 7.05, p = 0.008. Backlinks from other web
pages was also heavily skewed with the number of backlinks
for high-traffic misinformation sites ranging from 13,900 to
0. Vaccination pages with and without medical misinforma-
tion did not differ significantly in the number of backlinks,
F(1,1544) = 0.089, p = 0.74. However, the proportion of
pages presenting medical misinformation about vaccination
with at least one backlink from another page, 22.2%, was
significantly higher than for pages that did not present medi-
cal misinformation, 8.1%, Xz(l) = 11.87, p = 0.0006. Mis-
information pages did not differ from non-misinformation
pages in the number of organic Google keywords bringing
users to the pages, F(1,1562) = 1.698, p = 0.193. The num-
ber of organic keywords leading to high-traffic misinforma-
tion pages ranged from 2737 to 44 with a mean of 144.1
(standard deviation = 444.9). Most searches were in clusters
of Google searches pertaining to dangers of vaccination and
arguments against vaccination/anti-vaccination information.
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The most frequent top Google search terms for medical
misinformation pages were “the truth about vaccinations”
(five pages), “dangers of vaccination” (three pages), “pro
con vaccines” (two pages), and “Bill Gates vaccines...” (two
pages). Table 2 presents to top three Google keywords for
each vaccination web page presenting medical misinforma-
tion with Google traffic exceeding one hit per day, along
with search volume per keyword, and how much organic
traffic to each particular page was the result of searches with
that keyword. For example, the top three keywords leading
to a web page called Truth Will Prevail were “dangers of
vaccination” used 2900 times/month and bringing 228 users/
month to that page; “why vaccines are bad” used 2200 times/
month and bringing 205 users/month to Truth Will Prevail,
and “vaccines are bad” used 1100 times and bringing users
to Truth Will Prevail 107 times/month. It appears that many
visitors to Truth Will Prevail were searching for “ammuni-
tion” supporting anti-vaccination positions whereas searches
using the keyword “are vaccines dangerous” leading to the
web page Dangers of Vaccinations appear to be inquiries
based on concerns about danger. Because keyword volume
and traffic are heavily skewed, there were no significant dif-
ferences between vaccination pages with and without medi-
cal misinformation, Fs < 1.
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Table 2 Top three keywords with keyword volume and keyword page traffic for medical misinformation web pages with summary and compari-

son
Title of Web Page Keyword 1 (Volume) Traffic Keyword 1 Keyword 2 (Volume) Traffic Keyword 3 (Volume) Traffic
Keyword Keyword
2 3
Truth Will Prevail dangers of vaccinations 228 why vaccines are bad 205 vaccines are bad 107
(2900) (2200) (1100)
Should Any Vaccines pro con vaccines 122 vaccines pro con 70 cons of vaccines (600) 68
Be Required for (300) (150)
Children
Vaccines - Pros & Cons pro con vaccines 86 vaccines pro con 61 procon vaccines (200) 46
(250 (200)
Jenny McCarthy: “We’re Jenny McCarthy vac- 103 Jenny McCarthy autism 58 Jenny McCarthy anti 46
Not An Anti-Vaccine cines (1700) (700) vaccine (600)
Movement, We're Pro-
Safe Vaccine”
Dangers of Vaccinations dangers of vaccinations 188 dangers of vaccines 74 are vaccines dangerous 44
(1300) (900) (1000)
The Pros & Cons of vaccination pros and 18 vaccine pros and cons 11 vaccinations pros and 11
Immunization cons (400) (250) cons
(600)
How Can Vaccines vaccine damaged (150) 19 vaccine damage (150) 12 do vaccines cause brain 10
Cause Damage damage
(30)
Vaccinations: Know the national vaccine infor- 41 nvic 29 know the risks 3.1
Risks and Failures mation center (3600) (100)
(4900)
8 Reasons to Delay reasons to delay vac- 44 getting vaccines while 3.4 can vaccination be 2.5
Vaccines for Kids cinations (100) sick (100) given during cold (50)
The Truth About Vac- Ty Bollinger vaccines = 22 truth about vaccines 9 the truth about vaccines 6
cines (60) documentary documentary
(20) (200)
The World Needs vaccines don’t work 17 the world may have 11 sterilizing immunity 5
COVID-19 Vac- (100) power (100)
cines. It May Also be (150)
Overestimating Their
Power
The Plausible Connec-  SIDS and vaccines 12 SIDS vaccines (300) 6 vaccines and SIDS 5
tion Between Vac- (600) (200)
cines and SIDS
Vaccine papers: An dangers of vaccinations 13 vaccination papers 3.7 are vaccines dangerous 3.3
Objective Look at (2900) (60) (1100)
Vaccine Dangers
All Vaccination Web 5504.4 192.0 2039.9 72.6 1647.8 44.4
Pages Without [150] [6] [100] [3.6] [100] [2.6]
Medical Misinforma-
tion Mean Number
[Median]i
Vaccination Medical 381.6 22.1 269.5 13.6 227.7 9.6
Misinformation Web  [100] [2.7] [100] [0.5] [50] [0.6]

Pages Mean Number
[Median]

1 Adapted from Wolfe et al. (under review) excluding data from pages with medical misinformation.

Table 3 examines high-traffic medical misinformation
about vaccine web sites with respect to their focus, and
whether they present an overarching gist, a narrative or
story, and whether they try to influence the reader with an

emotional appeal. The focus of high-traffic pages present-
ing medical misinformation was on vaccine safety and dan-
gers, pros and cons of vaccination, and vaccines and autism.
Misinformation pages were somewhat, but not significantly
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Table 3 Focus, overarching gist, narrative, and emotional appeal of medical misinformation pages with summary and comparison

Title of Web Page Focus

Overarching Gist Narrative Emotional Appeal

Truth Will Prevail
Should Any Vaccines Be Required for Children
Vaccines - Pros & Cons

Jenny McCarthy: “We’re Not An Anti-Vaccine Movement,
We’re Pro-Safe Vaccine”

Dangers of Vaccinations

The Pros & Cons of Immunization

How Can Vaccines Cause Damage safety

Vaccinations: Know the Risks and Failures

8 Reasons to Delay Vaccines for Kids

The Truth About Vaccines

The World Needs Covid-19 Vaccines. It May Also be Overes-
timating Their Power

The Plausible Connection Between Vaccines and SIDS
Vaccine Papers: An Objective Look at Vaccine Dangers

High Traffic Vaccination Web Pages Without Medical Misin-
formation: Percent of Total#

Vaccination Medical Misinformation Web Pages: Percent of
Total

safety, prevention, conspiracy -

info on vaccines and autism -

Narrative Emotional Appeal

pros and cons of vaccinations - - -
spread of info - - -

Narrative Emotional Appeal

Vaccine safety Gist - -
prevention, safety - - -

vaccine risk and failure - - -
Delaying vaccination - - -
vaccines are not as safe - - _
COVID-19 vaccine - - _

Vaccine safety - - -
Vaccine dangers - - -

23.2% 12.1% 6.0%

32.7% 7.7% 17.3%

1 Adapted from Wolfe et al. (under review) excluding data from pages with medical misinformation.

more likely to present an overarching gist (32.7%) compared
to high-traffic vaccination web sites without medical misin-
formation, (23.2%), X*(1) = 1.99, p = 0.159. There were no
significant difference between vaccination pages presenting
medical misinformation and those without medical misin-
formation with respect to whether they present a narrative,
X%(1) = 0.8, p = 0.37. However, pages presenting medical
misinformation were significantly more likely to make an
emotional appeal to the reader (17.3%) compared to high-
traffic pages that do not present medical misinformation
(6.0%), X*(1)=6.63, p=0.01. It can also be seen that of the
top five medical misinformation pages by traffic, one has
an overarching gist, two present narratives, and two make
emotional appeals.

Having investigated search behavior our next step was to
analyze the contents of pages presenting medical misinfor-
mation about vaccination for readability, ease of understand-
ing, and ease of making inferences using discourse technolo-
gies. Coh-Metrix measures of readability, simplicity, gist
inferences, and syntax are presented in Table 4 along with
comparisons to high-traffic vaccine web pages without mis-
information, and norms for social studies texts for 11th grade
through adult published by McNamara et al. (2014). Here
it can be seen that the most visited pages vary greatly on
measures of readability and comprehension. Pages generally
scored high on syntactic simplicity, arguably aiding compre-
hension but differed sharply on Flesch—Kincaid grade level
and Gist Inference Score. For example, the page titled Jenny
McCarthy: "We're Not An Anti-Vaccine Movement: We're
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Pro-Safe Vaccine" scored at a 6th grade reading level (6.246)
with a relatively high GIS of 0.484. This suggests that even
relatively unsophisticated readers are likely to comprehend
the text. Moreover, at least for readers comparable to those
participating in previous studies (e.g., Wolfe, et al., 2019;
Wolfe et al., 2021), including those with low levels of health
literacy and those with a high school education or less (Dan-
dignac & Wolfe, 2020), we predict that they will be able to
draw inferences about the bottom line meaning of that page.
Conversely, the page Vaccines - Pros & Cons was written at
a college freshman level (FKGL = 12.902) with a low GIS
of — 0.467. Comparing pages with medical misinformation
to high-traffic vaccine websites without misinformation,
there were not significant differences for syntactic simplicity,
Flesch reading ease, or Flesch—Kincaid grade level, Fs < 1.
Misinformation pages were significantly lower on LSA verb
overlap F(1,132) = 4.65, p = 0.033 indicating that actions
are repeated less in pages with misinformation. Misinforma-
tion pages also scored at a lower level (easier to read) on the
Coh-Metrix variable second language readability (RDL2),
F(1,132) = 8.093, p = .005, suggesting that they are easier
for non-native English readers to comprehend. Neverthe-
less, pages with medical misinformation scored significantly
lower on GIS, F(1,132) = 9.29, p = 0.003, indicating that
it is likely to be harder for readers to make inferences about
the bottom line meaning of misinformation pages than high-
traffic pages without medical misinformation.

Table 5 presents word level Coh-Metrix measures for
pages presenting medical misinformation about vaccination.
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Table 4 Coh-Metrix measures of readability, simplicity, gist inferences, and syntax for medical misinformation web pages with summary and

comparisons

Title of Web Page

Number of Words Syntactic Sim-

Per Page
(DESWC)

plicity Percentile
(PCSYNp)

Verb Over-
lap LSA
(SMCAUSIsa)

Flesch Reading Flesch-Kincade
Ease (RDFRE) Grade Level

(RDFKGL)

Second Lan-
guage Readabil-
ity (RDL2)

Gist
Inference
Score
(GIS)

Truth Will Prevail

Should Any
Vaccines Be
Required for
Children

Vaccines - Pros &
Cons

Jenny McCarthy:
“We're Not An
Anti-Vaccine
Movement:
We’re Pro-Safe
Vaccine”

Dangers of Vac-
cinations

The Pros & Cons
of Immuniza-
tion

How Can Vac-
cines Cause
Damage

Vaccinations:
Know the Risks
and Failures

8 Reasons to
Delay Vaccines
for Kids

The Truth About
Vaccines

The World Needs
COVID-19
Vaccines. It
May Also be
Overestimating
Their Power

The Plausible
Connection
Between Vac-
cines and SIDS

Vaccine Papers:
An Objective
Look at Vaccine
Dangers

Norms for 11th
Grade-Adult
Social Studies
Texts (Standard
Deviation)

2380 analyzed of
longer text

1504

3266

5402

336

1224

1747

3623

862

1119

1180

1641

1875

300
(23.085)

61.41

68.79

59.87

64.8

79.39

54.38

59.87

60.26

68.08

54.38

68.08

53.59

79.1

47311
(22.974)

0.105

0.113

0.085

0.084

0.096

0.099

0.089

0.056

0.057

0.06

0.039

0.055

0.068

0.097
(0.040)

51.364

41.324

39.616

75.205

55.127

40.665

29.046

29.307

53.638

56.38

49.068

36.594

42.628

49.059
(9.598)

9.837

11.997

12.902

6.246

9.364

12.83

14.437

14.627

10.061

9.484

10.223

12.841

10.44

11.430
(2.240)

13.863

8.038

7.156

19.156

12.467

6.385

1771

5.336

6.978

15.203

6.908

2.975

13.118

14.039
(4.552)

0.026

-0.282

—-0.467

0.484

-0.124

0.051

—-0.060

-0.759

—-0.326

-0.161

-0.225

—-0.381

0.183

NA
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Table 4 (continued)

Title of Web Page Number of Words Syntactic Sim- Verb Over- Flesch Reading Flesch-Kincade  Second Lan- Gist
Per Page plicity Percentile lap LSA Ease (RDFRE) Grade Level guage Readabil-  Inference
(DESWC) (PCSYNp) (SMCAUSIsa) (RDFKGL) ity (RDL2) Score
(GIS)
High-Traffic Vac- 1493 59.628 0.079 45.661 11.322 10.970 -0.030
cination Web (1484) (18.005) (0.032) (10.986) (2.295) (4.980) (0.378)
Pages With-
out Medical
Misinformation
Mean (Standard
Deviation)f
Vaccination 1820 58.113 0.069 44.291 11.494 8.684 -0.234
Medical (1885) (15.292) (0.022) (10.915) (2.083) (4.183) (0.389)
Misinforma-
tion Web Pages
Mean (Standard
Deviation)

+ From McNamara et al. (2014) Appendix B.

1 Adapted from Wolfe et al. (under review) excluding data from pages with medical misinformation.

These measures were less variable and more consistent with
high-traffic vaccination web pages without misinformation
and in comparison to social studies texts for 11th grade
through adult. Medical misinformation pages scored signifi-
cantly higher on imagability of content words, F(1,132) =
7.37, p = 0.008 indicating that these texts bring images more
readily to mind. However, they did not differ significantly for
word concreteness, word familiarity, Fs < 1; or concreteness
of content words, F(1,132) = 2.25, p = 0.135 or Colorado
meaningful word norms, F(1,132) = 2.301, p = 0.132.

Coh-Metrix whole text-level measures for medical misin-
formation web pages are presented in Table 6. Compared to
high-traffic vaccination web pages without medical misin-
formation, misinformation pages scored significantly lower
on referential cohesion, at just the 23rd percentile, F(1,132)
=18.99, p < 0.0001, suggesting less overlap than most texts
in words between sentences and paragraphs forming related
threads. Misinformation pages scored significantly higher on
temporality percentile, F(1,132) = 8.52, p = 0.004, indicat-
ing that misinformation pages score high on time-related
coherence. There were not significant differences for narra-
tivity, deep cohesion, verb cohesion, and connectivity, Fs
<1l

Discussion

Web pages presenting verified medical misinformation
about vaccination differ markedly from one another in their
overall popularity. Visitors per month and backlinks from
other pages are heavily skewed with just a handful of pages
accounting for most cases of reading medical misinforma-
tion. However, pages with medical misinformation about
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vaccination are significantly less likely than other vaccine
pages to receive at least one visitor per month as a result
of a Google search, and significantly more likely to have
at least one other web page link to it. Thus, it appears that
medical misinformation is relatively more likely to be shared
on another page than the result of a Google search. These
findings are consistent with research about the sharing of
medical misinformation on Twitter (Caldarelli et al., 2021;
Rosenberg et al., 2020), finding high rates of sharing dis-
reputable URLs. Although there is evidence that political
conservatives are more likely to share misinformation about
vaccination (Caldarelli et al., 2021) and endorsed more mis-
information (Weil & Wolfe, 2022), the political ideology
of people linking to medical misinformation revealed by
analyzing SEO data in the current study remains unknown,
including biases of the left and right. At the level of meth-
odology, this suggests that SEO tools such as Ahrefs (2021)
are valuable because they allow researchers and public
health educators to concentrate on the most influential
bogus claims, rather than being side tracked by outland-
ish claims that are only read by a few people, whether as a
result of search or sharing. Unfortunately, it also suggests
that sweeping generalizations about all medical misinfor-
mation web pages should be treated with caution. However,
taking organic traffic into account, it is clear that most of
the medical misinformation about vaccination on the web
read by people is in Google searches related to dangers of
vaccination, arguments against vaccination and anti-vac-
cination information and, to a lesser extent, vaccine facts,
alternatives to standard vaccination, the truth about vaccines
(also the name of a series of anti-vaccination documenta-
ries) and SIDS and vaccines. Some pages avoid the “myside
bias” (Wolfe, 2012) presenting both arguments in favor of



Behavior Research Methods

Table5 Coh-Metrix word-level measures for medical misinformation web pages with summary and comparisons

Title of Web
Page

‘Word Concrete
Percentile
(PCCNCp)

Content Word
Frequency
(WRDFRQc)

Age of Word
Acquisition
(WRDAOAC)

Familiarity of
Content Words
(WRDFAMCc)

Concreteness
Content Words
(WRDCNCc¢)

Imagability
Content Words
(WRDIMGgc)

Colorado Mean-
ingful Word
Norm (WRD-
MEAc)

Truth Will
Prevail

Should Any
Vaccines Be
Required for
Children

Vaccines - Pros
& Cons

Jenny McCa-
rthy: “We're
Not An
Anti-Vaccine
Movement”
We’re Pro-
Safe Vaccine”

Dangers of Vac-
cinations

The Pros &
Cons Of
Immunization

How Can Vac-
cines Cause
Damage

Vaccinations:
Know the
Risks and
Failures

8 Reasons to
Delay Vac-
cines for Kids

The Truth
About Vac-
cines

The World
Needs
COVID-19
Vaccines. It
May Also be
Overestimat-
ing Their
Power

The Plausible
Connection
Between
Vaccines and
SIDS

Vaccine papers:
An Objective
Look at Vac-
cine Dangers

24.83

37.45

59.48

15.15

37.83

42.86

20.9

65.91

47.61

43.25

19.22

36.69

13.79

2.129

1.924

1.878

2414

2.056

1.955

1.959

1.811

2.037

2.257

2.054

1.898

2.071

370.112

409.124

391.116

334.166

381.48

396.404

393.913

398.953

369.421

384.3

383.398

389.841

391.529

568.552

554.053

554.397

578.112

550.198

558.719

562.341

555.695

567.491

574.763

567.981

562.404

565.724

374.361

387.732

397.281

361.391

383.788

369.376

367.869

388.046

384.535

372.296

368.14

379.513

361.501

405.302

419.877

429.094

389.579

414.432

406.133

391.714

420.904

417.007

401.998

396.868

410.766

393.57

425.376

429.727

437.691

415.715

412.275

431.537

416.38

432.556

423.551

432.801

427.133

438.184

416.795
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Table 5 (continued)

Title of Web Word Concrete  Content Word ~ Age of Word Familiarity of ~ Concreteness Imagability Colorado Mean-
Page Percentile Frequency Acquisition Content Words  Content Words ~ Content Words  ingful Word
(PCCNCp) (WRDFRQc) (WRDAOACc) (WRDFAMc) (WRDCNCc) (WRDIMGc) Norm (WRD-
MEAc)
Norms for 11th  51.251 2.993 381.515 378.074 378.074 410.346 430.164
Grade-Adult  (27.792) (0.106) (31.295) (26.879) (26.879) (24.994) (17.090)
Social Studies
Texts (Stand-
ard Devia-
tion)t
Mean for High- 32.122 2.055 382.756 562.384 374.258 401.055 421.451
Traffic Vac- (17.166) (0.173) (18.972) (8.292) (13.835) (12.373) (11.810)
cination Pages
(Standard
Deviation):
Mean for Medi- 37.714 2.013 382.165 562.547 378.551 407.895 424.625
cal Misinfor-  (20.524) (0.149) (18.017) (6.966) (18.860) (16.486) (11.169)
mation Vac-
cination Pages
(Standard
Deviation)

+ From McNamara et al. (2014) Appendix B.

1 Adapted from Wolfe et al. (under review) excluding data from pages with medical misinformation.

vaccination and arguments against—including con-side
argument with medical misinformation—which has been
found to increase the persuasiveness of arguments (Wolfe
et al., 2009).

An examination of keywords people used to get to the
top pages presenting medical misinformation about vaccines
suggests that many are searching for arguments supporting
anti-vaccination positions (e.g., “vaccines are bad”), while
some such as “do vaccines cause brain damage” appear to
be actual inquiries. Knowing these keywords may be an
asset for researchers wishing to conduct research on differ-
ent “communities of inquiry” (Wolfe et al., under review)
by targeting groups for recruitment with selected Google
AdWords. Select AdWords may further be used to for tar-
geted messaging to counteract medical misinformation,
for example by providing different interventions to people
searching for information about delaying a child’s vaccina-
tion than to those seeking information about vaccines and
autism.

We found that almost a third of the pages presenting
medical misinformation about vaccines had an overarch-
ing gist. Whereas GIS assesses the likelihood that readers
can make inferences from a text about bottom line meaning,
overarching gist judgments are about whether the entire text
supports a single coherent message that can be distilled into
simple meaningful mental representation. In coding, this
was operationalized as a pithy statement. We did not find
significant differences in overarching gist between pages pre-
senting medical misinformation about vaccination and other
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vaccine web pages. However, fuzzy-trace theory suggests
that understanding the bottom-line meaning of pages with
medically valid information is important to counteracting
misinformation. Indeed an “Achilles’ heel” of misinforma-
tion pages is that they score relatively low on Gist Inference
Scores (Wolfe, Dandignac, & Reyna, 2019a; Wolfe et al.,
2019; Dandignac & Wolfe, 2020; Wolfe et al., 2021), sug-
gesting that gist-based interventions rooted in fuzzy-trace
theory may be particularly effective (Blalock & Reyna,
2016; Reyna, 2020).

The finding that misinformation pages are more likely to
make an emotional appeal to the reader (17.3% compared to
6.0% for high-traffic pages that do not present medical mis-
information) further suggests that they may disrupt the cog-
nitive elaboration of message content (Rosselli et al., 1995).
Fuzzy-trace theory suggests that gist-based interventions
that target core values and affect may be useful antidotes to
such misinformation (Reyna, 2020). In contrast to traditional
expected utility and standard dual process theories, which
have sometimes contrasted emotion with rational thought,
fuzzy-trace theory suggests that health communicators may
be well served by linking messages that communicate the
bottom line meaning of factually accurate medical informa-
tion and evoking core values to elicit emotions in the service
of health-promoting decisions and actions.

Although less than 8% of pages presenting medical mis-
information utilized narratives, which was not significantly
different than high-traffic vaccination sites without medi-
cal misinformation, of the top five medical misinformation
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Table 6 Coh-Metrix whole text-level measures for medical misinformation web pages with summary and comparisons

Title of Web Page

Narrativ-
ity Percentile
(PCNARp)

Referential Cohesion
Percentile (PCREFp)

Deep Cohe-
sion Percentile

(PCDCp)

Verb Cohesion Per-

Connectivity
centile (PCVERBp) Percentile (PCCO-

NNp)

Temporality
Percentile
(PCTEMPp)

Truth Will Prevail

Should Any Vaccines
Be Required for
Children

Vaccines - Pros &
Cons

Jenny McCarthy:
“We’re Not An Anti-
Vaccine Movement,
We’re Pro-Safe
Vaccine”

Dangers of Vaccina-
tions

The Pros & Cons of
Immunization

How Can Vaccines
Cause Damage

Vaccinations: Know
the Risks and
Failures

8 Reasons to Delay
Vaccines for Kids

The Truth About
Vaccines

The World Needs
COVID-19 Vac-
cines. It May Also
be Overestimating
Their Power

The Plausible Con-
nection Between
Vaccines and SIDS

Vaccine papers: An
Objective Look at
Vaccine Dangers

Norms for 11th
Grade-Adult Social
Studies Texts
(Standard Devia-
tion)

Mean for High-Traffic
Vaccination Pages
(Standard Devia-
tion)#

Mean for Medical
Misinformation
Vaccination Pages
(Standard Devia-
tion)

27.76

8.85

8.23

84.13

23.89

17.88

8.38

8.38

22.96

37.45

36.32

14.23

28.43

25.892
(17.196)

26.197
(13.608)

24.713
(16.189)

11.9

242

37.83

35.94

13.79

30.85

20.61

51.99

21.77

28.1

11.51

12.3

18.41

39.602
(25.268)

40.564
(25.325)

22.888
(17.939)

59.87

49.6

68.08

71.57

77.04

88.88

55.17

55.96

95.99

80.51

35.94

73.57

60.029
(25.962)

66.913
(20.200)

66.559
(17.690)

47.21

4.46

222

53.59

5.59

12.71

17.62

0.68

1.79

37.07

4.18

8.53

16.6

41.409
(27.942)

16.029
(18.439)

16.906
(17.756)

11.7
0.94

1.39

3.14

0.12

0.45

0.99

0.1

5.48

10.93

2.28

1.66

7.839
(14.163)

5.668
(11.777)

5.573
(8.338)

55.57

34.09

52.39

65.54

31.21

79.95

44.43

55.17

57.53

29.81

52.79

87.29

75.49

47.270
(30.021)

45.017
(22.870)

56.616
(21.650)

+ From McNamara et al. (2014) Appendix B.

1 Adapted from Wolfe et al. (under review) excluding data from pages with medical misinformation.
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pages by traffic, two present narratives. Shaffer et al. (2013)
found important differences between process-focused nar-
ratives and experience-focused narratives in decisions about
cancer treatment. Thus, the use of narrative in communica-
tion about vaccination warrants further research attention.

Automated psycholinguistic analyses with Coh-Matrix
suggest that there are few distinguishing characteristics
of medical misinformation pages. Indeed, pages present-
ing medical misinformation about vaccines typically look
like other pages presenting information about vaccination,
with some even associated with health care providers (i.e.,
chiropractors, “naturopathic physicians,” homeopaths) and
children’s and women’s health advocates.

It is unlikely that Coh-Metrix could be used to automati-
cally screen for medical misinformation without the judg-
ment of expert human judges, though machine learning and
deep learning (LeCun et al., 2015) may offer a promising
avenue. Unfortunately, these data also show that some highly
visited pages presenting medical misinformation are acces-
sible to less skilled readers. A question for further research
is how a person’s reading level, the FKGL of texts, and text
GIS interact. The impact of medical misinformation on
readers for whom English is a second language (ESL) also
deserves more research attention (Wolfe et al., 2021). The
finding that misinformation pages scored significantly lower
on the Coh-Metrix Second Language Readability measure
(McNamara et al., 2014) than other vaccine pages suggests
that such readers may be more vulnerable to medical misin-
formation than others, which is concerning.

Medical misinformation pages scored significantly higher
on imagability of content words, and significantly lower on
referential cohesion. These appear to be the drivers of the
significant difference on GIS between medical misinforma-
tion pages and others highly visited pages about vaccination.
In developing written interventions to counteract medical
misinformation, the authors would be wise to express accu-
rate medical information and arguments for vaccination at
an appropriate level of conceptual abstraction with relatively
higher cohesion to help readers form coherent gist represen-
tations of key concepts.

Limitations

This research is limited in the following ways: first, the
scope of this research is on text-based web pages and it
excludes dynamic social media and on-line videos. Although
our study did not consider video and other dynamic content,
web pages often serve as a gateway to other content in other
formats (video, social media, etc.), and as such, this study
adds a piece of the larger puzzle, illuminating one vital com-
ponent of a larger infrastructure in the online medical misin-
formation ecosystem. Notably, an article suggesting that the
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coronavirus vaccine could lead to death was the most vis-
ited Facebook link in the U.S. from January through March
2021 (Dwoskin, 2021). YouTube videos are also a source of
medical misinformation, and people are more likely to reach
antivaccine videos through direct navigation from another
antivaccine video rather than through goal-oriented brows-
ing (Tang et al., 2021). A shortcoming of Coh-Metrix (2021)
is that it cannot be used to assess infographics or video,
only text. Our procedure for identifying medical misinfor-
mation is conservative in the classic sense. All judgments
about medical misinformation were made by trained coders
who were instructed to flag pages that could possibly con-
tain medical misinformation. Those initial judgments were
confirmed by a public health expert. Thus, although some
coders produced initial “false alarms” that were identified
by public health expert, none of the misinformation pages
analyzed here was included without two judgments. Thus
we have confidence that the pages identified as presenting
medical misinformation do so, we cannot rule out the pos-
sibility that we missed some pages with medical misinfor-
mation. More broadly, collecting the diverse collection of
vaccine web pages “by hand” as opposed to using a spider
or a limited number of search terms selected a priori was
labor intensive, and it is not likely that this procedure missed
many high-traffic web sites. However, it is possible that the
web pages we analyzed and the pages we discovered present-
ing verified medical misinformation are the result of biases
in our initial searches, though we introduced procedures to
minimize biases. Finally, this research represents a “snap-
shot” in time, and some aspects of the landscape of web-
based medical misinformation about vaccination are likely
to have changed since we collected these data.

Conclusions

In both the number of visitors per month and the number of
backlinks from other web sites, web pages presenting veri-
fied medical misinformation about vaccination differ sharply
from one another with a relative handful of pages having
the lion’s share of impact. Many Google searches resulting
in medical misinformation are related to the safety of vac-
cines, but the way questions are framed (i.e., vaccine safety
vs. dangers of vaccination) is a good predictor of whether
or not a search will result in medical misinformation. Addi-
tionally, many searches appear to reflect a pre-existing anti-
vaccination position, with the people apparently Googling
to find support for their beliefs. Relatively speaking, pages
presenting medical misinformation about vaccination are
more likely to be shared with web links, but less likely than
non-misinformation pages to be found in a Google search.
Overall, vaccine hesitancy should not be painted with broad
brushstrokes given notable differences in search behavior.
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Web pages presenting medical misinformation are in
many ways similar to other web sites about vaccination,
though they are more likely to appeal to the reader’s emo-
tions. Unfortunately, several high-traffic web pages convey-
ing medical misinformation are written at an accessible
grade level with characteristics likely to help readers form a
mental representation of the bottom-line meaning of the text.
Nonetheless, as a whole, many of these pages are relatively
weak in promoting gist inferences, and fuzzy-trace theory
suggests that gist-based interventions designed to cue core
values and help people understand the meaning of complex
information might effectively compete with misinformation
thus reducing the impact of medical misinformation. This
approach should be assessed in future research.
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