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Abstract

Background: Almost half (46%) of Americans have used a smart assistant of some kind (eg, Apple Siri), and 25% have used
a stand-alone smart assistant (eg, Amazon Echo). This positions smart assistants as potentially useful modalities for retrieving
health-related information; however, the accuracy of smart assistant responses lacks rigorous evaluation.

Objective: This study aimed to evaluate the levels of accuracy, misinformation, and sentiment in smart assistant responses to
human papillomavirus (HPV) vaccination–related questions.

Methods: We systematically examined responses to questions about the HPV vaccine from the following four most popular
smart assistants: Apple Siri, Google Assistant, Amazon Alexa, and Microsoft Cortana. One team member posed 10 questions to
each smart assistant and recorded all queries and responses. Two raters independently coded all responses (κ=0.85). We then
assessed differences among the smart assistants in terms of response accuracy, presence of misinformation, and sentiment regarding
the HPV vaccine.

Results: A total of 103 responses were obtained from the 10 questions posed across the smart assistants. Google Assistant data
were excluded owing to nonresponse. Over half (n=63, 61%) of the responses of the remaining three smart assistants were accurate.

We found statistically significant differences across the smart assistants (N=103, χ2
2=7.807, P=.02), with Cortana yielding the

greatest proportion of misinformation. Siri yielded the greatest proportion of accurate responses (n=26, 72%), whereas Cortana
yielded the lowest proportion of accurate responses (n=33, 54%). Most response sentiments across smart assistants were positive
(n=65, 64%) or neutral (n=18, 18%), but Cortana’s responses yielded the largest proportion of negative sentiment (n=7, 12%).

Conclusions: Smart assistants appear to be average-quality sources for HPV vaccination information, with Alexa responding
most reliably. Cortana returned the largest proportion of inaccurate responses, the most misinformation, and the greatest proportion
of results with negative sentiments. More collaboration between technology companies and public health entities is necessary to
improve the retrieval of accurate health information via smart assistants.

(J Med Internet Res 2020;22(8):e19018) doi: 10.2196/19018

KEYWORDS

digital health; human papillomavirus; smart assistants; chatbots; conversational agents; misinformation; infodemiology; vaccination

J Med Internet Res 2020 | vol. 22 | iss. 8 | e19018 | p. 1https://www.jmir.org/2020/8/e19018
(page number not for citation purposes)

Ferrand et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:erwals@iu.edu
http://dx.doi.org/10.2196/19018
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
Voice assistants, a form of chatbot or conversational agent often
referred to colloquially as “smart assistants,” are devices that
respond to human voices and can be commanded to do a variety
of tasks [1]. Smart assistants have existed in their most
contemporary form since 2010, with the introduction of Siri,
and they are used for numerous tasks such as automation (ie,
integration with climate control devices and entertainment
devices), retrieval of information about certain topics, and
shopping [1]. Smart assistants have been integrated into
smartphones, laptops, speakers, and other devices, creating a
large network of consumers who frequently utilize smart
assistants to acquire information on a range of topics [1].

Prevalence of Smart Assistant Use
According to the Pew Research Center, out of a total sample of
2045 Americans, nearly half (46%) reported using smart
assistants in 2017 [2]. Of 4272 Americans surveyed in 2019,
one-quarter (25%) had a stand-alone smart assistant device (eg,
Amazon Echo, Google Home) in their homes [3]. Households
that reported having a stand-alone smart assistant device
(n=1067) also reported higher income (34% earned US $75,000
or more per year; 15% earned below US $30,000) [3]. The same
report indicated that younger Americans frequently use
stand-alone smart assistants, with 32% of users aged between
18 and 29 years and 28% of users aged between 30 and 49 years
[3]. This difference may be due to varied ways of assessing use
(eg, ever use and daily use). In contrast, smartphone smart
assistants are more frequently adopted by those aged between
18 and 29 years (81%), whereas those aged between 45 and 60
years report the most daily active use of smartphone smart
assistants [2]. These usage trends depict nuanced usage patterns
wherein younger users are the most common adopters of
smartphone smart assistants and older users, once they begin
using smartphone smart assistants, use them more frequently
than do other age groups. These varying adoption and usage
behaviors provide multiple avenues for targeting different age
groups through smart assistants.

Uses of Smart Assistants
More than half of Americans report that a major reason for using
smart assistants is the ability to interact with their devices
without using their hands [2]. One-quarter of Americans say
that they use smart assistants to remotely control other devices
such as heating systems, door locks, and lights [2]. Given that
approximately 35% of Americans report searching online (ie,
using Google or another search engine) to self-diagnose a
medical condition, it seems logical to assume that individuals
may turn to smart assistants for this information as well [4].
Unfortunately, smart assistants are relatively new technologies,
and their responses have not been rigorously evaluated in many
contexts.

Previous Assessments of Smart Assistants
In general, smart assistants have been evaluated for their
response accuracy [5] and their general usability [6]. While
considerable research has been conducted assessing digital

health approaches, such as text message–based approaches and
mobile apps for a range of health behaviors [7-9], few have
included smart assistant responses to health-related queries. For
instance, a pilot study comparing two smart assistants (Google
Assistant and Apple Siri) to a standard Google Search on the
topic of smoking cessation resources found that Google
Assistant provided a greater number of evidence-based responses
[10]. Other studies have specifically examined consumer
experiences with the natural language processing of smart
assistants [5].

Human Papillomavirus Prevention
To effectively assess smart assistant responses for accuracy and
misinformation, human papillomavirus (HPV) has been
identified as a controversial content area with a substantial
evidence base. The evidence base of HPV is scientifically valid
but hotly contested. HPV is the most common sexually
transmitted infection and is a known cause of cervical cancer,
as well as several other types of cancers [11]. While most
sexually active people will contract HPV at some point in their
lives, how the infection resolves varies from person to person,
and a federally approved vaccine has been shown to be effective
at reducing both the incidence of HPV transmission and the
incidences of genital and anogenital HPV infection and cervical
lesions [12]. Despite studies affirming the positive effects of
the HPV vaccine while debunking inaccurate claims, there
continues to be large-scale misinformation efforts (mostly
conducted online through social media platforms) surrounding
this issue, which are driven in part by the antivaccination
movement [13-20]. These issues of misinformation have
contributed to mistrust of medical professionals [21-23] and
misunderstanding of diseases and their risks [24,25]. In January
2020, the World Health Organization (WHO) released a list of
urgent global health challenges for the new decade, including
stopping vaccine-preventable diseases and earning the public’s
trust [26]. These two challenges are closely intertwined, as trust
helps to shape whether individuals rely on provider
recommendations (eg, whether parents will vaccinate their
children) [22,27] and how misinformation disseminated online
and across social media platforms influences vaccine refusal or
vaccine delay [28]. In fact, the WHO has stated that vaccine
hesitancy is one of the top 10 threats to global health [29].

In this study, we attempted to answer the following research
question: do responses to smart assistant queries vary between
different smart assistants, with regard to accuracy,
misinformation, and sentiment toward HPV vaccination?

Methods

Query Development
In order to effectively assess smart assistants’ responses for
accuracy and misinformation, we utilized questions from the
chat-text service of Planned Parenthood (personal
communication by Nicole Levitz; March 18, 2019). We chose
to focus on questions around the HPV vaccine owing to the
previously identified issues of accuracy and misinformation
surrounding this topic [30,31]. We chose variations of 10
evidence-based questions from the Planned Parenthood system,
allowing us to better evaluate responses to those questions for
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accuracy and misinformation. The questions are listed in Textbox 1.

Textbox 1. Queries posed to smart assistants.

1. Does the HPV vaccine work?

2. Does the HPV vaccine cause autism?

3. Does Gardasil work?

4. Does Gardasil cause autism?

5. Is the HPV vaccine dangerous?

6. Is Gardasil dangerous?

7. Who can get the HPV vaccine?

8. Where can I get the HPV vaccine?

9. Does Gardasil kill?

10. How much does the HPV vaccine cost?

Search Process
One member of the research team queried each of the four most
popular smart assistants (Apple Siri, Google Assistant, Amazon
Alexa, and Microsoft Cortana), which were identified in the
2019 Voice Report by Microsoft [32]. In the event that the smart
assistant provided a nonresponse to a query (eg, “I don’t know
how to answer that”), the team member queried the smart
assistant a maximum of three times to ensure that it was not an
errored response due to misunderstanding the query, background
noise, or some other unrelated reason.

Smart assistants provided varying numbers of results on their
respective first pages for each query. Alexa and Google
Assistant provided only one oral result for each query, whereas
Siri provided five text results for each query. Cortana provided
between three and nine text or video results for each query.
Multimedia Appendix 1 displays the number of results each
smart assistant provided per query. The team member,

responsible for conducting the searches, recorded the first page
of the results for data extraction based on previous studies
indicating that users more frequently click on the top 10 results,
which tend to be concentrated on the first page of most search
results [33]. There is also evidence suggesting that people do
not necessarily only click the first result on a page. In a 2020
study of search engine optimization, 16% of respondents in the
study reported clicking on only the first result compared with
17% and 14% of respondents who reported clicking on three
and five results, respectively [34]. This finding suggests that
the remaining results on the first page should be extracted to
best replicate actual human search behavior.

Recording Process
The team member, who posed questions to the smart assistants,
used video and audio recording software to record both the
queries and the smart assistant responses. We used these
recordings in the data extraction and coding process. Figure 1
depicts a recording of a query posed to Cortana.
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Figure 1. Example of a video result from a query to Cortana.

Data Extraction and Coding Process
We developed a web-based (Qualtrics) survey to aid in data
extraction and coding of the smart assistant responses. Survey
items were designed to extract relevant data from the smart
assistant responses, including the types of responses (eg, video,
web page, blog, and journal article), sources of the responses
(eg, business, doctors, and health information provider),
sentiments of the responses toward the HPV vaccine (eg,
positive, neutral, and negative), accuracy of the responses, any
incidence of misinformation in the responses, and topics
discussed in the responses (eg, cancer, sexual behavior, and
conspiracy theory).

We defined accuracy as a response that reflected the existing
evidence. We coded accuracy using a dichotomy approach (0
for not accurate; 1 for accurate), which we applied specifically
to the query (ie, accuracy of unrelated tangential content was
not considered). If the response did not answer the query with
the correct reply or positioned the correct reply as dubious or
incorrect, we considered it “not accurate.” We defined
misinformation as either deliberate or accidental promotion of

previously disproved or unproven beliefs, attitudes, and
behaviors. We coded misinformation using a dichotomy
approach (0 if it did not provide misinformation; 1 if it did
provide misinformation), which we applied to the entirety of
the response (not just the answer to the question posed). If any
misinformation was found in the smart assistant’s response, we
coded it as having provided misinformation. Table 1 depicts
examples of accuracy and misinformation in smart assistant
responses to several queries. Since accuracy and misinformation
were coded based on different aspects of the smart assistant
responses, there were some cases with both an accurate response
to the query and some misinformation in the result. We coded
sentiment toward vaccines as one of the following four potential
categories: negative (mostly negative statements), neutral
(neither positive nor negative statements), positive (mostly
positive statements), and ambiguous (both negative and positive
statements). We applied sentiment coding to the entirety of the
response.

Two independent team members extracted and coded the data
with an almost perfect agreement (κ=0.85) [35]. We resolved
discrepancies through discussion.

J Med Internet Res 2020 | vol. 22 | iss. 8 | e19018 | p. 4https://www.jmir.org/2020/8/e19018
(page number not for citation purposes)

Ferrand et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Examples of accuracy and misinformation in smart assistant responses.

MisinformationAccuracyQuery

N/Ab“In the trials that led to the approval of Gardasil and Cervar-
ix, these vaccines were found to provide nearly 100% protec-
tion against persistent cervical infections with HPV types
16 and 18 and the cervical cell changes that these persistent
infections can cause.”

Does the HPVa vaccine work?

“The scientific literature is now starting to
fill up with case reports and studies and arti-
cles that irrefutably show that there is a con-
nection between this vaccine (and it’s an ugly
vaccine) and neurological damage.”

“There is no link between vaccines and autism.”Does the HPV vaccine cause autism?

“The Gardasil HPV vaccine has been proved
to have caused the deaths of 32 women.”

“Gardasil works by preventing the infection of the types of
HPV that can lead to cervical cancer...”

Does Gardasil work?

N/A“There has never been a study that has shown that vaccines
cause autism.”

Does Gardasil cause autism?

“Aluminum in the vaccines is toxic enough
to be harmful.”

“Findings from many vaccine safety monitoring systems and
more than 160 studies have shown that HPV vaccines have
a favorable safety profile—the body of scientific evidence
overwhelmingly supports their safety.”

Is the HPV vaccine dangerous?

“The Gardasil HPV vaccine has been proved
to have caused the deaths of 32 women.”

“Although this information is accurate in a strictly literal
sense, it is a misleading presentation of raw data that does
not in itself establish a causal connection between Gardasil
and the posited medical dangers.”

Is Gardasil dangerous?

N/A“All people ages 9 to 45 can get the HPV vaccine to protect
against genital warts and/or different types of HPV that can
cause cancer.”

Who can get the HPV vaccine?

N/A“The HPV vaccine is available at: Healthcare Clinic for pa-
tients aged 11-26. Walgreens Pharmacy. Ages vary by state.”

Where can I get the HPV vaccine?

N/A“I cannot stress this enough, based on this report alone you
can't make a determination that the vaccine caused the
deaths.”

Does Gardasil kill?

N/A“Each dose of the vaccine can cost about $250.”How much does the HPV vaccine cost?

aHPV: human papillomavirus.
bN/A: not applicable.

Analyses
The sample consisted of 128 total data points across all four
smart assistants. We excluded any nonresponse data points (eg,
“I don’t know how to answer that”) and responses that were
categorized as other (eg, responded with completely irrelevant
content to the query) from the final analyses. Google Assistant
provided nonresponses to every query and was removed, thus
reducing our final analysis sample to 103 responses across three
smart assistants. These nonresponses and other responses were
removed because they did not in any way address the query
posed. Multimedia Appendix 1 displays the frequencies of
responses and nonresponses for each smart assistant. Descriptive
frequencies and chi-square difference tests were used to examine
the levels of accuracy and misinformation among the smart
assistants.

Results

Table 2 displays the source and content characteristics of the
smart assistant responses. Smart assistant responses contained
content published by an organization in 82 out of 103 (79.6%)

responses, whereas 20 out of 103 (19.4%) responses were
published by an individual. Content was provided by
organizations including some type of health information provider
(eg, Planned Parenthood and Mayo Clinic) in 36 out of 103
(35.0%) responses and by a government entity (eg, Centers for
Disease Control and Prevention) in 25 out of 103 (24.3%)
responses. Cortana provided content published by individuals
(eg, physicians and journalists) in 18 out of 61 (29.5%)
responses, whereas Siri and Alexa provided content published
by individuals in only 2 out of 36 (5.6%) and 0 out of 6 (0.0%)
responses, respectively. The most common type of individual
who provided content (10 out of 103 responses, 9.7%) was some
classification of physician. The type of content provided in the
smart assistant responses varied, with videos provided in 30 out
of 103 (29.1%) responses, driven entirely by Cortana, which
was the only smart assistant to provide video responses. Siri’s
responses were classified as frequently asked question (FAQ)
pages in 13 out of 36 (36.1%) responses, whereas Cortana’s
responses were classified as videos in 30 out of 61 (49.2%)
responses and as general web pages in 12 out of 61 (19.7%)
responses.
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Table 2. Source and content characteristics of smart assistant responses.

Value (N=103), n (%)Variable

Sourcea

36 (35.0)Health information provider

25 (24.3)Federal/city/state

15 (14.6)Nonprofit/advocacy group

10 (9.7)Physician

9 (8.7)Other

8 (7.8)News/media organization

6 (5.8)Business

2 (1.9)Journalist/press

2 (1.9)Politician

1 (1.0)Health care organization

Content

Format of the smart assistant responses

30 (29.1)Video

24 (23.3)General web page

14 (13.6)Article

19 (18.4)FAQb site

6 (5.8)Other

3 (2.9)Blog post

1 (1.0)Location/map/directions

Topics mentioned in the smart assistant responsesa

77 (74.8)Cancer

57 (55.3)Vaccines and side effects

26 (25.2)Sexual behaviors

20 (19.4)Access to medical care

13 (12.6)Direct impacts on loved ones

6 (5.8)Conspiracy theories

6 (5.8)Vaccines are ineffective

6 (5.8)Mass media

2 (1.9)Risk of disease is lower than risk of adverse vaccination events

Sentiment expressed toward vaccines in smart assistant responses

65 (63.1)Positive

18 (17.5)Neutral

11 (10.7)Ambiguous

7 (6.8)Negative

aTotals may exceed 100% owing to the availability of multiple response options.
bFAQ: frequently asked question.

Tables 3 and 4 depict the differences among smart assistants in
terms of primary outcomes. Smart assistant responses contained
accurate answers in 63 out of 103 (61.2%) responses. Neither
response accuracy (P=.10) nor response sentiment (P=.22) was
significantly different among the devices. The number of

responses provided for each query varied across the devices,
but 4 out of 6 (66.7%) responses by Alexa and 26 out of 36
(72.2%) responses by Siri were accurate. In contrast, 33 out of
61 (54.1%) responses by Cortana were accurate. There were no
cases in which responses contained both accurate answers and
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misinformation. Chi-square tests indicated that the three smart
assistants significantly varied in terms of whether they provided

misinformation in their responses (N=103, χ2
2=7.807, P=.02)

and whether they provided any evidence to support the claims

made in their responses (N=103, χ2
2=11.054, P=.004). Smart

assistant responses contained at least one instance of
misinformation in 18 out of 103 (17.5%) responses. Responses
by Alexa contained no misinformation, whereas misinformation
was present in 2 out of 36 (5.6%) responses by Siri and 16 out
of 61 (26.2%) responses by Cortana. Alexa provided evidence

to support each of its responses, whereas Siri provided evidence
in 21 out of 36 (58.3%) responses and Cortana provided
evidence in 23 out of 61 (37.7%) responses.

In general, smart assistant responses contained positive
sentiment toward vaccines, with 65 out of 103 (63.1%) responses
containing primarily positive sentiment. The second most
common sentiment was “neutral,” which was found in 18 out
of 103 (17.5%) responses. The least common sentiment was
“negative,” which was found in only 7 out of 103 (6.8%)
responses, and all were provided by Cortana.

Table 3. Response differences among smart assistants in terms of accuracy, evidence provided, and misinformation.

P valueChi-square effect size (df)Value, n/N (%)Response quality of the smart assistants

63/103 (61.2%)Accurate response? (Yes)

.104.558 (2)4/6 (66.7%)Alexa

.104.558 (2)26/36 (72.2%)Siri

.104.558 (2)33/61 (54.1%)Cortana

50/103 (48.5%)Evidence provided? (Yes)

.00411.054 (2)6/6 (100%)Alexa

.00411.054 (2)21/36 (58.3%)Siri

.00411.054 (2)23/61 (37.7%)Cortana

18/103 (17.5%)Misinformation provided? (Yes)

.027.807 (2)0/6 (0%)Alexa

.027.807 (2)2/36 (5.6%)Siri

.027.807 (2)16/61 (26.2%)Cortana

Table 4. Sentiment differences among the smart assistants.

P valueContent sentimentSmart assistant

Chi-square effect size (df)Positive (N=65)Ambiguous (N=11)Negative (N=7)Neutral (N=18)

.228.20 (6)5 (83.3%)0 (0%)0 (0%)1 (16.7%)Alexa (N=6), n (%)

.228.20 (6)21 (60%)5 (14.3%)0 (0%)9 (25.7%)Siri (N=35), n (%)

.228.20 (6)39 (65%)6 (10%)7 (11.7%)8 (13.3%)Cortana (N=60), n (%)

Discussion

Principal Results
This study sought to determine whether responses to queries
vary among smart assistants in terms of accuracy,
misinformation, and sentiment related to HPV vaccination. Our
results indicate that smart assistants responded differently when
asked about this topic. Specifically, smart assistants showed
variations in the level of misinformation provided in responses,
as well as the provision of evidence to support claims made in
their responses. Smart assistants did not differ statistically in
terms of the accuracy of their responses to queries involving
HPV vaccination.

To our knowledge, this study is the first to report on smart
assistants and their responses to HPV vaccine–related queries.
Previous studies of HPV vaccination behaviors did not focus
on smart assistants, and they indicated that antivaccination

messages may influence one’s decisions to vaccinate themselves
or their children [15]. However, given the growing number of
persons and households adopting and utilizing smart assistants
and the fact that smart assistants may be able to provide HPV
vaccine information, it is necessary to examine whether
responses delivered through smart assistants are disseminating
these same antivaccination messages. This study is the first step
in establishing a foundation for the types of vaccine sentiments
that are present in content disseminated by smart assistants.

Importantly, our study revealed that, in general, smart assistants
largely provide accurate and positive information regarding
HPV vaccination (just under two-thirds of all smart assistant
responses were accurate and positive), with no relevant
differences across devices. We should reiterate here, however,
that Google Assistant provided nonresponses to every query
and, accordingly, was removed from the study. While accurate
information on something as beneficial as HPV vaccination is
necessary to mitigate HPV transmission and cancer incidence,
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just over one-third of responses contained inaccurate answers,
suggesting that work is needed in this area to improve the
provision of health information via smart assistants. On the
other hand, misinformation was more of a concern across
devices, as Cortana yielded the greatest number of responses
containing misinformation (one-quarter of Cortana’s responses
contained misinformation).

Comparison With Prior Work
Previous studies of smart assistant responses have focused on
whether the devices responded correctly or whether they
understood the query [5,6]. Only a handful of studies examined
smart assistant responses in the context of a health behavior
[10]. This study further assessed smart assistant responses to
determine whether they provide accurate evidence to specific
health behavior questions. Evidence is critical in combatting
misinformation, at least on social media platforms. For example,
in an experimental study that exposed Facebook users to
simulated misinformation and different correction mechanisms
about the Zika virus, the authors found that correction can work
when it provides supporting evidence or appropriate sources to
accompany refutation (eg, Centers for Disease Control and
Prevention) [36]. The authors reported that this finding was
maintained even in those who were rated higher in conspiracy
beliefs.

Limitations
This study has limitations that should be considered when
evaluating its results. The devices used their specific locations
when responding to queries, which may have produced less
generalizable responses. Some of the smart assistants employed
in the study were previously used devices and may have been
influenced by prior searches of the former user. To the best of
our knowledge, no private mode exists in these smart assistants,
which would prevent the queries and responses from influencing
future searches. The sample size was limited for several reasons,
including nonresponses and other unrelated responses to queries.
Specifically, Google Assistant provided no response data, which
may have influenced the results. Any responses that were
entirely unrelated to the queries should be explored in future
studies, since this may be an indication of a larger issue with
smart assistants not comprehending the queries. Based on our
knowledge about natural language processing in these smart
assistants, it is suggested that syntax and dictation are some of
the many influencers of smart assistant responses [37], and the
queries posed to each device may not have been appropriately
worded to elicit the most effective responses. For example, our
use of a single investigator to ask the questions could be viewed
as a limitation (ie, we do not know how the smart assistants
would have responded to an investigator with a different gender,
tone, or accent). The investigator only queried a single example
of a smart assistant (ie, only one device was used to query
Alexa), which could be a limitation, as smart assistants may
respond differently depending on whether a stand-alone smart
assistant or a smartphone-based smart assistant is used. The
underlying search engine behind each smart assistant determines
the responses to queries, which could have limited the
information provided by smart assistants that are not connected
to large search engines such as Google. The varying number of

results provided in the smart assistant responses to queries could
have impacted our ability to compare across the devices;
however, since we found no relevant differences between the
devices with regard to accuracy or sentiment, we do not believe
that more results from one device impacted our findings or
conclusions.

Despite these limitations, there are several strengths that provide
further evidence of the study’s validity and importance. First,
we utilized questions submitted to a Planned Parenthood chat
service, which represent real-world issues on which consumers
have previously sought additional information. Second, the
questions used as queries were chosen because responses to
these queries could be scored as either correct or incorrect,
limiting “gray areas” in assessing accuracy of the smart assistant
responses. Third, the queries were conducted by a single member
of the research team to maintain consistency in language
processing factors (eg, tone and syntax), and the search and
coding processes were systematic to maintain consistency as
well. Overall, this research furthers our understanding of how
an emerging technology disseminates health information and
whether such information can be classified as accurate and
evidence-based. This study provides a basic framework for
future evaluation of these smart assistants on which more
advanced devices may be based.

Our findings paint a picture of smart assistants as newly emerged
potential health promotion tools that are yet to be rigorously
evaluated in this area. Smart assistants have only recently been
introduced as potential health promotion tools (most notably
from an executive perspective [38]) despite the growing
proportion of households and individuals that use them [2,3].
The untapped potential of these devices for evidence-based
information dissemination to consumers should be further
explored. The potential of the devices may also be determined
by their manufacturers who have, in some cases, provided
platforms on which specialized topical information can be
consolidated and further explored. For example, Alexa has an
option for developers to create an Alexa Skill, which is
essentially an application for Alexa that provides predefined
information when queried specifically for that information. For
example, an Alexa Skill that specifically searches in predefined
evidence-based sources when queried for information on HPV
vaccination could be developed. The downside to this potential
approach for improving public health is that, as our results show,
there is risk of disseminating misinformation through smart
assistant responses, potentially reducing the positive impacts
of a health promotion intervention. More needs to be done to
better understand the susceptibility of these devices and their
respective skills to outside influences.

Conclusions
Our results suggest that not all smart assistants are created equal
with regard to utility, at least when it comes to provided
evidence and misinformation in their responses. These findings
should spark further research into how the proprietors of smart
assistants procure the information that is disseminated to
consumers of their products. Specifically, we suggest that
manufacturers of these and other smart assistants collaborate
with researchers to further evaluate the accuracy of smart
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assistants as public health tools and determine together how to
disseminate information and what fact-checking assessments
should be used for such information. With the high rate of HPV
transmission globally and in the United States, smart assistants
and their manufacturers are well positioned to deliver
evidence-based health information to consumers. However,
such a practice necessitates strong communication between

technology companies, who may not be as focused on the
accuracy or source of their most heavily promoted content, and
public health entities. The focus on collaboration to address the
issues of information accuracy and misinformation is paramount
if we are to adequately respond to the WHO’s list of urgent
global health challenges for the new decade, namely stopping
vaccine-preventable diseases.
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